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EXECUTIVE SUMMARY

Thisdocumentis the second\coustic Compliance Repdot Stagel of the Murra Warra Wind Farpas
required bycondition12ofi KS & A ypBnnifigheii< &

The Acoustic Compliance Report is based on the restilte sécondround (round2) of noise compliance
monitoringfor Stagel of the Murra Warra Wind FarmAt the start of the round 2 monitoring, not all
turbines had commenced operation. During the ceuttse monitoringall remaining turbines commenced
operation, resulting inlasixty-one (63 turbines associated witthe projectbeingoperational by the time
the round 2 survey was completed.

The monitoring was carried out in accordance with pkennng permitsandthe applicable standard
NZS5808:2010Acoustics; Wind farm nois€NZ 6808:210) The monitoring waalsoconducted in general
accordance with the Noise Compliance Testing?Pleith some practical variations in procedures in
recognition otthe variable operational status of the wind farm during the survey period

The noise mondring comprised

I Unattendedmeasurementst three (3)residential locations

1 Unattended measurements #tree (3)intermediate locatios positioned nearer to the wind farm
1 Attended observations to inform an assessment of the noise characteristics of ttiéanim

The results demonstite that operational noise levels associated vtagel of the Murra Warra Wind Farm
complied with the noise requirements outlined in condition 12 of the planning psduiing the round2
noise monitoring period.

Compliancés to bere-assessed by repeat noise monitorimigh Stage 1 of the wind farm fully operational
for the duration of aound of noise measurements

1 HorshanRural CityCounciPlanning Permit No. PA1600127d Yarriambiack Council: Planning Permit No.
PA1600128both issued 21 November 2016.

2 MDA reportRp 003R012018101Murra Warra Wind Farm StagegiNoise Compliance Test Phiated
21 November2019
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1.0 INTRODUCTION

TheMurra Warrawind Farm is a consented projéatatedin the HorshamRural CityCounciand
YarriambiaclCouncilocal government area

Stage 1 of thdlurra Warra Wind Farrmomprisessixy-one (61) turbinesStage 1 of the wind farm
wasconstructedby Downer Group (Downer) aigloperational with the first turbine operating as of
9 April 2019

Theplanning permitdor the wind farmspecify that thewind farm must comply with the noise
criteria detailed in New Zealand Standard 6808:28&0ustics; Wind Farm NoiseNZ35808:2010)
The planning permits alsequire Acousti€ompliance Reports to begpared after the wind farm
starts operating.

Marshall Day Acoustics was engaged by Dovianeup to conduct noise compliance monitoring for
Sagel of the wind farm.

This report presents the results of teecondround (round 2) of noisecompliancemonitoring for
Stagel of the wind farmin accordance with the planning permaadNZ35808:2010The planning
permitsrequire rounds of monitoring every 6 months from the first turbine becoming operational
until full operation of the wind farm. However, thesting program was delayedid to Senvion
entering into administration in Australia, leaditmydelays in deployment and operational data being
available for analysis.

The monitoring spanned@eriodfrom November 2018ntil completion of all turbineg) January
2020

Themonitoringwas conducted in generatcordanceavith the Noise Compliance $ting Plas
(NCTR)with some practical variations in procedures in recognition oivtr&ble operational status
of the wind farm during the survey period

This report is to be read in conjunction with thackground noise repdrand the NCTP.
Acoustiderminology used throughout this report is presenteddippendixA.
Site layouinformation isdetailed inAppendixB.

Theplanning permia dise relatecconditionsare reproduced iMppendixC

3 MDA reportRp 003R012018101Murra Warra Wind Farm StagegiNoise Compliance Test Phiated
21 November2019

4 MDA reportRp 001 20181018lurra Warra Wind Farng Background Noise Monitorirtpted11 November 2019

Rp 005 R0O1 2018101Murra Warra Wind Farm Stage 1 Rd2- Postconstruction noise assessment 5
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2.0 WIND FARM DETAILS
2.1 Overview
Stagel of the Murra Warra Wind Farraonsiss of sixty-one (61) Senvion 3.7M144ind turbines

