
© Renzo Tonin & Associates (NSW) Pty Ltd Specialist Noise Component of Compliance Audit 

Environmental Acoustics Team Capital Wind Farm 

TF694-01F07 (rev 10) Capital Wind Farm Compliance Assessment 

Report 

NSW Department of Planning and Infrastructure 

25 October 2012 Page 33 

 

5 MEASUREMENT PROGRAM AND METHODOLOGY 

A noise measurement survey was undertaken from Monday 16th July to Monday 13th 

August 2012.  The following non-involved residential premises were surveyed:  

 Lakoona (G4) 

 Widgemore (G6) 

 La Granja (G10) 

 The Patch (H15) 

 Wroxham (H24) 

 Grantham Park (E7) 

Unattended noise surveys were conducted using RTA Technology type RTA05 and RTA06 noise 

loggers which incorporate NTi XL2 sound level meters.  The loggers are a class 1 instrument 

having an accuracy suitable for field and laboratory use and incorporate 1/3 Octave band filters 

and continuous audio recording.  The lower limiting frequency of the XL2 is flat to 5Hz and the 

residual noise floor is 19dB(A). 

The attended noise surveys were conducted using a Sinus Soundbook sound level meter fitted 

with a Bruel & Kjaer 4189 microphone and is a class 1 instrument having an accuracy suitable 

for field and laboratory use.  The lower limiting frequency of the Soundbook and microphone is 

6.3Hz and the residual noise floor is 17dB(A). 

The instruments were calibrated prior and subsequent to measurements using a Bruel & Kjaer 

Type 4231 calibrator. No significant drift in calibration was observed.   

All instrumentation complies with AS IEC 61672.1 2004 “Electroacoustics - Sound Level Meters” 

and carries current NATA certification (or if less than 2 years old, manufacturers certification).   

The noise measurement methodology involved deployment of the unattended loggers for a total 

of four weeks at each residential receiver and in each case located at or within 30m of the 

residence in the direction of the wind farm (with the exception of Lakoona (G4) where the 

outhouse was substituted for the residence as explained below). 

Attended surveys were also conducted on a night during the survey period whenever weather 

conditions permitted, particularly when low wind speeds at microphone height prevailed.  The 

measurement location was as close as possible to the loggers. 

A Davis Vantage Vue weather logger was placed at Lakoona and a second unit at The Patch at a 

height of approximately 1.8m above ground level.  The logger enabled wind speed and 

direction to be determined at a height just above the standard microphone height of 1.5m.   

The Lakoona weather logger wind speed and direction was applied to Widgemore and La 

Granja.  The Patch weather logger wind speed and direction was applied to Worxham and E7 

Granhram Park.  Local wind speeds are not used in the analysis, they are used only to exclude 
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data at times of high local wind.  The use of 175mm diameter special purpose wind screens on 

all loggers has the effect of reducing turbulence on the microphone to acceptable levels. 

The unattended noise loggers continuously measured all statistical noise parameters over 

contiguous intervals of 10 minutes.  In addition, the loggers recorded 1 second over-all noise 

parameters and the 1 second Leq 1/3 octave band Leq spectrum from 5Hz to 20kHz as well as 

saving a compressed version of the audio file.  It is possible using this instrumentation to 

interrogate any 10 minute period and replay the 1 second 1/3 octave band spectra in real time 

with synchronised audio. 

As explained in this report, the meteorological towers were removed from Capital wind farm 

and therefore wind data must be obtained from the wind turbine located nearest Sunnybrook 

and Sunnybrook II locations, being WTG 13.   

Concurrent with the noise monitoring, data from the anemometer on WTG 13 nacelle (located 

as shown in Figure 1) was used to provide the 10 minute wind speed and direction at 83.3m 

above ground level.  A check was made that the time clock in the wind turbine station 

anemometer coincided with that of the noise measurement equipment.  

The 10 minute wind speed at 10m was determined using a roughness length of .05m applicable 

for the area (i.e. farmland with some vegetation) as follows: 15 

Vs = Vz [
   (

    

     
)

    (
 

  
)
]   …(1) 

where, 

z = 83.3m 

    = 10m 

     =   = 0.05m 

Therefore, 

Vs = Vz x 0.7142                   …(2) 

In respect of wind direction, there is no simple method of determining the wind direction at a 

height of 10m from the nacelle height.  Therefore, the wind direction at nacelle height is 

assumed to apply at 10m.  On this basis, the following figure shows the distribution of wind 

speed and direction for the survey period. 

                                                

15 IEC 61400-11 Wind turbine generator systems – Part 11: Acoustic noise measurement techniques 
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The figure shows that the wind direction was predominantly WNW and SSW for the higher wind 

speeds.  Low wind speeds below about 5m/sec are more evenly distributed.  There is no 

information provided in the 2005 Background Report in respect of wind directions which 

occurred during the baseline noise study. 

For each residential receiver, a regression analysis was undertaken in accordance with the SA 

Guidelines.  Noise samples that exhibited periods of high wind speed at the microphone 

(greater than 5m/sec at microphone height) or when rain fell were excluded from the sample.  

In addition, two regressions were made, one with all valid data and one excluding periods when 

there was no power generated from the project site.  According to the SA Guidelines, ambient 

noise levels should be taken “with the wind farm operating”.16  Nevertheless, both analyses 

were made for the purpose of comparison.  

Tests for the modification factors specified in condition 56, particularly tonality and low 

frequency noise, were made using the data from the attended noise measurements.  At all 

locations there were times when wind noise influenced the audibility of the turbines.  Therefore, 

the approach taken was to select from the attended noise samples periods when the noise level 

was for a time at its lowest to minimise wind noise.  These periods are denoted between the 

two cursors in the graphs shown in the sections to follow.  At some locations noise from 

crickets dominated and it was not possible to obtain meaningful relevant results. 

 

                                                

16 Section 4.1 SA Guidelines 

 

Figure 7 10m Wind Speed and Direction During the Survey Monitoring Period 
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6 COMPLIANCE ASSESSMENT RESULTS 

In this section, the detailed results of the compliance assessment are reported for each 

residential receiver in turn.   

It is noted that the background noise survey described in the 2005 Background Report is the 

only ambient noise survey conducted prior to any of the turbines becoming operational.  There 

is therefore no information available as to background noise levels for the compliance 

assessment locations specified in Condition 53.  This does not affect the noise assessment in 

this report as the methodology adopted here-in does not depend upon the existence of a pre-

operational background survey.  

6.1 Lakoona (G4) 

The location selected for the noise monitoring is 25m south of the outhouse and 66m from the 

main house overlooking the turbines to the south-west.  Audible intermittent noise from a 

power line located adjacent to the house prevented the selection of a location at 30m from the 

main dwelling.  Nevertheless, the measurement location selected complies with condition 55 as 

it is situated within 30m of a dwelling.  Appendix C shows photographs of the measurement 

location and the unattended monitoring equipment.  

6.1.1 Attended Noise Survey 

Two attended noise surveys were conducted, the first of which was between 11:50pm -

12:10am on Monday night 16th July 2012.  Measurements were taken in two 10 minute 

samples.  The results are shown in Appendix C.   

By way of explanation, the time trace curve on the upper left hand side of each page shows the 

dB(A) noise level as a function of time.  Turbine noise was not evident during the survey.  The 

predominant audible noise came from cows and sheep.  In the panel shown at the bottom right 

hand side of the page are the local (microphone height) wind speed, the 10m height MET17 

anemometer mast wind speed and direction and the power generated in MW from the 

development.   

We note that during the survey the following conditions occurred: 

i) output generated by the project 2.1-3.7MW; 

ii) 10m wind speed was 2.7-3.4m/sec; 

iii) Wind direction was 284o 

Therefore, wind speed was very low and there was negligible power being generated by the 

development.  Whilst the wind direction was downwind, the measurement could not be 

considered to be conducive to a worst case condition.  

A second survey was conducted on the night of 30th July 2012 between 8:40pm and 9:00pm.  

On this occasion the turbines could be heard.  The following conditions occurred: 
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i) output generated by the project 12.4-13.7MW; 

ii) 10m wind speed was 3.7-3.9m/sec; 

iii) Wind direction was 194o 

Again, on this night, wind speed was low and there was minimal power being generated by the 

development and the measurement could not be considered to be conducive to a worst case 

condition.  

