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Wind Turbines and Health — A Rapid Review of the Ewdence

The purpose of this paper is to present findingmfa rapid review of the evidence
from current literature on the issue of wind tudsrand potential impacts on human
health. In particular the paper seeks to asceifténe following statement can be
supported by the evidenckhere are no direct pathological effects fromwind farms
and that any potential impact on humans can be minimised by following existing
planning guidelines. This statement is supported by the 2009 experévevi
commissioned by the American and Canadian Winddgnassociations

(Colby et al. 2009).

Context

In Australia, since the legislation of tRenewable Energy (Electricity) Act in 2000,
wind power has been gaining prominence as a valdtinable alternative to more
traditional forms of energy production. Studiesé&wnd that there is increasing
population demand for ‘green’ energy and that peapé willing to pay a premium
for renewable energy (Chatham-Kent Public Healtlt,\2008; Pedersen & Persson
Waye, 2007). However as with any shift in techngldge emergence of wind farms
is not without controversy.

There are two opposing viewpoints regarding wirrdites and their potential effect
on human health. It is important to note that theeass are frequently presented by
groups or people with vested interests. For examyled energy associations purport
that there is no evidence linking wind turbinesitoman health concerns. Conversely,
individuals or groups who oppose the developmentinél farms contend that wind
turbines can adversely impact the health of indiald living in proximity to wind
farms.

Concerns regarding the adverse health impactsraf tarbines focus on the effects
of infrasound, noise, electromagnetic interferesbadow flicker and blade glint
produced by wind turbines. Does the evidence suppese concerns?

Sound and Noise from Wind Turbines

Sound is composed of frequency expressed as h&rjzahd pressure expressed as
decibels (dB). In terms of frequency sound candiegorised as audible and
inaudible. Infrasound is commonly defined as sowhath is inaudible to the human
ear (below 16 Hz). Despite this commonly usedratgdin, infrasound can be audible
(EPHC, 2009). There is often confusion regardirgglibundary between infrasound
and low frequency noise (Leventhall, 2006). Humamsgivity to sound, especially to
low frequency sound, is variable and people wilibi variable levels of tolerance to
different frequencies (Minnesota Department of He&009).

Noise can be defined as any undesirable or unwaaigad. The perception of the
noise is also influenced by the attitude of thereowards the sound source. This is
sometimes called the nocebo effect, which is thposjpe of the better known placebo
effect. If people have been preconditioned to madative opinions about a noise
source, they are more likely to be affected bAUSWEA, 2004).



Wind turbines produce noise that can be classifitrithe following categories:
1. Mechanical noise which is produced from the motagearbox; if functioning
correctly, mechanical noise from modern wind tuelsishould not be an issue.
2. Aerodynamic noise which is produced by wind passwey the blade of the
wind turbine (Minnesota Department of Health, 2009)

As well as the general audible range of sound eomsswind turbines also produce
noise that includes a range of Special Audible &ttaristics (SACs) such as
amplitude modulation, impulsivity, low frequencyis® and tonality (EPHC, 2009).

Table 1 compares the noise produced by a ten tishoind farm compared to noise
levels from some selected activities.

Activity Sound pressure level (dBAJ
Jet aircraft at 250m 105
Noise in a busy office 60

Car travelling at 64kph at 100m 55
Wind farm (10 turbines) at 350m 35-45
Quiet bedroom 35
Background noise in rural area at night 20-40

Table 1: Noise levels compared to ten turbine viarth (SDC, 2005).

Macintosh and Downie (2006) conclude that basetthese figures “noise pollution
generated by wind turbines is negligible”.

One of the most common assertions regarding pateadiverse noise impacts of wind
turbines is concerned with low frequency noise iafidsound. It should be noted that
infrasound is constantly present in the environnaet is caused by various sources
such as ambient air turbulence, ventilation unitgan waves, distant explosions,
volcanic eruptions, traffic, aircraft and other mimery (Rogers, Manwell & Wright,
2006). In relation to wind turbines, Leventhall (B) concludes that there is
insignificant infrasound generated by wind turbiaes that there is normally little
low frequency noise. A survey of all known publidhresults of infrasound from wind
turbines found that wind turbines of contemporaggign, where rotor blades are in
front of the tower, produce very low levels of emsound (Jakobsen, 2005). Another
recent report concludes that wind farm noise da¢dave significant low-frequency
or infrasound components (Ministry of the Enviromty@007). As discussed in
further detail below the principal human respormsaudible infrasound is annoyance
(Rogers, 2006).

Effects of Noise from Wind Turbines on Human Health

The health and well-being effects of noise on peagh be classified into three broad
categories:

! The “A” represents a weighting of measured sownahimic that discernable by the human ear,
which does not perceive sound at low and high ®eegies to be as loud as mid range frequencies
(AusWEA, nd. a).



1. subjective effects including annoyance, nuisancedassatisfaction;
2. interference with activities such as speech, stewplearning; and
3. physiological effects such as anxiety, tinnitusearing loss (Rogers,
Manwell & Wright, 2006).
Several commentators argue that noise from wiraintas only produces effects in
the first two categories (Rogers, 2006; Peders&e&son Waye, 2007).

Various studies of wind turbine effects on healirdrconcentrated on the self-
reported perception of annoyance. There are diffeuwith measuring and

guantifying subjective effects of noise such asogance. According to the World
Health Organization (WHO) (1999) annoyance is areesk health effect, though this
is not universally accepted. Kalveram proposesahabyance is not a direct health
effect but an indication that a person’s capaatgdpe is under threat. The person has
to resolve the threat or their coping capacityndermined, leading to stress related
health effects (Kalveram 2000). Some people arg aenoyed at quite low levels of
noise, whilst other are not annoyed by high levels.

It has been suggested that if people are worriedtabeir health they may become
anxious, causing stress related illnesses. Thesgeauine health effects arising from
their worry, which arises from the wind turbinegevhough the turbine may not
objectively be a risk to health (Chapman 2010). Mieasurement of health effects
attributable to wind turbines is therefore very qbex.

One study of wind turbine noise and annoyance fahatino adverse health effects
other than annoyance could be directly correlatigd moise from wind turbines. The
authors concluded that reported sleep difficuliessyell as feelings of uneasiness,
associated with noise annoyance could be an effébe exposure to noise, although
it could just as well be that respondents with sileg difficulties more easily
appraised the noise as annoying (Pedersen & Pevgaga, 2007).

Many factors can influence the way noise from wndbines is perceived. The
aforementioned study also found that being abkewind turbines from one’s
residence increased not just the odds of percethi@gound, but also the odds of
being annoyed, suggesting a multimodal effect efatdible and visual exposure
from the same source leading to an enhancemeheafdgative appraisal of the noise
by the visual stimuli (Pedersen & Persson Waye7208nother study of residents
living in the vicinity of wind farms in the Nethards found that annoyance was
strongly correlated with a negative attitude towidn@l visual impact of wind turbines
on the landscape. The study also concluded thati@edio benefit economically
from wind turbines were less likely to report nogsseoyance, despite exposure to
similar sound levels as those people who were cart@mically benefiting (Pedersen
et al, 2009).

In addition to audible noise, concerns have bemsedaabout infrasound from wind
farms and health effects. It has been noted tleag¢tiects of low frequency
infrasound (less than 20Hz) on humans are notuvelerstood (NRC, 2007).
However, as discussed above, several authors bggested that low level frequency
noise or infrasound emitted by wind turbines isimed and of no consequence
(Leventhall, 2006; Jakobsen, 2005). Further, nuosereports have concluded that
there is no evidence of health effects arising frofrasound or low frequency noise



generated by wind turbines (DTI, 2006; CanWEA, 200Batham-Kent Public
Health Unit, 2008; WHO, 2004; EPHC, 2009; HGC Emrgiring, 2007). In summary:

* ‘There is no reliable evidence that infrasound®Wwethe hearing threshold
produce physiological or psychological effects’ (fland & Lindvall 1995).

* Infrasound associated with modern wind turbinesoisa source which will
result in noise levels which may be injurious te trealth of a wind farm
neighbour (DTI, 2006).

* Findings clearly show that there is no peer-reveta@entific evidence
indicating that wind turbines have an adverse impadiuman health
(CanWEA, 20009).

* Sound from wind turbines does not pose a risk afing loss or any other
adverse health effects in humans. Subaudible, lequency sounds and
infrasound from wind turbines do not present a tiskuman health
(Colby, et al 2009).

* The Chatham-Kent Public Health Unit (Ontario, Ca)agviewed the current
literature regarding the known health impacts afdviurbines in order to
make an evidence-based decision. Their report adedlthat current
evidence failed to demonstrate a health concewwcated with wind turbines.
‘In summary, as long as the Ministry of Environmeéntidelines for location
criteria of wind farms are followed ... there will begligible adverse health
impacts on Chatham-Kent citizens. Although opposito wind farms on
aesthetic grounds is a legitimate point of viewpagtion to wind farms on
the basis of potential adverse health consequesced justified by the
evidence’ (Chatham-Kent Public Health Unit, 2008).

* Wind energy is associated with fewer health effétas other forms of
traditional energy generation and in fact will hgpaesitive health benefits
(WHO, 2004).

* ‘There are, at present, very few published andhsifieally-validated cases of
an SACs of wind farm noise emission being problémat the extent of
reliable published material does not, at this stagerant inclusion of SACs
... into the noise impact assessment planning stagelC, 2009).

* While a great deal of discussion about infrasouncbinnection with wind
turbine generators exists in the media there igamidiable evidence for
infrasound and production by modern turbines (H@@iBeering, 2007).

The opposing view is that noise from wind turbipesduces a cluster of symptoms
which has been termed Wind Turbine Syndrome (WTBg main proponent of WTS
is a US based paediatrician, Dr Pierpont, who aEsmsed a book ‘Wind Turbine
Syndrome: A report on a Natural Experiment, presease studies explaining WTS
symptoms in relation to infrasound and low frequemnaise. Dr Pierpont’s assertions
are yet to be published in a peer-reviewed journad, have been heavily criticised by



acoustic specialists. Based on current evidencanitboe concluded that wind turbines
do not pose a threat to health if planning guidsiare followed.

Shadow Flicker and Blade Glint

Shadow flicker occurs when the sun is located lmkhiwind turbine casting a shadow
that appears to flick on and off as the wind tueditades rotate (Chatham-Kent
Public health Unit, 2008). It is possible to usedelting software to model shadow
flicker before the finalisation of a wind farm laytoand siting.

Blade glint occurs when the surface of wind turdateeles reflect the sun’s light and
has the potential to annoy people (EPHC, 2009).

Effects of Shadow Flicker and Blade Glint on HumarHealth

Shadow flicker from wind turbines that interruptsmbght at flash frequencies greater
than 3Hz has the potential to provoke photosemsgeizures (Harding, Harding &
Wilkins, 2008). As such it is recommended thatitowsmvent potential health effects
of shadow flicker wind turbines should only be aik&d if flicker frequency remains
below 2.5 Hz under all conditions (Harding, Hard&gVilkins, 2008).

According to the EPHC (2009) there is negligibbkrof seizures being caused by
modern wind turbines for the following reasons:
» less than 0.5% of the population are subject tlepgpy at any one time, and of
these, approximately 5% are susceptible to strolgmdy
* Most commonly (96% of the time), those that areespsble to strobe lighting
are affected by frequencies in excess of 8 Hz heddmainder are affected by
frequencies in excess of 2.5 Hz. Conventional looitizl axis wind turbines
cause shadow flicker at frequencies of around bHess;
» alignment of three or more conventional horizoatas wind turbines could
cause shadow flicker frequencies in excess of 2;5bBwever, this would
require a particularly unlikely turbine configuiaii

In summary, the evidence on shadow flicker doesuapport a health concern
(Chatham-Kent Public Health Unit, 2008) as the cleasf conventional horizontal
axis wind turbines causing an epileptic seizureafoindividual experiencing shadow
flicker is less than 1 in 10 million (EPHC, 2008F with noise, the main impact
associated with shadow flicker from wind turbinesnnoyance.

In regards to blade glint, manufacturers of allanayind turbine blades coat their
blades with a low reflectivity treatment which peexs reflective glint from the
surface of the blade. According to the Environnferatection and Heritage Council
(EPHC) the risk of blade glint from modern windtimes is considered to be very
low (EPHC, 2009).

Electromagnetic Radiation and Interference
Electromagnetic radiation (EMR) is a wavelike pattef electric and magnetic

energy moving together. Types of EMR include X-rayaviolet, visible light,
infrared and radio waves (AusWEA, nd. b).



Electromagnetic interference (EMI) from wind turbsnmay affect electromagnetic or
radiocommunication signals including broadcastoauatd television, mobile phones
and radar (EPHC, 2009).

As high and exposed sites are best from a winduresgerspective, it is not unusual
for any of a range of telecommunications instadlasi, radio and television masts,
mobile phone base stations or emergency servide naasts to be located nearby.
Care must be taken to ensure that wind turbinasotipassively interfere with these
facilities by directly obstructing, reflecting cefracting their radio frequency EMR
signals.

Effects of Electromagnetic Radiation and Interference from Wird Turbines on
Human Health

Electromagnetic Fields (EMF) emanate from any wagying electricity and
Australians are routinely exposed to these fiaidbheir everyday lives. The
electromagnetic fields produced by the generati@hexport of electricity from a
wind farm do not pose a threat to public healthr(§iviish Energy 2004). The
closeness of the electrical cables between wirldrtargenerators to each other, and
shielding with metal armour effectively eliminateylEMF (AusWEA, nd. b).