The first turbine at the site started operating on 9 April 20&9he start of this round of monitoring
(round 2), there were forty (40) turbines operating in Stage 1. The final turbine of th@se(1)
turbines in Stage 1 becameanational in midJanuary; approximately 1 week before the end of this
round of monioring. 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 turbirgare outlined inTablel below.
Tablel: Wind turbine details

Detail Description

Make Senvion

Model 3.7M144

Rotor diameter 144 m

Hub keight 139m
Bladeorientation Upwind

Turbine regulation method Variable blade pitch

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

Cutin wind speed(hub height) 3.5m/s
Rated power wind speed (hub height) 12m/s
Cutout wind speed (hub height) 26.0m/s

The Senvio.7M144 has the ability to be operated in a power modebitef periods of increased
demand. It is understood that this modeaeration is atypical and was not used at any time during
the noise monitoring period. The turbi@maximum operational wind speed is also understood to
have been limited to 20 m/s dimg the noise monitoringeriod (for operational reasons)

For modern ariable 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 approachspgéele

of rated power, the sound power level of the turbine no longeréases with increasing wind speed,
as showrFigurel for the Senvion 3.7M144.

Rp 005 R0O1 2018101Murra Warra Wind Farm Stage 1 Rd2- Postconstruction noise assessment 6
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Figurel: Senvion 3.7M144 Sound powelevel versus wind speed
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2.2  Operational status

The @erationalstatus of the wind farm was revieweing turbine output power and nacelle wind

speed to determine periodsheneach wind turbine was operating normallyable2 presents the
percentage of the monitoring period that each turbine was operatioignally.

Table2: Percentage of monitoring period that each turbine waperating normally

Turbine Normal Turbine Normal Turbine Normal
operation operation 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% TS 70% T214 63%
T28 13% T101 55% T215 63%
T29 26% T102 61% T216 32%
T30 27% T103 59% T217 21%

5 Normal operationthe 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 similey the expected output (i.e. allowing for variations in power output across the

2F QOFNEBAY3I gAYR O2YyRAUA2yoa

aA0S ALK
the purposes of the noise assessment.

a |

NEB & dzf
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Turbine Normal Turbine Normal Turbine Normal

operation operation 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 providd@iie3.

Table3: Summary of operationastatus of all wind turbines

Pottion of monitoring periodthat turbines operatednormally Number of turbines

Less than 106 of monitoring period
Between 10 and 2@ of monitoring period
Between 20 and 3@ of monitoring period

Between 30 and0%of monitoring period

© N O w O

Between 40 and 5@ of monitoring period

More than 50% of monitoring period 36

The data presented ifiable2 and Table3 demonstrate thathe wind farm was not fully operational
for a significant prtion 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.

Rp 005 R0O1 2018101Murra Warra Wind Farm Stage 1 Rd2- Postconstruction noise assessment 8
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NOISE CRERIA

Condition12in both planning permitspecifieghat operational noise levels from thidurra Warra
Wind Farm mustcomply with NZ8808:2010 ahoise sensitive locations.

Theoperational noisegequirementsof the planning permits and NZS 6808:2@i®specified in
terms ofwind farm noisdimits that apply at noise sensitive locations. The following key aspects of
the noiselimits are noted:

1 The fixed value component of the limits is set at a value of 4QgEkcept in those instances
where the highramenity provisions of NZS 6808:2Git8 applicable. The subject of high amenity
areas was addressed in the endorsed-goastruction noise assessment for the Murra Warra
Wind Farm. The assessment determined thghlamenity limits are not applicable, le@son the
land zoning of the areassounding the wind farm.

1 The operational noise limits in accordance with Condition 12 are therefore defined as 49 dB L
or the background noise levelb+ 5dB, whichever is higher.

Condition 12. b. iv. allows fdné base limit to béncreased 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 ¢he nois
compliance monitang, a base limit of 40 dBdis referenced for these locations.

Operational wind farnmoise limitsfor the Murra Warra Wind Farpdetermined inaccordancevith
condition 12 of the planningpermits and NZS 6808:200e detailed inSection3.0 of the NCTP

Thenoise limitsapplicableto Sage 1 of the MurraVarra Wind Farmarereproduced inTablel and
Table4.

