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EXECUTIVE SUMMARY 

This document  is the second Acoustic Compliance Report for Stage 1 of the Murra Warra Wind Farm, as 
required by condition 12 of ǘƘŜ ǿƛƴŘ ŦŀǊƳΩǎ planning permits1. 

The Acoustic Compliance Report is based on the results of the second round (round 2) of noise compliance 
monitoring for Stage 1 of the Murra Warra Wind Farm. At the start of the round 2 monitoring, not all 
turbines had commenced operation. During the course the monitoring, all remaining turbines commenced 
operation, resulting in all sixty-one (61) turbines associated with the project being operational by the time 
the round 2 survey was completed.   

The monitoring was carried out in accordance with the planning permits and the applicable standard 
NZS 6808:2010 Acoustics ς Wind farm noise (NZ 6808:2010). The monitoring was also conducted in general 
accordance with the Noise Compliance Testing Plan2, with some practical variations in procedures in 
recognition of the variable operational status of the wind farm during the survey period. 

The noise monitoring comprised: 

¶ Unattended measurements at three (3) residential locations 

¶ Unattended measurements at three (3) intermediate locations positioned nearer to the wind farm 

¶ Attended observations to inform an assessment of the noise characteristics of the wind farm. 

The results demonstrate that operational noise levels associated with Stage 1 of the Murra Warra Wind Farm 
complied with the noise requirements outlined in condition 12 of the planning permits during the round 2 
noise monitoring period.  

Compliance is to be re-assessed by repeat noise monitoring with Stage 1 of the wind farm fully operational 
for the duration of a round of noise measurements.  

 

 

1  Horsham Rural City Council Planning Permit No. PA1600127 and Yarriambiack Council: Planning Permit No. 
PA1600128, both  issued 21 November 2016. 

2 MDA report Rp 003 R01 20181019 Murra Warra Wind Farm Stage 1 ς Noise Compliance Test Plan dated 
21 November 2019 
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1.0 INTRODUCTION 

The Murra Warra Wind Farm is a consented project located in the Horsham Rural City Council and 
Yarriambiack Council local government areas.  

Stage 1 of the Murra Warra Wind Farm comprises sixty-one (61) turbines. Stage 1 of the wind farm 
was constructed by Downer Group (Downer) and is operational, with the first turbine operating as of 
9 April 2019.  

The planning permits for the wind farm specify that the wind farm must comply with the noise 
criteria detailed in New Zealand Standard 6808:2010 Acoustics ς Wind Farm Noise (NZS 6808:2010). 
The planning permits also require Acoustic Compliance Reports to be prepared after the wind farm 
starts operating. 

Marshall Day Acoustics was engaged by Downer Group to conduct noise compliance monitoring for 
Stage 1 of the wind farm. 

This report presents the results of the second round (round 2) of noise compliance monitoring for 
Stage 1 of the wind farm in accordance with the planning permits and NZS 6808:2010. The planning 
permits require rounds of monitoring every 6 months from the first turbine becoming operational 
until full operation of the wind farm. However, the testing program was delayed due to Senvion 
entering into administration in Australia, leading to delays in deployment and operational data being 
available for analysis. 

The monitoring spanned a period from November 2019 until completion of all turbines in January 
2020.  

The monitoring was conducted in general accordance with the Noise Compliance Testing Plan3 
(NCTP), with some practical variations in procedures in recognition of the variable operational status 
of the wind farm during the survey period. 

This report is to be read in conjunction with the background noise report4 and the NCTP. 

Acoustic terminology used throughout this report is presented in Appendix A. 

Site layout information is detailed in Appendix B. 

The planning permitǎΩ noise related conditions are reproduced in Appendix C. 

 

3 MDA report Rp 003 R01 20181019 Murra Warra Wind Farm Stage 1 ς Noise Compliance Test Plan dated 
21 November 2019 

4  MDA report Rp 001 20181019 Murra Warra Wind Farm ς Background Noise Monitoring dated 11 November 2019 
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2.0 WIND FARM DETAILS 

2.1 Overview 

Stage 1 of the Murra Warra Wind Farm consists of sixty-one (61) Senvion 3.7M144 wind turbines.  

The first turbine at the site started operating on 9 April 2019. At the start of this round of monitoring 
(round 2), there were forty (40) turbines operating in Stage 1. The final turbine of the sixty-one (61) 
turbines in Stage 1 became operational in mid-January; approximately 1 week before the end of this 
round of monitoring. While the majority of turbines were operational prior to the commencement of 
monitoring, many turbines had significant periods of interruption to their operations.  

Details of the installed turbines are outlined in Table 1 below.  

