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Notice The following are excerpts from the study that relate to preventing adverse health effects from
nighttime noise and sleep disturbance. in some cases sections have been rearranged for this summary. 1

“Introduction

“Policies and legislations aiming at night noise control are often based on sleep disturbance in European
cowitries. However, the impacts of noise-induced sleep disturbance on health, either short-term or long-
term, have not been investigated comprehensively to support policy-makers. From June 2003 until
December 2006, WHO Regional Office for Europe European Centre for Environment and Health (Bonn
office) implemented the Night Noise Guideline (NNGL) project co-sponsored by the European
Commission.

“The goal of the NNGL project was to provide expertise and scientific advice to the European
Commission and its Member States in developing future legislations in the area of night noise exposure
control and surveillance. The key objectives of the project was to reach a consensus of experts and
stakeholders on the following subjects: (a) gnideline values for night noise to protect the public from

.

! @ World Health Organization 2007 -

This project was co-spensored by the Eurepean Camimission. The views expressed In this report can in no way be taken to reftect the official
opinion of the European Commission or the World Health Organization. The designations employed and the presentation of the material in this
report do not imply the expression of any opinion whatsoever concerning the legal status of aay country, territery, City or area or of its
autherities, or concerning the delimitation of its frontiers or boundaries. The World Health Organtzation does not warrant that the information
contained in this publication is complete and correct and shall not be fiable for any damages incurred a5 a fesult of its use. o
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adverse health effects, (b) an agreement on the night penalty factor to be allocated to night time noise in
the calculation of L.
. %10 Relation to the 2000 WHG Guidelines for Community Npise

“The WHO Guidelines for Conmmunity Noise, published in 2000, also address night noise. As they are
based on studies carried out up to 1995 (and a few meta-analyses some years after), important new studies
have become available since then, fogether with new insights into normal and disturbed sleep.

“The Currently recom‘mended EUide]ine values Of Hound levels inside adraom, window slghtty open
Lnight,outside = 30 dB, 40dB, 55 dB are not

directly comparable with the 2000 guideline e ‘ ) ;
value of LAmax,inside = 45 dB(A) because the I — ) : boight noise em'

sound level units are different. However, it is
clear that new information since 2000 has made
more precise assessment of the risk from night
noise. The thresholds for a number of effects are
now known, and this is much lower thah an

SHL aivmsr [IHAN

LAmax,inside of 45 dB.

“One important recommendation still stands: et e e ) e -

there are good reasons for people to sleep with

their windows open, and to prevent sleep Figare . Relation botween T By, and SEL

disturbances one should consider the equiva]_en{ This ix a sowsd recordivg i o bedroom for ome aiglie, The togr
af the Peaks ave the [, levels, the torl encrgy is the Ly,

sound pressure level a"nd ﬂ_]e number of sound rihich forizantald fined, Tie setad chergy it one even iy dhe

events. The pI'CSEIlt guldelmes allow relevant SEL tnot represemtedl, Tn peality the L, iv the average over

authorities and stakeholders to do this. Viewed in ail nights i one your.

this way, the present guidelines may be e
considéred as an extension to, as well as an update of, the 2000 WHO Guidelines for Community Noise.

That also means that the recommendations contained in the sections on noise management and contral of
2000 document can be applied to the gnideline values of this document.

“5 Noise, sleep and health

“There is plenty of evidence that sleep is & biological necessity, and disturbed sleep is associated with a
number of health problems, Studies of sleep disturbance in children and in shift workers clearly show the

adverse effects.

“Sufficient evidence: A cousal relation has been established between exposure to night noise and
a health effect. In studies where coincidence, bias and distortion could reasenably be excluded,
the relation could be observed. The biological plausibility of the noise feading to the health effect
is also well established.

“timited evidence: A relation between the noise and the health effect has not been obhserved
directly, but there is availuble evidence of good quality supporting the causal association. Indirect
evidence js often abundant, linking noise exposure to an intermediate effect of physiclogical
changes which lead to the adverse health effects.”

*Noise disturbs sleep by a number of direct and indirect pathways. Even at very low levels physiological - .
reactions (increase in heart rate, body movements and arousals) can be reliably measured. Also, it was
shown that awakening reactions areé relatively rare, occurring at a much higher level than the

physiological reactions. :

2 “The methodology of developing night notse guidelines was based on the WHO publication EUR/0C/5020369 “Evaluation and use of
epidemiological evidence for environmental risk assessment” that can be accessible at http:/jwyyw.euro.who.int/dotumentleﬁw*!ﬂ-pdﬁ
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“The working group agreed that there is sufficient evidence that night neise is related to seTf-reporfed
sleep disturbance, use of pharmaceuticals, self-reported health problems and insomnia like symptoms,
These effects can lead to a considerable burden of discase in the population. For other effects
{(hypertension, myocardial infarctions, depression and others), limited evidence was found: although the
studies were few or not conclusive, a biologically plausible pathway could be constructed from the

evidence.

“An example of a health effect with limited evidence is myocardial infarctions. Although evidence for
increased risk of myocardial infarctions related to Lday is sufficient according to an updated meta-
analysis, the evidence in relation to Lnight,ouiside was considered limited. This is because Lnight,ouiside
is a relatively new exposure indicater, and few field studies have focused on night noise when considering
cardiovascular outcomes. Nevertheless, there is evidence from animal and human stndies supporting a
hypothesis that night noise exposure might be more strongly associated with cardiovascular effects than
daytime exposure, highlighting the need for future epidemiological studies on this topic.

“The review of available evidence leads to the following conclusions.

o Slecp is a biological necessity, and disttirbed sleep is associated with a number of adverse impacts
on health.

o There is sufficient evidence for biclogical effects of noise during sleep: increase in heart rate,
arousals, sleep stage changes, hormone level changes and awakening.

»  There is sufficient evidence that night noise exposure causes self-reported sieep disturbance,
increase in medicine use, increase in body movements and {environmental) insomnia.

e  While noise-induced sleep disturbance is viewed as a health problem in itself (environmental
insemnia) it also leads to further consequences for health and well-being.
There is limited evidence that disturbed sleep causes fatigue, accidents and reduced performance.
There is limited evidence that noise at night causes clinical conditions such as cardiovascular
iliness, depression and other mental illness. It should be stressed that a plausible biological model
is available with sufficient evidence for the elements of the causal chain.

“6 Vulnerable groups
“Children have a higher awakening threshold than adults and therefore are often seen to be less sensitive

to night noise. For other effects, however, childret seem to be equally or more reactive than adults. As
children also spend more time in bed they are exposed more and to higher noise levels. For these reasons
children are considered a risk group.

“Since with age the sleep structure becomes more fragmented, elderly people are more valnerable to
disturbance. This alse happens in pregnant women and people with ill health, so they too are a group at
risk.

“Finally, shift workers are at risk because their sleep structure is under stress due to the adaptations-of
their circadian rhythm.

“7 Thresholds for observed effects

The (no) observed adverse effect level (INOAEL) is a concept from toxicology, and is defined as the
greatest concentration which canses no detectable adverse alteration of morphology, functional capacity,
growth, development or lifespan of the target organism. For the fopic of night noisé (where the adversity
of effects is not always clear) this concept is less useful. Instead, the observed effect thresholds are
provided: the level above which an effect starts to occur or shows itself to be dependent on the exposure
level. Tt can also be a serious pathological effect, such as myocardial mfarctlons or a changed
physiological effect, such as increased body movement.