Despite the low power generation, an analysis was nevertheless performed of the modification 

factors referred to in condition 56 of the Ministers consent, in particular low frequency noise 

and tonality, despite the turbines being inaudible.  The analysis was performed in a period 

when wind noise was at its lowest which is marked in the graphs in Appendix C by a red and 

green cursor on each page. 

The following results were obtained: 

Table 8 Lakoona (G4) Modification Factor Analysis 

Date Modification Factor Required Measured 

16th July 2012 

Low Frequency C-A less than 15dB 12.2-18.4 

Tonality Difference between adjacent bands as specified 
in INP Section 4 

No Tonality 

    

30th July 2012 

Low Frequency C-A less than 15dB 18.1-19.0 

Tonality Difference between adjacent bands as specified 
in INP Section 4 

No Tonality 

 

We conclude there is no requirement for a tonality correction.  As the low frequency trigger 

limit was exceeded in the second survey when the turbines were audible, a more 

comprehensive analysis was undertaken of low frequency noise as described in Section 6.9. 

A sample of the sound trace for the second survey was also checked for excessive regular 

“beating” of the turbine noise level associated with the frequency of blade rotation otherwise 

referred to as “amplitude modulation”.  The following figure is an example of the variation of 

sound level with time.  

 

 

 

 



© Renzo Tonin & Associates (NSW) Pty Ltd Specialist Noise Component of Compliance Audit 

Environmental Acoustics Team Capital Wind Farm 

TF694-01F07 (rev 10) Capital Wind Farm Compliance Assessment 

Report 

NSW Department of Planning and Infrastructure 

25 October 2012 Page 38 

 

Beating is manifest as a serious of regular peaks and troughs in the time trace with a period of 

approximately 1 second between adjacent peaks.  There is no regular beating evident in the 

trace.    We conclude on this basis that there is no modification penalty for amplitude 

modulation. 

6.1.2 Unattended Noise Survey 

We now turn to the results of the unattended noise survey which are contained in Appendix D.  

The regression analysis is shown in Figure 9 wherein the third order polynomial resulted in the 

highest correlation coefficient.  On the figure is shown the following: 

i) the blue line is the resultant correlation curve for the “turbines operating” condition; 

ii) the regression formula for the “turbines operating” condition; 

iii) the red circles are the LA90(10min) values with the turbines not operating determined 

from the station MW generation data; 

iv) the dashed black line is shown for comparative purposes and includes all 

meteorologically valid data (i.e. whether or not turbines are operating or not 

operating).  There is a requirement in the SA Guidelines for compliance testing only 

when the wind farm is operating.17 

We now turn to Figure 10 which shows the following: 

i) the noise limit for Lakoona (G4) shown as a green dashed line; 

ii) in red, the regression curve for Luckdale (G2) taken from the 2005 Background Report 

(measured prior to project commencement); 

iii) in blue, the regression line from this study (turbines operating); and, 

                                                

17 SA Guidelines, Section 4.1 
 

Figure 8 Sample of Sound Trace Recorded at  Lakoona 8:40pm 30/7/2012 
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iv) in dashed black, for comparative purposes only, the regression line from this study 

(both turbines operating and turbines not operating). 

Of particular note is the fact for wind speeds up to about 11m/sec, the regression line for this 

study and the 2005 pre-operational regression lines are very close despite the fact that the 

latter is for a different location.  For the higher wind speeds, we also note that the 2010 

regression line derived from the Stage 2 NCA Report is about 5dB higher than the current 

study. 

Noise levels for Capital Wind Farm were predicted in the Addendum Noise Impact Assessment 

using the CONCAWE algorithm.18  We note that the value of ground absorption chosen is not 

documented.   In respect of the Lakoona property, there is negligible contribution from 

Woodlawn Wind Farm. 

Table 9 below summarises the data in Figure 9 in tabular form: 

Table 9 Lakoona (G4) Compliance Assessment 

  
10m Wind Speed m/s 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Criteria 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0       

Predicted     28.5 29.5 30.5 31.0 31.5 31.5 31.5 31.5 31.5       

Measured 25.1 28.0 30.3 32.1 33.6 34.8 36.0 37.1 38.4 39.9 41.7 43.9 46.8 50.2 

Predicted - 
Measured 

    -1.8 -2.6 -3.1 -3.8 -4.5 -5.6 -6.9 -8.4 -10.2       

Measured - 
Criteria 

-9.9 -7.0 -4.7 -2.9 -1.4 -0.2 1.0 2.1 3.4 4.9 6.7       

 

The “Measured” row, corresponding to the LA90(10min) mean level  determined from the 

regression analysis, represents the sum of noise from the turbines and wind related noise from 

vegetation.  In using the LA90(10min) metric in the SA Guidelines, wind and ambient related 

noise is minimised but not eliminated. 

The “Criteria” and “Predicted” noise levels relate to wind turbine noise only.  Therefore, in 

respect of the exceedences shown in the last row from 8m/sec and above, the “Measured” level 

includes wind noise and therefore cannot validly be compared with the “Criteria” which excludes 

wind noise. 

                                                

18 Table 3-2 Capital Wind Farm – Addendum Noise Impact Assessment.  Vipac Engineers & Scientists Pty 
Ltd. Document No 50B-04-5608-TRP-423213-2, 15 Oct 2008 
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Figure 9 Lakoona (G4) Regression Analysis 
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Figure 10 Lakoona (G4) Compliance Analysis 
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We would normally rely on a baseline curve (similar to the red curve in Figure 10) to provide 

information about wind related noise, however, the 2005 data is considered dated and 

therefore unreliable.   

Nevertheless, a reasonable assessment can be made if one examines the results at the lower 

wind speeds 4-5m/sec where wind noise is expected to be at a minimum.  The results are 

shown in the following table: 

Table 10 Lakoona (G4) Compliance Assessment Based on Estimated Turbine Noise 

Levels 

  
10m Wind Speed m/s 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Criteria 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0    

Predicted     28.5 29.5 30.5 31.0 31.5 31.5 31.5 31.5 31.5       

Increase in dB         1.0 0.5 0.5 0.0 0.0 0.0 0.0       

Estimated 25.1 28.0 30.3 32.1 33.1 33.6 34.1 34.1 34.1 34.1 34.1       

Predicted – 
Estimated 

    -1.8 -2.6 -2.6 -2.6 -2.6 -2.6 -2.6 -2.6 -2.6       

Estimated – 
Criteria 

-7.7 -6.1 -4.7 -2.9 -1.9 -1.4 -0.9 -0.9 -0.9 -0.9 -0.9       

 

In this table, the row “Increase in dB” represents the increase in “Predicted” turbine noise level 

for wind speeds above 5m/sec.  For example, the increase in “Predicted” turbine noise level 

from 5m/sec to 6m/sec is (30.5-29.5=) 1.0dB (highlighted in red in the table above for 

clarification).  Similarly, the increase in predicted turbine noise level from 6m/sec to 7m/sec is 

0.5dB, and so on. 

Therefore an estimate of turbine noise alone at 6m/sec can be determined by adding the 

“Increase in dB” level of 1.0dB to the “Measured” level of 32.1dB(A) at 5m/sec resulting in a 

level of (32.1+1.0=) 33.1dB(A) at 6m/sec which is shown in the “Estimated” row.  This 

procedure is sequentially applied to the remainder of the row. 

Therefore, in the “Estimated” row in the table above, the actual measured levels are shown 

bold in black and the estimated values are those from 6m/sec upwards shown as bold in blue.  

The resulting “Estimated” row may then be compared with the “Criteria” and the final row 

shows that compliance is demonstrated at all wind speeds. 
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6.2 Widgemore (G6) 

The location selected for the noise monitoring is at the rear of the house at a distance of 30m 

from the dwelling in a south-westerly direction overlooking the turbines protruding above the 

hill.  Appendix E shows photographs of the measurement location and the unattended 

monitoring equipment.  

6.2.1 Attended Noise Survey 

An attended noise survey was conducted between 11:10-11:30pm on Monday night 16th July 

2012.  The results are shown in Appendix E.   

We note that during the survey the following conditions occurred: 

i) output generated by the project 8.1-8.5MW; 

ii) 10m wind speed was 3.2m/sec; 

iii) Wind direction was 264-266o 

Therefore, operating output was low, however wind direction was downwind.  Nevertheless, this 

could not be classified as a worst case condition.  As noted in the result, a low level turbine 

noise could be heard together with noise form sheep. 