Table 1: Wind turbine details 

Detail Description 

Make  Senvion 

Model 3.7M144 

Rotor diameter 144 m 

Hub height  139 m 

Blade orientation Upwind 

Turbine regulation method Variable blade pitch 

Maximum rated power generating capacity  3.7/3.8 MW (normal/power mode) 

Cut-in wind speed (hub height) 3.5 m/s 

Rated power wind speed (hub height) 12 m/s 

Cut-out wind speed (hub height) 26.0 m/s 

The Senvion 3.7M144 has the ability to be operated in a power mode for brief periods of increased 
demand. It is understood that this mode of operation is atypical and was not used at any time during 
the noise monitoring period. The turbineΩs maximum operational wind speed is also understood to 
have been limited to 20 m/s during the noise monitoring period (for operational reasons). 

For modern variable speed pitch regulated wind turbines, the sound power level profile as a function 
of wind speed typically increases until it reaches rated power. At wind speeds approaching the speed 
of rated power, the sound power level of the turbine no longer increases with increasing wind speed, 
as shown Figure 1 for the Senvion 3.7M144. 

http://www.marshallday.com
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Figure 1: Senvion 3.7M144 - Sound power level versus wind speed 

 

2.2 Operational status 

The operational status of the wind farm was reviewed using turbine output power and nacelle wind 
speed to determine periods when each wind turbine was operating normally5. Table 2 presents the 
percentage of the monitoring period that each turbine was operating normally.  

Table 2: Percentage of monitoring period that each turbine was operating normally  

Turbine Normal 
operation 

Turbine Normal 
operation 

Turbine Normal 
operation 

T13 49 % T51 62 % T157 56 % 

T14 53 % T52 66 % T158 63 % 

T15 43 % T53 51 % T161 64 % 

T16 45 % T54 59 % T162 61 % 

T17 47 % T65 64 % T190 12 % 

T19 42 % T66 63 % T195 39 % 

T21 53 % T67 55 % T196 55 % 

T22 54 % T74 8 % T198 57 % 

T23 50 % T85 70 % T214 63 % 

T28 13 % T101 55 % T215 63 % 

T29 26 % T102 61 % T216 32 % 

T30 27 % T103 59 % T217 21 % 

 

5 Normal operation: the recorded power output of each turbine was compared with the expected power output for each 
ten (10) minute period (based on the power rating of the turbines and the recorded nacelle wind speed at each turbine). 
If the recorded power output was similar to the expected output (i.e. allowing for variations in power output across the 
ǎƛǘŜ ǿƛǘƘ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ǾŀǊȅƛƴƎ ǿƛƴŘ ŎƻƴŘƛǘƛƻƴǎ ŀŎǊƻǎǎ ǘƘŜ ǎƛǘŜύΣ ǘƘŜ ǘǳǊōƛƴŜΩǎ ƻǇŜǊŀǘƛƻƴ ǿŀǎ ŘŜǘŜǊƳƛƴŜŘ ǘƻ ōŜ ƴƻǊƳŀƭ for 
the purposes of the noise assessment.  

http://www.marshallday.com
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Turbine Normal 
operation 

Turbine Normal 
operation 

Turbine Normal 
operation 

T31 30 % T104 62% T218 25 % 

T32 41 % T145 49% T219 4 % 

T33 55 % T151 62% T220 5 % 

T40 63 % T152 58% T221 6 % 

T41 54 % T153 61% T222 5 % 

T42 65 % T154 62% T223 18 % 

T43 65 % T155 60% T224 23 % 

T44 65 % T156 63% T225 43 % 

T50 63 %     

A summary of the operational status of all wind turbines is provided in Table 3. 

Table 3: Summary of operational status of all wind turbines 

Portion of monitoring period that turbines operated normally Number of turbines 

Less than 10 % of monitoring period 5 

Between 10 and 20 % of monitoring period 3 

Between 20 and 30 % of monitoring period 6 

Between 30 and 40 % of monitoring period 2 

Between 40 and 50 % of monitoring period 9 

More than 50 % of monitoring period 36 

The data presented in Table 2 and Table 3 demonstrate that the wind farm was not fully operational 
for a significant portion of the noise monitoring period. This is a relevant consideration for the 
analysis and findings of the round 2 noise monitoring, and is addressed in further detail in 
subsequent sections. 

http://www.marshallday.com
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3.0 NOISE CRITERIA 

Condition 12 in both planning permits specifies that operational noise levels from the Murra Warra 
Wind Farm must comply with NZS 6808:2010 at noise sensitive locations. 

The operational noise requirements of the planning permits and NZS 6808:2010 are specified in 
terms of wind farm noise limits that apply at noise sensitive locations. The following key aspects of 
the noise limits are noted: 

¶ The fixed value component of the limits is set at a value of 40 dB LA90, except in those instances 
where the high amenity provisions of NZS 6808:2010 are applicable. The subject of high amenity 
areas was addressed in the endorsed pre-construction noise assessment for the Murra Warra 
Wind Farm. The assessment determined that high amenity limits are not applicable, based on the 
land zoning of the areas surrounding the wind farm. 

