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1

INTRODUCTION

Sonus has been engaged to conduct noise compliance testing in accordance with the Noise Compliance
Testing Plan1 (NCTP).

The NCTP provides a methodology to assess the noise from Stage 1 of the White Rock Wind Farm against the
Operational Noise Criteria within the Project Approval Conditions2 using residential noise logging. The NCTP
details the use of near field and intermediate measurements locations to isolate the noise contribution of the
wind farm, and account for special audible characteristics such as tonality or low frequency noise.

This report summarises the results of the compliance tests for the White Rock Wind Farm.

1

2

Sonus document S4646C15, established in accordance with the relevant conditions of approval and consistent with
the New South Wales Wind Energy: Noise Assessment Bulletin for State significant wind energy development
(December 2016).
Detailed in Appendix A
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2

LOCATIONS

2.1 Residential Logging
Noise Compliance Testing was conducted at four dwellings where background noise monitoring has
previously been conducted (See Figure 1). Three of the dwellings (D121, E50 and L200) are non-associated
with the wind farm. One dwelling (M80) has recently become associated through a neighbour agreement.
For the purposes of this assessment, M80 has been treated as though it is non-associated, so that it can be
used to represent other non-associated residences. The coordinates of the background noise monitoring
locations and corresponding monitoring periods are provided in Table 1.

Table 1: Noise compliance testing residential logging locations.
Coordinates (WGS84 Zone 56)
Location

Monitoring Period(s)
Easting (m)

Northing (m)

D121

355780

6699540

11/04/2018 to 28/05/2018

E50

356197

6706634

11/04/2018 to 29/05/2018

L200

363850

6691139

10/04/2018 to 29/05/2018

M80

364667

6703481

10/04/2018 to 12/05/2018
and
30/05/2018 to 19/06/2018
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Figure 1: Monitoring locations, windfarm layout, and predicted noise contours.
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2.2 Near Field and Intermediate Logging
The NCTP proposes noise monitoring at intermediate and near field locations to support the above
residential monitoring locations and assist in identifying noise contribution from the wind farm and special
audible characteristics. The intermediate measurement positions were at a separation distance of between
1km and 1.6km from the closest turbine and within 30o of the line between the receiver and the closest wind
turbine. The locations and coordinates of the intermediate and near field measurement locations are
provided in Figure 1 and Table 2, respectively

Table 2: Intermediate logging locations.
Coordinates (WGS84 Zone 56)
Locations
Easting (m)

Northing (m)

D121 Intermediate

358513

6699830

E50 Intermediate

358626

6706064

L200 Intermediate

362988

6691612

M80 Intermediate

362862

6703551

Additionally, near field noise monitoring has been conducted at two turbines to further assist in assessing the
presence of special audible characteristics. The nearfield measurements were conducted adjacent to
turbines T1 and T59. The location of turbines is shown in Figure 1.
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3

CRITERIA

The applicable operational noise criteria are established in accordance with the relevant Project Approval
Conditions based on background noise measurements conducted by Resonate prior to construction of the
wind farm. The established operational noise criteria at each residence are provided in Table 3.

Table 3: Operational noise criteria
Noise criteria at location [dB(A)]

Hub Height Wind
Speed [m/s]

D121

E50

L200

M80

3

35

35

35

39

4

35

36

35

41

5

35

37

35

42

6

36

38

35

43

7

37

39

35

44

8

38

40

37

45

9

39

40

39

45

10

40

41

41

45

11

40

41

43

46

12

41

42

46

46

13

43

43

48

46

14

44

44

49

47
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4

TESTING

4.1 Data Collection
At each of the dwellings, noise logging equipment was placed at the equivalent position to the background
noise logging location. The position was on the wind farm side of the dwelling and at least 5m from the
building facade to remove the effects of large reflecting surfaces. A photograph of the noise logging
equipment at each dwelling is provided in Appendix B.

In addition to noise logging, local wind speed logging was also conducted at residences D121 and M80 which
are considered to be representative of other residences in the vicinity. The measured wind speeds at the
microphone height were used to identify periods when data have been adversely affected by weather.

