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GLOSSARY AND ABBREVIATIONS 

Term Definition 

A weighting Frequency adjustment representing the response of the human ear. 

Background noise level The noise level represented by the LA90 in the absence of intermittent noise 

such as vehicles and wind gusts. 

dB  Linear (unweighted) sound pressure or power level in decibels. 

dB(A)  A weighted noise or sound pressure or power level in decibels. 

LA90 The A-weighted sound pressure level exceeded for 90% of the 

measurement period. 

Nominated Receptor An Associated or Non-Associated dwelling identified in Section 3.2 of the 

Noise Guarantee 

WTG Wind Turbine Generator 

Wind Farm Crudine Ridge Wind Farm 

Non-Associated Dwelling A residential dwelling where the owner does not have a commercial 

agreement with the wind farm developer and/or operator. 

Associated Dwelling A residential dwelling where the owner has a commercial agreement with 

the wind farm developer and/or operator. 
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1 INTRODUCTION 

The Noise Guarantee for the Crudine Ridge Wind Farm (the Wind Farm) require a post-construction assessment 

of operational noise be conducted.  A Noise Compliance Test Plan (the NCTP), with Sonus reference S3736C19 

(dated May 2018), provides the procedure for the post-construction noise assessment consistent with the 

Project Approval Conditions, which are consistent with the New South Wales Wind Energy: Noise Assessment 

Bulletin for State significant wind energy development December 2016 (the Bulletin). The Project Approval 

Conditions relevant to operational noise are detailed in Appendix A.  

 
Sonus has been engaged by GE Renewable Energy to conduct the post-construction assessment as required 

under the NCTP.  

 
This report summarises the assessment of operational noise levels at four residential locations selected in 

accordance with the NCTP. The assessment includes analysis of noise monitoring at the residential locations, 

intermediate locations between the residence and Wind Farm and near-field locations around example turbines. 

The assessment also includes an assessment of the special audible characteristics of tonality and low frequency 

in accordance with the NCTP, as well as an assessment of the noise produced by ancillary infrastructure on the 

project site.  
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2 NCTP TEST METHOD 

The NCTP establishes a methodology to determine compliance in accordance with the Project Approval 

Conditions as well as the New South Wales Wind Energy: Noise Assessment Bulletin for State significant wind 

energy development December 2016 (the Bulletin). The NCTP provides four logging locations where noise levels 

from operation of the Wind Farm are to be measured. The locations are consistent with those identified in the 

NCTP. Three of the locations (CR19, CR28 and HER03) are at Non-Associated Dwellings. The remaining location 

(HER15) is an Associated location. 

 
The following table provides co-ordinates of the four residential logging locations. 

 
Table 1: Residential logging locations 

Receiver Type Associated 
Coordinates (WGS 84 Zone 55H) 

Northing Easting 

CR19 House No 6351470 752139 

CR28 House No 6349290 750058 

HER03 House No 6341500 745093 

HER15 Shed Yes 6344300 741221 

 

Where the Wind Farm is shown to be compliant with the noise criteria at the above logging locations, the Wind 

Farm is compliant with the Project Approval Conditions and the Bulletin in accordance with the NCTP.  

 
For locations CR19, CR28 and HER03 the noise criteria are consistent with those listed in the Project Approval 

Conditions. For HER15, the criteria are based on the 45 dB(A) base noise level for an Associated location. The 

following table summarises the criteria for the compliance monitoring locations:  
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Table 2: Criteria 

Receiver 
Criteria at integer Hub Height Wind Speeds [dB(A)] 

3 4 5 6 7 8 9 10 11 12 13 14 15 16 

CR19 35 35 35 35 35 35 36 37 38 40 42 44 47 47 

CR28 35 35 35 35 35 35 35 35 36 38 41 43 45 45 

HER03 35 35 35 35 35 35 35 36 38 39 40 41 41 41 

HER15 45 45 45 45 45 45 45 45 45 45 45 45 45 45 

 

In accordance with the NCTP, near-field and intermediate testing were conducted for the purpose of 

determining the character of noise (tonality) from the turbines and enabling noise from other sources to be 

excluded from the data analysis. The testing was conducted at locations where the noise from other sources in 

the environment was minimised (in comparison to the noise level from wind turbines) and therefore the results 

can assist in determining compliance at the residential logging locations when the noise from turbines is masked 

by other sources.  