¶ The operational noise limits in accordance with Condition 12 are therefore defined as 40 dB LA90 
or the background noise level LA90 + 5 dB, whichever is higher. 

Condition 12. b. iv. allows for the base limit to be increased by a written noise agreement between 
the wind farm operator and the dwelling owner. Noise agreements have been established with some 
noise sensitive locations (see Appendix C for details). However, for the purposes of the noise 
compliance monitoring, a base limit of 40 dB LA90 is referenced for these locations.  

Operational wind farm noise limits for the Murra Warra Wind Farm, determined in accordance with 
condition 12 of the planning permits and NZS 6808:2010, are detailed in Section 3.0 of the NCTP.  

The noise limits applicable to Stage 1 of the Murra Warra Wind Farm are reproduced in Table 1 and 
Table 4. 

Table 4: All-hours period operational wind farm noise limits, dB LA90 

Location Site wind speed (m/s) at 139 m AGL at reference mast M220 [1] 

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

H41 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 41.7 

H46 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.4 41.7 42.7 43.3 43.3 

H57 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.2 40.6 

H155 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.1 42.4 44.8 

H160 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 

H161 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 41.3 43.1 45.0 

Note 1: reference mast at 612004 E, 5963654 N  (MGA 94 Zone 54) 
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Table 5: Night period operational wind farm noise limits, dB LA90 

Location Site wind speed (m/s) at 139 m AGL at reference mast M220 [1] 

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

H41 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 

H46 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.2 41.0 41.2 

H57 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 

H155 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.6 43.2 

H160 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 

H161 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 41.1 

Note 1: reference mast at 612004 E, 5963654 N  (MGA 94 Zone 54) 
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4.0 NOISE SURVEY & ANALYSIS METHOD 

This section provides a brief summary of: 

¶ the noise monitoring locations 

¶ the survey method 

¶ the analysis method.  

Full details are documented in the NCTP. 

4.1 Noise monitoring locations 

Noise monitoring was carried out at the three (3) receiver locations and three (3) intermediate 
locations specified in Section 4.1 of the NCTP. The monitoring locations are reproduced in Table 6 
below. 

Table 6: Noise monitoring locations 

Location Direction from wind farm 

H41 South of stage 1 

H155 West of stage 1 

H161 Central (between stage 1 and stage 2) 

Int4 South of stage 1 

Int5 West of stage 1 

Int6 Northwest of stage 1 

The measurement locations are illustrated on the following page in Figure 2.  

Coordinates and photographs for the noise monitoring locations are provided in Appendix G to 
Appendix L. 

Noise levels at the receiver locations H41, H155 and H161 are the primary consideration for assessing 
compliance with the requirements of the planning permits. The measurements at the intermediate 
locations provide a secondary reference for assessing noise levels at the receiver locations in the 
event that the results obtained at the receiver locations are inconclusive as a result of background 
noise levels. The intermediate locations also provide a reference point for repeat compliance testing 
in the future. 

The positioning of the equipment at each noise monitoring location was as close as practically 
possible to that of the background noise monitoring and round 1 compliance monitoring for the wind 
farm. In relation to the monitoring at receiver locations, the equipment was positioned: 

¶ not less than 3.5 m from vertical reflecting surfaces 

¶ on the wind farm side of the dwelling, and as near as practical to a distance of 20 m from the 
dwelling while avoiding reflecting surfaces and localised sources of background noise. 

 

http://www.marshallday.com
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Figure 2: Monitoring locations relative to the approved Murra Warra Wind Farm (including Stage 2 and the 
predicted noise contours from the endorsed pre-construction noise assessment6)

 

 

6 Sonus report titled Murra Warra Wind Farm ς Pre-construction noise assessment dated August 2017 (report reference 
S4453C25) 
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4.2 Survey description 

The survey comprised noise measurements and attended observations as required by the NCTP. Key 
elements of the survey are summarised in Table 7 below. 

Table 7: Summary of key elements of the post construction noise survey 

Item Description 

Monitoring locations Three (3) receiver locations and three (3) intermediate locations as described 
in Section 4.1. 

Monitoring Period 20/11/2019 to 16/1/2020 equating to approximately 
six (6) weeks at each location.  

The survey period coincided with construction of sections of Stage 1 of the 
wind farm. Also, Stage 1 wind farm operation was variable during the period. 

Analysis procedures for removing the potential influence of construction 
noise and accounting for varied turbine operation are described in 
Section 4.3. 

Attended observations Attended observations of wind farm noise were undertaken during the noise 
monitoring period by a qualified acoustic engineer with experience in the 
assessment of wind farm sound. In strict accordance with the NCTP, multiple 
additional observations are required during each round of noise monitoring. 
However, the NCTP procedures are primarily defined for the assessment of 
complete operation of the wind farm. The number of turbines operating the 
site was limited and highly variable, particularly at the start of operations. 
Additional observations were therefore not considered warranted for the 
initial phase of operation (noting that, in strict accordance with the NCTP, 
monitoring at all locations was not strictly warranted at all locations, due to 
the low predicted noise levels). 

