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INTRODUCTION
This report presents the results of a technical review of the noise assessment for the
proposed Flat Rocks Wind Farm at Kojonup, as requested by the Chief Executive of
the Shire of Kojonup. The proposal, by Moonies Hill Energy, would consist of 74 wind
turbines, with rated power 1.8MW, located in cleared farming land.
The reports covered by this review are as follows:


‘Moonies Hill Energy – Flat Rocks Wind Farm, Kojonup – Background Noise
Monitoring’, prepared by Herring Storer Acoustics, dated February 2011; and



‘Moonies Hill Energy – Flat Rocks Wind Farm, Kojonup – Noise Impact
Assessment’, prepared by Herring Storer Acoustics, dated July 2011.

The general approach to the assessment by Herring Storer Acoustics (HS) has been to
follow the South Australian EPA Guidelines for wind farms of 2003 (SA Guidelines), as
recommended in the WA EPA draft Guidance No.8 – Environmental Noise. The SA
Guidelines set a base level of 35dB(A) at the noise-sensitive location, and also allow
for higher noise levels from the wind farm at high wind speeds where the background
noise provides significant masking of the wind turbine noise. The base noise level of
35dB(A) in the SA Guidelines is consistent with the base noise level in the WA
Environmental Protection (Noise) Regulations 1997.
This review also recognises the recommendations of the Senate Community Affairs
Reference Committee in their report on The Social and Economic Impacts of Rural
Wind Farms, of June 2011 (Senate report), particularly with regard to the assessment
of low frequency noise and infrasound.
BACKGROUND NOISE MONITORING REPORT
The background noise monitoring report by HS presents the results of background
noise level measurements at 11 noise-sensitive locations, and these are correlated
against wind speeds measured at the 80m hub height for the wind turbines as
measured on the wind farm site. The report develops noise criteria for the wind
turbines based on a level that is 5dB(A) above a regression line drawn through the
results of the LA90 background noise levels when plotted against wind speed, or the
base level of 35dB(A), whichever is higher.
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This methodology is in accordance with the SA Guidelines and also with Australian
Standard 4959-2010, and is accepted.
From the photographs in the HS report, the selected monitoring locations appear to be
representative.
The results of the monitoring, and the noise criteria that have been developed, require
some comment. In particular, the HS report uses the results from all 11 monitoring
locations to determine noise criteria, however it is apparent that the data from some of
the locations are unusable for this purpose. This is discussed further below.
The central objective of the monitoring is to show that there is significant background
noise present such that masking of the wind farm noise will occur. This requires that
the background noise is always present when the wind is blowing, and thus should
result from wind in nearby vegetation. This is normally demonstrated by showing that
the background noise is correlated with wind speed.
There are several tests that should be applied to the background noise data if it is to
be accepted for the purposes of the noise assessment, as follows:
Correlation with wind speed – the background noise levels should be reasonably
strongly correlated with wind speed. Correlation results are provided in the HS report,
ranging from very poor (r2 = 0.015 at Location 3) to good (r2 = 0.68 at Location 9).
Shape of curve – the regression curve should show a consistent increase with
increasing wind speed.
Background noise levels at low wind speeds – high background noise levels at low
wind speeds would tend to indicate the presence of noise sources other than wind,
e.g., insects, which cannot be assumed to always be present at low wind speeds.
Influence of noise floor – where the background noise results show the presence of
constant lower level noise sources, these are likely to be due to either the electronic
‘noise floor’ of the noise logger or the operation of mechanical plant, rather than wind.
Inclusion of these results in the regression analysis would skew the regression line.
Table 1 below presents a ‘risk-based’ analysis of the background noise monitoring
data to assess its reliability as a basis for the noise assessment. The various factors
are rated as Good, Fair or Poor, based on the results in the HS report.
Table 1: Assessment of reliability of background noise data
Location