 

3 NEAR-FIELD AND INTERMEDIATE MEASUREMENTS 

3.1 Near-field Measurements 

 
Near-field measurements were conducted at two representative turbines (A04 and A10) in general accordance 

with IEC61400-11 Edition 3.0 (2012) (IEC61400-11) on 11 March 2022. The results of the measurements in the 

near-field have been analysed to determine the presence of any tones in accordance with the Bulletin and, if 

any, the frequencies at which they occur. 

 
Where tonality is identified in the near-field measurements, there is the potential for the characteristic to be 

present at residential locations and a further assessment is required.  

 
3.1.1 Data Collection 

 
Noise measurements were made using Class 1 Rion NL-52, NATA calibrated, sound level meters equipped with 

one-third octave band analysers. The sound level meters were calibrated before and after the measurements 

using a Class 1 Rion NC-74 calibrator (serial number 35094478), with negligible drift observed. 

 
The measurements were taken in the proximity of two representative turbines, A04 and A10. The WTGs 

operated at power outputs ranging from cut-in to rated power during the monitoring period. The measurement 
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locations are provided in Table 3 along with the serial number of the sound level meters used, and the downwind 

direction to the relevant WTG. The calibration certificates are provided in Appendix B. 

Table 3: Near-field measurement locations 

WTG 
Sound Level 
Meter Serial 

Number 

Coordinates  

(WGS 84 Zone 55H) Slant Distance 
(m) 

Downwind 
Direction όɕύ 

Easting Northing 

A04 00710426 750634 6356012 188 105 

A10 00598175 751061 6355409 191 94 

 

A secondary wind shield was used for each sound level meter and was positioned over the microphone. The 

following figure shows an example of the near-field monitoring setup used. 

 

 

Figure 1: Typical example of near-field monitoring setup 

 

The insertion loss of the secondary wind shield has been measured and is summarised in the following table. 
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Table 4: Secondary wind shield insertion loss 

1/3-octave band (Hz) 20 25 31.5 40 50 63 80 100 125 160 

Insertion loss (dB) -0.2 -0.2 -0.2 -0.2 -0.2 -0.5 -0.3 -0.6 -0.2 -0.3 

1/3-octave band (Hz) 200 250 315 400 500 630 800 1000 1250 1600 

Insertion loss (dB) -0.3 0.1 0.3 1.2 2.0 2.7 1.9 0.9 1.1 2.1 

1/3-octave band (Hz) 2000 2500 3150 4000 5000 6300 8000 10000   

Insertion loss (dB) 1.5 2.1 2.5 2.3 2.5 2.7 3.1 3.6   

 
3.1.2 Tonality Assessment 

 
An assessment has been made considering the special audible characteristic of tonality at the near-field 

locations in accordance with Appendix 4 of the Project Approval (which is equivalent to the Bulletin), based on 

the data measured in general accordance with IEC61400-11.  

 
The level of tonality for each integer wind speed has been determined based on the measured one-third octave 

bands at each wind speed across the monitoring period. This identified a number of potential tones at varying 

frequencies. Audio recordings for the periods where these tones were identified were then consulted to 

determine whether the tone in question was associated with the operation of the wind turbine. This further 

investigation identified a number of tones present in the noise profile of the turbine that were associated with 

its operation. Two tones were identified with the potential to be audible at residences, as shown in the table 

below: 

Table 5: Identified tones and wind speeds 

Location Frequency Band Windspeed 

A04 
1.25 kHz 7 and 9 m/s 

2.5 kHz 3 and 4 m/s 

A10 
1.25 kHz 5, 6, 7 and 8 m/s 

2.5 kHz 5, 6, 7, 8 and 9 m/s 

 

In accordance with the NCTP and based on the above, tonality has been considered at the residential logging 

locations for frequencies of 1.25 kHz at wind speeds of 5m/s to 9m/s (inclusive), and for 2.5 kHz at 3m/s to 9m/s 

(inclusive). This assessment is detailed in Section 4.3.1. 