Threshold levels of noise exposure are important milestones in the process of evaluating the health
consequences of environmental exposure. The threshold levels also delimit the study area, which may

2007 WHO NightTime Noise Guidelines Excerpts , Page3
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lead to a better insight info overall consequences. In Table 1, all effects are summarized for which
sufficient ot limited evidence exists, For the effects with sufficient evidence the threshold levels are
usually well known, and for some the dose-effect relations over a range of exposures could also be
established.

. Threshold
Effect Indicator !
dB
Change in cardiovascular activity * *
EEG awakening LAmayx,inside 35
Biological effects . . .

B Motility, onset of motility LAmax,inside 32
Changes in duration of various stages of sleep, insleep | LAmax,inside 35
structure and fragmentation of sleep
Waking up in the night and/or 1oo early in the morning | LAMaKX,inside 42
Prolongation of the sleep inception period, difficulty * *

. etting to sl
Sleep quality g E £ep
A . . * "

Sleep fragmentation, reduced sleeping time

Increased average motility when sleeping Lright,outside 42

Self-reported sleep disturbance Lnight,outside 42
Well-being B _ L

Use of somnifacient drugs and sedatives Lnight,outside [ 40
Medical conditions Environmental insomnia® tnight,putside 42
* Although the effect has been shown to occur or a plausible biological pathway could be constructed, indicators or
threshold levels could not be determined.

Table 1. Summary of effects and threshold levels for effects where sufficient evidence is available.?

9 Recommendations for health protection

Sleep is an essential part of human functioning and is recognized as a fundamental right under the
European Convention on Human Rights.2 Based on the evidence of the health effects of night noise, an
overall summary of the relation between night noise levels and health effects, and stepwise guideline
values are presented as shown in Table 3 and 4, respectively.

Table 3. Summary of the relation between night noise and health effects in the population
Especially in the range Lnight,outside from 30to 55 dB, a closer ook may be needed into the precise
impact as this may depend much on the exact circumstances. Above 55 dB the cardiovascular effects
become the dominant effect, which is thought to be less dependent on the nature of the noise.

3 please note that “environmental insamnia” 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.  ~

2007 WHO NightTime Noise Guidelines Excerpts . ' Page 4
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From Table 1, it is clear that a number of instantaneous effects are related to threshold levels expressed in
L 4max- The health relevance of these effects cannot be easily established. It can be safely assumed,
however, that an increase in the npumber of siuch effects over the base line may constitute an subclinical

adverse health effect.

For the primary prevention of subclinical adverse health effects in the population related to night noise, it
is recommended that the population should not be exposed to night noise levels greater than 30 dB of
Lnight,outside during the night when most people are in bed. Therefore, Luight,outside 30 dB is the
ultimate target of Night Noise Guideline (NNGL) to protect the public, including the most vulnerable
groups such as children, the chronically ill and the elderly, from the adverse health effects of night noise.

Ta_bie . Summary of the relation between night noise and 11e‘11th effects i the population

End of WHO 2007 Guideline Excerpts
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(Miedema & Vos 1998) and that obtained in a sutvey along the North-South transporiation route
through the Austrian Alps (Lercher 1998b). The differences may be explained in terms of the
influence of topography and meteorological factors on acoustical measures, as well as the low
background noise level on the mountain slopes. -

Stronger reactions have been observed when noise is accompanied by vibrations and contains
low frequency components (Paulsen & Kastka 1995; Ohrstrém 1997; for review see Berglund et
al. 1996), or when the noise contains impulses, such as shooting noise (Buchta 1996; Vos 1996;
Smoorenburg 1998). Stronger, but temporary, reactions also occur when noise exposure is
increased over time, in comparison to situations with constant noise exposure (e.g. HCN 1997;
Kizboe et al. 1998). Conversely, for road traffic noise, the introduction of noise protection
barriers in residential areas resulted in smaller reductions.in annoyance than expected for a
stationary situation (Kastka et al, 1995).

To obtain an indicator for annoyance, other methods of combining parameters of noise exposure
have been extensively tested, in addition to meivics such as LAeq,24h and Ly,. When used for a
set of community noises, these indicators correlate well both among themselves and with
LAeq,24h or Lg, values (e.g. HCN 1997). Although LAeq,24h and 14 are in most cases
acceptable approximations, there is a growing concern that all the coraponent parameters of the
noise should be individually assessed in noise exposure investigations, at least in the complex
cases (Berglund & Lindvall 1995). .

3.9. The Effecis of Combined Noise Sources

Many acoustical environments consist of sounds from more than one source, For these
environments, health effects are associated with the total noise exposure, rather than with the
noise from a single source (WHO 1980b). When considering hearing impairment, for example,
the total noise exposure can be expressed in terms of LAeq,24h for the combined sources. For
other adverse health effects, however, sich a simple model most likely will not apply. It is
possible that some disturbances (e.g. speech interference, sleep disturbance) may more easily be
atiributed to specific noises. In cases where one noise source clearly dominates, the magnitude
of an effect may be assessed by taking into account the dominant source enly (HCN 1997).
Furthermore, at a policy level, there may be little need to identify the adverse effect of cach
specific noise, unless the responsibility for these effects is to be shared among several polluters
(¢f- The Polluter Pays Principle in Chapter 5, UNCED 1992).

There is no consensus on a model for assessing the total amoyance due to a combination of
environmental noise sources. This is partly due to a lack of research into the temporal patterns of
combined noises.  The current approach for assessing the effects of “mixed. poise sources” is
limited to data on “total annoyance™ transformed to mathematical principles of rules of thumb
(Ronnebaum et al.- 1996; Vos 1992; Miedema 1996; Berghmd & Nilsson 1997). Models to
assess the total annoyance of combinations of environmental nojses niay not be applicable to
those health effects for which the mechanisms of noise interaction are unkmown, and for which
different cumulative or synergistic effects cannot be ruled out. When noise is combined with
different types of environmental agents, such as vibrations, ototoxic chemicals, or chemical
odours, again there is insufficient knowledge o accurately assess the combined effects on health

52
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(Berglund & Lindvall 1995; HCN 1994; Miedema 1996; Zeichart 1998; Passchier-Vermeer &
Zeichart 1998). Therefore, caution should be exercised when trying to predict the adverse health,
effects of combined factors in residential populations. :

The evidence on low-frequency noise is sufficiently strong to warrant immediate concern.
Various industrial sources emit continuous low-frequency noise (compressors, pumps, diesel
engines, fans, public works); and large aircraft, heavy-duty vehicles and railway traffic produce
intermittent low-frequency noise. Low-frequency noise may also produce vibrations and raftles
as secondary effects. Health effects due to low-frequency components in noise are estimated to
be more severe than for community noises in general (Berglund et al. 1996). Since A-weiphting
underestimates the sound pressure level of poise with low-frequency components, a befter
assessment of health effects would be to use C-weighting,

In residential populations heavy noise pollution will most cerainly be associated with a
combination of health effects. For example, cardiovascular disease, annoyance, speech
imterference at work and at home, and sleep disturbance. Therefore, it is important that the total
adverse health load over 24 hours be considered and that the precautionary principle for
sustainable development is applied in the management of health effects (see Chapter 5).