Sound level meters Class 1 automated sound loggers (most accurate class rating for field usage). 

Microphones mounted at approximately 1.5 m above ground level and fitted 
with enhanced wind shielding systems based on the design 
recommendations detailed in the UK good practice guide7.   

See equipment specifications and calibration records in Appendix D. 

Noise measurement data A-weighted average and statistical sound pressure levels. 

One-third octave band frequency noise levels and a brief audio sample every 
ten (10) minutes to aid the identification of extraneous8 noise influences. 

 

7 UK Institute of Acoustics publication A good practice guide to the application of ETSU-R-97 for the assessment and 
rating of wind turbine noise 

8  Extraneous noise, as defined within Section 5.2 of the NCTP, may include (without limitation) domestic machinery, 
agricultural operations, construction noise or elevated bird/frog/insect noise.  

http://www.marshallday.com
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Item Description 

Local wind speed and 
rainfall data 

A weather station was installed beside one of the noise monitoring locations 
to concurrently record rainfall and wind speeds at microphone height. 

This data was recorded to identify periods when local weather conditions 
may have resulted in excessive extraneous noise at the microphone (i.e. 
rainfall).  

Site wind speed data Hub height wind speeds at mast reference M220 for correlating background 
noise levels with site wind speeds. 

The data was provided by Downer, based on analysis conducted by DNV-GL 
on behalf of Downer, to synthesise wake-free data set (i.e. free from wake 
effects associated with the turbines installed at the site). The synthesis by 
DNV-GL involved the collation and analysis of wind speeds measured at 
multiple heights and locations around the site, including the reference mast 
M220. 

A summary of the analysis process to produce the synthesised wake-free 
dataset is reproduced in Appendix E. 

4.3 Data analysis 

Analysis procedures in accordance with the planning permits and NZS 6808:2010 are specified in 
Section 5.0 of the NCTP. 

This analysis broadly involves: 

¶ collating the measured noise levels, site wind speeds and local weather data into a single dataset 

¶ filtering the data set to remove measurement results affected by extraneous or atypical noise  

¶ filtering the data set for the range of site wind speeds in which the turbines are operational 

¶ filtering the data set where necessary to account for site wind directions  

¶ plotting a chart of noise levels versus wind speeds and determining the line of best fit to the data. 

In relation to the operational status of the wind farm, the NCTP specifies procedures for removing 
periods of atypical operation when the noise levels of the wind farm are likely to be lower than 
would occur when all turbines are operating normally. These operational filtering procedures are 
primarily relevant to monitoring conducted during periods when all turbines at the site have started 
operating. 

Given all turbines were operational towards the end of this round of monitoring, operational filtering 
was applied to all monitoring locations in accordance with the procedure outlined in the NCTP. 
However, applying this filtering resulted in no periods of typical operation for five monitoring 
locations, and a very low number of periods for the remaining location (and an insufficient amount of 
data for further analysis).  Practical variations to the analysis procedures were therefore required to 
enable an assessment of compliance for the round 2 noise monitoring period. 

A summary of the key steps in the data analysis is presented in Table 8, including details of the 
operational filtering specifically applied to the round 2 noise measurement data. 

http://www.marshallday.com
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Table 8:  Noise data analysis summary 

Process Description 

Data collation Time stamps for each source of measurement data are reviewed to clarify start or end 
times and measurement time zone. 

Measured noise levels, site wind speeds and local weather conditions are then collated for 
each ten-minute measurement interval.  

Local weather 
data filtering 

10-minute intervals are identified and filtered from the analysis if rainfall was identified for 
any ten-minute measurement interval. 

Extraneous 
noise filtering 

The measured sound frequencies (one-third octave bands) in each 10-minute interval are 
used to identify periods that are significantly affected by bird or insect sounds. 

10-minute intervals have been identified, and filtered from the analysis, when the 
following conditions9 are satisfied: 

¶ the highest A-weighted one-third octave band noise level is within 5 dB of the 
broadband A-weighted noise level for that interval; and 

¶ the identified one-third octave band A-weighted noise level is greater than a level of 
20 dB LA90.  

Construction 
activity filtering 

Filtering for construction activity was not performed for this round of monitoring.  

Turbine shut-
downs 

The NCTP analysis procedures specify that any periods that were affected by turbine shut-
downs are to be excluded from the regression analysis. These procedures are defined to 
remove periods of atypical operation when the noise levels of the wind farm are likely to 
have been materially lower than would occur when all Stage 1 turbines are operating.   

These operational filtering procedures are primarily relevant to monitoring conducted 
during periods when all Stage 1 turbines at the site have started operating. Operational 
analysis was investigated as all turbines were operational for at least some periods during 
the monitoring. However, following the process within the NCTP resulted in no or 
negligible numbers of periods that were not affected by turbine shutdowns. Variations 
from the NCTP operational filtering were investigated to identify opportunities to increase 
the assessable quantity of data. However, the limited periods of operation for multiple 
relevant turbines still resulted in insufficient periods for a meaningful analysis data filtered 
for wind farm operation.  