Correlation
wind speed

Curve shape

Background
low wind

Noise floor

Reliability

1

Poor

Poor

Poor

Good

Unreliable

2

Good

Good

Good

Good

Reliable

3

Poor

Poor

Poor

Poor

Unreliable

4

Good

Fair

Poor

Poor

Unreliable
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5

Good

Good

Good

Fair

Reliable

6

Fair

Good

Good

Good

Reliable

7

Fair

Good

Good

Fair

Reliable

8

Good

Good

Good

Good

Reliable

9

Good

Good

Good

Good

Reliable

10

Fair

Fair

Poor

Fair

Unreliable

11

Poor

Fair

Poor

Fair

Unreliable

On the basis of this analysis, only the results from Locations 2, 5, 6, 7, 8 and 9 should
be used to set noise criteria based on masking effects provided by wind. This
conclusion is used in commenting on the second HS report below.
NOISE IMPACT ASSESSMENT REPORT
The noise impact assessment report by HS presents noise predictions for 25 existing
residences and one proposed residence that are not associated with the wind farm
proposal (‘non-stakeholders’); and 8 residences that are ‘stakeholders’. The report
finds that the predicted noise levels comply with the SA Guidelines at all nonstakeholders and show only marginal exceedances at two of the stakeholder locations.
The following comments address a number of relevant factors in the noise
assessment.
Sound power data –
The HS report provides the full specifications of the Vestas V100-1.8MW wind turbine,
which, according to the Development Application by Moonies Hill Energy, is one of
several units under consideration for the proposal. These units comprise a 100m
diameter rotor with hub height of 80m, and the specifications include comprehensive
sound power data on which the assessment is based. The following observations can
be made on the data provided.
Overall A-weighted sound power levels –
The overall A-weighted sound power levels are typical of these types of units,
increasing from 94 dB(A) at a wind speed of 4 m/s to a maximum sound power level of
105 dB(A) at about 8-9 m/s (at hub height). Data are provided for three operational
modes, designated Modes 0, 1 and 2; the sound power levels are the same for Modes
0 and 1, while the maximum level is 2 dB lower, at 103 dB(A), for Mode 2. The sound
power levels for Mode 0 have been used in the modelling to represent a worst case.
It is possible that a different wind turbine may be used in the final proposal, in which
case there may be small changes in the sound power levels.
Tonality –
The specifications also present the results of the spectral measurements carried out
for the manufacturer by Delta of Denmark to identify any tonality in the noise spectrum
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(noise that may stand out at specific frequencies). The narrowband results, taken from
a relatively close distance of 155m, indicate the presence of possible tones at five
frequencies. However, these tones are not evident in the one-third octave spectra for
the various wind speeds; and none of these one-third octave spectra would be classed
as containing tonality as defined under the WA noise regulations. The noise character
is therefore not expected to be perceived as ‘tonal’, particularly at greater distances.
Low frequency and infrasound content –
The spectral data contain information on the A-weighted noise levels down to a
frequency of 10 Hz. The HS report does not present any assessment of low frequency
noise and infrasound; therefore, in view of the recommendations in the Senate report,
an analysis is presented below.
Table 2 presents the results for the highest measured sound power levels (11 m/s wind
speed) for the frequencies up to 160 Hz. The A-weighting adjustments have then been
removed to obtain ‘non-A-weighted’ sound power levels. These values have been
used to estimate the sound pressure level at a distance of 1 km, assuming the noise
level is reduced only by the distance, and adding 5 dB to the value for one turbine to
account for the presence of other nearby turbines. Finally, the estimated sound
pressure levels at 1 km are compared with the hearing threshold levels for each
frequency, as recommended in the Draft National Wind Farm Development Guidelines
of 2010.
Table 2: Low frequency and infrasound noise levels
Frequency
(Hz)