3.106. Vulnerable Groups

Protective standards are essentially derived from observations on the health effects of noise on
“normal” or-“average” populations. The participants of these investigations are selected from the
general population and are usually adults. Sometimes, samples of participants are selected
because of their easy availability. However, vulnerable groups of people arc typically
underrepresented.  This group includes people with decreased personal abilities (old, ill, or
depressed people); people. with particular diseases or medical problems; people dealing with
complex cognitive tasks, such as reading acquisition; people who are blind or who have bearing
impairment; fetuses, babies and young children; and the elderly in general (Jansen 1987; AAP
1997). These people may be less able to cope with the impacts of noise exposure and be at
greater tisk for harmful effects. : -

Persons with impaired hearing are the most adversely affected with respect to speech
intelligibifity. Even slight hearing impairments in the high-frequency range may causo probiems
with specch perception in a noisy enviromment. From about 40 years of age, people typically

. demonstrate. an impaired ability to understand difficult, spoken messages with low linguistic
redundancy. Therefore, based on interference with speech perception, a majority of the
population belongs to the vulnerable group. :

Children have also been identified as vulnerable to noise exposure (see Agenda 21: UNCED
1992). The evidence on noise pollution and children’s health is strong enough to wamrant
monitoring: progfammes at schools and preschools to protect children from the effects of noise.
Foliow up programmes to study the (main health effects of noise on children, including effects on
speech perception and reading acquisition, are also warranted in heavily noise polluted areas

(Cohen et al. 1986; Evans et al. 1998).
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1.1

1.1.1.

Introduction

The author

My name is Dr Christopher Hanning, Honorary Consultant in Sleep
Disorders Medicine to the University Hospitals of leicester NHS Trust,
based at Leicester General Hospital, having retired in September 2007 as
Consultant in Sleep Disorders Medicine. In 1969, | obtained & First class
Honours BSc in Physiology and, in 1972, qualified in medicine, MB, BS,
MRCP, LRCP from St Bartholomew’s Hospital Medical School. After initial
training in anaesthesia, | became a Fellow of the Royal College of
Anaesthetists by examination in 1976 and was awarded a doctorate from
the University of Leicester in 1996. | was appointed Senior Lecturer in.
Anaesthesia and Honorary Consultant Anaesthetist fo Leicester General
Hospital in 1981. In 1996, | was appointed Consultant Anaesthetist with a
special interest in Sleep Medicine o Leicester General Hospitél and
Honorary Senior Lecturer fo the University of Leicester.

. My interest in sleep and its disorders began nearly 30 years ago and has

grown ever since. | founded and ran the Leicester Sleep Disorders Service,
one of the longest standing and largest services in the country, until
retirement. The University Hospitals of Leicester NHS Trust named the
Sleep Laboratory after me as a mark of its esteem. | was a founder member
and President of the British Sleep Society and its honorary secretary for four
years and have written and lectured extensively on sleep and its disorders
and continué an active research programme. My expertise in this field has
been accepted by the civil, criminal and family courts. | chair the Advisory
panel of the SOMNIA study, a major project investigating sleep quality in the
elderly, ‘and sit on Advisory panels for several companies with interests in

sleep medicine.

. | live in Ashby Magna, Leicestershire which is subject to an application by

Broadview Energy for a wind farm at Lower Spinney.



a3

Christopher Hanning, MD "Sleep Disturbance and Wing Turbine Noise” (June 2009) Page 4 of 33

1.2. Brief from SSWFAG

1.2.1. My brief from SSWFAG was fo review the potential consequences of wind
turbine noise and, in particular, its effect on sleep and health and to make

recommendations with regard to the proposed setback distances.
1.3. Scope of report.

1.3.1. This report centres on the effects of industrial wind turbine noise on sleep as
this is the particular area of expertise of the author. Other areas of health
concern related to low frequency noise emissions and vibro-acoustic

disease will be left to others.
1.4. Source material

1.4.1. A full list of the publications reviewed and other source material is given in
Section 7 and are cited in the text.

2. Background

2.1, [Introduction

-2.1.1. There can be no doubt that groups of industrial wind turbines (“wind farms”)
- generate sufficient noise to disturb the sleep and impair the health of those
living nearby. Section 5.1.1 of the draft New Zealand standard on wind farm
noise, 2009, states: “Limits for wind farm noise are required to provide
protection against sleep disturbance and maintain reasonable residential -
amenity.” Reports from many different locations and different countries have
a common set of symptoms and have been documented by Frey and
Hadden (2007). New cases are documented regularly on the internet. The
symptoms include sleep disturbance, fatigue, headaches, dizziness,
nausea, changes in mood and inability to concentrate and have been
named “wind turbine syndrome’ by Dr Nina Pierpont {2006), one of the
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2.2.

principal researchers in this field. The experiences of the Davis ..('_2008) and
Rashleigh (2008) families from Lincolnshire whose homes were around
900m from wind turbines make salutary reading. The noise, sleep
dist’urbande and ill health eventually drove them from their homes. Similar
stories have been reported from around the world, in anecdotal form but in

large numbers.

Sieep, sleep physiology and the effects of noise

2.2.1. Sleep is a universal phenomenon. Every living organism contains, within its

222

DNA, genes for a body clock which regulates an activity-inactivity cycle. In
mammals, including humans, this is expressed as one of more sleep
periods per 24 hours. Sleep was previously thought to be a period of
withdrawal from the worid designed to allow the body to recuperate and
repair itself. However, modern research has shown that sleep is primarily by
the brain and for the brain. The major purpose of sleep seems to be the
proper laying down and storage of memories, hence the need for adequate
sleep in children to facilitate learning and the poor memory and cognitive

function in adults with impaired sleep from whatever cause.

Inadequate sleep has been associated not just with fatigue, sleepiness and
cognitive impairment but also with an increased risk of obesity, impaired
glucose tolerance (risk of diabetes), high blood pressure, heart disease,
cancer and depression. Sleepy people have an increased risk of road traffic

accidents.

2.2.3 Humans have two types of sleep, slow wave (SWS) and rapid eye movement

(REM). SWS is the deep sleep which occurs early in the night while REM or
dreaming sleep occurs mostly in the second half of the night. Sleep is
arranged in a succession of cycles, each iaéting about 90 minutes. We
commonly wake betwee-n cycles, particularly between the second and third,
third and fourth and fourth and fifth cycles. Awakenings are not remembered
if they are less than 30 seconds in duration. As we age, awakenings

become more likely and longer so we start to remember them.
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2.2.4. Noise interferes with sleep in several ways. Ffrstly, it may be sufficiently loud
or annoying to prevent the onset of sieep or the return to sleep following an
awakening. It is clear also that some types of noise are more annoying than
others. Constant noise is tess annoying than irregular noise which varies in
frequency and loudness, for example, snoring, particularly if accompanied
by the snorts of sleep apnoea (breath holding). The swishing or thumping

~ noise associated with wind turbines seems to be particularly annoying as
- the frequency and loudness varies with changes in wind speed and local
atrmospheric conditions. While there is no doubt of the occurrence of these
noises and their audibility over long distances, up to 3-4km in some reports,
the actual cause has not yet been fully elucidated (Bowdler 2008). Despite
recommendations by the Government's own Noise Working Group, UK

research in this area has been stopped.