The background noise levels (LA90) at each residential and intermediate location were measured continuously
in 10 minute intervals over the monitoring periods using a NATA calibrated, Class 1 or Class 2 sound level
meter with a noise floor of less than 20 dB(A). The sound level meters were calibrated before and after the
background noise monitoring regime with a Type 1 calibrator and the microphones fitted with high wind
speed weather proof windshields.

During the noise monitoring regime, hub height wind speed and direction was monitored by Goldwind
Australia at the closest turbine to each of the residential monitoring locations in 10 minute intervals. The
coordinates of the closest turbines are provided in Table 4.

Table 4: Closest Turbine Locations.
Coordinates (WGS84 Zone 56)
Turbine ID

Closest Residence
Easting (m)

Northing (m)

T29

D121

359488

6700090

T2

E50

359210

6705405

T113

L200

361755

6692593

T52

M80

361742

6703252
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4.2 Data Analysis
Analysis of the data was conducted in accordance with the NCTP, as follows:


Noise data during periods where the wind direction was not within 45° either side of the direct line
between the nearest turbine and the closest residence were removed;



The contribution of the wind farm was isolated by removing noise data during periods where the
measured noise level at an intermediate location (closer to the turbines) was lower than the noise
level at the corresponding residence during the same period.



Noise data corresponding to hub height wind speeds below the cut-in speed of the turbines (3m/s)
was removed.



Following removal of data and application of penalties as required (detailed in Section 4), the
remaining noise data were correlated with hub height wind speed data for each testing location;



Noise data which were adversely affected by local wind on the microphone were removed. Data are
considered to be adversely affected where a wind speed greater than 5 m/s is exceeded for 90% of a
10 minute period. The highest number of data points removed due to wind speed was 16 at one
residence; and,



A regression line curve was fitted to the filtered data at each location to determine the resultant
wind farm noise level at each integer hub height speed from 3 m/s to 14 m/s.

Table 5 provides the number of valid data points after filtering the data.

Table 5: Number of valid data points.
Location

Valid Data Points

D121

1987

E50

2285

L200

311

M80

1001

4.3 Results
The correlations between hub height turbine wind speed and noise level at each location are provided in
Figures 1 through 4 below. A measured noise regression curve has been fitted to the filtered data for
comparison against the relevant turbine noise criteria.
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Figure 1: D121 Measured Hub Height Wind Speed vs. Noise Level.

Figure 2: E50 Measured Hub Height Wind Speed vs. Noise Level.
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Figure 3: L200 Measured Hub Height Wind Speed vs. Noise Level.

Figure 4: M80 Measured Hub Height Wind Speed vs. Noise Level.
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The resultant wind farm noise level and criterion for each integer hub height wind speed from 3m/s to 14m/s
have been tabulated and summarised in Table 6. The correlations demonstrate compliance at all measured
winds speeds. It is noted that as the intermediate logger has been used the pre-construction background
noise levels have not been subtracted from the compliance noise levels.

Table 6: Wind farm noise level and criteria.
Hub Height Wind Speed

Testing Location
D121

E50

L200

M80

Wind Farm Noise Level

21

27

25

30

Criteria

35

35

35

39

Wind Farm Noise Level

22

28

25

31

Criteria

35

36

35

41

Wind Farm Noise Level

24

29

26

32

Criteria

35

37

35

42

Wind Farm Noise Level

26

31

27

34

Criteria

36

38

35

43

Wind Farm Noise Level

28

33

29

36

Criteria

37

39

35

44

Wind Farm Noise Level

30

34

29

37

Criteria

38

40

37

45

Wind Farm Noise Level

31

36

28

39

Criteria

39

40

39

45

Wind Farm Noise Level

33

37

25

40

Criteria

40

41

41

45

Wind Farm Noise Level

34

37

-

41

Criteria

40

41

43

46

Wind Farm Noise Level

35

36

-

41

Criteria

41

42

46

46

Wind Farm Noise Level

34

34

-

41

Criteria

43

43

48

46

Wind Farm Noise Level

33

-

-

-

Criteria

44

44

49

47

3m/s

4m/s

5m/s

6m/s

7m/s

8m/s

9m/s

10m/s

11m/s

12m/s

13m/s

14m/s
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5

SPECIAL AUDIBLE CHARACTERISTICS

5.1 Tonality
The NCTP requires tonality testing at the near field measurement location and at Residential locations if
evidence of tonality is found at any wind speed at the near field location.