Table4: All-hoursperiod operational wind farmnoise limits dB laso

Location Site wind speed (m/s) at 139 m AGL at reference mast M#20

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 40.0 400 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 40.4 417 427 433 433
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 40.1 424 448
H160 40.0 40.0 40.0 40.0 40.0 40.0 40.0 400 40.0 40.0 40.0 40.0 40.0 40.0
H16l 40.0 40.0 40.0 40.0 40.0 40.0 40.0 400 40.0 40.0 40.0 413 431 450

Note 1: reference mast at 612004 E, 5963654 N (MGA 94 Zone 54)

Rp 005 R0O1 2018101Murra Warra Wind Farm Stage 1 Rd2- Postconstruction noise assessment 9
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Table5: Night period operational wind farm noise limits, dBda

O}

Location Site wind speed (mg) at 139 m AGL at reference mast M220

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 41.0 412
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 40.6 432
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 40.0 400 40.0 40.0 40.0 411
Note 1: reference mast at 612004 E, 5963654 N (MGA 94 Zone 54)
Rp 005 R0O1 20181018 urra Warra Wind Farm Stage 1 Rd2- Postconstruction noise assessment 10
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40 NOISESURVEY & ANALYBISTHOD
This section providesbrief summaryof:
9 the noisemonitoring locatios
91 thesurvey method
9 the analysis method.
Full details arelocumented in the NCTP.
4.1 Noisemonitoring locations

Noise monitoring wasarried out at thethree (3)receiverlocationsand three (3) intermediate
locationsspecifiedin Section 4.bf the NCTPThemonitoring locations are reproduced Trable6
below.

Table6: 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 stag 1

Int6 Northwest of stage 1

The measurement locatiorae illustrated on the following page Figure2.

Coordinates and photographs for the noise monitoring locations are proind&gpendixGto
Appendix

Noise levels ahe receiver locatioaH41, H155 and H1Gire the primary consideratiofor assessing
compliance with theequirementsof the planning permitsThe measurements at thistermediate
locatiors 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 locat®iso pravidea referencepoint 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 monitorangd round 1 compliance monitoririgr the wind
farm. In relation to the monitoring at receiver locations, the equipment was positioned:

1 notless than 3.5 m from vertical reflecting surface

1 onthe wind farm side of the dwelling, and as near as practical to a dista@@erofrom the
dweling whie avoiding reflecting surfaces and localised sources of background noise.

Rp 005 R0O1 20181018 urra Warra Wind Farm Stage 1 Rd2- Postconstruction noise assessment 11
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Figure2: Monitoring locations relative to thapprovedMurra Warra Wind Farr(including Stage &nd the
predicted noise contours from thendorsedpre-construction noise assessmént
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6 Sonusreport titled Murra Warra Wind Farrg Pre-construction noise assessment dated August 2017 (report reference
S4453C25)
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The survey comprised noise measurements and attended observatioaguaed bythe NCTP.d¢
elements of thesurveyare summarised iffable7 below.

Table7: Summary of key elements difie post constructiomoise survey

ltem

Description

Monitoringlocations

Three (3) receiver locations and three (3) intermediate locations as descr
in Sectiord.1

Monitoring Period

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

The survey period coincided with construction of sectior@arje 1 of the
wind farm Also,Sage 1 wind farm operatiowasvariable during the period.

Analysis procedures for removing tipotential influence of construction
noise andaccounting for varied turbine operation adescribed in
Sectiord.3

Attended observations

Attended observations of iwd farm noise were undertakesfuringthe noise
monitoring period by a qualified acoustic engineer with experience in the
assessment of wind farm sound. In strict accordance with the NCTP, mul
additional observations are required during each rounda$e monitoring.
However, theNCTRrocedures are primarily defined for the assessment o
complete operation of the wind farm. The number of turbines operating tt
site was limited and highly variable, particularly at the start of operations.
Additional observations were therefore nobnsdered 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 t
the low predicted noise levels).