2.2.5. Secondly, noise experienced during sleep may arouse or awaken the
sleeper. A sufficiently loud or prolonged noise will result in full awakening
which may be long enough to recall. Short awakenings are not recalled as,
during the transition from sleep to wakefulness, one of the last functions to
recover is memory (strictly, the transfer of information from short term to
long term memory). The reverse is true for the transitbn from wakefulness
to sleep. Thus only awakenings of longer than 20-30 seconds are
subsequently recalled. Research that relies on recalled awakenings alone

may underestimate the effect.

2.2.6. Noise insufficient to cause awakening may cause an arousal. An arousal is
brief, often only a few seconds long, with the sleeper moving from a deep
level of sleep to a lighter level and back to a deeper level. Because full
wakefulness is not reached, the sleeper has no memory of the event but the
sleep has been disrupted just as effectively as if wakefuiness had occurred.
It is possible for several hundred arousals to occur each night without the
sufferer being able to recall any of them. The sleep, because it is broken, is
unrefreshing resulting in sleepiness, fatigue, headaches and poor memory
and concentration (Martin 1997), many of the symptoms of *wind turbine
syndrome”. Arousals are associated not just with an increase in brain activity
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228.

but also with physio!ogi,(":al changes, an increase in heart rate and blood
pressure, which are thought io be responsible for the increase in
cardiovascular risk. Arousals occur naturally during sleep and increase with |
age (Boselli 1998) which may make the elderly more vulnerable to wind
turbine noise. Arousals may be caused by sound events as low as 32 dBA
and awakenings with events of 42dBA (Muzet and Miedema 2005), well
within the measured noise levels of current “wind farms” and the levels
permitted by ETSU-R-97 . Arousals in SWS may trigger a parasomnia
(sleep walking, night terrors etc). Pierpont (2009 and personal
communication) notes that parasomnias developed in some of the children

in her study group when exposed to turbine noise.

Arousals are. caused by aircraft, railway and traffic noise. In one study of
aircraft noise, arousals were four times more likely to resulf than awakenings
(Basner 2008a&b). Freight trains are more likely to cause arousals than
passenger trains, presumably because they are slower, generating more
low frequency noise and taking longer to pass (Saremi 2008). The noise of
wind turbines has been likened to a “passing train that never passes” which

may explain why wind turbine noise is prone to cause sleep disruption.

it is often claimed that continual exposure to a noise results in habituation,
i.e. one gets used to the noise. There is little research to confirm this
assertion and a recent small study (Pirrera et al. 2009) looking at the effects

of traffic noise on sleep efficiency suggests that it is not so.

2.2 9. Sleep disturbance and impairment of the ability o return to sleep is not trivial

as almost all of us can testify. In the short term, the resulting deprivation of
sleep results in daytime faligue and sleepiness, poor concentration and
memory function. Accident risks increase. In the longer term, sleep

‘ depfi\fation is linked to depression, weight gain, \diabetes, high blood

pressure and heart disease. There is a very large pody of literature but
please see Meerlo ef al., 2008, Ha.rding and -Feldman, 2008 and Hart et al,,
2008 for recent work on this subject. A more general review can found on
Wikipedia: hitp://en.wikipedia.org/wiki/Sleep_deprivation
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3. Wﬁﬁd turbine noise, sleep and health

3.1. introduction

3.1.1. The evidence above demonstrates that it is entirely plausible that wind
turbine noise has the potential to cause arousals, sleep fragmentation and
sleep deprivation. As noted above, the draft New Zealand standard on wind
farm noise (2009) acknowledges that sleep disturbance is the major

conseguence of wind turbine noise.

3.1.2 Unfortunately all government and industry sponsored research in this area
has used reported awakenings from sleep as an index of the effects of
turbine noise and dismisses the subjective ‘symptoms. Because most of the
sleep disturbance is not recalled, this approach seriously underestimates

the effects of wind turbine noise on sleep.

3.2. Early research.

3.2.1. Surveys of residents living in the vicinity of industrial wind turbines show high
levels of disturbance to sleep and annoyance. A 2005 survey of 200
residents living within 1km of a 6 turbine, MW installation in France showed
that 27% found the noise disturbing at 'night (Butre 2005). A similar us
survey in 2001 (Kabes 2001) of a’ “wind farm” in Kewaunee County,
Wisconsin reported that 52% of those living within 400-800 metres found the
noise to be a problem, 32% of those living within 800-1600 metres and 4%
of those within 1600 and 3200 metres. 67% of those living within 250 to 400
metres and 35% of those within 400-800 metres reported being awoken by
the sound in the previous year. The principal health problem reported by the
223 respondents was sleep loss. The. landscape of Kewaunee County is
described as “undulating to gently rolling”, not dissimilar to South
Leicestershire. All of these studies were of smaller turbines than proposed
by Nuon. Pedersen and Waye (2004) reported that “16% (n=20, 95%CL
11%-20%) of the 128 respondents living at sound exposure above 35.0
dBA stated that they were disturbed in their sleep by wind turbine noise.”
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3.2.2 Phipps and others (2007) surveyed 1100 New Zealand residents living up to

3.3.

3.5 km from a wind farm, 604 responded. 75% of all respondents reported
being able to hear the noise. Two sepa"raie developments have placed over
100 turbines with capacities from 800kW to 1.65MW in this hilly to
mountainous area. It has been suggested that mountainous areas may
allow fow frequency noise to travel further which may explain the long
distance over which the turbines were heard. Van den Berg (2004) found
that residents up to 1900 m from a wind farm expressed annoyance with the
noise, a finding replicated in his more recent study reported below. Dr
Amanda Harry (2007), a UK GP, conducted surveys of a number of
residents living near several different turbine sites and reported a similar
constellation of symptoms from all sites. A study of 42 respondents showed
that 81% felt their health had been affected, in 76% it was sufficiently severe
to consult a doctor and 73% felt their life quality had been adversely
impacted. This study is open to criticism for its design which invited
symptom reporting and was not controlled. While the proportion of those
affected may be questioned it nevertheless indicates strongly that some
subjects are severely affected by wind turbine noise at distances thought by

the industry to be safe.