 
It is noted that although potential tones were found at higher frequencies, there is no potential for these to be 

audible at residences, given the high atmospheric absorption at these frequencies. 
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3.1.3 Highest Noise Emission 

 

An assessment of the wind speed at which the noise level reaches a plateau was conducted at the near-field 

locations. The assessment was conducted based on downwind periods only, corresponding to wind directions 

within ±15 degrees from the downwind direction to the nearest WTG (noted in Table 3 above). If the noise at 

the residential logging locations continues to increase at wind speeds above the wind speed of the plateau, this 

will indicate that the noise is from sources other than the turbines (most commonly wind in trees for high wind 

speed conditions). The figure and table below show the results of this assessment for WTG A10. WTG A10 was 

chosen as the location with the most valid data points.  

  

 
Figure 2: WTG A10 near-field measurement data 
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Table 6: WTG A10 measured sound pressure levels 

Integer Wind Speed Sound Pressure Level 

3m/s 40 dB(A) 

4m/s 42 dB(A) 

5m/s 42 dB(A) 

6m/s 45 dB(A) 

7m/s 49 dB(A) 

8m/s 51 dB(A) 

9m/s 52 dB(A) 

10m/s 52 dB(A) 

11m/s 52 dB(A) 

12m/s 52 dB(A) 

 

As can be seen from the above, the noise level of the turbine reaches at plateau at 9m/s and remains consistent 

above this wind speed. As such, the noise at residential locations from the turbines should not increase above 

9m/s. Where an increase is seen for these wind speeds, the increase in noise cannot be attributed to that of the 

Wind Farm.  

 
3.2 Intermediate Measurements 

 
The NCTP recommends that the noise level from the Wind Farm be measured simultaneously at the residential 

logging locations as well as intermediate locations, which: 

¶ are between the Wind Farm and residence being assessed; and, 

¶ have a higher Wind Farm noise level to background noise level ratio (the noise level from the Wind Farm 

is more likely to be measurable above the level of background noise). 

 
Data filtering may remove time periods where noise data collected at an intermediate position confirms that 

the source of the noise at a residential logging location is not the wind turbines. For example, noise data 

collected in a particular 10-minute interval at a residential logging location may be removed: 

¶ if the noise measured in the same period at the intermediate position (closer to the turbines) is at a 

lower level; or 

¶ if the frequency content of the noise at the receptor is not consistent with the frequency content at the 

intermediate position. 
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The intermediate measurement positions were located within paddocks between each residence and the closest 

WTG. 

 
The noise level was measured at the intermediate locations using a combination of Rion NL-42 and NL-21 Class 2, 

NATA calibrated, sound level meters. The coordinates of the intermediate locations and the serial numbers of 

the sound level meters used are provided in the following table and the calibration certificates are attached in 

Appendix B. 

 
Table 7: Intermediate logging locations and serial numbers 

Intermediate Logging 
Location 

Coordinates 
(WGS 84 Zone 55H) Sound Level Meter Serial 

Number 
Easting Northing 

CR19 Intermediate 750940 6352287 01000229 

CR28 Intermediate 749319 6350520 01298929 

HER03 Intermediate 744087 6341875 00877043 

HER15 Intermediate 742041 6343907 01298930 

 

The impact of the intermediate location measurements is discussed further in Section 4. 