Near field data were collected using a sound level meter placed downwind of turbines. Noise levels were
recorded in 10 second intervals.

Tonality testing was conducted in accordance with Appendix 3 of the Conditions of Project Approval as
follows:



The equivalent sound level in each unweighted one third octave band was compared against the
equivalent sound levels in the neighbouring one third octave bands.



Where the noise level exceeded the level in both adjacent bands by more than the values in Table 7
below, the measurement interval was deemed to exhibit tonality.

Table 7: Number of valid data points.
One Third Octave Band Centre Frequency

Level Difference

25-125 Hz

15 dB(A)

160-400 Hz

8 dB(A)

500-4000Hz

5 dB(A)

The near field data exhibited no evidence of tones at any time during the measurement period. Therefore, a
penalty for tonality is not applicable at any location. Figures 5 and 6 show the measured noise level in each
1/3 octave band at various wind speeds from the operation of turbines T1 and T59 respectively.
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Figure 5: Measured 1/3 Octave Band Noise Levels near Turbine T1.

Figure 6: Measured 1/3 Octave Band Noise Levels near Turbine T59.
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5.2 Low Frequency Noise
The low frequency content of the measured noise levels was analysed in accordance with the NCTP to
identify the presence of excessive low frequency noise which would warrant the application of a penalty to
the measured noise levels.
Low frequency analysis was conducted in accordance with the NCTP as follows:


The Residential location with the highest measured noise levels from the wind farm where
C-weighted data were recorded was selected – residence D121.



The integer wind speed where the difference between the measured noise level and criteria was
smallest was selected for analysis – 11 m/s.



Noise data during the daytime and periods where the wind direction was not within 45° either side
of the direct line between the nearest turbine and D121 were removed;



For all remaining data points, the measured C-weighted noise level was compared with the criterion
of 60 dB(C). None of the 106 remaining C-weighted (Leq) noise levels exceeded 60 dB(C). The
measured noise levels for periods under these conditions are shown in Table 7.

Table 7: Measured C-weighted Noise Levels.
Period Start Time

Measured C-weighted
(Leq) Noise Level, dB(C)

Period Start Time

Measured C-weighted
(Leq) Noise Level, dB(C)

17/04/2018 20:40

54

21/04/2018 21:40

50

17/04/2018 20:50

55

21/04/2018 21:50

50

17/04/2018 21:00

55

21/04/2018 22:50

50

17/04/2018 21:10

56

21/04/2018 23:20

50

17/04/2018 21:20

55

23/04/2018 20:20

52

17/04/2018 21:40

54

28/04/2018 7:20

51

17/04/2018 22:20

53

1/05/2018 4:00

53

17/04/2018 22:40

55

1/05/2018 4:10

53

17/04/2018 22:50

54

1/05/2018 5:20

55

17/04/2018 23:00

55

1/05/2018 5:40

54

17/04/2018 23:10

55

1/05/2018 5:50

54

17/04/2018 23:20

55

1/05/2018 6:40

56
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Period Start Time

Measured C-weighted
(Leq) Noise Level, dB(C)

Period Start Time

Measured C-weighted
(Leq) Noise Level, dB(C)