An analysis was performed of the modification factors referred to in condition 56 of the 

Ministers consent, in particular low frequency noise and tonality, despite the turbines being 

audible at a low level.  The analysis was performed in a period when wind noise was at its 

lowest which is marked in the graphs in Appendix E by a red and green cursor. 

The following results were obtained: 

Table 11 Widgemore (G6) Modification Factor Analysis 

Date Modification Factor Required Measured 

16th July 2012 

Low Frequency C-A less than 15dB 15.6 

Tonality Difference between adjacent bands as specified 
in INP Section 4 

No Tonality 

 

We conclude there is no requirement for a tonality correction.  Whilst the low frequency trigger 

was exceeded by an insignificant amount, a more comprehensive analysis is nevertheless 

undertaken in Section 6.9. 

A sample of the sound trace was also checked for excessive regular “beating” of the turbine 

noise level associated with the frequency of blade rotation otherwise referred to as “amplitude 

modulation”.  The following figure is an example of the variation of sound level with time.  
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Beating is manifest as a serious of regular peaks and troughs in the time trace with a period of 

approximately 1 second between adjacent peaks.  There is no regular beating evident in the 

trace.    We conclude on this basis that there is no modification penalty for amplitude 

modulation. 

6.2.2 Unattended Noise Survey 

We now turn to the results of the unattended noise survey which are contained in Appendix F.  

The regression analysis is shown in Figure 12 wherein the third order polynomial resulted in the 

highest correlation coefficient.  On the figure is shown the following: 

i) the blue line is the resultant correlation curve for the “turbines operating” condition; 

ii) the regression formula for the “turbines operating” condition; 

iii) the red circles are the LA90(10min) values with the turbines not operating determined 

from the station MW generation data; 

iv) the dashed black line is shown for comparative purposes and includes all 

meteorologically valid data (i.e. whether or not turbines are operating or not 

operating).  There is a requirement in the SA Guidelines for compliance testing only 

when the wind farm is operating.19 

We now turn to Figure 13 which shows the following: 

i) the noise limit for Widgemore (G6) shown as a green dashed line; 

ii) in red, the regression curve for Euroka (G7) taken from the 2005 Background Report 

(measured prior to project commencement); 

iii) in blue, the regression line from this study (turbines operating); and, 

                                                

19 SA Guidelines, Section 4.1 
 

Figure 11 Sample of Sound Trace Recorded at Widgemore 11:13pm 16/7/2012 
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iv) in dashed black, for comparative purposes only, the regression line from this study 

(both turbines operating and turbines not operating). 

Of particular note is the fact that the regression line for this study and the 2005 pre-operational 

regression lines are close at about 2-3m/sec but diverge for higher wind speeds even though 

the latter is for a different location.  We also note that the 2010 regression line derived from 

the Stage 2 NCA Report is generally 2-3dB higher than the current study except at the low and 

high extremities of the wind range. 

Noise levels for Capital Wind Farm were predicted in the Addendum Noise Impact Assessment 

using the CONCAWE algorithm.20  In respect of the Widgemore (G6) property, there is 

negligible contribution from Woodlawn Wind Farm. 

The following table summarises the data in Figure 12 in tabular form: 

Table 12 Widgemore (G6) Compliance Assessment 

  
10m Wind Speed m/s 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Criteria 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0       

Predicted     32.0 32.5 34.0 34.0 34.5 34.5 34.5 34.5 34.5       

Measured 26.9 28.1 29.5 31.1 32.8 34.7 36.7 38.7 40.9 43.1 45.3 47.5 49.8 52.0 

Predicted - 
Measured 

    2.5 1.4 1.2 -0.7 -2.2 -4.2 -6.4 -8.6 -10.8       

Measured - 
Criteria 

-8.1 -6.9 -5.5 -3.9 -2.2 -0.3 1.7 3.7 5.9 8.1 10.3       

 

The “Measured” row, corresponding to the LA90(10min) mean level  determined from the 

regression analysis, represents the combination of noise from the turbines and wind related 

noise from vegetation.  In using the LA90(10min) metric in accordance with the SA Guidelines, 

wind related noise is minimised but not eliminated. 

The “Criteria” and “Predicted” noise levels relate to wind turbine noise only.  Therefore, in 

respect of the exceedences shown in the last row from 8m/sec and above, the “Measured” level 

includes wind noise and therefore cannot validly be compared with the “Criteria” which excludes 

wind noise. 

 

 

                                                

20 Table 3-2 Capital Wind Farm – Addendum Noise Impact Assessment.  Vipac Engineers & Scientists Pty 
Ltd. Document No 50B-04-5608-TRP-423213-2, 15 Oct 2008 
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Figure 12 Widgemore (G6) Regression Analysis 
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Figure 13 Widgemore (G6) Compliance Analysis 
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For the reasons previously explained, it is not possible to measure the noise contribution from 

the wind turbines in the absence of vegetation noise.  This precludes a definitive conclusion to 

be made in respect of compliance of wind farm noise levels at Widgemore (G6). 

Nevertheless, a reasonable assessment can be made if one examines the results at the lower 

wind speeds 4-5m/sec where wind noise is expected to be at a minimum.  The results are 

shown in the following table: 

Table 13 Widgemore (G6) Compliance Assessment Based on Estimated Turbine Noise Levels 

  
10m Wind Speed m/s 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Criteria 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0    

Predicted     32.0 32.5 34.0 34.0 34.5 34.5 34.5 34.5 34.5       

Increase in dB         1.5 0.0 0.5 0.0 0.0 0.0 0.0       

Estimated 26.9 28.1 29.5 31.1 32.6 32.6 33.1 33.1 33.1 33.1 33.1       

Predicted – 

Estimated 

    2.5 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4       

Estimated – 
Criteria 

-7.7 -6.1 -5.5 -3.9 -2.4 -2.4 -1.9 -1.9 -1.9 -1.9 -1.9       

 

As previously explained for Lakoona (G4), in this table, the row “Increase in dB” represents the 

increase in predicted turbine noise level for wind speeds above 5m/sec.  For example, the 

increase in predicted turbine noise level from 5m/sec to 6m/sec is 1.5dB.  Similarly, the 

increase in predicted turbine noise level from 6m/sec to 7m/sec is 0dB, and so on. 

Therefore an estimate of turbine noise alone at 6m/sec can be determined by adding the 

“Increase in dB” level of 1.5dB to the “Measured” level of 31.1dB(A) at 5m/sec resulting in a 

level of 32.6dB(A) at 6m/sec.  This procedure is sequentially applied to the remainder of the 

row. 

Therefore, in the “Estimated” row in the table above, the actual measured levels are shown 

bold in black and the estimated values are those from 6m/sec upwards.  The resulting 

“Estimated” row may then be compared with the “Criteria” and the final row shows that 

compliance is demonstrated at all wind speeds. 
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6.3 La Granja (G10) 

The location selected for the noise monitoring is 30m from the dwelling in a north-westerly 

direction overlooking the Capital turbines to the north-west.  Appendix G shows photographs of 

the measurement location and the unattended monitoring equipment.  

6.3.1 Attended Noise Survey 

An attended noise survey was conducted between 10:30-10:50pm on Monday night 16th July 

2012 at the front gate to the property as access to the unattended logger location was not 

available.  Two ten minute samples were recorded.  Weather conditions were calm and cricket 

noise predominated.  The swishing sound of Capital turbines to the north-west was audible.  

The results are shown in Appendix G. 

We note that during the survey the following conditions occurred: 

i) output generated by the project 25.2-25.9MW; 

ii) 10m wind speed was 3.7-3.8m/sec; 

iii) Wind direction was 268-273o 

Therefore, operating output was low and despite wind direction being downwind, this is not 

conducive to a worst case condition.   

An analysis was performed of the modification factors referred to in condition 56 of the 

Ministers consent, in particular low frequency noise and tonality, despite the influence of cricket 

noise which can be seen in the spectra in Appendix G at around 2.5kHz.  The analysis was 

performed in a period when wind noise was at its lowest which is marked in the graphs in 

Appendix G by a red and green cursor. 

The following results were obtained: 

Table 14 La Granja (G10) Modification Factor Analysis 

Date Modification Factor Required Measured 

16th July 2012 

Low Frequency C-A less than 15dB 13.3-13.7 

Tonality Difference between adjacent bands as specified 
in INP Section 4 

No Tonality 

 

We conclude there is no requirement for a tonality correction.  The low frequency trigger limit 

was not exceeded, however, as stated above, cricket noise influences the result.  A more 

comprehensive analysis was undertaken of low frequency noise as described in Section 6.9. 