 
3.2.1 Intermediate Validation Point 

 
In accordance with the NCTP, a publicly accessible intermediate point has been identified to allow future 

validation of the noise model. None of the intermediate locations used for the monitoring were able to be placed 

within public property, as such an additional location has been identified for this purpose. The coordinates of 

the publicly accessible intermediate point (adjacent to Hill End Road) are provided in Table 8 below. This location 

has also been overlaid on a noise contour plan in Figure 3.  

 
Table 8: Publicly accessible intermediate validation point co-ordinates 

Location 
Coordinates (WGS 84 Zone 55H) 

Easting Northing 

Intermediate validation 
point 

743020 6342131 
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4 RESIDENTIAL NOISE MONITORING 

The noise levels (LA90) at each of the residential logging locations were measured continuously in 10-minute 

intervals for the period between 26 January and 29 March 2022, which resulted in at least 6 weeks of data, not 

affected by operational constraints on the Wind Farm. The table below outlines the periods when the noise 

monitoring took place.  

Table 9: Residential logging periods 

Residential Logging Location Noise Monitoring Period Six Weeks of Data 

CR19 24/01/2022 ς 12/03/2022 V 

CR28 25/01/2022 ς 17/03/2022 V 

HER03 25/01/2022 ς 29/03/2022 V 

HER15 25/01/2022 ς 29/03/2022 V 

 

The residential logging locations were selected such that they were consistent with those locations where pre-

construction background monitoring was undertaken. These locations have also been overlaid on a noise 

contour plan in Figure 3.  

 
At each of the residential logging locations, noise monitoring equipment was placed at a position equivalent to 

the background noise logging location used prior to construction of the Wind Farm. Generally, this 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 residential logging location is provided 

in Appendix C. 

 
In addition to the noise logging, local wind speed and rainfall logging was conducted at 2 locations (CR28 and 

HER03). The rainfall data and the measured wind speed at the microphone height were used to identify periods 

where data might have been adversely affected by local weather. For locations where the local weather logging 

equipment was not deployed, data from the closest weather logger has been used in the analysis. 

 
At each of the residential logging locations, a combination of Rion NL-52 or NL-42, NATA calibrated, Class 1 or 2 

sound level meters with a noise floor of less than 20 dB(A) were deployed. The serial numbers of the sound level 

meters used are provided in the following table and the calibration certificates are provided in Appendix B. 
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Figure 3: Noise contours and residential logging locations 
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Table 10: Residential logging locations and serial numbers 

Residential Logging Location 

Coordinates 
(WGS 84 Zone 55H) Sound Level Meter  

Serial Number 
Easting Northing 

CR19 752139 6351470 00320656 

CR28 750058 6349290 00510393 

HER03 745093 6341500 00710394 

HER15 741221 6344300 00510392 

 

The sound level meters were calibrated before and after the background noise monitoring regime with a Class 

1 Rion NC-74 calibrator (with serial number 35094478) and each microphone was fitted with a Rion WS-15 all-

weather wind shield. 

 
During the noise monitoring regime, wind speed and direction were monitored at two permanent 

meteorological masts (PM01 and PM02) located around the Wind Farm. To facilitate comparison of the post-

construction noise monitoring results with the criteria derived based on the pre-construction noise monitoring, 

the wind speed and direction data collected at PM01 was used as the basis for modelling wake free wind speed 

and direction data at the locations of the two pre-construction meteorological masts (SOF1 and SOF2) which 

have since been decommissioned. The data set at these two locations (SOF1 and SOF2) was provided for a height 

corresponding to the hub height of the turbines (91.5 metre) to facilitate this analysis. The locations of the 

meteorological masts are provided below: 

 
Table 11: Mast locations 

Mast Location 
Coordinates (WGS 84 Zone 55H) 

Easting Northing 

Pre-construction Mast SOF1 749710 6352918 

Pre-construction Mast SOF2 744453 744453 

Operational Mast PM01 744189 6345551 

Operational Mast PM02 743979 6344790 
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4.1 Data Analysis 

 
The NCTP allows noise from other sources to be removed as follows: 

¶ By filtering out time periods: 

o affected by rain, hail, or wind based on a weather logger placed at an equivalent location to one 

of the noise loggers. Data is adversely affected where precipitation occurs in a 10-minute period 

either side of the period in question or where a wind speed of 5 m/s is exceeded for 90% of a 

10-minute period;  

o when sufficient WTGs have not been connected to the grid to influence the measured level 

during the current 10-minute period;  

o considered abnormal, such as during local construction or maintenance activities; and, 

o where the wind direction is not within 45° either side of the direct line between the nearest 

WTG and the relevant receiver (if sufficient data points can be collected using this method). 