Sound level meters

Class 1 automatesbund loggers (most accurate class rating for field usag

Microphones mounted at approximately Inbabove ground level and fitted
with enhanced wind shielding systeimased orthe desgn
recommendations detailed ithe UKgood practice guide

See egipment specifications and calibration recoidAppendixD.

Noise measurement data

A-weighted average and statistical sound pressure levels.

One-third octave band frequency noise levalsd a brief audio sampkevery
ten (10) minutes to aid the identification of extraneéuwise influences

7 UK Institute of Acoustics publicatidngood practice guide to the application of ETRET for the assessment and
rating of wind turbire noise

Extraneous nogs 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.

Rp 005 R0O1 20181018 urra Warra Wind Farm Stage 1 Rd2- Postconstruction noise assessment 13
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Local wind speed and A weather station was installed beside one of the noise monitoring locatic
rainfall data to concurrently record rainfall and wind speeds at microphone heigh

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 Hubheight wind speedat mast reference M22fbr correlating background
noise levels with site wind speeds.

The datawvas provided bypowner, based on analysis conductedDi\VGL
on behalf of Downetto synthesise wakéree data set (i.e. free from wake
effectsassociatedvith the turbines installed at the site). The synthdsis
DNV/GL involved the collation and analysis of wind speeds measured at
multiple heights and locations around the site, including the reference me
M220.

A summary of the analysis procésgproduce the synthesised wakeee
dataset igeproduced iMAppendixE

Data analysis

Analysis procedures in accordance wittie planning permitand NZS 6808:2010 are specified in
Sections.00f the NCTP.

This analysis broadly involves:

collating the measured noidevels, site wind speeds and local weather data into a sifajbeset
filtering the data set to remove measurement results affected by extraneous or atypical noise
filtering the datasetfor the range of site wind speeds in which the turbiaesoperaional

filtering the datasetwhere necessary to account for site wind direnio

=A =| =2 = =

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 spegfiscedures for removing
periods of atypical operation when the noise levaishe wind farm are likely to be lower than
would occur when all turbines are operatingrmally. These operational filtering procedures are
primarily relevant to monitoring catucted 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 proceduraedtin the NCTP.
However, applying this filtering resulted in no periodsypical operatiorfor five monitoring

locations, and a very low number of periddsthe remaining location (and an insufficient amount of
data for further analysis)Practicalvariationsto the analysiproceduresvere therefore required to
enable an assessment of compliance for the round 2 noise monitoring period.

A summary of the key steps in thataanalysis is presented rable8, including detad of the
operational filtering specifically applied tioe round 2 noise measurement data.

Rp 005 R0O1 20181018 urra Warra Wind Farm Stage 1 Rd2- Postconstruction noise assessment 14
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Table8: Noise data analysisummary

Process Description

Data collation  Time stamps for each sourcernéasurement data are reviewdo claify start or end
timesandmeasurement time zone.

Measured noise levels, site wind speeds and local weather conditions are then collat
each teaminute measurement interval.

Local weather 10-minute intervalsare identified and filteed from the analysis if rainfall was identified fc
data filtering anyten-minute measurement interval

Extraneous The measured sound frequencies (e¢h&d octave bands) in each 4flinute interval are
noise filtering  used toidentify periods that arsignificantlyaffected by bird or insect sounds.

10-minute intervalshave been identifiedand filtered from the analysis, when the
following condition8 are satisfied:

1 the highest Aveighted onethird octave band noise levehigthin 5 dB of the
broadband Aweighted noisdevel for that interval; and

9 the identified onethird octave band Aveighted noise level is greater than a level of
20 dBLago

Construction  Filtering for construction activity was nperformed for this round of monitoring.
activity filtering

Turbineshut The NCTBnalysis procedures specify that gogriods thatwere affected by turbine shut

downs downsare to beexcluded from the regression analygikese procedures are defingal
remowe periods of atypical operation when the noise levels of theddarm are likely to
have beemmaterially lower than would occur when &8age 1 turbines are operating.