A sample of the sound trace was also checked for excessive regular “beating” of the turbine 

noise level associated with the frequency of blade rotation otherwise referred to as “amplitude 

modulation”.  The following figure is an example of the variation of sound level with time.  
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Beating is manifest as a serious of regular peaks and troughs in the time trace with a period of 

approximately 1 second between adjacent peaks.  There is no regular beating evident in the 

trace.  However, we note that the sound level is dominated by crickets and cannot therefore 

come to a conclusion in respect of modification penalty for amplitude modulation. 

6.3.2 Unattended Noise Survey 

We now turn to the results of the unattended noise survey which are contained in Appendix H.  

The regression analysis is shown in Figure 15 wherein the third order polynomial resulted in the 

highest correlation coefficient.  On the figure is shown the following: 

i) the blue line is the resultant correlation curve for the “turbines operating” condition; 

ii) the regression formula for the “turbines operating” condition; 

iii) the red circles are the LA90(10min) values with the turbines not operating determined 

from the station MW generation data; 

iv) the dashed black line is shown for comparative purposes and includes all 

meteorologically valid data (i.e. whether or not turbines are operating or not 

operating).  There is a requirement in the SA Guidelines for compliance testing only 

when the wind farm is operating.21 

We now turn to Figure 15 which shows the following: 

i) the noise limit for La Granja (G10) shown as a green dashed line; 

ii) in red, the regression curve for Sunnybrook 1 (G8) taken from the 2005 Background 

Report (measured prior to project commencement); 

iii) in blue, the regression line from this study (turbines operating); and, 

                                                

21 SA Guidelines, Section 4.1 
 

Figure 14 Sample of Sound Trace Recorded at La Granja 10:33pm 16/7/2012 
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iv) in dashed black, for comparative purposes only, the regression line from this study 

(both turbines operating and turbines not operating). 

Of particular note is the fact that the regression line for this study is about 5dB higher 

compared with the 2005 pre-operational regression line, noting that the latter is for a different 

location.  We also note that the 2010 regression line derived from the Stage 2 NCA Report is 

generally within about 4dB of the current study. 

Noise levels for Capital Wind Farm were predicted in the Addendum Noise Impact Assessment 

using the CONCAWE algorithm.22  In respect of the La Granja (G10) property, there is 

negligible contribution from Woodlawn Wind Farm. 

The following table summarises the data in Figure 15 in tabular form: 

Table 15 La Granja (G10) Compliance Assessment 

  
10m Wind Speed m/s 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Criteria 35.0 35.0 35.0 35.0 35.0 36.0 37.0 37.0 37.0 37.0 37.0       

Predicted     34.0 34.5 36.0 36.5 36.5 37.0 37.0 37.0 37.0       

Measured 28.6 30.9 32.7 34.2 35.5 36.6 37.7 38.6 39.7 40.9 42.2 43.9 45.9 48.3 

Predicted - 
Measured 

    1.3 0.3 0.5 -0.1 -1.2 -1.6 -2.7 -3.9 -5.2       

Measured - 
Criteria 

-6.4 -4.1 -2.3 -0.8 0.5 0.6 0.7 1.6 2.7 3.9 5.2       

 

The “Measured” row, corresponding to the LA90(10min) mean level  determined from the 

regression analysis, represents the sum of noise level from the turbines and wind related noise 

from vegetation.  In using the LA90(10min) metric in the SA Guidelines, wind related noise is 

minimised but not eliminated. 

The “Criteria” and “Predicted” noise levels relate to wind turbine noise only.  Therefore, in 

respect of the exceedences shown in the last row from 6m/sec and above, the “Measured” level 

includes wind noise and therefore cannot validly be compared with the “Criteria” which excludes 

wind noise.  

 

                                                

22 Table 3-2 Capital Wind Farm – Addendum Noise Impact Assessment.  Vipac Engineers & Scientists Pty 
Ltd. Document No 50B-04-5608-TRP-423213-2, 15 Oct 2008 
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Figure 15 La Granja (G10) Regression Analysis 
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Figure 16 La Granja (G10) Compliance Analysis 



© Renzo Tonin & Associates (NSW) Pty Ltd Specialist Noise Component of Compliance Audit 

Environmental Acoustics Team Capital Wind Farm 

TF694-01F07 (rev 10) Capital Wind Farm Compliance Assessment 

Report 

NSW Department of Planning and Infrastructure 

25 October 2012 Page 54 

 

For the reasons previously explained, it is not possible to measure the noise contribution from 

the wind turbines in the absence of vegetation noise.  This precludes a definitive conclusion to 

be made in respect of compliance of wind farm noise levels at La Granja (G10). 

Nevertheless, a reasonable assessment can be made if one examines the results at the lower 

wind speeds 4-5m/sec where wind noise is expected to be at a minimum.  The results are 

shown in the following table: 

Table 16 La Granja (G10) Compliance Assessment Based on Estimated Turbine Noise Levels 

  
10m Wind Speed m/s 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Criteria 35.0 35.0 35.0 35.0 35.0 36.0 37.0 37.0 37.0 37.0 37.0    

Predicted     34.0 34.5 36.0 36.5 36.5 37.0 37.0 37.0 37.0       

Increase in dB         1.5 0.5 0.0 0.5 0.0 0.0 0.0       

Estimated 28.6 30.9 32.7 34.2 35.7 36.2 36.2 36.7 36.7 36.7 36.7       

Predicted – 

Estimated 

    1.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3       

Estimated – 
Criteria 

-7.7 -6.1 -2.3 -0.8 0.7 0.2 -0.8 -0.3 -0.3 -0.3 -0.3       

 

In this table, the row “Increase in dB” represents the increase in predicted turbine noise level 

for wind speeds above 5m/sec.  For example, the increase in predicted turbine noise level from 

5m/sec to 6m/sec is 1.5dB.  Similarly, the increase in predicted turbine noise level from 6m/sec 

to 7m/sec is 0.5dB, and so on. 

Therefore an estimate of turbine noise alone at 6m/sec can be determined by adding the 

“Increase in dB” level of 1.5dB to the “Measured” level of 34.2dB(A) at 5m/sec resulting in a 

level of 35.7dB(A) at 6m/sec.  This procedure is sequentially applied to the remainder of the 

row. 

Therefore, in the “Estimated” row in the table above, the actual measured levels are shown 

bold in black and the estimated values are those from 6m/sec upwards.  The resulting 

“Estimated” row may then be compared with the “Criteria” and the final row shows, with the 

exception of an insignificant exceedence of up to 0.7dB(A), that compliance is demonstrated at 

all wind speeds. 

 

  



© Renzo Tonin & Associates (NSW) Pty Ltd Specialist Noise Component of Compliance Audit 

Environmental Acoustics Team Capital Wind Farm 

TF694-01F07 (rev 10) Capital Wind Farm Compliance Assessment 

Report 

NSW Department of Planning and Infrastructure 

25 October 2012 Page 55 

 

6.4 The Patch (H15) 

The location selected for the noise monitoring is 30m from the dwelling in a northerly direction 

overlooking the Capital turbines to the west and north-west.  Appendix I shows photographs of 

the measurement location and the unattended monitoring equipment.  

6.4.1 Attended Noise Survey 

An attended noise survey was conducted between 9:00-9:20pm pm on Monday night 16th July 

2012.  Two ten minute samples were recorded.  There was a 2.5m/sec wind at the 

measurement location.  Sounds of crickets dominated and there was no swishing evident, only 

a wind-like sound.  An intermittent unidentified tone at 400Hz was also noted.  The results are 

shown in Appendix I.  

We note that during the survey the following conditions occurred: 

i) output generated by the project 40.6-46.1MW; 

ii) 10m wind speed was 5.5m/sec; 

iii) Wind direction was 290-291o 

Therefore, operating output was medium and wind direction was downwind and therefore not 

conducive to a worst case condition.   

An analysis was performed of the modification factors referred to in condition 56 of the 

Ministers consent, in particular low frequency noise and tonality, despite the influence of 

crickets and the Capital turbines not being distinctly audible.  The analysis was performed in a 

period when wind noise was at its lowest which is marked in the graphs in Appendix G by a red 

and green cursor. 

The following results were obtained: 

Table 17 The Patch (H15) Modification Factor Analysis 

Date Modification Factor Required Measured 

16th July 2012 

Low Frequency C-A less than 15dB 17.8-18.0 

Tonality Difference between adjacent bands as specified 
in INP Section 4 

No Tonality 

 

We conclude there is no requirement for a tonality correction.  As the low frequency trigger 

limit was exceeded, a more comprehensive analysis was undertaken of low frequency noise as 

described in Section 6.9. 

