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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))



Infrasound Measurements from Wind Farms and Other Sources
Pacific Hydro

November 2010

PAGE 5

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.
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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.

130

" 70 \

60

[ —8— 85 dB(G)

120 =& Infrasound Hearing Threshold,
\.\ Watanabe and Moeller (1990)
110 \‘.\\-\ \ == Germany DIN 45680
~—__
100 \.\\-\ ——— Denmark Night
90 = —i\\ 4= Poland
80 e/'%l\ § —h— DEFRA
;’ Ny |

50

40

30

20

10

1 1.25 16 2 25 315 4 5 6.3 8 10 125 16 20
Frequency Hz

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
B [T
CRREERELEL S FERREEES S
R E S TS S E L FEESEEES LS
CEREER ST . . FEESSEESEEE
PEEEREES S Secondary windshield CEREEELEELE
PRRLERELE LS PEEREEELES
CERIESIEEE LT PEESEEEEEES
RS . . . PSS
resresrisesrs - Primary windshield RS EEEEE
CRREEREELSE L . PERREEEE S
CEEELEE LIS \ M |crophone FEREE RIS
RS PSS
RS PR EEEE
CRREERELEL S FERREEEL S 0.5m
R E S TS S E L FEESEEES LS '
CEREER ST A FEESSEESEEE
CEREER SR T PEESSEESEEE
PRRLERELE LS PEEREEELES
CERIESIEEE LT PEESEEEEEES
RS PSS
RS PSS
YR YEYYELYR 100MM  corvsrassas
RS S EE FEESEEESEES
RS PSS
RS PR EEEE
CRREERELEL S . FERREEEL S
FE AT TI’IpOd FAE LIS Below grou nd
CEREER ST PR EESEEE
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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.



Infrasound Measurements from Wind Farms and Other Sources
Pacific Hydro

November 2010

PAGE 18

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
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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:



Infrasound Measurements from Wind Farms and Other Sources
Pacific Hydro

November 2010

PAGE 29

o

-
Blowhole measurement

location
.’ g

Turbine 27 @

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 bladed turbine at a limited
. i separation distance — this shows the
Boeing MOD-58 68 1 significant reduction between downwind and
upwind turbines
US Wind Power . . . .
USWP-50 500 67-79 14 downwind turbines influencing the results
WTS-3 750 68 Downwind turbine
WTS-3 2100 60 Downwind turbine
Enercon E-40 200 64 Modern upwind turbine
Vestas V66 100 70 Modern upwind turbine
Influenced by wave action from the Atlantic

Vestas V80 60 79 Ocean (HGC Engineering, 2006)

GE 1.5MW 300 67 Modern upwind turbine
Measurements were made downwind from
5m/s to 12m/s. The level increases by

Nordex N-80 200 60 (7mis) approximately 1 dB(G) for each 1m/s increase

in wind speed from 5m/s

Details of the turbine type were not provided in

DTI Wind Farm 1000 65 the DTI study. The wind farm included seven
turbines (DTI, Hayes McKenzie, 2006)
. i Measured as part of the “Epsilon” study

Siemens SWT 2.3-93 300 73 (O'Neal, 2009)

Measured as part of the “Epsilon” study

GE 1.5sle 300 70 (O'Neal, 2009)

Clements Gap 85 72 Modern upwind turbine
Clements Gap 180 67 Modern upwind turbine
Clements Gap 360 61 Modern upwind turbine
Cape Bridgewater 100 66 Modern upvylnd tur'blne, |qfluenced by the
ambient noise environment
Cape Bridgewater 200 63 Modern upwind turbine, influenced by the

ambient noise environment
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The main source of uncertainty associated with the measurement of infrasound is the influence of
wind on the microphone. The methodology used by the international studies is not explicitly
nominated, and therefore the contribution of wind on the microphone in the above results is not
known. However, the infrasound associated with the turbines will be at most the same and more

likely less than the results in the above table.

This study employs a specific methodology that aims to reduce the influence of wind on the
microphone and therefore the extent of the uncertainty in the infrasound attributable to the
turbines. However, the influence of wind and the presence of infrasound in the ambient
environment when measuring in the vicinity of the coast, as is the case at Cape Bridgewater, are
still expected to influence the results. Therefore, as for the international studies, the uncertainty
predominantly relates to the extent that the infrasound from the turbines is below the results

presented in this report.

Jakobsen, J. 2005 notes the following with respect to review of the data available for the 2005
works:

....the level from an upwind turbine of contemporary design at 100m distance

would be about 70 dB(G) or lower, while the level from a downwind machine

can be 10 to 30 dB higher.

The results of this study show infrasound noise levels of the order of 60 to 70 dB(G) in close
proximity to wind turbines. Based on the above table, these levels show consistency with other
International measurements of modern upwind turbines. In addition, the measured noise levels in
this study are provided by a detailed methodology that reduces the influence of the wind and

therefore the uncertainty for the results.
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CONCLUSION
The following conclusions can be made from the results of the study:

¢ Wind turbines generate infrasound, however, measurements made both outside and inside and
at a variety of distances significantly less than separation distances between wind farms and
dwellings, indicate the infrasound produced by wind turbines is well below established guideline
perception thresholds;

e The level of infrasound that has been measured in both a rural coastal and an urban

environment is of the same order as that measured within 100m of a wind turbine.

The following figure overlays the compiled results of the study:
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Figure 12 - Summary of Measurements Cape Bridgewater Wind Farm (CBWF)
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Figure 13 - Summary of Measurements Clements Gap Wind Farm (CGWF)
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