These operational filtering procedures are pairify relevant to monitoring conducted
during periods when afitage 1turbines at the site have stied operating.Operational
analysis was investigated as all turbines were operational for at least some periods d
the monitoring.However, bllowing the process within the NCTP resulted in no or
negligible numbers of periods that were not affectedtinpine shutdownsVariations
from the NCTP operational filteringere investigatedo identify opportunities to increase
the assessable quantity of data. Howewkeg limited periods of operation for multiple
relevant turbinesstill resulted in insuffieint periods fora meaningful analysis data filterec
for wind farm operation.

As a esult,the analysis has been undertaken without any filters applied for operationa
status. Thisneansthat the contribution of the turbines to theneasured noise levels
analysed in this round wilie lower than if the wind farm were completely operatianal
The round 2 analysis can therefore only be regarded as a representation of complian
during the round 2 noise monitoring period.

9 Griffin, D., Delaire, C., & Pischedda, P. (2(M8&)hads of identifying extraneous noise during unattended noise
measurements20th Internationa Congress of Sound & Vibration

Rp 005 R0O1 20181018 urra Warra Wind Farm Stage 1 Rd2- Postconstruction noise assessment 15
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Process Description

Time periods  The data sets arassessd separatelyor all-time periods: (i.e. day and night data
combined)and the nighitime periods (2208700 hours).

Regression Two datasets are plotted on a chartradise levels versus wind speeds:

analysis 1 All data points that have been removed fronethnalysis using the above processes

1 The filtered datasetomprising all retained measurement data

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

A line of best fit is determined for the filtered data and, where applicable, any subgrot
of the filtered data. The line of best fit is determined gsaregression analysis of the
range of noise levels andmd 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, correspond
the cutin wind speed andated power wind speed for the SenviBivyM144 turbine. A
wind speeds belowhe cutin wind speed noise levels will be controlled by nturbine
noise sourceg~or variable speed pitch regulated turbines, sound power levels increas
a function of wid speed until rated power is aghed, at which point sourdvels no
longer increase (as shownHigurel). Whiletotal noise levels increase beyond 12 m/s,
these increases are due to higher levels of backgrounddeatraneous noisegather than
turbine noise.

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

1 the attended observations conducted as part of the survey
9 obsenations by site personnel at the wind farm
f noise complaints recorded intieA 41 SQa O2YLX Ay (i KFIyRftAy3 | yR

If objective assessment is warranted, the applicable procedurdissee inTable9, asspecified in
Section 4.4 of the NCTP.

Table9: SAC objective assessment procedures

SAC Objective assessment procedure

Amplitude modulation ~ UK Institute of Acali 1 A O& Q ! YLX Al dzRS a2 Rdz I (A
Final Report A Method for Rating Amplitude Modulation in Wind Turbine No
Version Mated 9 August 2016 (UK IOA AM procedure)

Impulsiveness Australian Standard AS 1055:2@@&scription and measurement of
environmental noiséAS 1055:2018)

The method defined in Appéix E (informativebjective method for
application of an impulse adjustment to receiver noise

Tonality International StandardSO 199&:2017Acoustica Description, measurement
and assessment of environmental naisé’art 2: Determination of sound
pressure level2017 (1ISO 1998:2017)

The narrow band method defined in ISO 1298017 Annex Qbjective method
for assessing thaudibility of tones in noise Engineering metho@Annex J) is
to be used.
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SURVEY RESULTS

This section presensssummary ofhe results of the measurements and attended observations, and
an assessment of compliance with noise criteria.

It is important tonote that the total measurechoise levelsit all locations are a combination of:
9 operational wind farm noiseand
9 residual mise(i.e.the noise from all other sound sourcast related to the wind farm)

Giventhat mary turbines werenot yetoperatingfor a significant perioduring the monitoring, the
measured total noise levels at most locatipasd particularly the residéial locationswere
controlledby the influence of background noise.

Turbine contributionsre expected tdhave progressiveiycreasel during the monitoring period, as
all turbines gradually became operationBhe gerational analysis showed that despdl sixty-one
(61) turbines being operational within the monitoring period, there weftectivelyno periodsvhen
allrelevantturbineswere simultaneouslpperating(a relevant turbine is defined as in accordance
with the NCTPsuch that all nomelevant turbines contribute 0.1 dB or less to the overall noise level)
Noiselevelsattributable to the wind farm wer¢herefore regularlylower thanwould occur during

full operation ofthe wind farm.