A sample of the sound trace was also checked for excessive regular “beating” of the turbine 

noise level associated with the frequency of blade rotation otherwise referred to as “amplitude 

modulation”.  The following figure is an example of the variation of sound level with time.  
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Beating is manifest as a serious of regular peaks and troughs in the time trace with a period of 

approximately 1 second between adjacent peaks.  There is no regular beating evident in the 

trace.  However, we note that the sound level is dominated by crickets and cannot therefore 

come to a conclusion in respect of modification penalty for amplitude modulation. 

6.4.2 Unattended Noise Survey 

We now turn to the results of the unattended noise survey which are contained in Appendix J.  

The regression analysis is shown in Figure 18 wherein the third order polynomial resulted in the 

highest correlation coefficient.  On the figure is shown the following: 

i) the blue line is the resultant correlation curve for the “turbines operating” condition; 

ii) the regression formula for the “turbines operating” condition; 

iii) the red circles are the LA90(10min) values with the turbines not operating determined 

from the station MW generation data; 

iv) the dashed black line is shown for comparative purposes and includes all 

meteorologically valid data (i.e. whether or not turbines are operating or not 

operating).  There is a requirement in the SA Guidelines for compliance testing only 

when the wind farm is operating.23 

We now turn to Figure 19 which shows the following: 

i) the noise limit for The Patch (H15) shown as a green dashed line; 

ii) in red, the regression curve for The Patch (H15) taken from the 2005 Background 

Report (measured prior to project commencement); 

iii) in blue, the regression line from this study (turbines operating); and, 

                                                

23 SA Guidelines, Section 4.1 
 

Figure 17 Sample of Sound Trace Recorded at The Patch (H15) 9:07pm 16/7/2012 
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iv) in dashed black, for comparative purposes only, the regression line from this study 

(both turbines operating and turbines not operating). 

Of particular note is the fact that the regression line for this study is about 3dB higher 

compared with the 2005 pre-operational regression line, noting that the latter is also for this 

location.  We also note that the 2010 regression line derived from the Stage 2 NCA Report is 

generally below that of the current study and exhibits a peculiar downward trend at high wind 

speeds which was previously discussed. 

Noise levels for Capital Wind Farm were predicted in the Addendum Noise Impact Assessment 

using the CONCAWE algorithm.24  In respect of The Patch (H15) property, there is negligible 

contribution from Woodlawn Wind Farm. 

The following table summarises the data in Figure 18 in tabular form: 

Table 18 The Patch (H15) Compliance Assessment 

  
10m Wind Speed m/s 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Criteria 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0       

Predicted     30.0 30.5 32.0 32.5 32.5 33.0 33.0 33.0 33.0       

Measured 28.2 30.2 31.9 33.5 34.8 36.0 37.0 37.9 38.6 39.3 39.8 40.2 40.5 40.8 

Predicted - 
Measured 

    -1.9 -3.0 -2.8 -3.5 -4.5 -4.9 -5.6 -6.3 -6.8       

Measured - 
Criteria 

-6.8 -4.8 -3.1 -1.5 -0.2 1.0 2.0 2.9 3.6 4.3 4.8       

 

The “Measured” row, corresponding to the LA90(10min) mean level  determined from the 

regression analysis, represents the sum of noise level from the turbines and wind related noise 

from vegetation.  In using the LA90(10min) metric in the SA Guidelines, wind related noise is 

minimised but not eliminated. 

The “Criteria” and “Predicted” noise levels relate to wind turbine noise only.  Therefore, in 

respect of the exceedences shown in the last row from 6m/sec and above, the “Measured” level 

includes wind noise and therefore cannot validly be compared with the “Criteria” which excludes 

wind noise.  

 

 

                                                

24 Table 3-2 Capital Wind Farm – Addendum Noise Impact Assessment.  Vipac Engineers & Scientists Pty 
Ltd. Document No 50B-04-5608-TRP-423213-2, 15 Oct 2008 
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Figure 18 The Patch (H15) Regression Analysis 
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Figure 19 The Patch (H15) Compliance Assessment 
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For the reasons previously explained, it is not possible to measure the noise contribution from 

the wind turbines in the absence of vegetation noise.  This precludes a definitive conclusion to 

be made in respect of compliance of wind farm noise levels at The Patch (H15). 

Nevertheless, a reasonable assessment can be made if one examines the results at the lower 

wind speeds 4-5m/sec where wind noise is expected to be at a minimum.  The results are 

shown in the following table: 

Table 19 The Patch (H15) Compliance Assessment Based on Estimated Turbine Noise Levels 

  
10m Wind Speed m/s 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Criteria 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0    

Predicted     30.0 30.5 32.0 32.5 32.5 33.0 33.0 33.0 33.0    

Increase in dB         1.5 0.5 0.0 0.5 0.0 0.0 0.0    

Estimated 28.2 30.2 31.9 33.5 35.0 35.5 35.5 36.0 36.0 36.0 36.0    

Predicted – 

Estimated 

    -1.9 -3.0 -3.0 -3.0 -3.0 -3.0 -3.0 -3.0 -3.0    

Estimated – 
Criteria 

-7.7 -6.1 -3.1 -1.5 0.0 0.5 0.5 1.0 1.0 1.0 1.0    

 

In this table, the row “Increase in dB” represents the increase in predicted turbine noise level 

for wind speeds above 5m/sec.  For example, the increase in predicted turbine noise level from 

5m/sec to 6m/sec is (32.0-30.5=) 1.5dB.  Similarly, the increase in predicted turbine noise 

level from 6m/sec to 7m/sec is 0.5dB, and so on. 

Therefore an estimate of turbine noise alone at 6m/sec can be determined by adding the 

“Increase in dB” level of 1.5dB to the “Measured” level of 33.5dB(A) at 5m/sec resulting in a 

level of (33.5+1.5=) 35.0dB(A) at 6m/sec.  This procedure is sequentially applied to the 

remainder of the row. 

Therefore, in the “Estimated” row in the table above, the actual measured levels are shown 

bold in black and the estimated values are those from 6m/sec upwards.  The resulting 

“Estimated” row may then be compared with the “Criteria” and the final row shows, with the 

exception of an insignificant exceedence of up to 1dB(A), that compliance is demonstrated at all 

wind speeds. 
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6.5 Wroxham (H24) 

The location selected for the noise monitoring is in the rear paddock of the property at a 

distance of 30m from the dwelling in a westerly direction overlooking the turbines to the west 

and south-west (not visible due to trees).  Appendix K shows photographs of the measurement 

location and the unattended monitoring equipment.  

6.5.1 Attended Noise Survey 

An attended noise survey was conducted between 9:50-10:10pm on Monday night 16th July 

2012 on the roadside at the entrance to the property (as access was not otherwise available).  

Two ten minute samples were recorded.  There was a 3.9m/sec wind at the measurement 

location.  Sounds of crickets dominated together with intermittent sounds of cows, sheep and 

other unknown animals.  The turbines were audible and swishing was evident.  The results are 

shown in Appendix K.   

We note that during the survey the following conditions occurred: 

i) output generated by the project 42.7-46.5MW; 

ii) 10m wind speed was 5.8-6.0m/sec; 

iii) Wind direction was 273-277o 

Therefore, operating output was medium and wind direction was downwind but not conducive 

to a worst case condition.   

An analysis was performed of the modification factors referred to in condition 56 of the 

Ministers consent, in particular low frequency noise and tonality, despite the sound of crickets.  

The analysis was performed in a period when wind noise was at its lowest which is marked in 

the graphs in Appendix K by a red and green cursor. 

The following results were obtained: 

Table 20 Wroxham (H24) Modification Factor Analysis 

Date Modification Factor Required Measured 

16th July 2012 

Low Frequency C-A less than 15dB 15.5-16.2 

Tonality Difference between adjacent bands as specified 
in INP Section 4 

No Tonality 

 

We conclude there is no requirement for a tonality correction.  As the low frequency trigger was 

exceeded, a more comprehensive analysis was undertaken of low frequency noise as described 

in Section 6.9. 
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A sample of the sound trace was also checked for excessive regular “beating” of the turbine 

noise level associated with the frequency of blade rotation otherwise referred to as “amplitude 

modulation”.  The following figure is an example of the variation of sound level with time.  