Project WINDFARMperception

3.3.1. van den Berg and colleagues (2008) from the University of Groningen in the

- Netherlands have recently published a major questionnaire study of

residents  living . within  2.5km from wind furbines, Project
WINDFARMperception. A random selection of 725 residents were sent a
similar questionnaire to that used byl Pedersen in her studies in Sweden
(2003, 2004, 2007 I'and 2008), questions on health, based on the validatgd
General. Heath Questionnaire (GHQ), were added. 37% replied which is
good for a survey of this type but, nevertheless is a weakness. Questions on
wind turbine noise were interspersed with questions on other environmental
factors to avdid bias. The sound level at the residents’ dwellings was

calculated, knowing the turbine fype and distance and the calculated
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ambient noise, d"_erived from an environmentai sound. map of tﬁe
Netherlands, according to the international 1SO standard for sound
propagation, the almost identical Dutch legal model and a simple (non
spectral) calculation model. The indicative sound level used was the souhd
tevel when the wind turbines operate at 8 m/s in daytime -that is: at high, but
not maximum power. Noise exposure ranged between 24 and 54dBA. it is
worth noting that the industry was approached for assistance in the research
but refused. Complaints such as annoyance, waking from sleep, difficulty in

~returning to sleep and other health complaints were related to the calculated
noise levels. Relevant conclusions include. “Sound was the most annoying
aspect of wind turbines” and was more of an annoyance at night. Interrupted
sleep and difficulty in returning to sleep increased with calculated noise level

~ as did annoyance, both indoors and cutdoors. Even at the lowest noise
levels, 20% of respondents reported disturbed sleep at least one night per
month. At a calculated noise level of 30-35dBA, 10% were rather or very
annoyed at wind turbine sound, 20% at 35-40dBA and 25% at 40-43dBA
(the permitted ETSU-R-97 night time level).

3.3.2. Project WINDFARMperception further found that “Three out of four
participants declare that swishing or lashing Is a correct description of the
sound from wind turbines. Perhaps the character of the sound is the cause
of the refatively high degree of annoyance. Another possibie cause is that

. the.sound of modern wind turbines on average does not decrease at night,
but rather becomes louder, whereas most other sources are less noisy at
night. At the highest sound levels in this study (45 decibef or higher) there is
also a higher prevalence of sleep disturbance.” The lack of a control group
prevents this group from making firmer conclusions about turbine noise and
sleep disturbance but it is clear that as ETSU-R-97 permits an exterior night
time noise level of 43dB, relying on its calculations will guarantee disturbed

I's

| sleep for those living nearby.

3.3.3. van den Berg concluded also that, contrary to industry belief, road noise
does not adequately mask turbine noise and reduce annoyance and
disturbance. In addition, they compared their results with studies by
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“Miedema on the annoyance from road, rail and air related noise. Wind

turbine noise was several times more annoying than the other noise sources

for equivalent noise levels (Fig 1). Similar data is given by Pedersen (2004)

(Fig 2) — see end of text .

3.3.4 With regard to health it was concluded that: “There is no indication that the

3.3.5.

sour?d from wind turbines had an effect on respondents’ health, except for
the interruption of sleep. At high levels of wind turbine sound {more than 45
dBA) inferruption of sleep was more likely than at low Ievelé. Higher levels of
background sound from road fraffic also increased the odds for inferrupted
sleep. Annoyance from wind turbine sound was related to difficufties with
falling asleep -and fo higher sifress scores. From this study it cannof be
concluded whether these health effects are caused by annoyance or vice
versa or whether both are related to another factor.” The conclusions
regarding health are not justified from the data for the reasons given below

and must be disregarded.

Project WINDFARMperception is currently the largest study in this field but
the study is not without considerable flaws. The study may be-criticised for .
using calbulated noise levels and for not having a control grourﬁ (residents -
not living near turbines). While several of the contributors have expertise in
the investigation of health matters none has specific expertise in the
physiology and pathophysiology of sleep. The purpose of the study, as its .
fitle suggested, was the public perception of wind turbines and their noise.

Health questions were added but were of a very general nafure. The smail -

-number of respondents suggests that any conclusions as to the apparent

lack of an efiect on heaith must be regarded as tentative.

3.3.6. The analysis of reported sleep intérruption and wind turbine sound levels is -

flawed by the use of subjects exposed to caiculated external sound levels of
<30dBA (pb3) as the “controls”. It has been noted by several studies that
calculated turbine noise is often less than measured noise and that levels as -
low as 30dBA can cause annoyance (Pedersen 2007). Examination of the
odds ratio for different calculated sound levels (Table 7.42) shows that it
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increases progressively with incré_asing sound levels starting at 30-35dBA
and becomes statistically significant for levels >45dBA. If, as is nof
impossible, the “control” group had its sleep disturbed by wind turbine noise

then the actual effect would be considerably underestimated.

3.3.7. The major objection to the conclusions on health is that the study is grossly
under-powered (insufficient subjects were studied for any degree of
statistical confidence). Wind turbine syndromé, to the degree reported by
Pierpont (2008), does not seem to be common even amongst those
exposed to high noise levels. The study was designed ‘fo detect chronic
disease with the GHQ, which is a fairly crude instrument. Assuming that.
wind turbine syndrome affects 1% of those exposed to calculated sound
levels >45dBA and that 25% of the general population suffer from chronic
disease (p47) then at least 30,000 subjects would need to be studied in
each group (<45dBA v >30dBA) to be able to prove a difference with 95%
certainty. Even if a prevalence of wind turbine syndrome of §% of those
exposed to >45dBA is assumed, then there must be at least 1250 subjects
in each group. This study therefore can not conclude that wind furbines do
not cause ilt health of any degree; it can not even make conclusions about

severe ill health.
3.4. Pierpont studies

3:4.1. Pierpont (2009 and personal communication) has recently ¢ompleted a very
detailed, peer-reviewed case-confrol study of 10 families around the world
who have been so affected by wind turbine noise that they have had to
leave their homes, nine of them permanently. The turbines ranged from 1.5
to 3MW capacity at distances between 305 to 1500m. The group comprised
21 adults, 7 teenagers and 10 children of whom 23 were'i'nterviewed;. While’
this is a highly selected group, the ability to examine symptoms before,
during and after exposure to turbine noise gives it a strength rarely found in
similar case-control studieé. The subjects described the symptoms of wind
turbine syndrome outlined above and confirmed that they- were not present
before the turbines started operation and resolved once exposure ceased.
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34.2.

3.4.3.

There was a cﬁ_lear relationship between the symptoms, evén in ohildrén, and
the noise exposure. She reports also that all adult subjects reported “feefling
jittery inside” or “internal quivering”, often accompanied by, anxiety,
fearfulness, sleep disturbance and irrtability. Pierpont offers corhpelling
evidence that these symptoms are related to low frequency sound and
suggests very plausible physiological mechanisms to explain the link
between turbine exposure and the symptoms.

Of particular concern were the observed effects on children, include toddlers
and school and college aged children. Changes in sleep pattern, behaviour
and academic performance were noted. 7 of 10 children had a decline in
their schoo! performance while exposed fo wind turbine noise which
recovered after exposure ceased. In total, 20 of 34 study subjects reported

problems with concentration or rmemory.

Pierpont's study mostly addresses the mechanism for the health problems
associated with exposure to wind turbine noise rather than the likelihood of
an individual developing symptoms. Nevertheless, it convincingly shows that
wind fturbine noise does cause the symptoms of wind t'urbine

syndrome, including sle'ep disturbance. She concludes by calling for further

. research, particularly in children, and a 2km setback distance.