Asa result, thenoise of theturbinesfor significant patiions of the monitoring perioavould have
beenlowerthan the total measured noise legeHowever, the noise criteria apply solely to the noise
level that is attributabldo the operation of the wind farm. This is an important pointohtext

when compaing total measured noise levels with the noise criteria.

Measured noise levels

Detailed noise measurement data is provided for all monitoring locatioAppendix-to
AppendixL

Receiver location H161 and intermediate location Int6 were the two nearest monitoring locations to
the turbines ofStage 1 whickvere operatingthe for the greatest proportion ahe monitoring

period.In relation to he otherfour (4) monitoring locationsa number othe relevantturbines were

not operational until late in the monitoring period his means thahe contribution of the turbines

to the total measured noise levels at theloeationswaslower than had all turbines been

operational.

Measuremeis at H41 showed veryhigh degree of scattexhich suggests thimfluence of

extraneous noise. The timesitry at this locatioralso indicated a clear diurnal treiodl extraneous
noise with distinctly elevated noise levels during the day and the stevudériods of the day and

night (e.g. early morning hoursY.he influence of thisxtraneoushoise source ggvented meaningful
regression analysis at this locatidrine regression curves for day and night have been presented on
the figures for this locabin; however, as these appear to be heavily influenced bytadrine noise
sources, care should be used wheterpreting this data. Notably, the regression curves for the
nighttime period are inconsistent witte typicaltrend of variation irturbine nasewith wind

speed.

Following removal of periods affected by rain and readéytifiableextraneous noisé.e. high

frequency filters for insect noise), there was a sufficient quantity of data available for analysis. Trend
lines have been applied to¢tdata in accordance with NZS 6808:20h@ derived total noise levels
presented inTablel0OandTablell 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 inaise levels at some locations. This resulted in a relatively poor correlation
between noise levels and wind speeds at some locations. In accerdaiicNZ%$808:2010,

potential subsets of this variation were therefore reviewed and are discussed subslyquent
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Tablel10: Postconstruction neasured noisdevelsc all-time period, dB lago

Locatio Hub height wind speed (m/s)
n

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 29.4 314 33.2 34.7 35.8 36.3 36.2

Int4 26.0 28.6 30.7 324 33.8 34.8 354 35.8 36.0
IntS 28.0 30.9 335 35.9 37.8 394 40.5 41.0 41.1
Int6 26.1 28.0 29.9 317 33.4 34.8 35.9 36.7 37.0

Tablel1: Postconstruction measured noise levetsnight-time period, dB koo

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 30.1 312 32.1 32.8 33.2
H161 235 24.9 264 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
IntS 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 medsuall locations:

1 Receiver H41he datashoweda high degree of scatter indicatingy@ryweak relationship
between windspeed and noise, likely due to the significant influence of background or
extraneous noise. Filtering of noise for wind directioovsld no significant change in measured
noise leved, providing evidence thahe noise at this location was not controlled by noise from
wind turbines. Nightime noise levels were lower than those for the all hours period by
approximately 5 dB, providingore evidence thameasured noise levels at thEcationwere
controlledby the influence obackground noiseéddditionally, measured noise levels during the
day were higher than at Int4, despite Int4 being located closer to the nearest wind turbires. Thi
provides very strong evidence that daytime lewetre highly influenced by noise from sources
other than wind turbines.

1 Receiver H155heregression analysis showed a high degree of scatter, indicating a weak
relationship between windspeed and noiséefe was also evidence of extraneous naiste
time history, with several days clearly influenced by a steady noise shistsning to a sample
of audio files during these periods indicated the presencenafradentifiedsteady mechanical
noise soure, unrelated to the wind farm (potentially a dontiesor agriciltural source)Filtering
of this data did improve the regression relationship, but similar to receiver H41, downwind
filtering showed veryimited changes in measured noise levels, providivigence that noise at
this location was primarilgontrolled by norurbine noise sources.