Measures to Mitigate Potential Impacts of Wind Turlines

As with the introduction of any new technology, soaommunities are against wind
farms being located in their area. Some factorglwhmay increase community
concern include coerced or unequal exposure, indlystxotic and/or memorable
nature of the turbine, dreaded, unknown or catpktcoconsequences, substantial
media attention, potential for collective actiomdanprocess which is unresponsive to
the community. Voluntary exposure, for example ciog to house the turbine on
community land, reduces concern (Adapted by ProfeShapman from Covello et

al. methodology 1986).

One review of wind turbines and noise recommendshbst practice guidelines such
as those identifying potential receptors of turhbioese, following established
setbacks and dispelling rumours regarding infradomnich have not been supported
by research, are followed in order to mitigate potential noise issues associated
with wind turbines (Howe, 2007).

Sustainable Energy Authority Victoria (2003) alscommend that complying with
standards relating to turbine design and manufagiusite evaluation and final siting
of wind turbines will minimise any potential impaain the surrounding area.

The recently released Draft National Wind Farm Deeent Guidelines (EPHC,
2009) include detailed methodologies at differ¢agss of the planning and
development process to assess such issues asandisbadow flicker to mitigate any
potential impact. Such processes include a rangaeakures such as high-level risk
assessment, data collection, impact assessmeaileddtechnical studies and public
consultation.



Therefore if planning guidelines are followed amtnenunities are consulted with in a
meaningful way, resistance to wind farms is likielyoe reduced and annoyance and
related health effects avoided.

Conclusion

The health effects of many forms of renewable engemeration, such as wind
farms, have not been assessed to the same exthsadrom traditional sources.
However, renewable energy generation is assocwitedew adverse health effects
compared with the well documented health burdernmobiting forms of electricity
generation (Markandya & Wilkinson, 2007).

This review of the available evidence, includingrjaal articles, surveys, literature
reviews and government reports, supports the statethat:There are no direct
pathological effects fromwind farms and that any potential impact on humans can be
minimised by following existing planning guidelines.
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INTRODUCTION

Australian wind farms currently provide 1841MW of power or enough energy to power
772,286 homes (Clean Energy Council Renewable Energy Database, April 2010). With this
level of generation comes a need to ensure their advantages are balanced against the

amenity of the communities that live in their vicinity.

This Technical Paper has been prepared to provide the latest information to communities,
developers, planning and enforcement authorities and other stakeholders on environmental

noise from wind farms and includes:

An explanation of the sources of noise from a wind farm and its characteristics;

e A summary of the various Australian wind farm noise standards and guidelines and a

comparison of the local and International approaches;

e A description of the methodology associated with a detailed environmental noise
assessment prepared for a wind farm in accordance with the relevant standards and

guidelines;
e A description of the various terms used in those assessments including the ambient
noise environment, background noise levels and characteristics such as modulation,

tonality, infrasound and low frequency;

o A summary of the research conducted into a range of issues including:

. Health impacts and annoyance;
. Infrasound and low frequency;
. Amplitude modulation; and

. Sleep disturbance



Clean Energy Council

Wind Farm Technical Paper
Environmental Noise
S3387C6

9 November 2010

Page 4

EXECUTIVE SUMMARY

Virtually all processes generate noise, including wind farms. The response to noise by
individuals can be wide and varied. Noise is often the most important factor in determining the
separation distance between wind turbines and sensitive receivers. The assessment of noise

therefore plays a significant role in determining the viability of and the size of wind farms.

Australian jurisdictions presently assess the noise from wind farms under a range of Standards
and Guidelines applicable to each individual State or Territory.

The Standards and Guidelines used in Australia and New Zealand are stringent in comparison
to other International approaches. They are also the most contemporary in the World, with
recent updates and releases of the main assessment approaches occurring in both late 2009
and early 2010.

Notwithstanding the above, there are community concerns relating to both annoyance and
health impacts associated with environmental noise from both planned and operating wind
farms. As such, the Clean Energy Council has engaged Sonus to make an independent

review of the available information relating to noise from wind farms.
The information in this Technical Paper results in the following key conclusions:
e The standards and guidelines used for the assessment of environmental noise from
wind farms in Australia and New Zealand are amongst the most stringent and

contemporary in the World,;

e There are inherent discrepancies associated with a number of different approaches

from jurisdiction to jurisdiction;

e The rate of complaints relating to environmental noise emissions from residents living

in the vicinity of operating wind farms is very low;
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There are complaints relating to environmental noise emissions from residents living in
the vicinity of operating wind farms. These complaints generally relate to concerns

regarding low frequency noise and health related impacts; and

There is detailed and extensive research and evidence that indicates that the noise
from wind farms developed and operated in accordance with the current Standards
and Guidelines will not have any direct adverse health effects.
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THE NOISE FROM A WIND FARM

The acoustic energy generated by a wind turbine is of a similar order to that produced by a
truck engine, a tractor, a large forklift or a range of typical earthmoving equipment. However,
a wind turbine is a stationary source that operates in conjunction with other turbines in a
generally windy environment, is located high above the ground and has different noise

characteristics compared to these other noise sources.

This section provides information relating to the level and characteristics of noise from a wind

farm.

Noise is inherently produced by moving elements. There are two main moving elements that
generate the environmental noise from a wind turbine, being the external rotating blades and

the internal mechanical components such as the gearbox and generator.

Aerodynamic

Gearbox

Hub

Blajcs

Auxiliaries

Tower

Figure 1 - (Modified from Wagner 1996)
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The noise from the blades and the internal machinery are commonly categorised as

aerodynamic and mechanical noise respectively.
Mechanical Noise

Mechanical noise sources are primarily associated with the electrical generation components
of the turbine, typically emanating from the gear box and the generator. Mechanical noise was
audible from early turbine designs. On modern designs, mechanical noise has been
significantly reduced (Moorhouse et al., 2007), such that aerodynamic noise from the blades is

generally the dominant noise emission from a wind turbine.
Aerodynamic Noise

Aerodynamic noise typically dominates the noise emission of a wind turbine and is produced

by the rotation of the turbine blades through the air.

Turbine blades employ an airfoil shape to generate a turning force. The shape of an airfoil
causes air to travel more rapidly over the top of the airfoil than below it, producing a lift force
as air passes over it. The nature of this air interaction produces noise through a variety of
mechanisms (Brooks et al., 1989).

In general terms, the noise we hear in any environment is a combination of energy at different
frequencies. There are noise sources that have their dominant content of energy present in
the higher frequencies, such as a whistle, and noise sources that have their dominant content
in the low frequencies, such as a diesel locomotive engine. Most noise sources are
“broadband” in nature; that is they possess energy in all frequencies. A typical broadband
noise is music, where the bass content is in the low frequency region, and the voices and

general melody are in the middle and higher frequencies.

Aerodynamic noise is broadband in nature and present at all frequencies. Weighting networks
are applied to measured sound pressure levels to adjust for certain characteristics. The A-
weighting network (dB(A)) is the most common, and it is applied to simulate the human
response for sound in the most common frequency range. Therefore, the A-weighted network

(dB(A)) is the network used in wind farm standards and guidelines.

Aerodynamic noise can be further separated into the following categories, generally termed

“characteristics”:
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Amplitude Modulation

Amplitude modulation is most commonly described as a “swish” (Pedersen, 2005). “Swish” is
a result of a rise and fall in the noise level from the moving blades. The noise level from a
turbine rises during the downward motion of the blade. The effect of this is a rise in level of
approximately once per second for a typical three-bladed turbine as each blade passes
through its downward stroke.

It was previously thought that “swish” occurred as the blade passed the tower, travelling
through disturbed airflow, however, a recent detailed study indicates it is related to the

difference in wind speed over the swept area of a blade (Oerlemans and Schepers, 2009).

Other explanations for the rise in noise level that occurs on the downward stroke relate to the
slight tilt of the rotor-plane on most modern wind turbines to ensure that the blades do not hit
the tower. An effect of the tilt is that when the blades are moving downwards they are moving
against the wind. Conversely, when moving upwards they are moving in the same direction as
the wind. Therefore, with the effective wind speed being higher on the downward stroke, it is
suggested that a higher noise level is produced (Sloth, 2010).
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Figure 2 - Blade Velocity due to Tilt
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Low Frequency Noise

Noise sources that produce low frequency content, such as a freight train locomotive or diesel
engine; have dominant noise content in the frequency range between 20 and 200 Hz (O’Neal

et al, 2009). Low frequency noise is often described as a “rumble”.

Aerodynamic noise from a wind turbine is not dominant in the low frequency range. The main
content of aerodynamic noise generated by a wind turbine is often in the area known

generically as the mid-frequencies, being between 200 and 1000Hz.

Noise reduces over distance due to a range of factors including atmospheric absorption. The
mid and high frequencies are subject to a greater rate of atmospheric absorption compared to
the low frequencies and therefore over large distances, whilst the absolute level of noise in all
frequencies reduces, the relative level of low frequency noise compared to the mid and high
frequency content increases. For example, when standing alongside a road corridor, the mid
and high frequency noise from the tyre and road interaction is dominant, particularly if the road
surface is wet. However, at large distances from a road corridor in a rural environment, the

remaining audible content is the low frequency noise of the engine and exhaust.

This effect is exacerbated in an environment that includes masking noise in the mid and high

frequencies, such as that produced by wind in nearby trees.

A typical separation distance between wind farms and dwellings is of the order of 1000m. At
similar distances, in an ambient environment where wind in the trees is present, it is possible
that only low frequencies remain audible and detectable from a noise source that produces
content across the full frequency range. This effect will be more prevalent for larger wind
farms because the separation distances need to be greater in order to achieve the relevant
noise standards. A greater separation distance changes the dominant frequency range from
the mid frequencies at locations close to the wind farm to the low frequencies further away,

due to the effects described above.

The low frequency content of noise from a wind farm is easily measured and can also be
heard and compared against other noise sources in the environment. Low frequency sound
produced by wind farms is not unique in overall level or content and it can be easily measured
and heard at a range of locations well in excess of that in the vicinity of a wind farm. The C-
weighting network (dB(C)) has been developed to determine the human perception and

annoyance due to noise that lies within the low frequency range.
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Infrasound

Infrasound is generally defined as noise at frequencies less than 20 Hz (O’'Neal et al., 2009).
The generation of infrasound was detected on early turbine designs, which incorporated the
blades ‘downwind’ of the tower structure (Hubbard and Shepherd 2009). The mechanism for
the generation was that the blade passed through the wake caused by the presence of the

tower.

Audible levels of infrasound have been measured from downwind blade wind turbines
(Jakobsen, J., 2005). Modern turbines locate the blades upwind of the tower and it is found
that turbines of contemporary design produce much lower levels of infrasound (Jakobsen, J.,
2005), (Hubbard and Shepherd 2009).

Infrasound is often described as inaudible, however, sound below 20 Hz remains audible
provided that the sound level is sufficiently high (O’'Neal et al, 2009). The thresholds of
hearing for infrasound have been determined in a range of studies (Levanthall, 2003).

Non-audible perception of infrasound through felt vibrations in various parts of the body is not
possible for levels of infrasound that are below the established threshold of hearing and only

occurs at levels well above the threshold (Moeller and Pedersen, 2004).

Weighting networks are applied to measured sound pressure levels to adjust for certain
characteristics. The A-weighting network (dB(A)) is the most common, and it is applied to
simulate the human response for sound in the most common frequency range. The G-
weighting has been standardised to determine the human perception and annoyance due to

noise that lies within the infrasound frequency range (ISO 7196, 1995).

A common audibility threshold from the range of studies is an infrasound noise level of
85 dB(G) or greater. This is used by the Queensland Department of Environment and
Resource Management’s (DERM’s) draft Guideline for the assessment of low frequency noise
as the acceptable level of infrasound in the environment from a noise source to protect against
the potential onset of annoyance and is consistent with other approaches, including the UK
Department for Environment, Food and Rural Affairs (DEFRA., Leventhall, 2003).
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Whilst the aerodynamic noise from a rotating turbine blade produces energy in the infrasound
range, measurements of infrasound noise emissions from modern upwind turbines indicates
that at distances of 200 metres, infrasound is in the order of 25 dB below the recognised
perception threshold of 85 dB(G) and other similar recognised perception thresholds (Hayes
Mckenzie Partnership Ltd, 2006). A 25 dB difference is significant and represents at least a
100 fold difference in energy content. Infrasound also reduces in level when moving away
from the source, and separation distances between wind farms and dwellings are generally

well in excess of 200m.

Notwithstanding the above, there are natural sources of infrasound including wind and
breaking waves, and a wide range of man-made sources such as industrial processes,
vehicles and air conditioning and ventilation systems that make infrasound prevalent in the

natural and urban environment (Howe, 2006).

Future Designs

A wind turbine converts wind energy into rotational energy (which in turn becomes electricity)
and acoustic energy. An efficient wind turbine converts more of the wind energy into rotational
energy with all other factors, such as blade angles, being equal. Therefore, it is in the best
interests of wind turbine manufacturers to research and make available quieter turbines, as
this indicates an increase in the available electricity generating capacity as well as the benefits

of lower noise levels:

The sound produced by wind turbines has diminished as the technology has
improved. As blade airfoils have become more efficient, more of the wind
energy is converted into rotational energy, and less into acoustic energy.
Vibration damping and improved mechanical design have also significantly
reduced noise from mechanical sources.