A-weighted
sound power
at 11 m/s, dB

A-weighting
adjustment,
dB

Non-A-weighted
sound power,
dB

Estimated
noise level
at 1km, dB

Hearing
threshold,
dB

10

49.5

70.4

119.9

57

95

12.5

54.1

63.4

117.5

55

87

16

57.1

56.7

113.8

51

79

20

62.2

50.5

112.7

50

71

25

66.0

44.7

110.7

48

63

31.5

72.2

39.4

111.6

49

55.5

40

77.3

34.6

111.9

49

48

50

77.4

30.2

107.6

45

40.5

63

80.9

26.2

107.1

44

33.5

80

82.1

22.5

104.6

42

28

100

85.1

19.1

104.2

41

23.5

125

86.7

16.1

102.8

40

-

160

89.0

13.4

102.4

39

-
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The analysis indicates that the low frequency noise levels from wind turbines are likely
to be audible to the average person only at frequencies above about 40 Hz, and then
only in the absence of background noise. A person with highly sensitive hearing may
possibly be able to perceive the noise at frequencies down to perhaps 25 Hz. At lower
frequencies down to 10 Hz, the noise is likely to be inaudible. The estimated noise
levels for indoors are likely to be similar to or slightly lower than the outdoor levels
presented in Table 2.
The Delta report presented no infrasound data below 10 Hz, however various other
measurements of infrasound levels indicate that the sound power levels below 10 Hz
have their maximum energy typically in the range 2-5 Hz, at levels about 10 dB above
the level at 10 Hz. Thus the estimated sound pressure levels below 10 Hz may be of
the order of 65-70 dB at a distance of 1 km; and these levels would be even further
below the threshold of hearing than they are at 10 Hz.
In the light of this analysis, low frequency noise and infrasound are considered highly
unlikely to represent a problem for residences in the vicinity of the Flat Rocks Wind
Farm.
Noise predictions –
The HS report presents noise predictions for 25 ‘non-stakeholder’ and 8 ‘stakeholde’r
locations (Table 5.1 of the HS report). These are based on the proposed locations of
the turbines, and take into account the topography and sound propagation over
distance. Noise levels are predicted for integer wind speeds of 4 m/s to 9 m/s at hub
height.
The acoustic model, based on ISO9613, is in common use for wind farm assessments.
Verification measurements carried out at other sites, including in Australia, would
indicate that this model may slightly overpredict the received sound levels, by up to
3 dB. Thus the predictions may be accepted as representing a reasonable worst case.
The predicted noise levels across the range of wind speeds follow the pattern of
increase in sound power level with wind speed, as expected. However there are a few
receiving locations for which the predicted levels appear anomalous:


NSH01 and SH33 – the predicted level does not increase as expected from
7 m/s to 8 m/s, indicating that the correct predicted levels for 8 and 9 m/s may
be about 5dB higher than those shown in Table 5.1 of the HS report; and



NSH21 and SH26 – the predicted level jumps by 9 dB and 8 dB, respectively,
from 7 m/s to 8 m/s, indicating that the correct predicted levels for 8 and 9 m/s
may be about 5 dB lower than those shown in Table 5.1 of the HS report.

The predicted levels are low in each of the above cases, thus the above anomalies
have little bearing on the outcomes.
Comparison with WA noise regulations –
The predicted noise levels in the HS report are compared against noise criteria based
on the measured background noise levels. However it is important to also compare
the predicted noise levels against the WA noise regulations. It should be noted here
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that the regulations apply to noise passing from one premises to another, thus they do
not apply at ‘stakeholder’ locations, where the noise is generated and received on the
same premises.
The regulations specify an outdoor LA10 assigned noise level for night time of 35 dB(A),
which applies at any point within 15m of the dwelling. Assuming all wind turbines
operate at night, the predicted noise levels in Table 5.1 of the HS report can be seen to
meet the assigned level for night time at all ‘non-stakeholder’ locations at wind speeds
up to and including 7 m/s. Small exceedances could occur at five receiving locations
at wind speeds of 8 m/s and above, however assessment against the noise regulations
is not normally carried out at such high wind speeds, as explained below.
The WA Environment Protection Authority (EPA) Draft Guidance 8 – Environmental
Noise specifies default ‘typical worst case’ meteorological conditions for noise
predictions for assessing noise from general industry. If the proponent can
demonstrate compliance under these conditions, the EPA would accept that the
proposal can be managed to comply with the noise regulations. The default conditions
for daytime are wind speed of 4m/s, temperature 20°C and relative humidity 50%; and
for night time 3m/s, 15°C and 50%, respectively, and with a temperature inversion
included (Pasquill Stability Factor “F” if using SoundPlan software).
The basis for this approach is that –
(a)

these default values represent typical worst case conditions for sound
propagation; and

(b)

at wind speeds above these default values (near the receiver), the background
noise due to wind in vegetation is likely to mask the noise received from the
proposal.

Draft Guidance 8 therefore places no requirements on general industry proponents to
demonstrate compliance with the noise regulations for higher wind speeds than these
default values. In the case of the Flat Rocks Wind farm proposal, the predicted noise
levels comply with the assigned level at wind speeds up to 7m/s at hub height; this
would correspond to a wind speed of about 5 m/s at 10m above ground level, which is
well above the 3 or 4 m/s required for noise assessment for compliance with the
regulations. The predicted noise levels are at least 3 dB below the assigned level at
this wind speed, thus providing some safety margin.
It can therefore be concluded that the noise emissions from the Flat Rocks Wind farm
should be manageable to meet the assigned noise levels in the WA noise regulations
when assessed against the EPA’s default conditions for general industry.
Comparison with South Australian Guidelines –
When compared with general industry, wind farms represent a special case, in that the
sound power levels increase with wind speed. For this reason EPA draft Guidance 8
refers to the 2003 South Australian EPA guidelines for wind farms, and this is the basis
on which the HS report made its assessment.
Table 6.1 of the HS report compares predicted noise levels with noise criteria based on
background noise levels. However, the comments above regarding the background
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noise report by HS would indicate that the some of the background noise data is
considered unreliable for the purpose of setting such criteria. Table 3 below presents
the noise predictions from the HS report for the receivers where noise levels above
35 dB(A) were predicted at the high wind speeds. Where these sites have unreliable
background noise data, the predicted levels are compared with criteria based on
background noise levels from the quietest site (Location 6) to replace the unreliable
data. The emphasis is again on the ‘non-stakeholder’ locations.
Table 3: Comparison of predicted noise levels with alternative background noise
criteria for some receiving locations
Receiving / Predicted /
background Criteria
location