Beating is manifest as a serious of regular peaks and troughs in the time trace with a period of 

approximately 1 second between adjacent peaks.  There is no regular beating evident in the 

trace.  However, we note that the sound level is dominated by crickets and cannot therefore 

come to a conclusion in respect of modification penalty for amplitude modulation. 

6.5.2 Unattended Noise Survey 

We now turn to the results of the unattended noise survey which are contained in Appendix L.  

The regression analysis is shown in Figure 21 wherein the third order polynomial resulted in the 

highest correlation coefficient.  On the figure is shown the following: 

i) the blue line is the resultant correlation curve for the “turbines operating” condition; 

ii) the regression formula for the “turbines operating” condition; 

iii) the red circles are the LA90(10min) values with the turbines not operating determined 

from the station MW generation data; 

iv) the dashed black line is shown for comparative purposes and includes all 

meteorologically valid data (i.e. whether or not turbines are operating or not 

operating).  There is a requirement in the SA Guidelines for compliance testing only 

when the wind farm is operating.25 

                                                

25 SA Guidelines, Section 4.1 

Figure 20 Sample of Sound Trace Recorded at Wroxham (H24) 10:04pm 16/7/2012 
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We now turn to Figure 22 which shows the following: 

i) the noise limit for Wroxham (H24) shown as a green dashed line; 

ii) in red, the regression curve for Gray (H5) taken from the 2005 Background Report 

(measured prior to project commencement); 

iii) in blue, the regression line from this study (turbines operating); and, 

iv) in dashed black, for comparative purposes only, the regression line from this study 

(both turbines operating and turbines not operating). 

Of particular note is the fact that the regression line for this study is about 5-7dB higher 

compared with the 2005 pre-operational regression line, noting that the latter is for a different 

location.  We also note that the 2010 regression line derived from the Stage 2 NCA Report is 

within about 4dB of the current study. 

In respect of the Wroxham (H24) property, there is a small but significant contribution from 

Capital Wind Farm.  Noise levels for Capital Wind Farm were predicted in the Addendum Noise 

Impact Assessment.26  Noise levels for Woodlawn Wind Farm (including cumulative contribution 

from Capital Wind Farm) were predicted in the Supplementary Statement of Environmental 

Effects.27  In both cases predictions were made using the CONCAWE algorithm.  The following 

table shows the cumulative noise impact from Woodlawn at Wroxham (H24): 

Table 21 Predicted Cumulative Noise Levels at Wroxham (H24) 

  
10m Wind Speed m/s 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Cumulative Total 
Woodlawn + 

Capital  

(Table 3-4 ref 27) 

    32.0 33.0 34.0 35.0 35.5 35.5 35.5 35.5 35.5       

Contribution Only 
from Capital 

(Table 3-2 ref 26) 

  31.5 32.0 33.5 34.0 34.0 34.5 34.5 34.5 34.5    

Cumulative 
Correction 

  0.5 1.0 0.5 1.0 1.5 1.0 1.0 1.0 1.0    

 

The cumulative contribution from Woodlawn Wind Farm must be subtracted from the 

measurements because the Ministers consent No 53 relates only to “noise generated from the 

Development” meaning Capital Wind Farm on its own.  The application of this correction will be 

explained below. 

                                                                                                                                             

 
26 Table 3-2 Capital Wind Farm – Addendum Noise Impact Assessment.  Vipac Engineers & Scientists Pty 
Ltd. Document No 50B-04-5608-TRP-423213-2, 15 Oct 2008 
 
27 Table 3-2 and Table 3-4 Addendum Technical Memorandum.  Woodlawn Wind Farm Noise Assessment.  
Vipac Engineers & Scientists Pty Ltd. Report No 50B-08-0138-TRP-423683-9, 22 July 2010 
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We now turn to the following table which summarises the data in Figure 22 in tabular form: 

Table 22 Wroxham (H24) Compliance Assessment 

  
10m Wind Speed m/s 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Criteria 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0       

Predicted     31.5 32.0 33.5 34.0 34.0 34.5 34.5 34.5 34.5       

Measured 30.4 32.6 34.3 35.6 36.6 37.4 38.2 38.9 39.7 40.8 42.2 44.0 46.3 49.2 

Predicted - 
Measured 

    -2.8 -3.6 -3.1 -3.4 -4.2 -4.4 -5.2 -6.3 -7.7       

Measured - 
Criteria 

-4.6 -2.4 -0.7 0.6 1.6 2.4 3.2 3.9 4.7 5.8 7.2       

 

The “Measured” row, corresponding to the LA90(10min) mean level  determined from the 

regression analysis, represents the combination of noise from the turbines and wind related 

noise from vegetation.  In using the LA90(10min) metric in accordance with the SA Guidelines, 

wind related noise is minimised but not eliminated. 

The “Criteria” and “Predicted” noise levels relate to wind turbine noise only.  Therefore, in 

respect of the exceedences shown in the last row from 6m/sec and above, the “Measured” level 

includes wind noise and therefore cannot validly be compared with the “Criteria” which excludes 

wind noise.  In addition, the “Measured” level also includes a small contribution from Woodlawn 

Wind Farm. 
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Figure 21 Wroxham (H24) Regression Analysis 
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Figure 22 Wroxham (H24) Compliance Analysis 
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For the reasons previously explained, it is not possible to measure the noise contribution from 

the wind turbines in the absence of vegetation noise.  This precludes a definitive conclusion to 

be made in respect of compliance of wind farm noise levels at Wroxham (H24). 

Nevertheless, a reasonable assessment can be made if one examines the results at the lower 

wind speeds 4-5m/sec where wind noise is expected to be at a minimum.  The results are 

shown in the following table: 

Table 23 Wroxham (H24) Compliance Assessment Based on Estimated Turbine Noise Levels 

  
10m Wind Speed m/s 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Criteria 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0    

Predicted     32.0 33.0 34.0 35.0 35.5 35.5 35.5 35.5 35.5    

Increase in dB         1.0 1.0 0.5 0.0 0.0 0.0 0.0    

Estimated Total 
Turbine Noise 

30.4 32.6 34.3 35.6 36.6 37.6 38.1 38.1 38.1 38.1 38.1    

Cumulative 
Correction 

    -0.5 -1.0 -0.5 -1.0 -1.5 -1.0 -1.0 -1.0 -1.0    

Estimated Capital 
Turbine Noise 

    33.8 34.6 36.1 36.6 36.6 37.1 37.1 37.1 37.1    

Predicted – 
Estimated Capital 

    -1.8 -1.6 -2.1 -1.6 -1.1 -1.6 -1.6 -1.6 -1.6    

Estimated Capital 
- Criteria 

-7.7 -6.1 -1.2 -0.4 1.1 1.6 1.6 2.1 2.1 2.1 2.1    

 

In this table the “Predicted” is the cumulative prediction of noise from both Capital and 

Woodlawn wind farms at Wroxham (as shown in the first row of Table 21 above).  As previously 

explained, in this table, the row “Increase in dB” represents the increase in predicted turbine 

noise level for wind speeds above 5m/sec.  For example, the increase in predicted turbine noise 

level from 5m/sec to 6m/sec is 1.0dB.  Similarly, the increase in predicted turbine noise level 

from 6m/sec to 7m/sec is 1.0dB, and so on. 

Therefore an estimate of turbine noise alone at 6m/sec can be determined by adding the 

“Increase in dB” level of 1.0dB to the “Measured” level of 33.3dB(A) at 5m/sec resulting in a 

level of 34.3dB(A) at 6m/sec.  This procedure is sequentially applied to the remainder of the 

row. 

Therefore, in the “Estimated Total Turbine Noise” row in the table above, the actual measured 

levels are shown as bold in black and the estimated values are those from 6m/sec upwards.  

This represents the cumulative total noise from both Capital and Woodlawn wind farms.  From 

this must be subtracted the “Cumulative Correction” value shown in Table 21 to arrive at the 

“Estimated Capital Turbine Noise” which, as its name implies, represents Capital turbine noise 

only.  This row may then be compared with the “Criteria”. 
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In respect of assessing compliance with the selected criteria, we refer to the following 

requirement in the Industrial Noise Policy which in our opinion would also be pertinent to wind 

farms: 

11.1.3 Non-compliances with noise conditions 

When is a development in non-compliance with a noise condition? 