17/04/2018 23:30

55

1/05/2018 7:00

58

17/04/2018 23:40

53

1/05/2018 7:10

57

18/04/2018 0:50

52

1/05/2018 7:30

56

18/04/2018 1:50

51

1/05/2018 7:40

56

18/04/2018 2:00

52

1/05/2018 21:40

53

18/04/2018 2:10

57

1/05/2018 21:50

52

18/04/2018 3:30

51

1/05/2018 22:30

51

18/04/2018 3:40

51

1/05/2018 23:50

54

18/04/2018 3:50

52

2/05/2018 0:50

53

18/04/2018 4:00

52

2/05/2018 1:00

54

18/04/2018 4:10

53

2/05/2018 1:10

53

18/04/2018 4:20

53

2/05/2018 2:00

54

18/04/2018 4:30

51

6/05/2018 6:10

48

18/04/2018 4:40

51

6/05/2018 6:20

46

18/04/2018 4:50

51

6/05/2018 6:30

48

18/04/2018 5:00

51

6/05/2018 7:10

45

18/04/2018 5:10

52

6/05/2018 7:20

47

18/04/2018 5:20

51

6/05/2018 8:10

47

18/04/2018 5:30

53

6/05/2018 8:20

46

18/04/2018 6:00

55

6/05/2018 8:40

48

18/04/2018 6:10

54

6/05/2018 9:20

52

18/04/2018 6:20

53

6/05/2018 21:10

54

18/04/2018 6:30

54

6/05/2018 21:20

54

18/04/2018 6:40

56

6/05/2018 21:40

54

18/04/2018 7:10

60

6/05/2018 21:50

54

18/04/2018 7:50

59

6/05/2018 22:10

53

18/04/2018 8:00

57

6/05/2018 22:30

53
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Period Start Time

Measured C-weighted
(Leq) Noise Level, dB(C)

Period Start Time

Measured C-weighted
(Leq) Noise Level, dB(C)

18/04/2018 8:10

58

6/05/2018 22:50

53

18/04/2018 8:30

59

7/05/2018 6:40

54

18/04/2018 8:40

58

7/05/2018 8:50

54

18/04/2018 9:00

58

7/05/2018 9:00

53

18/04/2018 9:10

58

7/05/2018 9:10

52

21/04/2018 19:20

52

7/05/2018 9:20

53

21/04/2018 19:30

51

7/05/2018 9:40

52

21/04/2018 19:40

50

25/05/2018 21:52

50

21/04/2018 20:00

52

25/05/2018 23:32

45

21/04/2018 20:30

54

26/05/2018 20:32

49

21/04/2018 20:50

50

26/05/2018 20:42

50

21/04/2018 21:00

50

26/05/2018 21:32

50

21/04/2018 21:10

51

27/05/2018 22:52

50

21/04/2018 21:20

49

27/05/2018 23:02

50

The analysis shows no evidence of excessive low frequency content from the wind farm. Therefore, a penalty
is not warranted at any location and a secondary analysis is not required as per the NCTP.
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6

ANCILLARY INFRASTRUCTURE

Prior to construction, the noise from the substation was predicted to be 16 dB(A) at the closest residence.
This level is well below the criterion of 35 dB(A).

To confirm that the noise from the substation is not significant, samples of audio recording at the closest
residence to the substation, D121, were analysed. In an attempt to isolate the noise from the substation, the
conditions most likely to result in audible noise were considered. That is, downwind conditions below cut in
wind speed as well as just above cut in wind speed. In these conditions, the noise from the substation is least
likely to be masked by the noise from other sources. The substation noise was not audible in any of the
samples analysed.

A further analysis was conducted by considering the noise at the intermediate location between the
substation and residence D121. The contribution of noise in the 50Hz and 100Hz 1/3 octave bands (which are
the frequencies associated with a transformer) were analysed and extrapolated to the receiver location.
Based on this analysis, the noise from the substation at the residence is confirmed to be no more than 16
dB(A).
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7

CONCLUSION

Noise compliance testing has been conducted for Stage 1 of the White Rock Wind Farm in accordance with
the NCTP.