 

In accordance with the NCTP, further data filtering may remove time periods or frequency content where noise 

data collected at a near-field or intermediate position confirms that the source of the noise at a receptor is not 

the wind turbines. Noise data collected in a particular 10-minute interval at a receptor were removed: 

¶ if the noise measured in the same period at the intermediate position (closer to the turbines) was at a 

lower level; or 

¶ if the wind farm was not a significant noise source in the recorded digital audio at residences. 

 
Following the removal of the data as described above and the application of any relevant penalties for special 

audible characteristics (refer below), the remaining noise data were correlated with the hub height wind speed 

data for each residential logging location. As the post construction regression curves demonstrate compliance 

with the noise criteria at all receptor locations no further calculation of the derived wind farm noise was 

conducted.  

 
The following table provides the number of valid data points following removal of adverse data and identifies 

the wind mast which has been used for the correlations at each testing location. 
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Table 12: Number of valid data pairs and relevant wind mast 

Testing 
Location 

Total Data 
Points 

Collected 

Filtered for: 
Total Data 

Points 
Removed 

Valid Data 
Points 

Relevant 
Mast Local 

Wind/Rain 
Downwind 

Only 
Wind 
Speed 

Inter-
mediate 
Location 

CR19 6709 324 6003 348 3014 6488 221 SOF1 

CR28 7321 324 6908 679 1144 6992 329 SOF1 

HER03 9088 337 8285 840 518 8508 580 SOF2 

HER15 9025 340 2439 830 3829 5969 3056 SOF2 

 

Second and third order regression analyses were performed on the correlations to determine the noise levels at 

each wind speed and to facilitate a comparison with the criteria. In all cases, the coefficient of determination 

(R2) for the third order regression was higher than that of the corresponding second order regression. The R2 

values for the regression analyses at each location are provided in Table 13 below.   

 
Where the regression demonstrates that the criteria are achieved at all integer wind speeds, the noise from the 

wind farm has been deemed to comply with the criteria at this location.   

 
Table 13: Second order and third order R2 values 

Testing Location 

Coefficients of Determination (R2) 

Second Order Third Order 

CR19 0.1713 0.1802 

CR28 0.2539 0.2540 

HER03 0.3865 0.3916 

HER15 0.1019 0.1142 

 

4.2 Residential Noise Monitoring Results 

 

The correlation graphs with the regression curve and criteria are provided in Figure 4 to Figure 7 below. Time 

traces showing the measured level, hub-height wind speed at the nearest met mast and the total power output 

of the wind farm at each residential monitoring location are provided in Appendix D. The measured noise levels 

and criteria for each integer hub height wind speed from 3m/s to 12m/s have also been tabulated below.  

 
In accordance with the Bulletin, compliance checking should be conducted based on a minimum of 2,000 data 

points, including a minimum of 500 points representative of the worst-case wind direction (i.e. downwind from 
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ǘƘŜ ƴŜŀǊŜǎǘ ²¢DΩǎύΦ In circumstances where it is impractical to collect 500 downwind data points due to the 

prevailing wind conditions, the Bulletin States that άŘŀǘŀ ŎƻƭƭŜŎǘƛƻƴ ǎƘƻǳƭŘ ŎƻƴǘƛƴǳŜ ŦƻǊ ǳǇ ǘƻ ǎƛȄ ǿŜŜƪǎ ŀƴŘ ǘƘŜ 

valid data collected in this period shall be deemed to be an acceptable quantity in terms of worst case wind 

ŘƛǊŜŎǘƛƻƴέ. 