A development will be deemed to be in non-compliance with a noise consent or licence 

condition if the monitored noise level is more than 2 dB above the statutory noise limit 

specified in the consent or licence condition. … 

Therefore, in respect of the non-compliances shown in the final row, there is a minor non-

compliance for the higher wind speeds (2.1dB compared with 2.0dB limit), however we do not 

consider this to be significant because the contributing noise level from Capital is less than the 

total measured background noise level (compare the “Estimated Capital Turbine Noise” in Table 

23 with the “Measured” row in Table 22 from 9m/s onwards) and hence vegetation noise is 

likely to mask the turbine noise.  

For this reason we conclude that compliance is achieved at all wind speeds. 

6.6 Grantham Park (E7) 

The location selected for the noise monitoring is 16m west and 18m north from the 

corresponding corners of the dwelling overlooking the Capital turbines to the north-west.  

Appendix M shows photographs of the measurement location and the unattended monitoring 

equipment.  

6.6.1 Attended Noise Survey 

An attended noise survey was conducted between 9:30-9:50 pm on Monday night 13th August 

2012.  Two ten minute samples were recorded.  Weather conditions were calm and animal 

noise and the Capital turbines to the north-east were audible.  The results are shown in 

Appendix M.  

We note that during the survey the following conditions occurred: 

i) output generated by the project 28.7-29.4MW; 

ii) 10m wind speed was 3.6-4.3m/sec; 

iii) Wind direction was 284-285o 

Therefore, operating output was medium and whilst wind direction was downwind, this could 

not be considered conducive to a worst case condition.   

An analysis was performed of the modification factors referred to in condition 56 of the 

Ministers consent, in particular low frequency noise and tonality, despite the Capital turbines 

not being distinctly audible.  The analysis was performed in a period when wind noise was at its 

lowest which is marked in the graphs in Appendix M by a red and green cursor. 
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The following results were obtained: 

Table 24 Grantham Park (E7) Modification Factor Analysis 

Date Modification Factor Required Measured 

13th August 
2012 

Low Frequency C-A less than 15dB 9.3-9.5 

Tonality Difference between adjacent bands as specified 
in INP Section 4 

No Tonality 

 

We conclude there is no requirement for a tonality correction.  Whilst the low frequency trigger 

limit was not exceeded, this would have been due to the predominance of cricket noise.  A 

more comprehensive analysis was undertaken of low frequency noise as described in Section 

6.9. 

A sample of the sound trace was also checked for excessive regular “beating” of the turbine 

noise level associated with the frequency of blade rotation otherwise referred to as “amplitude 

modulation”.  The following figure is an example of the variation of sound level with time.  

 

Beating is manifest as a serious of regular peaks and troughs in the time trace with a period of 

approximately 1 second between adjacent peaks.  There is no regular beating evident in the 

trace.  However, we note that the sound level is dominated by crickets and cannot therefore 

come to a conclusion in respect of modification penalty for amplitude modulation. 

Figure 23 Sample of Sound Trace Recorded at Grantham Park (E7) 9:32pm 13/8/2012 
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6.6.2 Unattended Noise Survey 

We now turn to the results of the unattended noise survey which are contained in Appendix N.  

The regression analysis is shown in Figure 24 wherein the third order polynomial resulted in the 

highest correlation coefficient.  On the figure is shown the following: 

i) the blue line is the resultant correlation curve for the “turbines operating” condition; 

ii) the regression formula for the “turbines operating” condition; 

iii) the red circles are the LA90(10min) values with the turbines not operating determined 

from the station MW generation data; 

iv) the dashed black line is shown for comparative purposes and includes all 

meteorologically valid data (i.e. whether or not turbines are operating or not 

operating).  There is a requirement in the SA Guidelines for compliance testing only 

when the wind farm is operating.28 

We now turn to Figure 25 which shows the following: 

i) the noise limit for Grantham Park (E7) shown as a green dashed line; 

ii) in red, the regression curve for Currandooley (H2) taken from the 2005 Background 

Report (measured prior to project commencement); 

iii) in blue, the regression line from this study (turbines operating); and, 

iv) in dashed black, for comparative purposes only, the regression line from this study 

(both turbines operating and turbines not operating). 

Of particular note is the fact that the regression line for this study is approximately 5dB higher 

than the the 2005 pre-operational regression line, noting that the latter is for a different 

location.  We also note that the 2010 regression line derived from the Stage 2 NCA Report is 

generally close to that of the current study except for wind speeds above 12m/sec. 

Noise levels for Capital Wind Farm were predicted in the Addendum Noise Impact Assessment 

using the CONCAWE algorithm.29  In respect of the Grantham Park (E7) property, there is 

negligible contribution from Woodlawn Wind Farm. 

The following table summarises the data in Figure 24 in tabular form: 

  

                                                

28 SA Guidelines, Section 4.1 
 
29 Table 3-2 Capital Wind Farm – Addendum Noise Impact Assessment.  Vipac Engineers & Scientists Pty 
Ltd. Document No 50B-04-5608-TRP-423213-2, 15 Oct 2008 
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Table 25 Grantham Park (E7) Compliance Assessment 

  
10m Wind Speed m/s 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Criteria 35.0 35.0 35.0 35.0 35.0 36.0 36.0 37.0 37.0 37.0 37.0       

Predicted     33.5 34.0 35.5 35.5 36.0 36.5 36.5 36.5 36.5       

Measured 27.6 30.0 31.9 33.4 34.8 36.2 37.6 39.3 41.3 43.7 46.8 50.6 55.3 61.0 

Predicted - 
Measured 

    1.6 0.6 0.7 -0.7 -1.6 -2.8 -4.8 -7.2 -10.3       

Measured - 
Criteria 

-7.4 -5.0 -3.1 -1.6 -0.2 0.2 1.6 2.3 4.3 6.7 9.8       

 

The “Measured” row, corresponding to the LA90(10min) mean level  determined from the 

regression analysis, represents the sum of noise level from the turbines and wind related noise 

from vegetation.  In using the LA90(10min) metric in the SA Guidelines, wind related noise is 

minimised but not eliminated. 

The “Criteria” and “Predicted” noise levels relate to wind turbine noise only.  Therefore, in 

respect of the exceedences shown in the last row from 7m/sec and above, the “Measured” level 

includes wind noise and therefore cannot validly be compared with the “Criteria” which excludes 

wind noise.  
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Figure 24 Grantham Park (E7) Regression Analysis 
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Figure 25 Grantham Park (E7) Compliance Analysis 



© Renzo Tonin & Associates (NSW) Pty Ltd Specialist Noise Component of Compliance Audit 

Environmental Acoustics Team Capital Wind Farm 

TF694-01F07 (rev 10) Capital Wind Farm Compliance Assessment 

Report 

NSW Department of Planning and Infrastructure 

25 October 2012 Page 74 

 

 

For the reasons previously explained, it is not possible to measure the noise contribution from 

the wind turbines in the absence of vegetation noise.  This precludes a definitive conclusion to 

be made in respect of compliance of wind farm noise levels at Grantham Park (E7). 

Nevertheless, a reasonable assessment can be made if one examines the results at the lower 

wind speeds 4-5m/sec where wind noise is expected to be at a minimum.  The results are 

shown in the following table: 

Table 26 Grantham Park (E7) Compliance Assessment Based on Estimated Turbine Noise 

Levels 

  
10m Wind Speed m/s 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Criteria 35.0 35.0 35.0 35.0 35.0 36.0 36.0 37.0 37.0 37.0 37.0    

Predicted     33.5 34.0 35.5 35.5 36.0 36.5 36.5 36.5 36.5    

Increase in dB         1.5 0.0 0.5 0.5 0.0 0.0 0.0    

Estimated 27.6 30.0 31.9 33.4 34.9 34.9 35.4 35.9 35.9 35.9 35.9    

Predicted – 
Estimated 

    1.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6    

Estimated – 
Criteria 

-7.7 -6.1 -3.1 -1.6 -0.1 -1.1 -0.6 -1.1 -1.1 -1.1 -1.1    

 

In this table, the row “Increase in dB” represents the increase in predicted turbine noise level 

for wind speeds above 5m/sec.  For example, the increase in predicted turbine noise level from 

5m/sec to 6m/sec is (35.5-34.0=) 1.5dB.  Similarly, the increase in predicted turbine noise 

level from 6m/sec to 7m/sec is 0dB, and so on. 

Therefore an estimate of turbine noise alone at 6m/sec can be determined by adding the 

“Increase in dB” level of 1.5dB to the “Measured” level of 33.4dB(A) at 5m/sec resulting in a 

level of (33.4+1.5=) 34.9dB(A) at 6m/sec.  This procedure is sequentially applied to the 

remainder of the row. 