As a result, the analysis has been undertaken without any filters applied for operational 
status. This means that the contribution of the turbines to the measured noise levels 
analysed in this round will be lower than if the wind farm were completely operational. 
The round 2 analysis can therefore only be regarded as a representation of compliance 
during the round 2 noise monitoring period.  

 

 

9 Griffin, D., Delaire, C., & Pischedda, P. (2013). Methods of identifying extraneous noise during unattended noise 
measurements. 20th International Congress of Sound & Vibration. 
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Process Description 

Time periods The data sets are assessed separately for all-time periods: (i.e. day and night data 
combined) and the night-time periods (2200-0700 hours). 

Regression 
analysis 

Two datasets are plotted on a chart of noise levels versus wind speeds: 

¶ All data points that have been removed from the analysis using the above processes 

¶ The filtered dataset comprising all retained measurement data. 

The chart of filtered noise levels versus wind speed is reviewed to determine if there are 
any distinctive trends or gaps in the data which could warrant separation of the 
measurement results into subgroups (e.g. subgroups for time of day or wind direction). 

A line of best fit is determined for the filtered data and, where applicable, any subgroups 
of the filtered data. The line of best fit is determined using a regression analysis of the 
range of noise levels and wind speeds or, where necessary, analysis of noise levels at 
individual wind speeds. 

The regression analysis is limited to wind speeds between 3 and 12 m/s, corresponding to 
the cut-in wind speed and rated power wind speed for the Senvion 3.7M144 turbine. At 
wind speeds below the cut-in wind speed, noise levels will be controlled by non-turbine 
noise sources. For variable speed pitch regulated turbines, sound power levels increase as 
a function of wind speed until rated power is reached, at which point sound levels no 
longer increase (as shown in Figure 1). While total noise levels increase beyond 12 m/s, 
these increases are due to higher levels of background and extraneous noise, rather than 
turbine noise. 

The data analysis also involves an objective assessment of Special Audible Characteristics (SACs) if 
their potential presence is indicated by: 

¶ the attended observations conducted as part of the survey 

¶ observations by site personnel at the wind farm 

¶ noise complaints recorded in the ǎƛǘŜΩǎ ŎƻƳǇƭŀƛƴǘ ƘŀƴŘƭƛƴƎ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘ ǎȅǎǘŜƳ. 

If objective assessment is warranted, the applicable procedures are listed in Table 9, as specified in 
Section 4.4.4 of the NCTP.  

Table 9: SAC objective assessment procedures 

SAC Objective assessment procedure 

Amplitude modulation UK Institute of AcouǎǘƛŎǎΩ !ƳǇƭƛǘǳŘŜ aƻŘǳƭŀǘƛƻƴ ²ƻǊƪƛƴƎ DǊƻǳǇ ǇǳōƭƛŎŀǘƛƻƴ 
Final Report - A Method for Rating Amplitude Modulation in Wind Turbine Noise 
Version 1 dated 9 August 2016 (UK IOA AM procedure) 

Impulsiveness Australian Standard AS 1055:2018 Description and measurement of 
environmental noise (AS 1055:2018) 

The method defined in Appendix E (informative) Objective method for 
application of an impulse adjustment to receiver noise. 

Tonality International Standard ISO 1996-2:2017 Acoustics τ Description, measurement 
and assessment of environmental noise τ Part 2: Determination of sound 
pressure levels 2017 (ISO 1996-2:2017) 

The narrow band method defined in ISO 1996-2:2017 Annex J Objective method 
for assessing the audibility of tones in noise τ Engineering method (Annex J) is 
to be used. 
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5.0 SURVEY RESULTS 

This section presents a summary of the results of the measurements and attended observations, and 
an assessment of compliance with noise criteria. 

It is important to note that the total measured noise levels at all locations are a combination of: 

¶ operational wind farm noise; and 

¶ residual noise (i.e. the noise from all other sound sources not related to the wind farm). 

Given that many turbines were not yet operating for a significant period during the monitoring, the 
measured total noise levels at most locations, and particularly the residential locations, were 
controlled by the influence of background noise.  

Turbine contributions are expected to have progressively increased during the monitoring period, as 
all turbines gradually became operational. The operational analysis showed that despite all sixty-one 
(61) turbines being operational within the monitoring period, there were effectively no periods when 
all relevant turbines were simultaneously operating (a relevant turbine is defined as in accordance 
with the NCTP, such that all non-relevant turbines contribute 0.1 dB or less to the overall noise level). 
Noise levels attributable to the wind farm were therefore regularly lower than would occur during 
full operation of the wind farm. 