(Rogers et al, 2006)
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STANDARDS AND GUIDELINES

Australia presently assesses the noise from wind farms under a range of Standards and

Guidelines applicable to each individual State or Territory, shown below in Table 1

Table 1 — Summary of Australian State Standards and Guidelines for Wind Farms

State or Territory

Assessment Procedure

Comments

South Australia

SA EPA Wind Farms
Environmental Noise
Guidelines July 2009

The 2009 Guidelines is an updated version of the
original 2003 Guidelines. The release follows a
review process initiated in 2006

New South Wales

SA EPA Wind Farms
Environmental Noise
Guidelines February 2003

New South Wales has not automatically endorsed
the 2009 version of the Guidelines, and at this
stage retains the 2003 version as the primary
assessment procedure.

Western Australia

SA EPA Wind Farms
Environmental Noise
Guidelines February 2003

The document EPA Guidance for the Assessment
of Environmental Factors No. 8 — Environmental
Noise Draft May 2007 refers to the 2003 version as
the primary assessment procedure. The WA
Government has not endorsed the 2009 version of
the Guidelines at this stage.

Queensland No formal assessment The New Zealand Standard and the South
procedure Australian 2003 Guidelines have been referenced
by the Queensland Government in the past.
Victoria New Zealand Standard NZS The document Policy and Planning Guidelines for
6808:1998 Acoustics — The Development of Wind Energy Facilities in Victoria
Assessment and refers to the 1998 version of the New Zealand
Measurement of Sound from Standard as the primary assessment procedure.
Wind Turbine Generators The 2010 version of the Standard has not been
endorsed in the Guidelines at this stage.
Tasmania Department of Primary The document does not provide objective criteria
Industries, Water and and therefore the use of one of the assessment
Environment (Tasmania) procedures noted for the States above will be
Noise Measurement required in conjunction with the 2004 Manual.
Procedures Manual 2004
ACT and No formal assessment To be assessed on a case by case basis.

Northern Territory

procedure
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In addition to the above, Australian Standard AS4959 — 2010 Acoustics — Measurement,
prediction and assessment of noise from wind turbine generators has been released recently.
The Standard does not provide any objective criteria, but rather it aims to provide a suitable
framework to develop a method for the measurement, prediction and assessment of noise
from wind farms.

Based on the above, a wind farm proposal could be subject to a range of assessment
procedures depending on the jurisdiction. Whilst there are consistent elements in the different
procedures, there are inherent and important discrepancies.
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Objective Standards

In general terms, the noise from a wind farm increases with wind speed up until the rated
power (electrical output capacity) of the particular turbine, when the noise then remains
constant or even reduces at higher wind speeds. The increase in wind turbine noise as the
wind speed increases normally plateaus, or even potentially diminishes, occurs in an
environment where the background noise level continues to increase, the effect of which is to

assist in masking the wind farm noise.

Therefore, wind farm standards and guidelines in Australia and New Zealand set a base noise
limit that generally applies at lower wind speeds when the background noise is relatively low,
and a background noise related limit that allows the wind farm to generate higher noise levels
as the wind speed increases.

In circumstances where the background noise levels are sufficiently low, the base noise limit
applies. This generally occurs at lower wind speeds and/or at dwellings that are not subject to
a sufficiently high background noise environment, such as might occur at a dwelling deep in a

valley with little to no surrounding vegetation.

In circumstances where the background noise levels increase sufficiently, the background
noise related limit applies. This generally occurs at higher wind speeds and/or at dwellings
that are subject to a high background noise environment, such as might occur at a dwelling on

a ridge top surrounded by trees.

Where the wind farm is able to achieve the base line noise limit at higher wind speeds, the
masking effect of the background noise environment does not need to be taken into account.
This is because the base line noise limit is generally established to ensure there are no
adverse noise impacts, even in a low background noise environment when the masking

effects are limited.

The objective standards provided by the various assessment procedures is summarised in the

table below:
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Table 2 - Objective Standards

Assessment Procedure

Objective Standard

Comments

Government of South Australia
Wind Farms Environmental Noise
Guidelines February 2003

Base noise limit: 35 dB(A)

Background noise limit margin:
5 dB(A).

The greater of the above limits
applies.

The limits are an equivalent (or
effectively an average) noise level.

Government of South Australia
Wind Farms Environmental Noise
Guidelines July 2009

Base noise limit: 35 dB(A)

(Rural living locality)

Base noise limit: 40 dB(A)

(in  other localities including
general farming and rural areas)

Background noise limit margin:
5dB(A).

The greater of the above limits
applies.

The base noise level limit has been
increased to 40 dB(A) to ensure
consistency with the assessment
limits applied by the South
Australian Environment Protection
(Noise) Policy 2007 to other noise
sources in a general farming or
rural locality.

New Zealand Standard NZS
6808:1998 Acoustics - The
Assessment and Measurement of
Sound from Wind Turbine
Generators

Base noise limit: 40 dB(A)

Background noise limit margin:
5 dB(A).

The greater of the above limits
applies.

Whilst  there is conflicting
information in the Standard, the
limits are taken to be an equivalent
noise level.
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Assessment Procedure

Objective Standard

Comments

New Zealand Standard NZS
6808:2010 Acoustics — Wind
Farm Noise

Base noise limit: 35 dB(A)

(High amenity area)

Base noise limit: 40 dB(A)

(Other areas)

Background noise limit margin:
5 dB(A).

The greater of the above limits
applies.

The limits are expressed
explicitly in the Standard to be a
90™ percentile level (Lag). The
Lago is inherently less than the
equivalent noise level and
therefore the limits are higher
(less stringent) than those in the
South Australian Guidelines.

A high amenity area is related to
a review of the planning system
and the specific requirement in
the relevant plan to maintain a
high degree of protection to the
“sound environment”.

If the area is deemed to be of
high amenity, then the Lag
35 dB(A) base noise level limit
applies only during the night
period, and for wind speeds less
than 6 m/s or other defined

threshold for that specific
proposal.
Australian Standard AS4959 — | Deferred to the relevant | Notes that the jurisdiction should
2010 Acoustics — Measurement, | jurisdiction. have a base noise level limit and
prediction and assessment of a background noise level limit.
noise from wind turbine
generators
Environment Protection Heritage | Deferred to the relevant | Notes that the jurisdiction should

Council (EPHC) prepared Draft
National Guidelines October
2009 and July 2010

jurisdiction.

have a base noise level limit and
a background noise level limit.
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Comparison of the objective standards with International approaches

The objective standards provided by a range of International assessment procedures is

summarised in the table below (Reference 1 unless noted otherwise):

Table 3 — Summary of International Standards

Assessment Procedure
Country of Origin

Objective Standard

Comments

Sweden Base noise limit: 40 dB(A) The approach does not provide a
definition for a low background
area.

Low background areas: 35 dB(A)
Denmark Noise limit; 44 dB(A) @ 8m/s No background noise limit is
42 dB(A) @ 6m/s applied.
For sensitive areas such as
institutions, allotment gardens and | The noise limits are determined
recreation: for wind speeds taken at 10m
Noise limit: 39 dB(A) @ 8m/s above the ground.
37 dB(A) @ 6m/s
France Background noise limit margin: 5 Based on a background noise

dB(A) — day time

Background noise limit margin: 3
dB(A) — night time

measurement made at a wind
speed of 8m/s

The Netherlands

Noise limit: 40 dB(A) at night

increasing incrementally up to 50
dB(A) at 12m/s
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Assessment Procedure | Objective Standard Comments
Country of Origin
United Kingdom Base noise limit: 40 dB(A) The limits are a 90" percentile
. level (Lagg). The Lagg is inherently
(day time) less than the equivalent noise
Base noise limit: 43 dB(A) level.
(night time) The UK assessment procedure

indicates the Laeq from a wind

Background noise limit margin: 5 farm is typically of the order of 2

dB(A). dB(A) greater than the Lagg
Thel_greater of the above limits The procedure notes that the
applies. recommended noise levels take
into account “swish”.
USA (lllinois) (Reference Base noise limit: 55 dB(A) The noise limits are determined
TD178-01F06) . for an 8 m/s wind speed taken at
(day time)

10m above the ground.

There are no uniform noise
Base noise limit: 51 dB(A) standards in the USA, with local
counties establishing their own
approaches which vary
considerably.

(night time)

In broad terms, the Standards and Guidelines used in Australian jurisdictions include the
following common elements:
o Objective standards that provide a base noise limit and a background noise related
limit, with the exception of the EPHC draft Guidelines and the Australian Standard;
e A background noise and wind speed measurement procedure to determine the
applicable background noise related limits at each dwelling;
e A noise level prediction methodology to enable a comparison of the predicted noise
level from the wind farm against the noise limits at each dwelling;
e The required adjustments to the predicted noise levels to account for any special
audible characteristics of the wind farm noise;
e A compliance checking procedure to confirm the operational wind farm achieves the

predicted noise levels at each dwelling.

In addition, Australian jurisdictions are amongst the most stringent and the most

contemporary in the World.
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Noise Levels
A common issue for people considering the environmental noise from wind farms is the ability
to place the wind farm’s noise levels and characteristics in context compared to the ambient

environment.

A site visit to an operating wind farm at different times and at typical separation distances
between a wind farm and a dwelling, starting from the order of 700m from the nearest turbine,

greatly assists in providing this context.

To assist in providing context for typical noise levels from a wind farm, Chart 1 (below)
provides the order of noise level in the vicinity of a modern wind turbine. It should be noted
that the noise levels presented in the chart will vary according to a range of variables
discussed in further detail in the noise propagation section of this Paper.

The base noise level requirement of 35 or 40 dB(A) provided in the main assessment tool in
Australia, the South Australian EPA Wind Farm Guidelines, represents a low (stringent) noise
level in an environmental noise context. It is significantly more stringent than the World Health
Organisation’s recommended guideline value of 45 dB(A) for sleep disturbance effects and
than the recommended noise levels for road or rail infrastructure development that might occur
in a rural environment, where levels of the order of 55 and 60 dB(A) respectively are typically

recommended.

The base noise level requirements also need to be considered in the context of the ambient
environment. Wind farms are generally located in a rural environment, where the associated

planning system often envisages and promotes activity associated with primary industry.

A wind farm is also inherently located in areas where wind is present and therefore
background noise levels from wind in the trees and around structures such as houses and
sheds can be elevated. The effect of elevated background noise levels is to provide masking

of other noise sources in the environment.
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Regardless of the stringency of the base noise level or the available masking effect of the
ambient environment, wind farm standards and guidelines are not established to ensure
inaudibility. The ability to hear a wind farm designed and operated in accordance with the
standards and guidelines in Australia will vary according to a range of variables such as the
influence of the ambient environment, the local topography, the distances involved and the

weather conditions at the time.

All noise, from any noise source including wind farms, which is audible, will result in
complaints from some people. In addition, recent research indicates the potential for
complaints, annoyance and its associated stress and health impacts may be exacerbated by
rhetoric, fears and negative publicity (Colby et al, 2009). There is a significant amount of mis-
information and negative publicity about the impacts of wind farms available in the broader

community.

Only a few field studies on noise annoyance among people living close to wind turbines have
been conducted and further investigations have been recommended by these studies. The
European studies (Pedersen, 2005) indicate correlation between the noise level and
annoyance, but stronger correlation with factors such as overall sensitivity to noise, attitude
towards the noise source, attitude towards the area as a pristine place or a place for
economic development, influence over the proposal, daily hassles, visual intrusion and the

age of the turbine site.

Tickle (2006) compared the incidence of complaints in Australia and New Zealand, about
noise from wind farms and complaints about noise in general and found that once wind

farms are built the rates of complaints are very low in Australia and New Zealand.

Notwithstanding the above reasons or information, if a noise source can be heard, then
annoyance can result for some people, regardless of the noise level or the standard or

guideline that applies.

Figure 3 below provides some relative noise level information and compares wind turbines

against common community noise levels:
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Figure 3 — Subjective Comparison of Noise Levels
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ASSESSMENT METHODOLOGY

Whilst each Australian jurisdiction is subject to its own Standards and Guidelines and
associated detailed requirements, the broad methodology for an environmental noise

assessment of a wind farm proposal is similar amongst jurisdictions.

This section of the Technical Paper provides the background to the assessment process to
assist in interpretation and understanding of the technical information that will generally be

provided as part of a wind farm proposal and assessment.

Environmental Noise Assessment

Noise is often the most important factor in determining the separation distance between wind
turbines and sensitive receivers. The assessment of noise therefore plays a significant role in

determining the viability of and the size of wind farms.

The developer of a wind farm makes an assessment of the environmental noise from the
proposed layout and to determine any necessary modifications to ensure compliance with the
relevant Standard and Guidelines. The maodifications during the planning and design phase of
the project might comprise the removal or relocation of some turbines or the operation of
certain turbines at reduced speeds or “modes” that correspond to lower noise levels. The
assessment is generally made by an independent acoustic engineer specialising in the
prediction and assessment of noise and vibration impacts across a broad range of sectors,

including wind farms.
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Methodology

The broad methodology associated with an environmental noise assessment of a wind farm

proposal is as follows:

1. Review the proposed layout to identify dwellings where the relevant criteria might be

exceeded;

The purpose of the identification is to determine the locations at which background

noise monitoring will be conducted.