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

1 Intermediate locations Intdint5andInt6: noise criteria do not apply at the intermediate
locations,andthe majority of measuretbtal noise levels during both the diine and nighttime
periods were below the minimum limit value of 40 dB warapplies 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 intermediatecltions.Data was filtered for downwind conains, and
showed a stronger relationship between windspeed and noise than at receiver locations,
indicating thatthe wind farm is likely to havlad agreaterinfluence on the total measured noise
levelsat these intermediate locations.

The measured noiséevels at all locationdemonstrate thathe noisecontributionof the wind farm
during the monitoring period was below the minimum applicable noise lmhitdl receivers
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Special audible characteristics

Ths section presents the findings of taéended 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 summaris@abiel2, 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 readihg 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 locEtibled2 also
provides observations undertake intermediate locations to assist the assessment of
characteristics at the receiver locations.

Table12: Summary of subjectivassessments

Date Location  Total Hub height wind Subjective assessment/Comments
turbines speed and direction
operating (m/s, degreedy!

6/01/2020 H161 50 7.7,328° Wind farm audible. Down/crosswinc
03:50 conditions. No SAC observed.
6/01/2020 H155 50 8.5, 37° Wind farm audibleUpwind

04:20 conditions. No SAC observed.
6/01/2020 Int4 50 7.5,323 Wind farm clearly audible.

04:50 Down/ crosswindconditions.Tonality

identified in mid to high frequency;
likely not related taurbine

operations
16/01/2020 H41 0 76,3 Wind farm inaudibleDownwind
12:30 conditions. No SAC observed.
16/01/2020 Int5 15 8.0, 3438 Wind farm clearly audible.
15:10 Up/crosswind conditiondNo SAC
observed.
16/01/2020 H41 3 8.3, 344 Wind farminaudible.Downwind
16:30 conditions. No SAC observed.
4/02/2020 H161 562 13, & Wind farm inaudible.
12:40 Down/crosswind conditins. No SAC
observed.
4/02/2020 H41 567 11, SSW Wind farm just audible. Upwind
13:10 conditions. No SA@bserved.

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 identif@dever the
source of this tonality was uncled.high degree of constructiaand commissioningctiviieswere
occurring during the time of thattended observatiorat nearby turbine locationsl hefrequency of
thistone wasnot consistent with typical wind farm noise, ambre consistentvith tones that may
typically occur during construction activity should be noted that even if tonality hhden present

due to nearby wind turbines, this does not mean that tonality would be present at receiver locations,
especially as mid to high fregncy tones tend to be attenuated over short distances.

Rp 005 R0O1 20181018 urra Warra Wind Farm Stage 1 Rd2- Postconstruction noise assessment 20


http://www.marshallday.com

MARSHALL DAY a

Acoustics

The observations outlined in the above table indidhtet the wind farm was audible at most
locations. Special audible characteristics were not evident in the noise of the wind farm at the
receiver bcations. Further investigation of special audible characterjgirchie application of
penalties in relatia to special audible characteristic, was therefore determined to be not warranted.
As a secondary reference, it is also understood that the eiterds for the wind farm (e.g.
20ASNDIGA2ya o0& aAiGsS LISNER2yySt maningsgsrR)dd O] NB :
not suggest the potential presence of special audible characteristics.
5.3 Compliance status

Due to the limited operational statusf the wind farm, it is difficult to draw a conclusion abthg
status of the wind farnif it had been afull operaion. This is further complicated by the receiver
locations showing strong evidence that noise levels were generally controllemdey@urces not
related to the wind farm.

Thenoise levels measured at the intermediate locations exhibitdisthat are consistent with an
increased contributiofrom wind turbine noisghowever, noise criteria do not apply these
locations.The intermediatdocations were selected due to their proximity to the prediat 45 dB
contour, andmeasured data walselow this leveht all three locationsAlthoughthere is uncertainty
due to the varying nature of the wind farrine difference between measured noiswek at these
locations andt5 dBdoesprovide an indication of thékelihood ofthe wind farm achieving
compliance when the wind farm is fully operatioaalesidential lgations.