As a result, the noise of the turbines for significant portions of the monitoring period would have 
been lower than the total measured noise levels. However, the noise criteria apply solely to the noise 
level that is attributable to the operation of the wind farm. This is an important point of context 
when comparing total measured noise levels with the noise criteria. 

5.1 Measured noise levels 

Detailed noise measurement data is provided for all monitoring locations in Appendix F to 
Appendix L. 

Receiver location H161 and intermediate location Int6 were the two nearest monitoring locations to 
the turbines of Stage 1 which were operating the for the greatest proportion of the monitoring 
period. In relation to the other four (4) monitoring locations, a number of the relevant turbines were 
not operational until late in the monitoring period. This means that the contribution of the turbines 
to the total measured noise levels at these locations was lower than had all turbines been 
operational.  

Measurements at H41 showed a very high degree of scatter which suggests the influence of 
extraneous noise. The time history at this location also indicated a clear diurnal trend of extraneous 
noise, with distinctly elevated noise levels during the day and the shoulder periods of the day and 
night (e.g. early morning hours).. The influence of this extraneous noise source prevented meaningful 
regression analysis at this location. The regression curves for day and night have been presented on 
the figures for this location; however, as these appear to be heavily influenced by non-turbine noise 
sources, care should be used when interpreting this data. Notably, the regression curves for the 
night-time period are inconsistent with the typical trend of variation in turbine noise with wind 
speed. 

Following removal of periods affected by rain and readily identifiable extraneous noise (i.e. high 
frequency filters for insect noise), there was a sufficient quantity of data available for analysis. Trend 
lines have been applied to the data in accordance with NZS 6808:2010. The derived total noise levels 
presented in Table 10 and Table 11 correspond to the value of the trend lines at each integer hub 
height wind speed. However, it is noted that the retained data points in the analysis exhibit a very 
wide range of variation in noise levels at some locations. This resulted in a relatively poor correlation 
between noise levels and wind speeds at some locations. In accordance with NZS 6808:2010, 
potential subsets of this variation were therefore reviewed and are discussed subsequently. 
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Table 10: Post-construction measured noise levels ς all-time period, dB LA90  

Locatio
n 

Hub height wind speed (m/s) 

  4 5 6 7 8 9 10 11 12 

H155 30.9 32.2 33.4 34.5 35.5 36.3 36.9 37.3 37.5 

H161 25.3 27.3 29.4 31.4 33.2 34.7 35.8 36.3 36.2 

Int4 26.0 28.6 30.7 32.4 33.8 34.8 35.4 35.8 36.0 

Int5 28.0 30.9 33.5 35.9 37.8 39.4 40.5 41.0 41.1 

Int6 26.1 28.0 29.9 31.7 33.4 34.8 35.9 36.7 37.0 

 

Table 11: Post-construction measured noise levels ς night-time period, dB LA90 

Location Hub height wind speed (m/s) 

  4 5 6 7 8 9 10 11 12 

H155 23.9 25.6 27.3 28.8 30.1 31.2 32.1 32.8 33.2 

H161 23.5 24.9 26.4 28.0 29.6 31.0 32.1 33.0 33.3 

Int4 26.2 28.7 30.3 31.3 31.9 32.2 32.5 33.1 34.1 

Int5 29.2 32.8 35.3 37.0 38.2 38.9 39.5 40.2 41.0 

Int6 28.3 29.3 30.4 31.6 32.7 33.9 34.9 35.8 36.5 

 

The following key observations are noted from the noise levels measured at all locations: 

¶ Receiver H41: the data showed a high degree of scatter indicating a very weak relationship 
between windspeed and noise, likely due to the significant influence of background or 
extraneous noise. Filtering of noise for wind direction showed no significant change in measured 
noise levels, providing evidence that the noise at this location was not controlled by noise from 
wind turbines. Night-time noise levels were lower than those for the all hours period by 
approximately 5 dB, providing more evidence that measured noise levels at this location were 
controlled by the influence of background noise. Additionally, measured noise levels during the 
day were higher than at Int4, despite Int4 being located closer to the nearest wind turbines. This 
provides very strong evidence that daytime levels were highly influenced by noise from sources 
other than wind turbines. 

¶ Receiver H155: The regression analysis showed a high degree of scatter, indicating a weak 
relationship between windspeed and noise. There was also evidence of extraneous noise in the 
time history, with several days clearly influenced by a steady noise source. Listening to a sample 
of audio files during these periods indicated the presence of an unidentified steady mechanical 
noise source, unrelated to the wind farm (potentially a domestic or agricultural source). Filtering 
of this data did improve the regression relationship, but similar to receiver H41, downwind 
filtering showed very limited changes in measured noise levels, providing evidence that noise at 
this location was primarily controlled by non-turbine noise sources. 

¶ Receiver H161: Similarly, regression analysis also showed a high degree of scatter, indicating a 
weak relationship between windspeed and noise. Filtering of data for downwind directions from 
the wind farm showed that noise levels were lower under downwind conditions, providing strong 
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evidence that noise at this location was primarily controlled by non-turbine noise sources located 
in the opposite direction from the wind farm. 