3.4.4. A recent paper (Todd et al, 2008) has shown that the vestibular system in

the human ear, the part concerned with detection of movement and balance,
is exquisitely sensitive to vibration at frequencies of around 100Hz. While
this must be regarded as preliminary data, it does offer further evidence in
support of Dr Pierpont’s findings and theories.
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3.56. DTireport

3.5.1. Nuon is likely to refer to a DT! report by the Hayes McKenzie Partnership
published in 2006 which investigated low freqnuehcy noise at three UK wind
farms. Hayes McKenzie have a long term relatithhip with the wind furbine
industry, are noise engineers with no medical or physiclogical expertise so
their suitability to undertake the work must be questioned. They took sound
nieasurements at three of five sites where complaints had been recorded
over periods from 1-2 months. Communication with residents other than
those who complained was minimal. However, they did confirm that “some
wind farms clearly result in modulation at night which is greater than thaf
assumed with the ETSU-R-97 guidefines’. Measured “infernal noise levels
were insufficient to. wake up residents at these three sites. However, once
awoken, this noise can result in difficulties in returning to sleep.” The lack of
physiological expertise in the investigators in not recognising that noise can
disturb sleep without actual recalled awakening is a major methodological
flaw rendering the conclusions unreliable, as is the short recording period. It
is well recognised also that not every resident affected by a nuisance such
as noise will actually register a complaint. Many will not be sufficiently
literate or confident so to do and others may wish to avoid drawing attention
to the problem to protect property prices. They may assume also that protest
is futile, which seems to be the experience of many with wind turbine noise.
Recorded complaints are thus the tip of the iceberg.

3.5.2. It will bé claimed also that only 5 of 126 wind energy developments at the
time of the study had attracted compiainté of noise and thus the matter is
trivial. This assertion is, to say the least, disingenuous. Many of the
developments at that time were of small turbines set in isolated areas of the
countryside, well away from habitation. In addition, as noted above, the
proportion of those affected by wind turbine noise who actually complain is
very small. It must bé emphasised that research into wind farm noise and- ‘
health issues in the UK is virtually non-exisient and of poor quality. fo

" suggest that there is “nc problem” when faced with the large body of
~ evidence presented here is perverse. The conclusion Is also contradicted by
Moorhouse's study (vide infra) which showed a compléri'nt rate of 20%.
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3.6.

3.6.1.

Saiford study

Nuon is likely to refer also to a report by Moorhouse and others of the
University of Salford, commissioned by DEFRA into Aerodynamic
Modulation of Wind Turbine Noise published in 2007. A survey was made of
the local authorities responsible for wind faims in, or adjacent to, their area.
133 wind farms were identified of which 27 (20%) had attracted complaints.
An attempt was made to correlate complaint logs with recorded wind speed
and direction. Once again the methodology is fundamentally flawed.
Complainis were solicited from local authorities and not from residents. The
review was entirely theoretical with no communication with residents. The

conclusions were that AM was such a minor problem that no further

research was warranted.

~ 3.6.2. The Editor of Noise Bulletin greeted the publication of the report thus:

"New report eases concems over wind turbine noise’ frumpets the
Government press release, then saying aerodynamic modulation is "nof an

_issue for the UK's wind farm fieet'. This conclusion is not justified based on
“the report, and by halting further research” work without transparently
~moniforing the wind farms subject t6 complaints will inflame, not ease

concem of objectors ... Only when the public can trust the Government and
Wmd farm developers on noise :ssues will there be a chance that the public

‘ (Pease J. Noise Buliefm lssue 15 Aug/Sept. 2007 page 5)

3.6.3.

On 2 August 2007, Dick Bowdler, an acoustician and member of the Noise
Working Group which commissioned the report, resigned from the NWG.
This highly unusual step was taken because, as his letter states:

"I have read the Salford Report and the Government Statement. As a result
| feel obliged fo resign from the Noise Working Group.

The Salford Report says that the aims of this study are to asoertam the
prevalence of AM from UK wind farm sites, to try to gain a better

" understanding of the likely cause, and to establish whether further research
© info AM is required. This bears little relation to what we asked for which
. clearly set out in the minutes of the meeting in August 2006. We all knew

then (as was recorded in the original notes of the meeting) that complaints

-conceming wind farm noise are currently the exception rather than the rule.

The whole reason for needing the research was that “The trend for larger
more sophisticated turbines could lead to an increase in noise from AM'.
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it was not the intended purpose of the study to establish whether more
research was required. We all agreed at the August 2006 meeting that such
research was needed. That was precisely the outcome of the meeting. The
prime purpose of what eventually became the Salford Report was to identify
up fo 10 potential sites which could be used fo carry out objective noise
measurements. The brief for the Salford report, which was never circulated
to the NWG, completely ignored the NWG views.

Additionally, | find it entirely unacceptable that we are not to be fold the
names of the wind farms listed in the Salfford report. So the only part of the
report of any value to assist future research is inaccessible fo those of us
who would like fo progress matters further.
Looking at the Government Statement it is clear that the views of the NWG
(that research is needed into AM fo assist the sustainable design of wind
farms in the future) have never been transmitted to government and so the
Statement is based on misleading infofmation”.

(Noise Bufletin, Issue 15, Aug/Sept. 2007 page 5)

3.6.4. If both a leading commentator in the field and a leading member of the
Government's own working group have no faith in the study then its

conclusions may safely be dismissed.
3.7. Kamperman comments

3.7.1. George Kamperman, (2008 personal communication) a distinguished US
noise engineer, is quoted in Pierpont's book as saying, “After the first day of
digging into the wind turbine noise impact problems in different countries, it
became clear the health impact on persons living within about two miles
from ‘wind farms’ all had similar complaints and health problems. | have
never seen this type of phenomenon [in] over fifty plus years of consulting
on industrial noise problems. The magnifude of the impact is far above
anything | have seen before at such relatively low sound levels. | can see
the devastating health impacf from wind turbine noise but [ can only
comment on the physical noise exposure. from my viewpoinf we
desperately need noise exposure level . criteria.” Kamperman's
recommended setback of at least 1km (Kamperman & James 2008) has
changed to at least 2km as a resuit of Dr Pierpont’s evidence (Kamperman
2008 personal communication). He has recently published a more detailed

- set of recommendations io determine setback distances (Kampei"man &
James 2008b). |
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3.8. Conclusions
3.8.1. The quality of the research in this area is fow. Most are surveys using self-

completed guestionnaires. Response rates have generally been quite good
for this type of enquiry, which may reflect the public interest and concem
that wind turbines generate. Nevertheless, it is inevitable that it is more likely
that those who feel they have been affected will respond rather than those
who have not. The questionnaires themselves have not always have been
well drafted. Most do not have a control group, a separate group not
exposed to turbine noise with whom to make comparisons. The studies are
all post hoc, initiated after the turbines have been operating and generally in
response fo complaints. The lack of pre-exposure data weakens the studies
but does not invalidate them totally. Many of the authors have been
criticised for their presumed lack of expertise in this area. The poor quality of
the research is not surprising as government and industry have refused
funding and co-operation and individuals conducting research have had to

rely on their own resources.