The testing has confirmed the wind farm meets the relevant Operational Noise Criteria of the Conditions of
Consent at all surrounding dwellings. Additionally, testing has found that no penalties are warranted for
special audible characteristics of tonality and low frequency. Noise from ancillary infrastructure has also
been found to be compliant with the relevant conditions.
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APPENDIX A – RELEVANT CONDITIONS OF THE PROJECT APPROVAL
Operational Noise Criteria – Wind Turbines
F7. The Proponent shall ensure that the noise generated by the operation of wind turbines does not exceed
the greater of:
(a) 35 dB(A); or
(b) the existing background noise level for each integer wind speed from cut-in speed to the rated power of
the wind turbine generators, by more than 5 dB(A).
Unless otherwise replaced by an equivalent NSW wind farm noise guideline, noise generated by the project is
to be measured in accordance with the relevant requirements of Sections 3.1 and 3.2 of the South Australian
Environment Protection Authority’s Wind Farms Environmental Noise Guidelines 2009, as modified by the
provisions in Appendix 3.
However, these criteria do not apply if the Proponent has an agreement with the owner/s of the relevant
residence or land to generate higher noise levels, and the Proponent has advised the Department in writing of
the terms of this agreement.

Operational Noise Criteria – Ancillary Infrastructure
F8. The Proponent shall ensure that the noise generated by the operation of ancillary infrastructure does not
exceed 35 dB(A) LAeq(15 minute) at any non-associated residence.
Noise generated by the project is to be measured in accordance with the relevant requirements of the NSW
Industrial Noise Policy (as may be updated from time-to time), as modified by the provision in Appendix 3.
However, these criteria do not apply if the Proponent has an agreement with the owner/s of the relevant
residence or land to generate higher noise levels, and the Proponent has advised the Department in writing of
the terms of this agreement.

Operating Conditions
F9. The Proponent shall:
(a) implement best management practice to minimise the construction, operational, decommissioning and
road traffic noise and vibration of the project;
(b) implement sector management of wind turbines to manage any wind directions or meteorological
conditions that are found to result in exceedances of the noise criteria in condition F7;
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(c) undertake noise monitoring within 3 months of the commissioning of the wind farm, or other timing as
may be agreed by the Secretary, to determine whether the project is complying with the relevant
conditions of this approval; and
(d) carry out further noise monitoring if required by the Secretary, to the satisfaction of the Secretary.

OPERATIONAL ENVIRONMENTAL MANAGEMENT
F19. Prior to the commencement of operation, or as otherwise agreed by the Secretary, the Proponent shall
prepare and implement (following approval) an Operation Environmental Management Plan for the project.
The Plan shall outline the environmental management practices and procedures that are to be followed
during operation, and shall be prepared in consultation with relevant agencies and in accordance with the
Guideline for the Preparation of Environmental Management Plans (Department of Infrastructure, Planning
and Natural Resources, 2004). The
Plan shall include, but not necessarily be limited to:
(a) a description of activities to be undertaken during operation of the project (including staging and
scheduling);
(b) statutory and other obligations that the Proponent is required to fulfil during operation, including
approval/consents, consultations and agreements required from authorities and other stakeholders
under key legislation and policies;
(c) overall environmental policies, guidelines and principles to be applied to the operation of the project;
(d) a description of the roles and responsibilities for relevant employees involved in the operation of the
project, including relevant training and induction provisions for ensuring that employees are aware of
their environmental and compliance obligations under these conditions of approval;
(e) an environmental risk analysis to identify the key environmental performance issues associated with the
operation phase;
(f)

details of how environmental performance would be managed and monitored to meet acceptable
outcomes, including what actions will be taken to address identified potential adverse environmental
impacts, including those safeguards and mitigation measures detailed in the EA (and any impacts arising
from the staging of the construction of the project); and

(g) details of how sector management would be used to ensure that operational noise criteria are not
exceeded.

The Plan shall be submitted for the approval of the Secretary no later than one month prior to the
commencement of operation, or as otherwise agreed by the Secretary.
Page 21

sonus .

White Rock Wind Farm
Noise Compliance Testing
S4646C16
August 2018

Operation shall not commence until written approval has been received from the Secretary. Upon receipt of
the Secretary’s approval, the Proponent shall make the Plan publicly available as soon as practicable.
Note: The approval of an Operation Environmental Management Plan does not relieve the Proponent of any other requirement
associated with this project approval. If there is an inconsistency with an approved Operation Environmental Management Plan and
the conditions of this project approval, the requirements of this project approval prevail.