The background noise monitoring is a measurement method used to establish the
existing ambient noise environment at a dwelling. The technical definition of the
background noise is the noise level that is exceeded for 90% or 95% of the
measurement period. In subjective terms, it represents the “lulls” that occur in the
environment, in between intermittent events such as the overhead passage of an
aircraft, a dog barking, wind gusts in trees, or the occasional passing of a vehicle on a
nearby road. This is because the background noise excludes all noise level data that
is not present for at least 90% (or 95% depending on the Standard or Guideline used)
of the time. A common term used in the assessment is the “ambient” noise. The
ambient noise is generally taken to include all the intermittent events, whilst the
background noise effectively removes these events and represents the noise

environment in their absence.

The background noise at a dwelling is important because it can mask the noise of a
wind farm, and the level of that masking can be an important factor in the assessment.
The most general source of background noise level masking, particularly at higher wind

speeds, is wind in nearby trees.

The land owners who have a turbine on their land are also identified during this
process, as the assessment criteria applied to them are relaxed by most Standards
and Guidelines in comparison to dwellings without an association with the proposed

wind farm.
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Land holdings where a development approval exists to construct a dwelling are also
generally identified as most Standards and Guidelines define these as locations where

the relevant criteria need to be met.

Once those dwellings and land holdings are identified, the locations that best represent
the range of dwellings in the locality are selected. These are generally defined as
dwellings that are closest to the wind farm. The Standards and Guidelines generally
allow a single dwelling to represent a range of dwellings that are either in the near

vicinity or expected to be subject to a similar background noise environment.

A term that is commonly used in the Standards and Guidelines is “relevant receiver
location”. These locations are generally:
¢ \Where someone resides or has development approval to build a dwelling; and
e Where the predicted noise level exceeds the base noise level for wind speeds
up to the rated power of the wind turbine; and
e Representative of the worst case location when considering the range of
dwellings, such as a dwelling that is located amongst a similar group in the near

vicinity and is the closest to the wind farm.

2. Conduct a background noise monitoring regime at the relevant receiver locations;

The measurement of background noise levels is a critical aspect of the environmental

noise assessment as it is the method by which criteria are determined.

The exception to the need to conduct a background noise monitoring regime is in
circumstances where the wind farm is able to achieve the base noise level limit (or a
prescribed noise level that is less than the base noise level) at wind speeds where the
noise output of the particular turbine is at its maximum. This is because the base noise
level limit is generally established to ensure there are no adverse impacts even in a low

background noise environment where the masking effect is limited or negligible.

Notwithstanding compliance with the base noise level limit, a background noise
monitoring regime may still be conducted as it the means by which compliance
checking procedures are generally based upon. The compliance checking procedure

is discussed in further detail in a dedicated section below.
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Where conducted, the background noise monitoring can be over a range of the order of
10 days to 4 weeks, depending on the particular requirements of the relevant Standard
or Guideline. The period of monitoring can also be extended where excessive wind or
rain adversely affect the data. The apparatus used to continually measure and record

the background noise levels over this period is known as a “logger”.

The location of the logger is typically at least 5m from the building facade to remove the
effects of large reflecting surfaces. The location is also required to be representative of
background noise levels and this is generally achieved by placing the logger at an
equivalent distance to tall trees as the facade of the house. The logger is also
generally placed on the windfarm side of the dwelling to enable any future compliance
checking measurements at dwellings to be taken at the same point.

Photographs and a GPS grid reference are typically used to identify each noise logging
location. A typical installation is shown in Figure 4 below. The noise logger,
comprising a sound level meter and batteries within a weatherproof container

connected to a pole mounted microphone, is located in the centre of the photograph.

Figure 4 — Typical Noise Monitoring Installation
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Some Standards and Guidelines explicitly require the removal of adverse data and
data outside of the wind speed operating range of the turbines and it is considered
good practice to do so. The 2003 and 2009 SA Guidelines require data points where
rain has occurred and when wind on the microphone has had an impact on the
measured noise levels to be removed. A way of measuring the occurrence of these
factors is to place a weather logger adjacent to one of the background noise loggers to
record rainfall, wind speed and wind direction. If in close proximity, a local Bureau of

Meteorology weather station can also be used to identify adverse weather periods.

An acoustic engineer would take of the order of one hour to set up the noise logging
equipment at each location. Access is normally organised directly with the land holder
or dwelling occupier in accordance with established project protocols. Clearly, a land
holder or occupier does not need to grant access to their property, however, an
advantage of doing so is the ability to confirm compliance, or otherwise, of the
operational wind farm against the relevant Standards or Guidelines at a point in the

future.

3. Analyse the background noise monitoring data to determine the noise level criteria;

Following the removal of data adversely affected by local weather conditions, the
remaining data points are correlated against the wind speed collected at the same time
and for the same period as the background noise levels. The background noise level
is determined for every ten minute period throughout the 2 to 4 week monitoring

regime.

The wind speed is measured by the developer or another independent expert at a
representative location within the wind farm by erecting a wind mast with
anemometers, sometimes at a number of different heights. There may be more than

one wind mast depending on the size of a wind farm.
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Earlier Standards and Guidelines required the wind speed to be measured at 10m
above the ground, however, recent requirements relate to measurements at or near the
proposed hub height of the wind turbine, which may be of the order of 80m above the
ground. The reason for the 10m measurement height was to provide correlation with
the way the sound power level of a wind turbine is measured in accordance with IEC
61400 — 11 (IEC, 2002)', whereas the increase to at or near hub height has been

introduced to better represent actual operating scenarios.

The purpose of the correlation of the two sets of data, being the wind speed measured
at the wind farm site (data set one) and the background noise levels measured at a
relevant receiver (data set two), is to establish the relationship between the operating
wind farm and the average background noise level at dwellings in the vicinity, and in
turn, to determine the applicable criteria at those dwellings. That is, the correlated data
will determine whether the wind farm will be operational during periods when the
background noise levels are on average low, providing limited masking, or when the

background noise levels are on average high, providing a greater level of masking.

A best fit regression analysis is conducted on the two sets of data. An example plot
produced from background noise measurements is given in Figure 5 below.
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Figure 5 — Example Regression Analysis Plot

' An expected revision of the IEC standard will include reference to a hub height measurement position
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Whilst most regression analyses will show the trend of the background noise level
increasing with an increasing wind speed at the wind farm, the analyses will vary for
each individual dwelling. Figure 5 shows a strong relationship between the
background noise level and the wind speed at the wind farm, but this will not be the
case in all circumstances. Some dwellings may be located such that they are shielded

from the effects of the wind at the wind farm site.

The red line in the figure shows how the correlated data is used to determine the
applicable noise level criteria at a dwelling. In this example, the base noise level limit is
40 dB(A), and this is not increased until the average background noise level increases
sufficiently to provide a suitable level of masking. In this example, the background
noise level becomes suitably high at wind speeds at the wind farm site that are at and
above 6 m/s.

An important feature of the regression analysis is that it represents a line of best fit or
effectively an “averaging” of the data. Therefore, there will be times when the
environment provides more masking than indicated by the line of best fit, and other

times when the environment provides less masking.

4. Predict the noise level from the proposed wind farm;

The prediction of noise from a wind farm can be made at any location from a range of
available models, and the various Standards and Guidelines provide flexibility with

respect to the selection of that model and the assumptions that are made.

In broad terms, the most basic noise models determine the noise level at a location
based on the acoustic energy of the noise source, in this case the wind turbine, and the
attenuation of noise over distance. These types of noise models do not account for
other attenuation factors such as ground absorption, meteorological effects and
screening due to ground contours and as such are considered to be inherently
conservative (predicting higher noise levels than expected in situ). Basic models are
often used by developers to establish a preliminary layout of a wind farm. The more

complex and refined models include attenuation due to the factors noted above.
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Wind Turbine Sound Power Levels for input to the noise model

The acoustic energy of the noise source is commonly termed the “sound power level”,
and for wind turbines it is determined in accordance with the International Standard
IEC 61400-11 “Wind turbine generator systems — Part 11: Acoustic noise
measurement techniques”. The sound power level is generally provided for each
integer wind speed ranging from the speed that the turbine “cuts in” for operation
through to the speed at which it approaches its rated power. The sound power level
increases with wind speed and then remains constant or even reduces in higher wind
speeds. The sound power level is a constant that does not alter with location for a
given wind speed.

The final selection of the wind turbine to be used at a site is typically subject to a
competitive tendering process. The tendering process generally occurs in the design
and development phase of the project after project approval is granted. This is
consistent with a range of other industries and sectors, where plant and equipment
contracts are not finalised until after project approval is granted, when all conditions of
that approval are known and commitments to outlay significant capital cost can be

made.

In addition, lead times between the project approval and procurement stage of a major
project can be over a period of years, in which time there may be changes in the
turbine models, their available technology and their noise levels. Therefore, it is
common practice that noise assessments conducted for the purposes of project

approval are made based on representative turbines, rather than a final selection.

The selection of the representative turbines is often made by the proponent or by the
proponent in conjunction with an acoustic engineer, to ensure the turbines used are

representative of the final turbine selection.
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It is in the best interest of a proponent in any major wind farm project to select
representative turbines for noise assessment purposes during the project approval
stage, as any approval granted is likely to result in conditions and site constraints
based on that selection and subsequent assessment. These constraints need to
provide sufficient flexibility to invite a range of suppliers to tender for the project as part
of a competitive process during the design development and documentation stage of a

project.

It is a common arrangement for the wind turbine manufacturer to guarantee a sound
power level of a particular make and model of a turbine to a wind farm developer. This
guarantee is then confirmed in situ repeating the methodology provided by the
International Standard (IEC, 2002).

Attenuation factors for input to the noise model

The attenuation factors are generally chosen to represent the “worst case” situation,
such as assuming that the wind is blowing from the turbine to the dwellings or
“‘downwind”, however, there is flexibility in the Standards and Guidelines with respect to
the factors used for inputs to the models, provided the rationale for these inputs is
included in the assessment. Ultimately, the selection of the model and its input factors
must be conservative enough to ensure compliance of the operational wind farm. A
requirement to conduct a “compliance checking” procedure is included in the

Standards and Guidelines used in Australia.

A typical approach to the modeling process is to conduct initial predictions with a
simple model that provides a preliminary estimate of the noise. This assists in
confirming the proposed background noise logger locations and the preliminary wind
farm layouts. These initial predictions are then refined after the background noise
monitoring has been completed with a more complex model. In Australia, this is
typically either the CONCAWE or 1SO-9613 noise propagation model using

conservative assumptions.
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Joule (Reference) has conducted a study of the accuracy of the 1SO-9613 model as it

relates to wind farms and found that:

The accuracy of output from the ISO model is impressive. Agreement
with sound pressure levels measured under conditions of an 8 m/s
positive vector wind speed has been measured to within 1.5dB(A) on

flat, rolling and complex terrain sites.

As with any model, the accuracy is subject to its inputs which are summarised in the
Joule Paper (Bass et al, 1998) and in other summary works (Bowdler et al, 2009).
These include the temperature and humidity to be used, how hard or soft the ground
should be taken to be, the relative height of the receiver and the amount of “barrier”

attenuation that should be applied to the ground contours.

Provided these inputs are applied to the ISO 9613 model, the Joule study found that
the calculated sound pressure levels are validated to agree to within 2dB(A) of noise
levels measured under practical ‘worst case’ conditions at distances of up to 1000m

from a noise source, and that due to the

observed scatter of measured sound pressure levels under these same
conditions, ..... an 85% level of confidence can be placed on the noise
levels measured in practice not exceeding the calculated level by more
than 1dB(A).

A 1 dB(A) difference is negligible in terms of perception.

The 1SO 9613 model assumes that a receiver is downwind from all wind turbines. In
some circumstances such as where the turbines are on opposite sides of a dwelling
but at similar distances this will provide a conservative outcome (a predicted noise level
higher than that expected in situ). The Standards and Guidelines used in Australia
therefore provide the flexibility to use other models that account for an upwind

scenario.
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5. Compare the predicted noise levels with the criteria;

A comparison is made between the predicted noise levels and the noise level criteria
established by the background noise monitoring regime. This comparison is made for

each integer wind speed, generally within the operating range of the wind turbine.

Where the predicted noise levels achieve the criteria, then the process and results are
summarised in a report suitable for submission to the relevant authority. The extent of
information provided in the reports is summarised in Step 6 below.