¶ Intermediate locations Int4, Int5 and Int6: noise criteria do not apply at the intermediate 
locations, and the majority of measured total noise levels during both the all-time and night-time 
periods were below the minimum limit value of 40 dB which applies at more distant receiver 
locations. There were some periods above 40 dB at higher wind speeds, but these levels are 
consistent with increased operational levels of the wind farm, and consistent with predicted 
noise levels at these intermediate locations. Data was filtered for downwind conditions, and 
showed a stronger relationship between windspeed and noise than at receiver locations, 
indicating that the wind farm is likely to have had a greater influence on the total measured noise 
levels at these intermediate locations.  

The measured noise levels at all locations demonstrate that the noise contribution of the wind farm 
during the monitoring period was below the minimum applicable noise limits at all receivers.  
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5.2 Special audible characteristics 

This section presents the findings of the attended observations which were carried out to inform an 
assessment of whether special audible characteristics were evident in the noise of the wind farm. 

The findings of the attended observations are summarised in Table 12, along with the operational 
status of the wind farm at the times when the observations were made. For consistency, the wind 
speed and direction has been taken from the met mast M220 anemometer readings. The comments 
note if the receiver was upwind/downwind/crosswind of the wind farm at the time of the 
observations. 

While special audible characteristics are strictly only accessible at receiver locations, Table 12 also 
provides observations undertaken at intermediate locations to assist the assessment of 
characteristics at the receiver locations. 

Table 12: Summary of subjective assessments 

Date Location Total 
turbines 
operating 

Hub height wind 
speed and direction 
(m/s, degrees)[1] 

Subjective assessment/Comments 

6/01/2020 
03:50 

H161 50 7.7, 323o Wind farm audible. Down/crosswind 
conditions. No SAC observed. 

6/01/2020 
04:20 

H155 50 8.5, 327o Wind farm audible. Upwind 
conditions. No SAC observed. 

6/01/2020 
04:50 

Int4 50 7.5, 323o Wind farm clearly audible. 
Down/crosswind conditions. Tonality 
identified in mid to high frequency; 
likely not related to turbine 
operations. 

16/01/2020 
12:30 

H41 0 7.6, 3o Wind farm inaudible. Downwind 
conditions. No SAC observed. 

16/01/2020 
15:10 

Int5 15 8.0, 345o Wind farm clearly audible. 
Up/crosswind conditions. No SAC 
observed. 

16/01/2020 
16:30 

H41 3 8.3, 344o Wind farm inaudible. Downwind 
conditions. No SAC observed. 

4/02/2020 
12:40 

H161 56[2] 13, S[3] Wind farm inaudible. 
Down/crosswind conditions. No SAC 
observed. 

4/02/2020 
13:10 

H41 56[2] 11, SSW[3] Wind farm just audible. Upwind 
conditions. No SAC observed. 

Note 1: Wind speed data based on development mast M220 

Note 2: Values based on observation 

Note 3: Weather data taken from Horsham Aerodrome weather station 

During observations at Int4 on 6/1/2020, mid to high frequency tonality was identified; however the 
source of this tonality was unclear. A high degree of construction and commissioning activities were 
occurring during the time of the attended observation at nearby turbine locations. The frequency of 
this tone was not consistent with typical wind farm noise, and more consistent with tones that may 
typically occur during construction activity. It should be noted that even if tonality had been present 
due to nearby wind turbines, this does not mean that tonality would be present at receiver locations, 
especially as mid to high frequency tones tend to be attenuated over short distances. 

http://www.marshallday.com


 

 

Rp 005 R01 20181019 - Murra Warra Wind Farm Stage 1 Round 2 - Post-construction noise assessment 21 

The observations outlined in the above table indicate that the wind farm was audible at most 
locations. Special audible characteristics were not evident in the noise of the wind farm at the 
receiver locations. Further investigation of special audible characteristics, or the application of 
penalties in relation to special audible characteristic, was therefore determined to be not warranted. 
As a secondary reference, it is also understood that the site records for the wind farm (e.g. 
ƻōǎŜǊǾŀǘƛƻƴǎ ōȅ ǎƛǘŜ ǇŜǊǎƻƴƴŜƭ ƻǊ ŦŜŜŘōŀŎƪ ǊŜƎƛǎǘŜǊŜŘ Ǿƛŀ ǘƘŜ ǎƛǘŜΩǎ ŎƻƳǇƭŀƛƴǘ handling system) do 
not suggest the potential presence of special audible characteristics. 

5.3 Compliance status 

Due to the limited operational status of the wind farm, it is difficult to draw a conclusion about the 
status of the wind farm if it had been at full operation. This is further complicated by the receiver 
locations showing strong evidence that noise levels were generally controlled by noise sources not 
related to the wind farm.  