3.8.2. In weighing the evidence, | find thaf, on the one hand there is a large number

of reported cases of sleep disturbance and, in some cases, ill health, as a
result of exposure to noise from wind turbines supported by a number of
research reports that tend to confirm the validity of the anecdotal reports

"~ and provide a reasonable basis for the complaints. On the other, we have

3.8.3.

badly designed industry and government reports which seek to show that
there is no problem. | find the latter unconvincing.

in my expert opinion, from my knowledge of sleep physiology and a
review of the available research, | have no doubt that wind turbine .'

noise emissions cause sieep disturbance and ill health.
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4.  Preventing sleep disturbance from wind turbine noise.

41 Background

4.1.1. Developers of noisy industrial processes, including wind turbines, seek to
mitigate the disturbance by siting them in areas of high ambient noise, such
as close to major roads. In the case of wind turbines, it is assumed that
rising wind speed will not only increase turbine noise but ambient noise also.
This is, of course, not the case if you are sheltered from the wind in your
bedroom. Motorway noise diminishes at night as the volume of traffic
decreases. In addition, it is common for wind speeds to diminish at ground
level as night fafls while being maintained Vat turbine hub ievel, wind shear
(Pedersen E and Persson Waye K. 2003, Schneider 2007). In both cases,
the turbine noise will be much more audible as ambient noise decreases
and explains why complaints of nocturnal noise and disturbed sleep are

- common. The importance of wind shear has been acknowledged in a recent
technical contribution to Acoustics Bulletin (March April 2009) from some
members of the. NWG calling for all noise levels to be referenced to wind

speed at turbine hub height.

4.1.2. Schneider found that night time turbine noise was between 3 and 7dBA
greater than predicted and, during periods of atmospheric stability, turbine
noise was 18.9 fo 22.6dBA above ambient. In addition, as noted above, the
characteristics of wind turbine noise are such that it can be heard despite
road noise. it should be noted that as the decibel scale is logarithmic, a 6dB
increase is equivalent fo a doubling in sound pressure level and a 12dB

change is a quadrupling.

4.1.3. van den Berg, in a2 paper presented at Euronocise 2003, investigated the
relationship between calculated noise generated by wind turbines and that .
actually measured. He confirmed that the turbines were more audible at
night principally due fo a'mpiitude modutation. To quote his paper. “As
measured immission levels near the wind park Rhede show, the
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4.2.

421

422

diécrepancy may be very large; sound levels afe up to 1 51-' dB (1) higher than
expected af 400 m from the wind park. At a distance of 1500 m actual sound
levels are 18 dB higher than expected, 15 dB of this because of the higher
sodn_d emission and 3 dB because sound attenuation is iéss than predicted
by the sound propagation model.” An 18dB increase is equivalent fo an 8
fold increase in sound pressure and a 15dB change is a 6 fold increase.
An 18dB increase is a close to a three fold increase in perceived loudness.

Calcuiated measures of wind turbine noise are woefully inadequate.
Mitigation of wind turbine noise

Bowdler (2008) has recently reviewed the causation of the swishing and
thumping noises associated with wind turbines. He concludes that, while
there are several theories, no definitive mechanism can be established. It
follows that industry claims to mitigate turbine noise by changing blade
shape and turbine spacing should be treated with scepticism until definitive

evidence of their efficacy are presented.

It follows that attempts to reduce wind turbine noise immissions after plant
becomes operational are unlikely to be successful. Blade feathering will
reduce power output, which will be opposed by the operators. The

importance of assuring residents that noise limits are capable of being met

- before construction was emphasised by Mr Lavender, Inspector at the

Thackson's Well Inquiry (APP/E2530/A/08/2073384) who stated: “securing
compliance with noise limit controls at wind farms, in the event of a breach,
is not as straightforward as with most other forms of noise generating
development. This is because noise from turbines is affected primarily by
external factors such as topography and wind strength, a characteristic that
distinguishes them from many othe_'r sources of noise, such as internal
combustion engines or amplified mﬁéic, which can be more directly and
immediately influenced by silencing equipment; insulation or operator
control.” It follows that application of the precautionary principle is essential
where there is any possi'bility of noise disturbance from wind turbines.
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A4.2.3.

424

4.2.5.

42.6.

Thus, the only mitigation for wind turbine noise is to place a sufficient
distance between the turbines and places of human habitation. PPS22
advises that ETSU-R-97 should (author’s italics) be used to estimate noise
levels around turbines which taken with measurements of ambient noise
can, in theory, predict noise disturbance in adjacent properties. Many expert
acousticians have severely criticised ETSU-R-97, not least Mr Dick Bowdler
(2007), a member of the Government's Noise Working Group considering
ETSU-R-G7. Its major flaws include the use of averaged noise levels over
too long a time period and using a best fit curve, thus ignoring the louder
transient noise of AM which cause awakenings and arousals. It ignores also
the property of low frequency noise to be audible over greater distances
than higher frequency noise. By concentrating on sound pressure alone, it
ignores the increased annoyance of particular noises, especially that
associated with AM. It is also the only guidance anywhere in the world which
permits a higher sound level at night than during the day, completely
contrary to common sense, noise pollution legislation and WHO guidelines.

Stigwood (2009) has shown that Iargé turbines (hub heights 50-100m} are
more likely. than smaller turbines (hub height. 30m) to cause excessive
amplitude modulation, increased likelihood of low frequency noise and
greater disturbance inside buildings. Internal noise can modulate- over 15-
20dB, changes which are easily perceived. This is probabiy due to different
wind speeds and atmospheric conditions at these heights. He concludes
that ETSU-R-97, which was developed for smaller turbines is inappropriate

for large turbines.

Bulimore (2009) concluded that measuring wind speed at a single, low
height, as required by ETSU-R-97, does not permit an accurate calculation

of turbine and ambient noise.

Despite, or-because of, ETSU-R-97, complaints of noise disturbance from
industrial wind turbines continue and it is clear that ETSU-R-97 can not be

refied upon to prevent sleep disturbance in those Iiv.ing- near wind turbines.

IN39
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4.2.7.

- 4.2.8.

To qudte Mr Pefer Hadden in evidence to the House of Lo}ds Econdmic

Aiffairs Commitiee:

“There is material evidence available to show that ETSU R 97 has failed fo
provide a reasonable level of protection to family homes from unbearable
noise pollution where wind turbines are located foo close to homes.
Symptoms include sleep disturbances and .deprivation, somelimes so
severe that families are forced fo evacuate their homes in order to stabilise
well-being and to resume normal family life. This is a worldwide
phenomenon where wind turbines are located too close to homes.”

Planners should riote also that the application of ETSU-R-87 is advisory in
PPS22, not mandatory (should not must). It is also subordinate fo the

‘precautionary principle set out in PPS 23 (see below). Rather than rely on a

provenly inadequate set of theoretical calculations to determine setback
distance it is logical to look at the real world and the relationship between
setback and noise comiplaints from existing sites. Human senses and
opinion are used to judge visual impact. It is therefore consistent and logical
to rely on human senses and opinion in respect of noise impact. Many of
these sifes causing problems have been in place for several years. The
application by Nuon is for larger turbines than have been previously erected
in the UK and thus allowance must be made for their additional noise in

determining setback.

While it- may be possible to produce a reasonable acoustically based
theoretical approach to calculating set back distances (Kamperman and
James 2008b), it makes more sense to rely on recommendations from

observations of the effects on real people at established wind farms.
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4.3.