Where the predicted noise levels do not achieve the criteria, then mitigation options are
considered. The options considered will depend on the number of locations the criteria
are exceeded at, the difference between the predicted noise level and the criteria, and
the number of integer wind speeds at which the predicted noise level exceeds the
criteria. The mitigation options include:

e The operation of wind turbines under reduced noise level modes for particular
conditions;

e The consideration of alternative turbines with lower sound power levels;

e The adjustment of the wind turbine layout;

e The consideration of removing turbines from the layout.
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An example is provided for a dwelling in a low background noise environment:

. Due to the background noise levels being low on average at the
closest dwelling to the proposed wind farm over the required
monitoring period, the baseline noise limit applies at all operating
wind speeds. In this example, the dwelling is located in a general
farming area and the baseline limit is 40 dB(A);

e The highest sound power level from the representative turbine
selection occurs at a hub height wind speed of 10m/s;

e  The predicted noise level at wind speeds of 10m/s or greater is
43 dB(A) at the closest dwelling and therefore exceeds the noise
level criterion of 40 dB(A);

e  The options available to reduce the predicted noise level by 3 dB(A)
include:

1. Adjusting the layout of the closest turbines to the dwelling;

2. Operating the closest 4 turbines to the dwelling in a low noise
mode at wind speeds of 10m/s or greater. This is only required
to occur under downwind conditions (wind from the turbines to
the dwelling), as the model shows that under upwind conditions
(wind from the dwelling to the turbines) the wind farm complies
with the baseline limit, even at full mode operation;

3. Selecting an alternative wind turbine with a lower sound power
level.

4. Removing the closest turbine to the dwelling.

e  Of the above, Option 2 is selected, due to the flexibility it provides in
the future competitive tendering process for the final wind turbine
selection, and the ability of contemporary turbine control systems to
implement an operating strategy where certain turbines can be
operated in certain “modes” under specific operating conditions like

wind speed and/or wind direction.

Once the predicted noise levels achieve the environmental noise criteria at each
relevant receiver and for each operational wind speed, a summary report is prepared

that is suitable for submission to the relevant regulatory authority.
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6. Prepare a report suitable for submission to the relevant requlatory authority;

A report is prepared by the developer that summarises the above five steps. In general
terms, the report would typically provide the following information, subject to the
particular requirements of the regulatory authority assessing the development
proposal:
e Background noise measurement locations;
e Time and duration of the background noise monitoring regime;
¢ Wind speed monitoring locations and heights above ground;
o Graphical correlation plot of the wind speed versus background noise level
data;
e A summary of the environmental noise criteria for the project at each integer
wind speed based on the correlation;
e The make and model of the representative wind turbine/s;
e The positions of the wind turbines;
e The model used to predict the wind farm noise levels;
e The input assumptions and factors used in the model;
e The predicted noise levels at the closest dwellings to the wind farm at each
integer wind speed;
e A comparison of the predicted noise levels against the criterion at each integer
wind speed for the closest dwellings to the wind farm;
e The modifications or operating strategy required to ensure compliance with all
noise criteria for all wind speeds and at all locations;
e A comparison of the predicted noise levels against the criteria at each integer
wind speed for the closest dwellings to the wind farm, showing compliance with

the proposed modification or operating strategy in place.

The above six steps provide an overview of the typical assessment methodology. The
following information provides frequently asked questions during the preparation and

finalisation of such an assessment.
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Separation Distances

A common request from the surrounding community is to provide a set separation distance

between the wind farm and the nearest dwelling.

Where an objective assessment method is used as outlined above, there is no set distance
that could be applied with equity to every wind farm. This is because of the range of factors
that affect the predicted and the resultant operational wind farm noise level. These factors
include the number of turbines, their locations relative to the dwelling, the sound power level of
the turbine, the topography between the turbines and the dwelling, the existing background
noise environment at the dwelling and the resultant criteria applied by the relevant Standards
and Guidelines.

Separation distances between wind farms and dwellings can be of the order of 800 to 1200m.
These separation distances will change according the above factors. The separation
distances are related to the stringency of the assessment criteria within the relevant Standards

and Guidelines.



Clean Energy Council

Wind Farm Technical Paper
Environmental Noise
S3387C6

9 November 2010

Page 36

Assessment Process

An environmental noise assessment for a wind farm needs to contain significant detail to show

compliance with Australian jurisdiction’s Standards and Guidelines.

As with all assessments, there might be areas that are contended to be at variance with the

requirements of those Standards and Guidelines.

Each State Jurisdiction will have its own specific rules with respect to the ability to appeal in

situations where the parties do not agree that the assessment provides the necessary

information or where a decision of the relevant regulatory authority is in dispute.

A number of wind farms have been considered in the environmental courts in their relevant

jurisdictions, including:

Taralga Landscape Guardians Inc vs Minister for Planning and RES Southern Cross
Pty Ltd, NSW Land and Environment Court Proceedings No. 10196 of 2006;

RES Southern Cross Pty Ltd v Minister for Planning (DOP) and Taralga Landscape
Guardians Incorporated (TLG) NSW Land and Environment Court Proceedings No.
11216 of 2007;

Epuron Pty Ltd & Gullen Range Wind Farm Pty Ltd & Ors vs Parkesbourne / Mummel
Landscape Guardians Incorporated (PMLG), NSW Land & Environment Court
Proceedings No. 41288 of 2008.

Judgments made in matters such as these provide important clarification in interpretation of

the Standards and Guidelines or their general application and scope. Relevant outcomes from

the above judgments include:

An additional 5 dB(A) penalty for excessive amplitude modulation is not necessary
when using the SA 2003 Guidelines. However, the application of acoustic treatment to
the facades of dwellings in the vicinity might be a precautionary approach for the

established presence of such excessive modulation;

The heightened sensitivity of an individual to noise should not be taken into account in

the assessment of a wind farm, but rather the objective and empirical methods of the
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relevant Standards and Guidelines adopted by consent authorities and regulators

should be relied upon.

The judgment relating to the heightened sensitivity of an individual is important and can be

found at Paragraph 154 of the Gullen Range judgment as follows:

Inserting subjectivity consent requirements based on an individual's or a
group of individuals’ reaction to the noise from the wind farm, based on
their opposition to the development, is entirely alien to the planning
system. Whilst, in some areas such as streetscape impact, individual
aesthetic considerations may arise and judgments made upon them, we
are unaware of any authority to support the proposition that, where there
is a rationally scientifically measurable empirical standard against which
any impact can be measured and determined to be acceptable at a
particular empirically determined level, that there should be some
allowance made for a subjective response to the particular impact.
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Compliance Checking

The assessment process occurs well before a wind farm is operational. Therefore, to confirm
compliance with the assessment criteria, a measurement procedure is conducted once the

wind farm is operational.

The Standards and Guidelines in Australian jurisdictions all provide a methodology for noise

level measurements of an operational wind farm.

The term commonly applied to these measurements is “compliance checking”.

It is common for a planning or relevant regulatory authority to impose a condition of approval
for a wind farm development that requires “compliance checking” and reporting thereon within

a certain timeframe of commissioning the wind farm.

In general terms, compliance checking can effectively be a repeat of the background noise
monitoring regime. The variations that are applied to the compliance checking procedure
might include collecting a minimum number of noise level data points under downwind
conditions. A comparison is then made of the noise environment before the wind farm and

after the establishment and operation of the wind farm.

As wind farm assessments account for the masking effect of the ambient environment, there
will be inherent difficulties in identifying the wind farm noise amongst other noise, in particular
and most commonly, the background noise generated by wind in the trees. Therefore,
compliance checking procedures generally provide a level of flexibility in the methodology,
which might include turning the turbines on and off to determine their influence amongst other
noise in the environment, or measuring at a location much closer to the wind farm, where the

noise from the wind farm is more dominant in comparison to other noise in the environment.
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TOPICS OF INTEREST

A range of topics of interest exist for wind farms that are raised by the community, by acoustic

engineers, by health professionals, by the industry and by regulatory authorities.

The key topics to be addressed are those that relate to the health of the surrounding

community.

There has been extensive research conducted into the relationship between noise levels and
characteristics of wind farms and the potential for adverse health impacts, and the research
overwhelmingly concludes that wind farm noise does not adversely impact on a person’s
health.

Health Effects

In 2009 the American and Canadian Wind Energy Associations established a scientific
advisory panel comprising medical doctors, audiologists and acoustic professionals from the
United States, Canada, Denmark and the United Kingdom to produce “an authoritative
reference document for legislators, regulators, and anyone who wants to make sense of the

conflicting information about wind turbine sound”. (Colby et al, 2009)

The Panel concluded:

there is no reason to believe, based on the levels and frequencies of the
sounds and the panel’s experiences with sound exposures in
occupational settings, that the sound from wind turbines could plausibly

have direct adverse health consequences.
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The Victorian Department of Health (DH) (WorkSafe, 2010) has examined both the peer-

reviewed and validated scientific research and concluded that

the weight of evidence indicated that there are no direct health effects
from noise (audible and inaudible) at the levels generated by modern

wind turbines.

The Australian Government’s National Health and Medical Research Council (NHMRC, 2010)
has examined the “evidence from current literature on the issue of wind turbines and potential

impacts on human health” and concludes:

There are no direct pathological effects from wind farms and that any
potential impact on humans can be minimised by following existing
planning guidelines (NHMRC, 2010).

Notwithstanding the above, Dr Nina Pierpont (Pierpont, 2009) contends that adverse health
outcomes are caused by wind farm noise and in particular, its low frequency content. Pierpont
uses the term “wind farm syndrome” to describe the effects, which include headaches,
sleeplessness and anxiety. The Pierpont report is not peer reviewed and the hypothesis is
based on the assumption that infrasound levels near wind farms are higher than infrasound

levels in the general environment.

The American and Canadian Wind Energy Association’s panel reviewed the Pierpont report

and the “wind farm syndrome” and concluded:

“‘Wind turbine syndrome,” not a recognised medical diagnosis, is
essentially reflective of symptoms associated with noise annoyance and
is an unnecessary and confusing addition to the vocabulary on noise.
This syndrome is not a recognised diagnosis in the medical community.
There are no unique symptoms or combinations of symptoms that would
lead to a specific pattern of this hypothesized disorder. The collective
symptoms in some people are more likely associated with annoyance to

low sound levels (Colby et al, 2009).
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To this end, the panel's report provides information on “the complex factors culminating in

annoyance”, which includes the nocebo effect (Spiegel, 1997).

The nocebo effect is “an adverse outcome, a worsening of mental or physical health, based on
fear or belief in adverse effects. This is the opposite of the well known placebo effect, where

belief in positive effects on an intervention may produce positive results” (Colby et al, 2009).

With respect to the nocebo effect, the panel concludes:

..the large volume of media coverage devoted to alleged adverse health
effects of wind turbines understandably creates an anticipatory fear in
some that they will experience adverse effects from wind turbines.
.... The resulting stress, fear, and hyper vigilance may exacerbate or even
create problems which would not otherwise exist. In this way, anti-wind
farm activists may be creating with their publicity some of the problems
they describe (Colby et al, 2009).

There is a large amount of publicly available material that deals with alleged adverse health
effects of wind turbines regardless of the overwhelming research to the contrary. A recent and
relevant example includes an article as part of a series in the Sydney Morning Herald (SMH,
2010) on wind farms which included a quote that linked Hitler’'s torture methods to noise from a
wind farm without any further information regarding the conclusions of recent health related

research in the article.

The NHMRC review provides consistent conclusions to the panel with respect to health:

It has been suggested that if people are worried about their health they
may become anxious, causing stress related illnesses. These are
genuine health effects arising from their worry, which arises from the
wind turbine, even though the turbine may not objectively be a risk to
health (Chapman, 2009)
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Based on the above, it is essential that all stakeholders have access to a source of
consolidated information that summarises the topics of interest that are commonly raised and
the research that is available on these topics. A broad summary of health effects has been
provided above, and the specific topics of interest commonly linked to adverse health effects
are addressed in detail below, which include infrasound and low frequency content of a wind

farm, amplitude modulation and sleep disturbance effects.
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Infrasound and low frequency noise

The hypotheses regarding a link between infrasound from wind farms and the presence of
adverse health effects including dizziness, headaches and nausea made by Pierpont

(Pierpont, 2009) are not based on measured levels of infrasound from operational wind farms.

Specific International studies that have measured the levels of infrasound in the vicinity of
operational wind farms indicate the following:
o The levels of infrasound are significantly below recognised perception thresholds and
are therefore not detectable to humans (Hayes McKenzie Partnership Ltd, 2006); and
e The levels of infrasound are of the same order as those measured in residential areas
due to general urban activity (Howe, 2006).

Similar studies are currently being conducted in Australia in order to provide an objective

assessment and confirmation of the European research.

Notwithstanding the results of the objective assessments, Colby et al, 2009, have critiqued the
Pierpont hypotheses and conclude:
No foundation has been demonstrated for the new hypothesis that
exposure to sub-threshold, low levels of infrasound will lead to
vibroacoustic disease. Indeed, human evolution has occurred in the

presence of natural infrasound.

Infrasound is a specific component of low frequency noise that requires a specific
measurement methodology to identify it as it is readily affected by wind on the microphone.

Wind is a source of natural infrasound.

Whilst the hypotheses regarding adverse health effects often refer to “low frequency noise”,

this is often a generic description which is taken to include infrasound.
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The low frequency content of noise from a wind farm is easily measured and can also be
heard and compared against other noise sources in the environment. Low frequency sound
produced by wind farms is not unique in overall level or content and it can be easily measured

and heard at a range of locations well in excess of that in the vicinity of a wind farm.