 
Due to the prevailing wind direction at the Wind Farm, it was not possible to collect 500 data points at three of 

the residential monitoring locations, despite more that 6,000 total data points being collected over a monitoring 

period exceeding six weeks at each location.  

 
Review of historical meteorological data (including data collected by the on-site met masts during the pre-

construction noise monitoring and long-term data from the nearest Bureau of Meteorology (BOM) station at 

Mudgee) indicates that the wind conditions encountered during the monitoring program are typical for the 

locality, and as such it would be impractical to conduct monitoring of a sufficient duration to collect 500 data 

points at each location. In such circumstance, the Bulletin deems the quantity of data collected to be acceptable. 

 

  
Figure 4: Criteria and post construction regression curve for CR19 (Downwind +/- 45°) 
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Figure 5: Criteria and post construction regression curve for CR28 (Downwind +/- 45°) 

  
Figure 6: Criteria and post construction regression curve for HER03 (Downwind +/- 45°) 
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Figure 7: Criteria and post construction regression curve for HER15 (Downwind +/- 45°) 

 
 

Table 14: Criteria and measured levels 

Receiver 
 Criteria and Measured Levels at integer Hub Height Wind Speeds [dB(A)] 

3 4 5 6 7 8 9 10 11 12 

CR19 
Criteria 35 35 35 35 35 35 36 37 38 40 

Measured 30 31 32 33 34 35 35 *  *  *  

CR28 
Criteria 35 35 35 35 35 35 35 35 36 38 

Measured 25 26 27 28 29 30 31 32 *  *  

HER03 
Criteria 35 35 35 35 35 35 35 36 38 39 

Measured 25 26 27 28 30 31 32 33 33 *  

HER15 
Criteria 45 45 45 45 45 45 45 45 45 45 

Measured 35 33 33 34 36 38 39 40 39 *  

* No valid downwind data recorded. 
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It is noted that there was insufficient downwind data at all residential logging locations for higher wind speeds, 

being 10m/s and above. The near-field measurements, however, showed that the noise output of the turbines 

does not increase above 9m/s. Therefore, as the criteria continue to increase above 9m/s, it can be inferred that 

where the noise level complies at a wind speed of 9m/s or above, it will also comply with the higher criteria for 

greater wind speeds where there may not be sufficient data.   

 
The results indicate that the measured noise levels are no greater than the project criteria at all wind speeds 

from cut-in to 12m/s when considering only the noise from the Wind Farm, as determined using the filtering 

processes defined in the NCTP. The Wind Farm is therefore compliant with the noise criteria subject to the 

assessment of special audible characteristics. 

 
4.3 Special Audible Characteristics 

 

4.3.1 Tonality  

 

Tones were identified in the noise profile of the turbine as part of the near-field testing. As such, further testing 

for tonality was undertaken as part of the residential noise monitoring regime. As per the NCTP, the closest non-

associated residence where permission was granted to place noise logging equipment was considered, being 

CR28. The specific frequencies and wind speeds where audible tones were found during the near-field testing 

were investigated further at this residence. For each wind speed where tones were identified, the number of 

potential tones were compared to the total number of valid data points at that wind speed. The results of this 

comparison can be seen in the table below. It is noted that this contains all potential tones identified at this 

residence, potentially including some that are not associated with the wind farm.  

 
Table 15: Tonal percentage per wind speed 

Wind 
Speed 

Frequency Band 

1.25 kHz 2.5 kHz 

3 m/s - 0% 

4 m/s - 0% 

5 m/s 2.5% 3.7% 

6 m/s 3.9% 0% 

7 m/s 0% 0% 

8 m/s 4.0% 0% 

9 m/s 0% 0% 
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Table 15 above shows that while there are some tones present at this residence for the same wind speeds and 

frequencies as those identified in the near-field testing, they are relatively rare occurrences when considering 

the full monitoring period. As per the NCTP, a penalty is only applicable for excessive tonality where the tone is 

present for more than 10% of the period at a particular wind speed. As this is not the case for any frequency or 

wind speed, it can therefore be determined that excessive tonality is not present at residences and no penalty 

is warranted in this case.  