APPENDIX 3
NOISE COMPLIANCE ASSESSMENT
PART A: SOUTH AUSTRALIAN WIND FARMS: ENVIRONMENTAL NOISE GUIDELINES 2009
(MODIFIED)
Unless stipulated otherwise, South Australian Wind Farms: Environmental Noise Guidelines 2009 (Modified)
refers to the South Australian EPA document modified for use in NSW. The modifications are as follows:

Tonality
The presence of excessive tonality (a special noise characteristic) is consistent with that described in ISO
1996.2: 2007 Acoustics — Description, measurement and assessment of environmental noise – Determination
of environmental noise levels and is defined as when the level of one-third octave band measured in the
equivalent noise level Leq(10minute) exceeds the level of the adjacent bands on both sides by:


5dB or more if the centre frequency of the band containing the tone is in the range 500Hz to
10,000Hz;



8dB or more if the centre frequency of the band containing the tone is in the range 160 to 400Hz;
and/or



15dB or more if the centre frequency of the band containing the tone is in the range 25Hz to 125Hz.

If tonality is found to be a repeated characteristic of the wind turbine noise, 5 dB(A) should be added to
measured noise levels from the wind farm. If tonality is only identified for certain wind directions and speeds,
the penalty is only applicable under these conditions. The tonal characteristic penalty applies only if the tone
from the wind turbine is audible at the relevant receiver. Absence of tone in noise emissions measured at an
intermediate location is sufficient proof that the tone at the receiver is not associated with the wind farm’s
operation. The assessment for tonality should only be made for frequencies of concern from 25 Hz to 10 KHz
and for sound pressure levels above the threshold of hearing (as defined in ISO 389.7: 2005 Acoustics Reference zero for the calibration of audiometric equipment - Part 7: Reference threshold of hearing under
free-field and diffuse-field listening conditions).
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Low Frequency Noise
The presence of excessive low frequency noise (a special noise characteristic) [i.e. noise from the wind farm
that is repeatedly greater than 65 dB(C) during the day time or 60 dB(C)) during the night time at any relevant
receiver] will incur a 5 dB(A) penalty, to be added to the measured noise level for the wind farm, unless a
detailed internal low frequency noise assessment demonstrates compliance with the proposed criteria for the
assessment of low frequency noise disturbance (UK Department for Environment, Food and Rural Affairs
(DEFRA, 2005)) for a steady state noise source.
Notes:


For the purposes of these conditions, a special noise characteristic is defined as a repeated characteristic if it occurs for more
than 10% of an assessment period. This equates to being identified for more than 54 minutes during the 9 hour night from 10pm
– 7am, or for more than 90 minutes during the 15 hour day from 7am – 10pm. This definition refers to verified wind farm noise
only.



The maximum penalty to be added to the measured noise level from the wind farm for any special noise characteristic
individually or cumulatively is 5 dB(A).



Notwithstanding conditions F7 and F8 of this project approval, the noise limits specified under these conditions do not apply to
any residence where a noise agreement is in place between the Proponent and the owner(s) of those residences in relation to
noise impacts and / or noise limits. For this condition to take effect, the noise agreements shall satisfy the relevant requirements
of Guidelines for Community Noise (WHO, 1999).

APPENDIX 3
NOISE COMPLIANCE ASSESSMENT
PART B: NOISE COMPLIANCE ASSESSMENT
Applicable Meteorological Conditions – Wind Turbines
1. The noise criteria in condition F7 of the conditions are to apply under all meteorological conditions.

Applicable Meteorological Conditions – Other Facilities
2. The noise criteria in condition F8 of the conditions are to apply under all meteorological conditions except
the following:
(a) wind speeds greater than 3 m/s at 10 m above ground level; or
(b) temperature inversion conditions between 1.5ºC and 3ºC/100m and wind speeds greater than 2 m/s at
10m above ground level; or
(c) temperature inversion conditions greater than 3ºC/100m.
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APPENDIX B – MONITORING LOCATION PHOTOGRAPHS
Figure 7: D121 Logging Location.

Figure 8: E50 Logging Location.
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Figure 9: L200 Logging Location.

Figure 10: M80 Logging Location.
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