Colby et al (2009) notes with respect to low frequency noise:
The low frequency sound emitted by spinning wind turbines could
possibly be annoying to some when winds are unusually turbulent, but
there is no evidence that this level of sound could be harmful to health. If
so, city dwelling would be impossible due to the similar levels of ambient

sound levels normally present in urban environments.
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Amplitude Modulation

Amplitude modulation is an inherent noise character associated with wind farms. It should be
noted that the ambient environment modulates in noise level by a significantly greater margin
and over a significantly greater time period than that which would be audible from a wind farm
at a typical separation distance. Notwithstanding, the South Australian Guidelines (2003 &
2009) note that the objective standards include a 5 dB(A) penalty for this fundamental and
inherent character of amplitude modulation.

A 5 dB(A) penalty is a significant acoustic impost. To reduce a noise source by 5 dB(A)
requires either the distance between the source and the receiver to be approximately doubled,
or the noise source to reduce its output by two thirds. In wind farm terms, this means the
distance between the farm and the nearest dwellings might need to be doubled, or up to two
thirds of the total turbine numbers would need to be removed, compared to a wind farm not
subject to such a penalty.

The ability to hear the “swish” (amplitude modulation) depends on a range of factors. It will be
most prevalent when there is a stable environment (temperature inversion) at the wind farm
and the background noise level at the listening location is low. In addition, amplitude
modulation is greater when located cross wind from a wind turbine (Olermans and Schepers,
2009). It is noted that whilst the amplitude modulation is greater at a cross wind location, the
actual noise level from the wind farm will be lower than at a corresponding downwind location.
These conditions are most likely to occur when wind speeds at the wind farm are low under a

clear night sky.

The swish is at its greatest under the above conditions as the change in wind speed at
increased heights above the ground is also at its greatest, and this results in an increased
difference in wind speed as the blades move through the top of their arc and down past the
tower. In addition, if there are several turbines subject to similar conditions, then it is possible
this can have an amplifying effect on the modulation. The increase in swish under these
specific conditions is termed the Van Den Berg Effect, and it is suggested higher levels of

swish might result in higher levels of annoyance and potentially sleep disturbance.
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The Van Den Berg effect was observed on a flat site in Europe under specific conditions and
in the two matters before the NSW Land and Environment Court (Gullen Range wind farm
NSW LEC 41288 of 2008 and Taralga wind farm NSW LEC 11216 of 2007), it has been
determined by the relevant experts that the required meteorological conditions to trigger the
effect were not a feature of the environment. In Gullen Range (NSW LEC 41288 of 2008), the
meteorological analysis prepared by Dr Chris Purton concluded that suitable conditions for this
effect are not a feature of the area because of the elevated ridgeline location of the wind farm
(Purton, evidence NSW LEC 41288 of 2008).

If suitable conditions did exist to regularly generate high levels of swish, then there is no
scientific research to indicate that the existing Standards and Guidelines do not adequately
account for it. Indeed, given the conditions are more likely to occur at night, then sleep
disturbance would be the main issue to address, and the noise standards applied to wind
farms are significantly more stringent than limits established for the potential onset of sleep

disturbance. This is discussed in further detail in the following section.

In the first draft of the National Wind Farm Development Guidelines (EPHC, 2009), excessive
swish is referred to as one of the potential Special Audible Characteristics (or SACs) along

with low frequency, infrasound and tonality. It recommends that:

With the exception of tonality, the assessment of SACs will not be carried
out during the noise impact assessment phase, that is, pre-construction.
This arrangement reflects two key issues:

i. There are, at present, very few published and scientifically-
validated cases of any SACs of wind farm noise emission
being problematic at receivers. The extent of reliable
published material does not, at this stage, warrant inclusion
of SACs other than tonality into the noise impact assessment
planning stage.

ii. In the case that reliable evidence did demonstrate merit in
assessing such factors during the pre-construction phase,
there is a gap in currently available techniques for assessing
SACs as part of the noise impact assessment. In part this is
due to the causes of most SACs in wind turbine noise

emission not yet being clearly understood.
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In summary:

Swish is an inherent noise characteristic of a wind farm;

Modulation in noise level is a feature of the ambient noise environment surrounding a
wind farm;

The level and depth of swish can vary with meteorological conditions, and under
certain conditions, will be more prevalent;

The conditions to consistently generate high levels of audible swish have not been
established to be a typical feature of Australian wind farms;

The level, depth, time and testing regime for excessive swish that would justify
introducing a more stringent standard have not been established;

Sleep disturbance is the key issue associated with excessive swish, if it is to occur.
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Sleep Disturbance

The World Health Organisation (WHO) establish a recommendation of 30 dB(A) inside a

bedroom to prevent the potential onset of sleep disturbance effects (WHO, 1995).

The WHO guidelines indicate a noise level of 30 dB(A) inside a typical bedroom correlates to
an external noise level with the windows open of the order of 45 dB(A). The typical baseline
limit criterion of 35 dB(A) to 40 dB(A) found in Australian wind farm Standards and Guidelines
is therefore significantly more stringent than the WHO guidelines recommendation of
45 dB(A), by a margin of at least 5 dB(A) and up to 10 dB(A).

For comparison purposes, a wind farm that complies with a 40 dB(A) baseline limit could
introduce twice as many turbines again onto the site, or move of the order of half as close to
the nearest dwelling, and still achieve the WHO recommendations to prevent the potential
onset of sleep disturbance.

It should also be noted that the WHO recommendations are considered conservative in that
they consider all available research and then use the most stringent approach to indicate the
“potential onset” of sleep disturbance effects, which is not defined as full awakening, but rather

as a change in the stage of sleep.

The UK Department of Trade and Industry (ETSU, 1997) recognise the above effect and
recommend increasing the allowable noise level for wind farms during the night period, based
on sleep disturbance effects. The baseline limit for wind farms during the night time in the UK
is therefore 45 dB(A).

Based on the above, the baseline limits of Standards and Guidelines in Australia are
sufficiently stringent to ensure the potential onset of sleep disturbance effects from the

operation of a compliant wind farm does not occur.
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EXECUTIVE SUMMARY

Infrasound is generated by a range of natural sources, including waves on a beach and against the
coastline, waterfalls and wind. It is also generated by a wide range of man-made sources such as

industrial processes, vehicles, air conditioning and ventilation systems and wind farms.

Specific International studies, which have measured the levels of infrasound in the vicinity of
operational wind farms, indicate the levels are significantly below recognised perception thresholds

and are therefore not detectable to humans.

The measurement of infrasound at low levels requires a specific methodology, as it is readily affected
by wind on the microphone. Such a methodology has been developed for this study to measure
infrasound from two Australian wind farms for the purposes of comparison against recognised
perception thresholds. This study also measures the levels of infrasound from a range of natural
and man made sources using the same methodology for the purposes of comparison against the

wind farm results.

The specific methodology is based on measurements being conducted below the ground surface in a
test chamber that is approximately 500mm square and 500mm deep to reduce the influence that

even light surface breezes can have on the infrasound results.

The below ground methodology has been tested as part of this study and it has been confirmed that
levels of infrasound above the ground and within the chamber are the same in the absence of

surface winds when measuring a known and constant source of infrasound.

The methodology has also been tested on site, and it has been confirmed that the expected
theoretical reduction in infrasound of 6 dB per doubling of distance can be measured from a wind
turbine. This reduction cannot be measured above the ground surface due to wind on the
microphone influencing the results. This result confirms that the below ground methodology is able
to reduce the influence of wind on the microphone to identify the level of infrasound from a noise

source.
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Infrasound was measured at two Australian wind farms, Clements Gap in the mid-North of South
Australia (CGWF) and Cape Bridgewater in the coastal region of south-western Victoria (CBWF),
using the below ground methodology. Infrasound was also measured in the vicinity of a beach, the
coastline, a central business area and a power station using the below ground methodology.

A summary graph of the results of the infrasound measurement results at the wind farms and at a
beach are shown below against the perception threshold for infrasound established in international
research as 85 dB(G).
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Summary Graph — Infrasound measurement results from two Australian wind farms (Clements Gap at
61 dB(G) and Cape Bridgewater at 63 dB(G)) compared against measurement results at a beach
(measured at 75 dB(G)) and the internationally recognised Audibility Threshold (85 dB(G))
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The measurement results indicate that the levels of infrasound in the vicinity of the two Australian
wind farms are:
o well below the perception threshold established in International research as 85 dB(G); and
o of the same order as other International infrasound measurement results (a table
summarising the results of other measurements is provided in this study); and
o of the same order as that measured from a range of sources including the beach, the

Adelaide Central Business District and a power station.

This Australian study therefore reinforces several international studies by government organisations
that infrasound emissions from wind farms are well below the hearing threshold and are therefore not
detectable to humans.

This study goes beyond the international studies by providing comparative measurements of natural
and other human made sources. These sources, including waves on a beach and motor vehicles,
have been found to generate infrasound of a similar order to that measured in close proximity to wind

farms.

In addition, measurements of the transfer of infrasound from outside to inside a dwelling have been
made in this study, to confirm that the levels of infrasound inside a dwelling will be lower than the
levels of infrasound outside a dwelling for an external noise source. This information is important

because there is limited research available on this transfer.
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INTRODUCTION

Noise is often the most important factor in determining the separation distance between wind
turbines and sensitive receivers. The assessment of noise therefore plays a significant role in

determining the viability of and the size of wind farms.

Australian States presently assess the noise from wind farms under a range of Standards and
Guidelines. These Standards and Guidelines do not provide prescriptive requirements for infrasound

from wind farms due to the absence of evidence that infrasound should be assessed.

Notwithstanding, there have been concerns raised by the community regarding infrasound levels

from wind farms.

Pacific Hydro has therefore engaged Sonus to make an independent assessment of the infrasound
produced by wind farms.

To further investigate infrasound in the vicinity of Australian wind farms, this study:

o Develops a methodology to measure infrasound that minimises the influence of wind on the
microphone;

e Measures the levels of infrasound at a range of distances from two wind farms;

e Compares the results against recognised audibility thresholds;

e Compares the results with previous wind farm infrasound measurements made in a range of
other studies; and

e Compares the results with infrasound measurements made of natural sources, such as
beaches, and man-made sources, such as a power station and general activity within the

Central Business District of Adelaide.
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INTERNATIONAL DESKTOP RESEARCH

Noise is inherently produced by movement. There are two main moving parts that generate the
environmental noise from a wind turbine, being the external rotating blades and the internal

mechanical components such as the gearbox and generator.

Acrodynamic

Gearbox

Hub

Blatlcs

Auxiliaries

Tower

Figure 1 - (Modified from Wagner 1996)

The noise from the blades and the internal machinery are commonly categorised as mechanical and

aerodynamic noise respectively.
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Mechanical Noise

Mechanical noise sources are primarily associated with the electrical generation components of the
turbine, typically emanating from the gear box and the generator. Mechanical noise was audible
from early turbine designs, however, on modern designs, mechanical noise has been significantly
reduced (Moorhouse et al., 2007).

Aerodynamic Noise

Aerodynamic noise typically dominates the noise emission of a wind turbine and is produced by the

rotation of the turbine blades through the air.

Turbine blades employ an airfoil shape to generate a turning force. The shape of an airfoil causes air
to travel more rapidly over the top of the airfoil than below it, producing a lift force as air passes over
it. The nature of this air interaction produces noise through a variety of mechanisms (Brooks et al.,
1989).

Aerodynamic noise is broadband in nature and includes acoustic energy in the infrasound, low, mid

and high frequency ranges.

Whilst the aerodynamic noise from a rotating turbine blade produces energy in the infrasound range,
there are natural sources of infrasound including wind and breaking waves, and a wide range of
man-made sources such as industrial processes, vehicles and air conditioning and ventilation

systems that make infrasound prevalent in the natural and urban environment (Howe, 2006).

Aerodynamic noise can be further separated into the following categories which are relevant to the

infrasound study:
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Amplitude Modulation

Amplitude modulation is most commonly described as a “swish” (Pedersen, 2005). “Swish” is a
result of a rise and fall in the noise level from the moving blades. The noise level from a turbine rises
during the downward motion of the blade. The effect of this is a rise in level of approximately once

per second for a typical three-bladed turbine as each blade passes through its downward stroke.

It was previously thought that “swish” occurred as the blade passed the tower, travelling through
disturbed airflow, however, a recent study indicates it is related to the difference in wind speed over

the swept area of a blade (Oerlemans and Schepers, 2009).

Other explanations for the rise in noise level that occurs on the downward stroke relate to the slight
tilt of the rotor-plane on most modern wind turbines to ensure that the blades do not hit the tower. An
effect of the tilt is that when the blades are moving downwards they are moving against the wind.
Conversely, when moving upwards they are moving in the same direction as the wind. Therefore,
with the effective wind speed being higher on the downward stroke, it is suggested that a higher

noise level is produced.

A

Wind

Blade
Velocity <

Rotation
Direction

Section displaying blade tilt 3D Elevation displaying blade
velocity

Figure 2 - Blade Velocity due to Tilt
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Low Frequency Noise

Noise sources that produce low frequency content, such as a freight train locomotive or diesel engine
have dominant noise content in the frequency range between 20 and 200 Hz (O’Neal et al, 2009).

Low frequency noise is often described as a “rumble”.

Aerodynamic noise from a wind turbine is not dominant in the low frequency range. The main
content of aerodynamic noise generated by a wind turbine is often in the area known generically as
the mid-frequencies, being between 200 and 1000Hz.