Tablel3presents the difference between the maximum noise level found by regression analysis at
intermediate locations and 45 dB statistical analysis of the regression is not pracisabmpliance
is based on the regression aysik, rather thammny singlandividual period Assessment of statistical
uncertainty in theregression analysigould onlyprovidean indication of the gbability of ary
individual level being aboweecertain levelA small number operiodsabove 45dBover a
measurementampaig is expected and nban indicator of norexceedanceT his ariability in noise
over a measurement campaigggenerallydue to naturalvariations irbackground noise at the
measurement locatiorRegression analysis is used to smooth out thakidity in backgroundoise
andattempt to showthe underlying contributions from wind turbine noisghichtends to bdess
variable Assessment of compliance aggtithe legression analysis is in accordance with the
requirements of NZS 6808:2010 and geamit conditions for the wind farm.

Tablel3below presents the maximum regression noise lemekfch of the intermediate lociain,
and the margirbetween this and 48B. Themagnitude of thamargin between thesévo values at
allintermediatelocationsis a strong indicator of compliancerasidential locatios.

Tablel3: Intermedide location maximum regression noise level, anthrginbetween 45dBand maximum

level
Intermediate Location Maximum Regression Noise Level  Margin below 45dB
Int4 36.0 9.0
Int5 42.1 29
Int6 37.9 7.1
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SUMMARY

A second round ofperational wind farm noise monitoring has been catrat in the vicinity of
Stage 1 othe Murra Warra Wind Farrto assess compliance with the operational noise
requirements pecified incondition 12of the planningpermits.

Thenoise monitoring wasarried outin accordance witlthe planningpermitsandNZS 6808:2010
The monitoring was also conducted in general accordance witN@EPwith some practical
variations in proedures in recognition of theariable operational status of the wind farm during the
surveyperiod

As a result athe construction of Stage Wind turbinesbeing completed over the course of theise
monitoring periodthere were not enough periodshenall relevanturbinesfor eachreceiverwere
operating to enable complete analysis &age 1 of the Murra Warra Wingarm However, based

on the measured levelsh¢ results demonstrate that operational noise levels associatedStie 1

of Murra Wara Wind Farm complied with the noise requirements outlined in condition 12 of the
planning permis during theround 2 noise monitoring periodn particular, the total measured noise
levels at the receiver are believed to have been controlled by the irdeiehbackground sources in
most instances. This finding was supported by the level of variatioient in the data, and
comparisons with the results obtained at the intermediate locations positioned nearer to the wind
farm.

Gompliance is to be rassesse by repeat noise monitoringith Stage 1 of the wind farm fully
operationalfor the duration ofa round of noise measurements
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APPENDIA GLOSSARY OF TERMINOLOGY

Ambient noise

Frequency

Heitz (Hz)

Octave Band

Residual noise

Sound Pressure Le\(&})

dB
A-weighting
LAeq

The total, encompassing sound.

Sound can occur over a range of frequencid¢sreding from the very low, such as
the rumble of thunder, up to the very high such as ¢nash of cymbalSound is
generally described over the frequency range from 63Hz to 4000Hz (kiidzs
roughly equal to the range of frequencies on a piano.

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

A range of frequencies where the highest frequency included is twice the lowes
frequency.Octave bands are referred to by thégarithmic centre frequencies,
these being 31.5 Hz, 63 Hz, 125 Hz, 250 Hz, 50kHz, 2 kHz, 4 kHz, 8 kHz, and
kHz for the audible range of sound.

The total, encompassing sound without the sound of interest.

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

Decibel.The unit of sound leveln a logarithmic scale
The Aweighting approximates the respse of the human ear

The equivalent continuous (tirreveragedA-weighted sound levellhis is
commonly referred to as the average noise level.

Noise is often not steadyraffic noise, music noise and the barking of dogs are all examples «f th@itgary over
time. When such noises are measured, the noise lexele expressed as an average level, or as a statistical
measure, such as the level exceeded for 90% of the time.

Lago

The Aweighted noise levadqualled orexceeded for 90% of theeasurement
period. This is commonly referred to as the background niagel.
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APPENDIR SITE LAYOUT
Figure3: Site layout
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