Swinford

4.3.1. The prevailing wind in South Leicestershire is from the south west and the

village of Swinford is thus up wind of the proposed turbines. However, for
about 20% of the year, the wind is from the north east Under these
conditions, the background noise in the village diminishes markedly as the
M1/A14 and Catthorpe interchange is now down wind. Stable wind
conditions with increased wind shear is equally likely to occur in any wind

direction and occur to a level greater than that allowed for in ETSU-R-97.

4.3.2. Under the conditions. of a north easterly wind and stable wind conditions, the

4.4.

residents of the village of Swinford which is only 800-1000 meters from the
proposed {urbines will be at much greater risk of sleep disturbance from
lower than average background noise levels and greater than predicted
turbine noise levels.

Conclusions

4.41. Table 1 (see end of text) shows recommendations for setback distance by a

442

number of authorities. References can be found in the’Biinography. In
general, noise engineers recommend lesser setback distances than
physicians. The former rely more on measured andfor calculated sound
pressures and the latier on clinical reports. It is logical to prefer the actual
reports of the humans subjected to the noise rather than abstract
calculations, even if the latter accurately measure ambient noise and allow
for the low frequency components of wind turbine noise. Calculations can
not measure annoyance and sieep disturbance, only humans can do

S0,

A setback distance of at least 1.5km is necessary to ensure, with a
reasonable degree of confidence, that the wind turbine noise will not disturb
the sleep of those living in proximity to the proposed Swinford development.

14Yy
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Planning considerations

PPS22

. PPS22 was promulgated subsequent to ETSU-R-97 and should therefore

take precedence. Section 41 states. “Development proposals should
demonstrate any environmental, economic and social benefits as well as
How any environmental and social impacts have been minimised through
careful consideration of location, scale, design and other measures.” and
“Local planning authotities should ensure that renewable enefgy

- developments have been located and designed in such a way fo minimise

5.1.2.

‘increases in ambient noise fevels.”

Proposals that seek to place turbines within 1.5km of habitation have not -
sought to minimise environmental and social impact by wind turbine noise
and its effects on sleep and health. They are therefore in contravention of
PPS22.

."“The Companion Guide to PPS22 states ‘RE 3 describes Faclors fo be

considered in Planning for Wind Fanns‘ These include: residential amenity

(on noise- and visual grounds); safe separation distances;” and “Well-

specified and well-designed wind farms should be located so that increases '
in ambient noise levels around noise-sensitive developments are kept fo

acceptable fevels with relation to existing background noise.”

. Proposals that site wind turbines within 1.5km of habitation will not keep

wind turbine noise to an acceptable level and are therefore in contravention

of PPS22. |
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5.2. PPSY
521 PPSY states..
5.2.2. “ensuring people have decent places fo live by improving the quality and

5.2.3.

524

5.2.5.

526,

5.3.

5.3.1.

532

sustainability of local environments and neighbourhoods”

"All development in rural areas should be well designed and inclusive, in
keeping and sca_le with its location, and sensitive to the character of the

countryside and focal distinctiveness”

*have regard to the amenify of any nearby residents or other rural
businesses that may be adversely' affected by new lypes of on-farm

development”

Section 15 states: “Planning authorities should continue to ensure that the
quality and character of the wider countryside is protected and, where

possible, enhanced.”

Proposals which site wind turbines within 1.5km of residential dwellings can
rot be said to enhance the quality of the countryside nor have regard fo the

amenity of local residents and must be rejected.
PPS23

PPS23 states:

“the precautionary principle should be invoked f_i/vhen: ’

there is good reason fo believe that harmful effects may occur to human,
animal or plant health, or fo the environment

the level of scientific uncertainty about the consequences or likefihood of the
risk is such that best available scientific advice cannot assess the risk with

sufficient confidence to inform decision-making.”

PHY3
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5.3.3. Application of ETSU R 97 is subordinate to the commitment to the

5.4

54.1.

542

55,

5.5.1.

. 552

556.3.

Precautionary Principle outlined in PPS23. The objections to ETSU R 97 are
so funidamental and the concerns regarding its validity so great, as is the
evidence of human harm, that the precautionary principle must be invoked
and consequently PPS 23 and EV/23 applied and permission refused on

‘that account.

East Midlands Regional Spatial Strategy (RSS8)

Policy 41 states: “In establishing criteria for onshore wind energy
Development Plans and future Local Development Frameworks, should give
particular consideration fo: the effect on the built environment (including

noise intrusion).”

Proposals that site wind turbines within 1.5km of residential dwellings do not
give sufficient consideration to the noise effects on the built environment

and are therefore in contravention of RSS8.

Harborough District Local Plan

Harborough District Local Plan states that:

“the district council will grant planning permission for the development of
renewable energy schemes provided that they do not have an unacceptable
impact on the landscape, features of historic and archaeological interes,

nearby land use, residential amenity........"

“_proposals should .not adversely affect the established character of the

surrounding area in terms of scale, space around buildings, density, design, . -

colour and texture of matenals”
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5.5.4. "..new development should not adversely affect the amenities of

nefghbouring users...”

5.5.5. Policy EV/5 states: “The dism'ct councif will refuse plahning permission for
development proposals in the countryside unless the following criteria are
metl:

s The development does not adversely affect the character and appearance
of the countryside
e The development does not adversely affect the amenities of the residents of
the area
e Any new buildings are sited in a position that minimises their impact on the
landscape and on important views into and out of villages”

5.5.6. Clearly, any development which places wind turbines within 1.5km of
residential dwellings will adversely affect the amenity of the residents and

must be rejected.

5.5.7. Policy EV/23 states: “the District Council will impose conditions on planning
permissions to ensure that the development does not have an adverse
effect on the character of its surroundings or harm the amenities of nearby
users, through noise...If the District Council is not satisfied that these
adverse effects would be overcorme by the impaosition of conditions, pianning

permission wilf not be granted”

5.5.8. The evidence presented in this paper provides incontrovertible proof that
wind turbines emit levels of noise harmful to human health and wellbeing.
ETSU R 97 does not provide sufficient protection for residents as has been

amply demonstraled by several leading researchers.
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56

5.6.1.

5.6.2,

7.1

-

Leicestershire, Leicester and Rutland Stmcture Plan 1996-2016

Resource Management Policy 1

LLRSP 1996-2016 states: “Alf new development will minimise or avoid air,

noise, water, fand and light pollution”

Developments within 1.5km of residential dwellings engender several types
of poliution: noise, light (the likelihood of aviation lights) and shadow flicker,
and will certainly not be minimised.

Overall Conclusions

The only mitigation of sleep disturbance from industrial wind turbine noise is
a setback of at least 1.5km and probably greater. This estimate is based on
data from present installations, many of which have a much smaller rated
capacity than those proposed by Nuon. Most of the village of Swinford as
well as outlying properties are within 1-1.5km of the proposed site and there
is therefore a very high risk that a large proportion of residents would be
adversely affected. The application must be rejected.

CD Hanning

14" June 2009
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Figure 1. Sound level and annoyance for different noise sources (van den

Berg 2008)
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Figure 2. Sound level and annoyance for different noise sources (Pedersen E
and Persson Waye, 2004)
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