Noise reduces over distance due to a range of factors including atmospheric absorption. The mid
and high frequencies are subject to a greater rate of atmospheric absorption compared to the low
frequencies and therefore over large distances, whilst the absolute level of noise in all frequencies
reduces, the relative level of low frequency noise compared to the mid and high frequency content
increases. For example, when standing alongside a road corridor, the mid and high frequency noise
from the tyre and road interaction is dominant, particularly if the road surface is wet. However, at
large distances from a road corridor in a rural environment, the remaining audible content is the low

frequency noise of the engine and exhaust.

This effect will be more prevalent in an environment that includes masking noise in the mid and high

frequencies, such as that produced by wind in the trees.

Separation distances between wind farms and dwellings can be of the order of 800 to 1200m. At
these distances, in an ambient environment where wind in the trees is present, it is possible that only
low frequencies remain audible and detectable from a noise source that produces content across the
full frequency range. This effect will become more prevalent for larger wind farms because the
separation distances need to be greater in order to achieve the relevant noise standards. A greater
separation distance changes the dominant frequency range from the mid frequencies at locations

close to the wind farm to the low frequencies further away, due to the effects described above.

Low frequency sound produced by wind farms is not unique in overall level or content. Low
frequency noise from other sources that is well in excess of that in the vicinity of a wind farm can be

measured and heard at a range of suburban and rural locations.

The low frequency content of noise from a wind farm is inherently considered as part of its

environmental noise assessment against relevant standards and guidelines.
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Infrasound

Infrasound is generally considered to be noise at frequencies less than 20 Hz (O’Neal et al., 2009).
The generation of infrasound was detected on early turbine designs, which incorporated the blades
‘downwind’ of the tower structure (Hubbard and Shepherd, 1990). The mechanism for the

generation was that the blade passed through the wake caused by the presence of the tower.

Audible levels of infrasound have been measured from downwind blade wind turbines (Jakobsen, J.,
2005). Modern turbines locate the blades upwind of the tower and it is found that turbines of
contemporary design now produce much lower levels of infrasound (Jakobsen, J., 2005), (Hubbard
and Shepherd 1990).

Infrasound is often described as inaudible, however, sound below 20 Hz remains audible provided
that the sound level is sufficiently high (O’Neal et al., 2009). The thresholds of hearing for infrasound
have been determined in a range of studies (Leventhall, 2003). These thresholds are depicted in
graphical form below for frequencies less than 20 Hz (Figure 3).

Non-audible perception of infrasound through felt vibrations in various parts of the body is also
possible, however, this is found to only occur at levels well above the audible threshold (Moeller and
Pedersen, 2004).

Weighting networks are applied to measured sound pressure levels to adjust for certain
characteristics. The A-weighting network (dB(A)) is the most common, and it is applied to simulate
the human response for sound in the most common frequency range. The G-weighting has been
standardised to determine the human perception and annoyance due to noise that lies within the

infrasound frequency range (ISO 7196, 1995).

A common audibility threshold from the range of studies is an infrasound noise level of 85 dB(G) or
greater. This is used by the Queensland Department of Environment and Resource Management’s
(DERM’s) draft Guideline for the assessment of low frequency noise as the acceptable level of
infrasound in the environment from a noise source to protect against the potential onset of

annoyance.



Infrasound Measurements from Wind Farms and Other Sources
Pacific Hydro

November 2010

PAGE 12

The audibility threshold limit of 85 dB(G) is consistent with other European standards and studies,
including the UK Department for Environment, Food and Rural Affairs threshold developed in 2003
(DEFRA., Leventhall, 2003), the UK Department of Trade and Industry study (DTI, Hayes McKenzie,
2006), the German Standard DIN 45680, the Denmark National Standard and independent research
conducted by Watanabe and Moeller (Watanabe and Moeller, 1990).

The 85 dB(G) audibility threshold limit is shown in Figure 3 below. Other audibility thresholds have

also been overlaid to provide a comparison.
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Figure 3 - Audibility Threshold Curves from the Listed Sources
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DETERMINATION OF A MEASUREMENT METHODOLOGY

Microphone Mounting Method

A microphone mounting method is provided in IEC 61400-11 (IEC, 2002), as shown in Figure 4
below. The method was developed to minimise the influence of wind on the microphone for the
measurement of noise in frequencies higher than those associated with infrasound. This is achieved
by mounting the microphone at ground level on a reflecting surface and by protecting the microphone
with two windshields constructed from open cell foam.

Micraphone

Primary windscreen

Optional secondary
windscrean

)M ¥ I Im
i Microphone maounting board
Wind turbine |:::h

Figure 4 - Mounting of the microphone — vertical cross-section
(Reproduced from Figure 1b, IEC 61400-11)

The above method was not developed specifically for the measurement of infrasound, and wind
gusts can be clearly detected when measuring in the infrasound frequency range using the above

method.

Therefore, this study has developed an alternative method to reduce the influence of wind on the

microphone that would otherwise mask the infrasound from the turbine.
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A below ground surface method was developed based on a similar methodology (Betke et al, 2002).
This method has been adapted for this study, and includes a dual windshield arrangement, with a
foam layer mounted over a test chamber, and a primary windshield used around the microphone.

The microphone mounting arrangement is depicted in the following schematic:

Ground level
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CEEELEE LIS \ M |crophone FEREE RIS
RS PSS
RS PR EEEE
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Figure 5 - Schematic of Microphone Position
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Inputs

The measurement methodology was developed with the following inputs:

Literature review related to wind turbine infrasound research;

Measurements to determine the influence of wind on the microphone using different
measurement techniques, including the IEC 61400-11 measurement procedure, placing the
microphone in an enclosure above the ground, and placing the microphone in a
500mmx500mmx500mm deep (approximate) test chamber with an open cell foam (acoustically
transparent) lid, based on the Betke et al method. The measurements were initially made at

locations without any appreciable man made noise sources;

Measurements to determine the level of transfer of infrasound at a range of different
frequencies between 8Hz and 20Hz, from immediately outside a chamber to inside a chamber,
under conditions of negligible wind and ambient noise influence. The infrasound noise source
(bass speaker and tone signal generator) was placed 10m away from the chamber and 1m

above the ground,;

Measurements to determine the level of transfer of infrasound at a range of different
frequencies between 8Hz and 20Hz, from immediately outside a lightweight elevated dwelling
with windows open, to inside a room within that dwelling, under conditions of negligible wind
and ambient noise influence, comprising use of an infrasound noise source (bass speaker and

tone signal generator) placed 10m from the dwelling and 1m above the ground;

Discussions with Mr Andrew Roberts of REPower Australia Pty Ltd regarding the test

measurement procedure and the preliminary results.
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Based on the above, the important factors for an infrasound measurement methodology comprise:
o The ability to reduce the influence of wind on the microphone;
o Turning the noise source on and off to confirm infrasound from the source can be
identified within the ambient environment;
o Measurement conditions that minimise the influence of the ambient environment whilst
enabling the operation of a wind farm. This is expected to comprise a light breeze
(similar to a Beaufort Scale 2 breeze of between 2 and 3 m/s at ground level) occurring

on a night or early morning with a clear sky.
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MEASUREMENTS
Equipment

All measurements were made with the SVANTEK 957 Type 1 NATA calibrated sound and vibration
analyser. The SVANTEK 957 Type 1 meter has a measured frequency response to 0.5 Hz. A
GRAS 40AZ 2" free field microphone with a frequency response of £1dB to 1 Hz was also used.
The meter and microphone arrangement is therefore suitable for measurement of noise levels in

the infrasound range.
Controlled Verification

The below ground technique was analysed at a remote site away from a wind farm, transport
corridor or other appreciable noise source and in very still conditions. The location was a suburban
property in Blackwood, a suburb of the Adelaide Hills.

The aim of the analysis was to determine the level of transfer of infrasound from outside to inside

the chamber. The following procedure was used:

e Generation of a constant level of infrasound using a tone signal generator and sub-woofer
speaker, mounted 1m above the ground at a distance of 10m horizontally from the
chamber. The infrasound was generated at a number of discrete frequencies between 8
and 20 Hz;

¢ Measurement of the infrasound using the IEC 61400-11 above ground technique;

o Measurement of the infrasound using the below ground technique;

e Measurement of the infrasound without the tone signal generator operating (ambient

infrasound).

In addition, to provide additional information regarding the noise level reduction of infrasound from
outside to inside a dwelling, a measurement of infrasound inside a lightweight dwelling with the

windows open was also made at a number of discrete frequencies.

The testing was conducted between approximately 9pm and 11pm on two occasions in Blackwood

under conditions of negligible breeze and no appreciable ambient noise sources.
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The measurement results are summarised in the following tables and the ambient noise level is

shown in Figure 6.

Table 1 - Measurement approximately 10m from controlled source with no wind

Frequency (Hz) | 8.00 | 10.0 [ 12.5 | 16.0 | 20.0
. Inside

Noise chamber 47 50 54 60 63

Level QOutside

(dB) chamber 47 50 54 60 63

Table 2 - Measurement of ambient conditions in test location (controlled source turned off)1

Frequency Total
8.00 | 10.0 | 12,5 | 16.0 | 20.0
(Hz) (dB(G))
Noise Level
(dB) 39 38 39 39 37 51
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Figure 6 - Ambient infrasound noise level measured without any appreciable noise sources or wind

! Measurements of the ambient levels of infrasound were also made at frequencies lower than 8 Hz. These results are
shown in Figure 8. The sub-woofer arrangement was not able to generate infrasound below 8 Hz. Table 7 shows the
results from 8 Hz to 20 Hz for the purposes of comparison with Table 6.
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The results of the testing of the effect of a lightweight facade (with the windows open) on the
transfer of infrasound are presented in the following tables:

Table 3 - Measurement of facade transfer with controlled source
Frequency (Hz) | 10.0 | 16.0 | 20.0

. Inside
Noise house 47 61 54
Level Outside

@8) | Gooes | 54| 63 | 56

Table 4 - Measurement of ambient conditions in house locations
Frequency (Hz) | 10.0 | 16.0 | 20.0

. Inside
Noise house 37 41 34
Level Outside

(dB) house 42 43 41

The above conclusions can be made from the above results and on site observations:

e The measurement of a constant source of infrasound in still conditions is the same above
the ground as in the chamber using the technique described above. Therefore, the below
ground technique can be used to measure the infrasound from a source;

e The results are consistent at a number of discrete frequencies between 8 Hz and 20 Hz;

e The levels of infrasound inside a dwelling will be lower than the levels of infrasound outside
a dwelling for an external noise source. This information is important because there is
limited research available on this transfer. These results are consistent with Jakobsen, J.,
2005, who found that “the outdoor to indoor correction may be quite small in a part of the
infrasound range, but it is unlikely to become negative, which would imply a higher level

indoors than out of doors”.
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RESULTS

Infrasound was measured at Clements Gap in the mid-North of South Australia (CGWF) and Cape
Bridgewater in the coastal region of south-western Victoria (CBWF), using the verified below ground
methodology. At Clements Gap, measurements were also made concurrently using the above
ground technique provided by IEC 61400-11.

The following sections summarise the results of the measurements at the wind farms and in the
vicinity of other sources of infrasound including a beach, the coastline, a central business area and a

power station.
Testing at Clements Gap Wind Farm
Testing at the Clements Gap wind farm was conducted using the following procedure:

o Measurement of infrasound using the IEC 61400-11 above ground technique at distances
of 85, 185 and 360m from the base of the turbine in a downwind direction; and

¢ Measurement of infrasound using the below ground technique at distances of 85, 185 and
360m from the base of the turbine in a downwind direction.

The testing was conducted between approximately 7pm and 11pm on Tuesday the 11" of May
under a clear night sky with a light breeze. Operational data indicates the turbines were subject to

hub height wind speeds of the order of 6 to 8m/s during the period of the testing.

The measurement results in close proximity to the wind turbine are summarised in the following
tables and shown in the following figure. The tables provide the measured noise level at each 1/3
octave band between 1 and 20 Hz and also sum the results to provide an overall dB(G) noise level.
The figure includes the 85 dB(G) audibility threshold.

Twenty (20) continuous 1 minute measurements were made at each location. The presented
results are typical of those during the measurement period, excluding those at the start and end of
the period, where movements adjacent the measurement equipment might influence the results.
The number of continuous measurements is based on the on site observations regarding the

repeatability of the results.
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Table 5 - Measurement approximately 85m downwind from closest operational turbine (No. 25)

Frequency (Hz) | 1.00 | 1.25 | 1.60 | 2.00 | 2.50 | 3.15 | 4.00 | 5.00 | 6.30 | 8.00 | 10.0 | 12.5 | 16.0 | 20.0 (Jé’;g'))
Noise d':;idbeer 68 | 70 | 73 | 70 | 71 | 69 | 68 | 66 | 64 | 63 | 63 | 58 | 57 | 57 72
Level -
Outside
(dB) chamber | 70 | 71| 72 | 70 | 69 | 69 | 68 | 67 | 66 | 63 | 60 | 57 | 57 | 56 71
Table 6 - Measurement approximately 185m downwind from closest operational turbine (No. 25)
Frequency (Hz) | 1.00 | 1.25 | 1.60 | 2.00 | 2.50 | 3.15 | 4.00 | 5.00 | 6.30 | 8.00 | 10.0 | 12.5 | 16.0 | 20.0 (ngg'))
Noise | "% | 67 | 66 | 69 | 66 | 67 | 64 | 62 | 63 | 61 | 58 | 56 | 53 | 52 | 52 | 67
Level coatm.der
utside
(dB) chamber | 80 | 79 | 79 | 77 | 77 | 77 | 75 | 75 | 73 | 72 | 71 | 69 | 66 | 64 80
Table 7 - Measurement approximately 360m downwind from closest operational turbine (No. 25)
Frequency (Hz) | 1.00 | 1.25 | 1.60 | 2.00 | 2.50 | 3.15 | 4.00 | 5.00 | 6.30 | 8.00 | 10.0 | 12.5 | 16.0 | 20.0 (dngg'))
Noise | "¢ | 63 | 60 | 66 | 59 | 65 | 60 | 59 | 57 | 54 | 51 | 50 | 47 | 45 | 46 [ 61
Level coatm.der
utside
(dB) chamber | 71 | 69 | 72 | 72 | 72 | 68 | 69 | 65 | 64 | 61 | 59 | 55 | 53 | 50 67
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Figure 7 - Infrasound measurements below the ground at Clements Gap wind farm
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The theoretical reduction in noise level from a noise source is 6dB for every doubling of the
distance from that source due to the “hemispherical spreading” of the sound wave. This reduction
theoretically applies to noise at all frequencies, including below 20 Hz. Tables 5, 6 and 7 indicate
that a reduction in the order of 6 dB is achieved using the below ground technique, but not for the
above ground technique. This is due to the above ground measurements being influenced by

surface wind on the microphone.