 
4.3.2 Low Frequency Noise 

 

An assessment of the low frequency content has been conducted in accordance with the procedure outlined in 

the NCTP. The assessment is required to be conducted:  

¶ At the Non-Associated residential logging location where the highest noise level is predicted;  

¶ At the integer wind speed where the difference between the predicted noise level and the project 

criteria is the least;  

¶ Conducted under a downwind condition at night;  

¶ Over a 10-minute interval with the wind farm operational;  

¶ Collecting at least 5 measurement intervals where the wind farm is audible;  

¶ Comparing the C-weighted L90 noise level with the criterion of 60 dB(C);  

 
The C-weighted L90 noise level was not recorded at the residential logging locations, so the C-weighted Leq value 

has been used for the purpose of this assessment. It should be noted that the L90 value will always be lower than 

the Leq value, so where the criteria are met when considering the Leq value, they will also be met when 

considering the L90 value.  

 
The Non-Associated residential logging location with the highest predicted noise level is CR19. The smallest 

difference between the predicted level and the relevant criteria occurs at wind speeds of 8m/s and 9m/s, where 

the difference is 2 dB(A) in both cases. The assessment has therefore considered both of these wind speeds 

further under downwind conditions.  

 
Under downwind conditions at night, the highest measured Leq value at residential logging location CR19 was 

51 dB(C) (irrespective of the wind speed). This is below the night criterion of 60 dB(C), thereby indicating that 

there is no significant low frequency component to the noise from the turbines in this case. As such, no penalty 

is warranted for a low frequency special audible characteristic.  
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4.4 Ancillary Infrastructure 

 
In accordance with the NCTP, noise from the substation was measured at an intermediate distance between the 

substation and the closest residence during normal operation. The result of the measurement was used to 

predict the noise at the closest associated (APR21) and non-associated (APR18) dwellings, 2.2 kilometres and 

3.3 kilometres from the substation respectively. 

 
Noise from the substation was measured during normal operation on 29 March 2022, using a Rion NL-42 Class 2 

sound level meter with serial number 00510392. The calibration was checked before and after the measurement 

using a Rion NC-74 calibrator with serial number 35094478 (calibration certificates are provided in Appendix B). 

 
A noise level of 42dB(A) was measured at a distance of 100 metres from the substation. This level included the 

influence of other noise sources in the vicinity of the substation (most notably the nearest WTGs) and is 

therefore considered an overestimate of the noise from the ancillary equipment. 

 
Based on the measured level, noise levels of 15dB(A) and 12dB(A) are predicted at the nearest associated 

(APR21) and non-associated (APR18) residences, respectively, using a simple geometric spreading model (lower 

noise levels are predicted at other dwellings further from the substation). These levels comfortably achieve the 

noise level of 35dB(A) nominated in the NCTP and would most likely result in noise from the substation being 

inaudible at the nearest dwellings. Note that the geometric spreading model is conservative as it does not 

include the influence of air absorption, shielding by terrain and other factors which also contribute to the 

attenuation of noise.  

 
Based on the above, noise from the substation is therefore deemed to be in compliance with the Project 

Approval Conditions.  
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5 CONCLUSION 

A post-construction assessment of operational noise for the Crudine Ridge Wind Farm has been completed in 

accordance with the Project Approval Conditions and the Noise Compliance Test Plan.  

 
This report has been prepared to summarise the results of this analysis and to provide further information 

regarding the methodology behind the assessment.  

 
The results of the analysis show that the residential logging locations meet the relevant criteria of the Project 

Approval Conditions when assessed in accordance with the NCTP. Therefore, the Wind Farm can be considered 

to be in compliance with the Project Approval Conditions and the Bulletin.  