Therefore, in the “Estimated” row in the table above, the actual measured levels are shown 

bold in black and the estimated values are those from 6m/sec upwards.  The resulting 

“Estimated” row may then be compared with the “Criteria” and the final row shows that 

compliance is achieved at all wind speeds. 
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6.7 Noise Measurements at Midpoint Location 

An attended survey was conducted at a location approximately mid-way between the Capital 

turbines and The Patch (H15) on the road leading to the wind turbine site to obtain an 

appreciation of noise from a location close to the turbines (see Figure 1).  The GPS co-ordinates 

of the midpoint location are (730210.99 m E, 6103091.79 m S).   

The attended noise survey was conducted between 6:50am-7:10am on Tuesday morning 14th 

August 2012 and comprised two ten minute measurements.  The results are shown in Appendix 

O. 

At this location, noise from the turbines is heard as a whooshing sound and there is also some 

noise from animals.  

We note that during the survey the following conditions occurred: 

i) output generated by the project 37.7-42.2MW; 

ii) 10m wind speed was 5.0-6.0m/sec; 

iii) Wind direction was 284-285o 

Therefore, operating output was medium and the measuring location was down-wind of the 

turbines but not conducive to a worst case condition.   

The following results were obtained in respect of the modification factor analysis, however, this 

is for information only and is not a requirement of any consent condition as the location is not a 

residential receiver: 

Table 27 Midpoint Location Modification Factor Analysis 

Modification Factor Required Measured 

Low Frequency C-A less than 15dB 15.3-15.4 

Tonality Difference between adjacent bands as specified in INP Section 4 No Tonality 

 
A sample of the sound trace was also checked for excessive regular “beating” of the turbine 

noise level associated with the frequency of blade rotation otherwise referred to as “amplitude 

modulation”.  The following figure is an example of the variation of sound level with time.  
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The figure shows evidence of beating as a series of regular peaks and troughs in the time trace 

with a period of approximately 1 second between adjacent peaks and a peak-to-trough 

amplitude of 1-2dB(A).  There is no standard for acceptability of “beating” or “amplitude 

modulation” in the SA Guidelines, however, a trigger level of 4dB(A) is recommended in the 

draft NSW Planning Guidelines.30 

  

                                                

30 Page 34.  Draft NSW Planning Guidelines for Wind Farms, Dec 2011 
 

Figure 26 Sample of Sound Trace Recorded at Midpoint Location 6:56am 14/8/2012 
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6.8 Noise Measurements at Capital Substation 

An attended survey was conducted at a distance of 16 metres from the centreline of each of the 

three substation transformer bays on Tuesday morning 17th July 2012.  As the noise from 

transformers was fairly constant, a 60 second measurement was taken at each point.  The 

results are shown in Appendix P.  

We note that during the survey the following conditions occurred: 

i) output generated by the project 37.5 MW; 

ii) 10m wind speed was 4.4m/sec; 

iii) Wind direction was 284o 

Therefore, operating output was medium and not conducive to a worst case condition.   

Evident in each of the spectra are spectral peaks associated with transformer noise (100Hz and 

200Hz) and cooling fan noise (315Hz).  There were no other audible noise sources at the 

substation during the visit, however, we note the presence of a diesel generator which we 

understand operates only when there is a power cut. 

The combined Sound Power Level of the three transformers is approximately 89dB(A) re 10-12 

watt which is significantly less than the value of 100dB(A) assumed in the Environmental 

Assessment.31 

We also note that at The Patch (H15), which is the closest residential location to the substation, 

there are no tonal components at the frequencies noted above (see Appendix I) nor was there 

any audible noise noted which would have been identifiable as transformer noise. 

We therefore conclude there is no issue found in respect of noise emission from the Capital 

substation. 

 

  

                                                

31 Section 8 Noise Impact Assessment Report Capital Wind Farm.  Vipac Engineers & Scientists Ltd.  Doc No 
505608-TRP-018284-02. 10 Feb 2006 
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6.9 Applicability of Low Frequency Modifying Factor Correction 

The following table is a summary of the low frequency modifying factor analysis presented in 

the previous sections: 

Table 28 Summary of Low Frequency Modification Factor Assessment 

Location MW Cwt C-A Comments 

Lakoona (G4) 

3.7 

2.1 

12.4 

13.7 

42.6 

41.7 

46.6 

47.9 

18.4 

12.2 

18.1 

19.0 

Turbines inaudible 

Ditto 

Turbines audible 

Ditto 

Widgemore (G6) 
8.1 

8.5 

44.7 

45 

15.6 

15.6 

Turbines audible - Crickets 

Ditto 

La Granja (G10) 
25.9 

25.2 

53.2 

52.9 

13.7 

13.3 

Turbines audible - Crickets 

Ditto 

The Patch (H15) 
40.6 

46.1 

56.7 

56.6 

17.8 

18 

Turbines inaudible - Crickets 

Ditto 

Wroxham (H24) 
46.5 

42.7 

57.5 

57.2 

16.2 

15.5 

Turbines audible - Crickets 

Ditto 

Grantham Park (E7) 
28.7 

29.4 

50.1 

48.9 

9.5 

9.3 

Turbines audible - Crickets 

Ditto 

Midpoint Location 
37.7 

42.2 

56.8 

56.3 

15.4 

15.3 

Turbines audible 

Ditto 

 

According to Section 4 of the INP, a low frequency modification factor may apply if the 

difference between the Cwt and the Awt levels (C-A) is 15dB or more.    We note that all but 

one of the residential locations were affected by cricket noise, however this is dealt with below.  

Ignoring cricket noise for the moment, other than insignificant exceedences of the criterion of 

up to 2dB, the values at Lakoona (G4) and The Patch (H15) are significant and therefore, as 

recommended in the INP: 

The modifying factor corrections should be applied having regard to: 

 noise from all sources, individually and in combination, that contribute to the total noise 

at a site; and 

 the nature of the noise source and its characteristics. 

The following observations are made: 

i) At all the receiver locations, where the turbines were audible, they were only just 

audible as “swishing” or “wind like sound” and therefore one cannot positively conclude 

that the noise can be totally attributed to turbines; 

ii) Close to the turbines at the midpoint location, the C-A level does not significantly 

exceed the threshold level; 
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iii) At Lakoona (G4) and The Patch (H15), the over-all absolute noise level does not exceed 

56.7dBC which is less than a level of 60dBC recommended in the literature as being 

acceptable for a rural residential area.32 33   

In respect of cricket noise, we note that the level of 60dBC is complied with even with the 

contribution of that source.  The “C” weighted level would have been even lower without that 

contribution and hence the analysis above is still valid despite the presence of cricket noise.  

Based on this further analysis, we conclude that the exceedences observed in the 

measurements do not warrant a low frequency modification penalty.  However, this conclusion 

is based on the relatively lower to medium power output generated by the turbines for most of 

the measurements. 

 

                                                

32 Proposed criteria in residential communities for low-frequency noise emissions from industrial sources 
Noise Control Eng. J. 52 (4), 2004 Jul–Aug 
 
33 A Simple Criterion for Low Frequency Noise Emission Assessment Journal of Low Frequency Noise, 
Vibration and Active Control Vol. 29 No. 1 2010  
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7 CONCLUSION 

Renzo Tonin & Associates has conducted an independent compliance audit of noise from the 

Capital Range wind farm.  The audit was undertaken by reference to and in accordance with the 

noise related conditions of approval issued by the Minister for Planning and includes a full and 

detailed noise measurement program and assessment at the residential dwellings specified in 

the conditions of approval.  

We conclude as follows: 

a) A comprehensive noise monitoring program and analysis of the data in accordance with the 

requirements stipulated in the noise-related conditions of approval was completed; 

b) For the reasons explained in this report, it is not possible to directly measure the noise 

contribution from the wind turbines in the absence of vegetation noise as required by the 

consent conditions.  This precludes a definitive conclusion to be made in respect of 

compliance of wind farm noise levels at the residential locations; 

c) Nevertheless, a reasonable assessment can be made by combining the measurement data 

and the computer based predicted noise levels in the proponent’s Statement of 

Environmental Effects; and, 

d) We conclude on the basis of that assessment that there is compliance with the noise-

related conditions of approval at all the residential locations surveyed for the operating and 

meteorological conditions encountered during the survey. 
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