The following conclusions can be made from the results and on site observations:

¢ The wind turbines generate infrasound,;

¢ The level of infrasound is well below the audibility threshold of 85 dB(G);

e The distances at which the measurements of the operational wind farm were made are
significantly less than separation distances expected between a wind farm and a dwelling,
where the levels of infrasound will be correspondingly lower;

e A noise level reduction of approximately 6 dB was measured inside the chambers when
doubling the distance from turbine 25. This indicates the level of infrasound measured
below the ground was directly associated with turbine 25;

¢ The measurements above the ground surface did not reduce by 6 dB due to the presence
of surface winds and their influence on the results. This indicates the IEC 61400-11 based
test does not enable the infrasound from the turbines to be separated from infrasound due

to the wind.

In addition to the above testing in close proximity to an individual turbine, the “Byarlea” residence
was visited, which is approximately 1200m to the east of the nearest turbines in the Clements Gap

wind farm.

An infrasound measurement was made within a room of the dwelling. The refrigerator was
operating in the dwelling at the time of the measurement but a full survey of other operating

equipment was not made. A level of the order of 51 dB(G) was measured.
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Given the still conditions at the dwelling at the time of inspection, a local above ground infrasound

measurement outside the dwelling was able to be made. A level of the order of 58 dB(G) was

measured. The results of the measurements are presented in Tables 8 and 9 and Figure 8 below:

Table 8 - Measurement inside a room of a dwelling

Frequency Total
1.00| 125|160 (200|250 | 3.15(4.00 | 5.00| 6.30 | 8.00 ( 10.0 [ 125 | 16.0 | 20.0
.(HZ) (dB(G))
No's(jé)e"e' 60 | 49 | 54 | 54 | 59 | 52 | 50 | 45 | 43 | 41 | 43 | 38 | 38 | 33 51
Table 9 - Measurement outside of dwelling
Frequency Total
1.00| 125|160 200|250 | 3.15(4.00 | 5.00| 6.30 | 8.00 ( 10.0 [ 125 16.0 | 20.0
.(HZ) (dB(G))
No's(gé)e"e' 47 | 45 | 53 | 47 | 54 | 54 | 50 | 50 | 45 | 44 | 44 | 43 | 43 | 43 58
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Figure 8 - Measurements of infrasound inside and outside a dwelling in the vicinity of the Clements

Gap wind farm

The above conclusions can be made from the above results and on site observations:
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e The levels of infrasound inside a dwelling in the vicinity of a number of turbines associated
with the Clements Gap wind farm is well below the audibility threshold of 85 dB(G);

o The levels of infrasound outside a dwelling in the vicinity of a number of turbines associated
with the Clements Gap wind farm is well below the audibility threshold of 85 dB(G).
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Testing at Cape Bridgewater Wind Farm

The controlled verification testing and the Clements Gap Wind Farm test confirmed that the use of
the below ground technique was able to reduce the influence of wind on the microphone and
identify the level of infrasound associated with a wind turbine and/or a wind farm.

Therefore, testing at the Cape Bridgewater wind farm was conducted using the following trialled

and analysed procedure based around the below ground technique:

e Measurement of infrasound using the below ground technique in close proximity to an
operating wind turbine at distances of 100 and 200m from the base of the turbine in a
downwind direction;

e Measurement of infrasound with the wind farm not operating;

e Measurement of infrasound at the beach to the east of Cape Bridgewater;

¢ Measurement of infrasound in the vicinity of the coastline to the west of Cape Bridgewater;

¢ Measurement of infrasound in a designated forest area approximately 8km inland from the

coast, under conditions of negligible wind.

The testing at the wind farm site was conducted between approximately 4am and 6am on
Wednesday the 2" of June under a clear night sky with a light breeze. During the testing, the
operational status of the turbines was constantly observed and confirmed. The results in Tables 10
and 11 were taken at distances of 100m and 200m respectively from the closest operational
turbine. The results in Table 12 were taken with the wind farm stationary at the 100m

measurement location.

The measurement results in close proximity to the wind turbine are summarised in the following
tables and shown in the following figure. The tables provide the measured noise level at each 1/3
octave band between 1 and 20 Hz and also sum the results to provide an overall dB(G) noise level.
The figure includes the 85 dB(G) audibility threshold and the ambient noise result from the
Adelaide Hills.

Twenty (20) continuous 1 minute measurements were made at each location. The presented
results are typical of those during the measurement period, excluding those at the start and end of

the period, where movements adjacent the measurement equipment might influence the results.
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Table 10 - Measurement approximately 100m downwind from closest operational turbine

Frequency Total
| (H2) 1.00|1.25(1.60| 2.00 | 250 | 3.15 | 4.00 | 5.00 | 6.30 | 8.00 | 10.0 | 12,5 | 16.0 | 20.0 (dB(G))
NO'jjé)eve' 61 | 57 | 59 | 58 | 58 | 59 | 55 | 54 | 54 | 53 | 51 | 50 | 54 | 53 66

Table 11 - Measurement approximately 200m downwind from closest operational turbine

Frequency Total
| (H2) 100 (125|160 | 2.00| 250 | 3.15( 4.00 | 5.00 | 6.30 | 8.00 | 10.0 | 12,5 | 16.0 | 20.0 (dB(G))
N°'5(§BL)e"e' 54 | 52 | 50 | 54 | 56 | 55 | 55 | 54 | 52 | 52 | 50 | 49 | 53 | 49 63

Table 12 - Ambient infrasound measurement (with the wind farm not operating)

Frequency Total
_(HZ) 1.00| 125|160 (200|250 | 3.15( 4.00 | 5.00 | 6.30 | 8.00 | 10.0 [ 125 | 16.0 | 20.0 (dB(G))
N°'5(§BL)e"e' 54 | 52 | 51 | 52 | 55 | 56 | 56 | 56 | 55 | 54 | 52 | 51 | 50 | 47 62
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Figure 9 - Infrasound measurements below the ground at Cape Bridgewater wind farm
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The above conclusions can be made from the above results and on site observations:

e The wind turbines generate infrasound,

o The level of infrasound is well below the audibility threshold of 85 dB(G);

e The distances at which the measurements of the operational wind farm were made are
significantly less than separation distances between a wind farm and a dwelling, where the
levels of infrasound will be correspondingly lower;

e A high level of ambient infrasound exists (infrasound in the absence of noise from the wind

farm) which influences the results for the wind turbines.
Measurements were made in the vicinity of the adjacent beach and the coastline to confirm the
source of the high ambient infrasound levels. In addition, a measurement was made inland to

determine the extent of influence of the high ambient infrasound levels.

The results of the measurements are presented in Figure 10 below:

Table 13 — Beach at approximately 25m from the high water mark

Frequency Total
| (H2) 1.00|1.25(1.60 | 2.00 | 250 | 3.15 | 4.00 | 5.00 | 6.30 | 8.00 [ 10.0 | 12,5 | 16.0 | 20.0 (dB(G))
NO'S(gé)eve' 53 | 53 | 65 | 64 | 66 | 62 | 70 | 70 | 67 | 69 | 63 | 63 | 63 | 59 75

Table 14 —On the cliff face at approximately 250m from the coastline

Frequency Total
| (H2) 1.00 | 1.25| 1.60 | 2.00 | 250 | 3.15 | 4.00 | 5.00 | 6.30 | 8.00 | 10.0 | 12,5 | 16.0 | 20.0 (dB(G))
No's(gg)e"e' 59 | 59 | 61 | 64 | 65 | 67 | 65 | 62 | 60 | 60 | 58 | 56 | 56 | 54 69

Table 15 — Inland at approximately 8km from the coast

Frequency Total
| (H2) 1.00 | 1.25| 1.60 | 2.00 | 250 | 3.15 | 4.00 | 5.00 | 6.30 | 8.00 | 10.0 | 12,5 | 16.0 | 20.0 (dB(G))
NO'S(SB'-)GVE' 50 | 46 | 62 | 61 | 55 | 50 | 52 | 52 | 51 | 47 | 44 | 44 | 44 | 43 57




Infrasound Measurements from Wind Farms and Other Sources
Pacific Hydro
November 2010

PAGE 28
130
d —m—85 dB(G)
120
\.\ —&— Forest 8km Inland
110
Ny
\I\ —&—Beach
100 . ~a_
\.\ —8—Blowholes
B ‘.\\l\
80 ..
~—
=
370 4
g _o— \k—‘\\
%60 — = e o Bl ~
2 __/ \ B ———a—_
. ( \// N - ~

40

30

20

10

1 1.25 1.6 2 2.5 3.15 4 5 6.3 8 10 125 16 20
Frequency (Hz)

Figure 10 - Ambient noise measurements in the vicinity of Cape Bridgewater

The following conclusions can be made from the above results and on site observations:

e Natural sources generate infrasound;

e The levels of infrasound from natural sources are of the same order as those measured
within 100m of a wind turbine;

e Measurable levels of infrasound that are of a similar order to that measured in close
proximity to a wind farm are prevalent in the natural environment over a large area due to

sources other than wind farms.

The following map depicts measurement locations relative to the turbine:
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Map 1: Cape Bridgewater Wind Farm Measurement Locations
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Testing of other man-made noise sources

Testing has been conducted using the below ground technique in the vicinity of other man-made
noise sources using the following procedure:

e Measurement of infrasound using the below ground technique at a distance of
approximately 350m from a gas fired power station;
¢ Measurement of infrasound using the below ground technigue within the Adelaide Central

Business District at approximately 70m and 200m from two major road corridors;

The measurement results are summarised in the following tables and shown in the following figure.
The tables provide the measured noise level at each 1/3 octave band between 1 and 20 Hz and
also sum the results to provide an overall dB(G) noise level. The figure includes the 85 dB(G)
audibility threshold and the ambient noise result from the Adelaide Hills.

The results presented are typical of those during the measurement period, excluding those at the
start and end of the period, where movements adjacent the measurement equipment might

influence the results.

Table 16 — Power Station

Frequency Total
| (H2) 1.00|1.25(1.60 | 2.00 [ 250 | 3.15 | 4.00 | 5.00 | 6.30 | 8.00 | 10.0 | 12,5 | 16.0 | 20.0 (dB(G))
NO'S(SBL)e"e' 63 | 57 | 57 | 54 | 53 | 50 | 50 | 49 | 54 | 55 | 57 | 62 | 61 | 61 74

Table 17 - CBD

Frequency Total
| (H2) 1.00|1.25(1.60 | 2.00 [ 250 | 3.15 | 4.00 | 5.00 | 6.30 | 8.00 | 10.0 | 125 | 16.0 | 20.0 (dB(G))
No's(gé)e"e' 63 | 60 | 61 | 62 | 61 | 58 | 59 | 56 | 56 | 53 | 55 | 60 | 65 | 63 76
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Figure 11 - Infrasound from man-made noise sources

The following conclusions can be made from the above results and on site observations:

¢ Man made sources generate infrasound;

o The levels of infrasound from man made sources are of the same order at those measured
within close proximity of a wind turbine;

e Measurable levels of infrasound that are of a similar order to that measured in close
proximity to a wind farm are prevalent in the urban environment over a large area due to
sources other than wind farms.
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Comparison against International results

The Canadian Wind Energy Association (Howe, 2006) and Jakobsen, J., 2005, provide a summary

of results of infrasound testing at a range of sites. The data is presented as an overall dB(G) level.

The methodology used to measure these data is not known and therefore the results might be

influenced by wind or other sources. These data and the measured levels as part of this study are

summarised in the following table:

Table 18 - Summary of Infrasound Levels

Noise source

Distance (m)

Infrasound level dB(G)

Comments

General Electric

Downwind turbines, known to generate higher

105 107 levels of infrasound compared to a modern
MOD-1 : -
upwind turbine
General Electric . .
MOD-1 1000 75 Downwind turbine
Hamilton Standard . .
WTS-4 150 92 Downwind turbine
Hamilton Standard . .
WTS-4 250 85 Downwind turbine
Upwind two bla