 
An assessment of special audible characteristics has also been completed, indicating that there is no excessive 

component of tonality or low frequency to the noise profile of the turbines and no penalty is therefore 

warranted for such characteristics.  

 
The noise produced by the ancillary infrastructure on the site has also been assessed and will easily achieve the 

criterion required as per the Project Approval Conditions.  

 
It can therefore be determined that the Crudine Ridge Wind Farm complies with all noise related provisions of 

the Project Approval, as indicated by the assessment contained within this report.  
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APPENDIX A - Project Approval Conditions 

The Project Approval Conditions relevant to the operational noise from the wind turbines are as follows: 

Operational Noise Criteria ς Wind Turbines  

11. The Applicant shall ensure that the noise generated by the operation of wind turbines does not exceed 

the relevant criteria in Table 4 at any non-associated residence.  

Table 4: Noise criteria dB(A) 

 
Noise generated by the operation of the wind turbines is to be measured in accordance with the relevant 

ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ǘƘŜ {ƻǳǘƘ !ǳǎǘǊŀƭƛŀƴ 9ƴǾƛǊƻƴƳŜƴǘ tǊƻǘŜŎǘƛƻƴ !ǳǘƘƻǊƛǘȅΩǎ ²ƛƴŘ CŀǊƳǎ ς Environmental 

Noise Guidelines 2009 (or its latest version), as modified by the provisions in Appendix 4. If this guideline 

is replaced by an equivalent NSW guideline, then the noise generated is to be measured in accordance 

with the requirements in the NSW guideline. 

 

Noise Monitoring  

13. Within 3 months of the commencement of operations, unless otherwise agreed by the Secretary, the 

Applicant shall:  

(a) undertake noise monitoring to determine whether the development is complying with the 

relevant conditions of this consent; and  

(b) submit a copy of the monitoring results to the Department and the EPA.  

14. The Applicant shall undertake further noise monitoring of the development if required by the Secretary. 

  



Crudine Ridge Wind Farm 

Noise Compliance Testing 

S3736.2C7  

October 2022 

 

 

Page 26  

sonus. 
 

APPENDIX 4 

NOISE COMPLIANCE ASSESSMENT 

PART A: SOUTH AUSTRALIAN WIND FARMS: ENVIRONMENTAL NOISE GUIDELINES 2009 (MODIFIED) 

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 τ Description, measurement and assessment of environmental noise ς 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 

ŀǘ ǘƘŜ ǊŜŎŜƛǾŜǊ ƛǎ ƴƻǘ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ǿƛƴŘ ŦŀǊƳΩǎ ƻǇŜǊŀǘƛƻƴΦ ¢ƘŜ ŀǎǎŜǎǎƳŜƴǘ ŦƻǊ ǘƻƴŀƭƛǘȅ ǎƘƻǳƭŘ ƻƴƭȅ ōŜ ƳŀŘŜ ŦƻǊ 

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). 

 

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 ς 7am, or for more than 90 minutes 
during the 15 hour day from 7am ς 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). 
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PART B: NOISE COMPLIANCE ASSESSMENT 

Applicable Meteorological Conditions ς Wind Turbines 

 

1. The noise criteria in Table 4 of the conditions are to apply under all meteorological conditions. 

 

Applicable Meteorological Conditions ς Other Facilities 

 

2. The noise criteria in condition 15 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 ς Calibration Certificates 
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APPENDIX C ς Residential Logging Location Photographs  

 
Figure 8: Noise logger (right) and local weather logger (left) at CR19 

 

 
Figure 9: Noise logger at CR28 
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Figure 10: Noise logger at HER03 

 

 
Figure 11: Noise logger at HER15 

  



Crudine Ridge Wind Farm 

Noise Compliance Testing 

S3736.2C7  

October 2022 

 

 

Page 41  

sonus. 
 

APPENDIX D ς Time Traces 
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