Predicted noise level / Noise criteria, dB(A)
6m/s

7m/s

8m/s

9m/s

NSH03

Predicted

27

31

36

36

Loc 6

Criteria

35

35

37

38

NSH04

Predicted

28

32

36

36

Loc 6

Criteria

35

35

37

38

NSH12

Predicted

27

31

37

36

Loc 6

Criteria

35

35

37

38

NSH13

Predicted

26

30

36

36

Loc 2

Criteria

35

36

37

39

NSH14

Predicted

27

31

37

37

Loc 9

Criteria

37

39

41

43

NSH15

Predicted

28

32

37

37

Loc 6

Criteria

35

35

37

38

NSH34

Predicted

28

32

37

37

Loc 6

Criteria

35

35

37

38

Exceedance,
dB

Complies

Complies

Complies

Complies

Complies

Complies

Complies

Although the analysis in Table 3 represents a more conservative approach than that in
the HS report, the predicted noise levels still comply with the criteria based on
background noise levels in each case. With the exception of NSH14, compliance is
marginal in the above cases, and it would be appropriate that consideration be given to
relocating the nearest turbines to reduce noise levels at these locations. Approval
conditions for the project should require noise monitoring at these receivers.
It can therefore be concluded that the noise emissions from the Flat Rocks Wind Farm
should be manageable to achieve compliance with the South Australian EPA Wind
Farm Guidelines of 2003.
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Noise buffer issues –
The noise contours presented in Appendix C of the HS report, especially for the higher
wind speeds, indicate that there are significant areas of non-stakeholder land which
are within the 35 dB(A) noise contour. There is a risk for the wind farm operators that
it may be possible for the landowner to construct an additional residence on this land in
the future, and that noise levels will thus be non-compliant at the new residence. In
such a case the Environmental Protection Act 1986 does not recognise ‘who was there
first’.
In order to minimise this risk it is recommended that the proponent take measures to
secure agreement with the adjacent landowners that would prevent further residences
being constructed in the affected areas. This could also be enacted through land use
planning provisions where appropriate.
Stakeholder residences –
As indicated above, the noise regulations deal with noise emissions from one premises
to another and do not apply where noise is emitted and received on the same
premises. Consequently, the assigned levels in the regulations would not apply to
noise received at the residence of a landowner who had wind turbines on his own
property by arrangement with the wind farm proponent (‘stakeholder’). In this case, it is
recommended that the predicted noise levels should be based on the South Australian
EPA Guidelines, but with a base level of 40dB(A). However it should be recognized
that this is not a regulatory requirement and it is open to the proponent to negotiate
higher noise levels at the receiver, according to the circumstances.
The predicted noise levels for the Flat Rocks Wind Farm in the HS report indicate that
noise levels will be 40 dB(A) or less at all of the stakeholder receivers; and would meet
the 2003 South Australian EPA Guidelines at all but two receivers, where the predicted
noise level of 38 dB(A) would be 1 dB above the criterion level for a wind speed of
8 m/s.
CONCLUSIONS
This review by the DEC Noise Regulation Branch of the noise assessment for the
proposed Flat Rocks Wind Farm near Kojonup finds that the noise emissions from the
proposal should be manageable to achieve compliance with both the Environmental
Protection (Noise) Regulations 1997 and the South Australian EPA Guidelines for wind
farms, at the residential receiving locations assessed. Compliance is likely to be
marginal at 6 receiving locations, and it would be appropriate that consideration be
given to relocating the nearest turbines to reduce noise levels at these locations.
Approval conditions for the project should require noise monitoring at these receivers.
There remains a risk that future residences may be constructed on land that is within
the 35 dB(A) noise contour, and that the noise emissions may not comply at such
locations. Appropriate measures should be put in place to minimise this risk.
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