The noise levels measured at the intermediate locations exhibit trends that are consistent with an 
increased contribution from wind turbine noise; however, noise criteria do not apply to these 
locations. The intermediate locations were selected due to their proximity to the predicted 45 dB 
contour, and measured data was below this level at all three locations. Although there is uncertainty 
due to the varying nature of the wind farm, the difference between measured noise levels at these 
locations and 45 dB does provide an indication of the likelihood of the wind farm achieving 
compliance when the wind farm is fully operational at residential locations.  

Table 13 presents the difference between the maximum noise level found by regression analysis at 
intermediate locations and 45 dB. A statistical analysis of the regression is not practical as compliance 
is based on the regression analysis, rather than any single individual period. Assessment of statistical 
uncertainty in the regression analysis would only provide an indication of the probability of any 
individual level being above a certain level. A small number of periods above 45 dB over a 
measurement campaign is expected and not an indicator of non-exceedance. This variability in noise 
over a measurement campaign is generally due to natural variations in background noise at the 
measurement location. Regression analysis is used to smooth out the variability in background noise 
and attempt to show the underlying contributions from wind turbine noise, which tends to be less 
variable. Assessment of compliance against the regression analysis is in accordance with the 
requirements of NZS 6808:2010 and the permit conditions for the wind farm. 

Table 13 below presents the maximum regression noise level for each of the intermediate location, 
and the margin between this and 45 dB. The magnitude of the margin between these two values at 
all intermediate locations is a strong indicator of compliance at residential locations.   

Table 13: Intermediate location maximum regression noise level, and margin between 45 dB and maximum 
level 

Intermediate Location Maximum Regression Noise Level Margin below 45 dB 

Int4 36.0 9.0 

Int5 42.1 2.9 

Int6 37.9 7.1 
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6.0 SUMMARY 

A second round of operational wind farm noise monitoring has been carried out in the vicinity of 
Stage 1 of the Murra Warra Wind Farm to assess compliance with the operational noise 
requirements specified in condition 12 of the planning permits.  

The noise monitoring was carried out in accordance with the planning permits and NZS 6808:2010. 
The monitoring was also conducted in general accordance with the NCTP, with some practical 
variations in procedures in recognition of the variable operational status of the wind farm during the 
survey period. 

As a result of the construction of Stage 1 wind turbines being completed over the course of the noise 
monitoring period, there were not enough periods when all relevant turbines for each receiver were 
operating to enable a complete analysis of Stage 1 of the Murra Warra Wind Farm. However, based 
on the measured levels, the results demonstrate that operational noise levels associated with Stage 1 
of Murra Warra Wind Farm complied with the noise requirements outlined in condition 12 of the 
planning permits during the round 2 noise monitoring period. In particular, the total measured noise 
levels at the receiver are believed to have been controlled by the influence of background sources in 
most instances. This finding was supported by the level of variation evident in the data, and 
comparisons with the results obtained at the intermediate locations positioned nearer to the wind 
farm. 

Compliance is to be re-assessed by repeat noise monitoring with Stage 1 of the wind farm fully 
operational for the duration of a round of noise measurements. 
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APPENDIX A GLOSSARY OF TERMINOLOGY 

Ambient noise The total, encompassing sound. 

Frequency Sound can occur over a range of frequencies extending from the very low, such as 
the rumble of thunder, up to the very high such as the crash of cymbals. Sound is 
generally described over the frequency range from 63Hz to 4000Hz (4kHz). This is 
roughly equal to the range of frequencies on a piano. 

Hertz (Hz) Hertz is the unit of frequency. One hertz is one cycle per second.  
One thousand hertz is a kilohertz (kHz). 

Octave Band A range of frequencies where the highest frequency included is twice the lowest 
frequency. Octave bands are referred to by their logarithmic centre frequencies, 
these being 31.5 Hz, 63 Hz, 125 Hz, 250 Hz, 500 Hz, 1 kHz, 2 kHz, 4 kHz, 8 kHz, and 16 
kHz for the audible range of sound. 

Residual noise The total, encompassing sound without the sound of interest. 

Sound Pressure Level (LP) A logarithmic ratio of a sound pressure measured at distance, relative to the 
threshold of hearing (20 µPa RMS) and expressed in decibels. 

dB Decibel. The unit of sound level on a logarithmic scale. 

A-weighting The A-weighting approximates the response of the human ear  

LAeq The equivalent continuous (time-averaged) A-weighted sound level. This is 
commonly referred to as the average noise level. 

Noise is often not steady. Traffic noise, music noise and the barking of dogs are all examples of noises that vary over 
time. When such noises are measured, the noise level can be expressed as an average level, or as a statistical 
measure, such as the level exceeded for 90% of the time.  

LA90 The A-weighted noise level equalled or exceeded for 90% of the measurement 
period. This is commonly referred to as the background noise level. 
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APPENDIX B SITE LAYOUT 

Figure 3: Site layout 
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