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1 Introduction

1.1 Purpose

Mr Anthony Kortegast of Tonkin & Taylor Pty K1), an EPA Victoria appointed Environmental
Auditor (Industrial Facilities)has been engaged by Hexham Wind Farm Pty LtdP(ibygonent to
verify a Pe-Construction Noise Assessment rep&C{NAprepared for the Hexham Wind Fatm
(HexhamWH), located near Hexham in Moyne Shire, southwest Victoria.

The EP Regulations 2021 require that Wind Energy Fad¥iiyj operators must engage an
environmental auditor to prepare a report verifying, where relevant, that:

X the post-construction noise assessment conducted for a WEF is condu@edardance with
the New Zealand StandaMiZS 6808:2018cousticst Wind farm nois€Regulation 131D(2);

X  the noise management plalNMP) prepared for the WEF is in accordance with Regulation
131E(2); and
x  b-yearly monitoring reports are in accordance with Regulation 131G(2).

While verification of a pre-construction noise assessment by an environmertibais not
required by Regulations 131A to 131H, the Victorian Planningdtsnsirequire that an
environmental auditor, appointed under Part 8.3 of the Environment Ptme®ct, verifies
whether or not the pre-construction (predictive) noise assessment was conductxtordance
with NZS 6808:2010.

Verification of the PCNA Repdrds been undertaken by Mr Kortegast (tAeditor) with the input
of his expert support team as noted below, both of whom have extensive windfaise
monitoring and permitting experience, including verificationiesys:

X Ms Lindsay Leitch, Senior Acoustics Specialist at T+T, BSc(Hong) MASRZ.

X Mr Darran Humpheson, Technical Director of Acoustics at T+T, BSc(M8osMIOA, MASNZ.
The Auditor and his support team are familiar with the developmenhefregulatory framework for
windfarm noise management in Victoria and the associated EPA auditor geitfexidhas been
published, specificallWerification and review for wind energy facilities, (Emvhmental Auditor
Guidelines) EPA Publication 1692.1, December 2024 \&fivtd Energy Facility Turbine noise

technical GuidelineEPA Publication 3011, December 2024s hidance has informed the
structure of this verification report in relation to post-constructinnise assessment.

1.2 Hexham WF reports

The primary document which has been revievied

X Hexham Wind Farm Environmental Noise & Vibration Assessmigatrshall Day Acoustics,
RP 002 20190088 October2025(PCNA (attached at Appendix B)

Additional reports which have been viewed and referenced are:

X Hexham Wind Farm Background Noise Monitoridarshall Day Acoustics, RP 003 R0O1
20190086, 8 October 20ZBG Repolf

1 Currently appointed to 09 December 2026

2 https://www.hexhamwindfarm.com.au/

3 Member of the Institute of Acoustics.

4 Member of the Acoustical Society of New Zealand.

5 Noting that the BG Report dated 1 November 2024 was initeligwed, minor amendments in the updated report have
been incorporated.
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X  Vestas documenho 011147180zi71 ZdZ]®E } 8 A v}]e u]-V1p2H.8M8 v3pue;
50/60 Hz dated 20281-13

We have relied on the information as presented within the PCNA Report fmeoification reviewy
including its technical appendices. We have also relied on the BG Respitie PCNA Report
references the results of noise and wind data measurements.

1.3 Project history and operational status

The proposed WEF is at the planning and approvals stage. The Ministan@hB has decided that
the Project requires an Environment Effects Statem&iig

The Project is fot06 wind turbines. Within the Project boundary there is also a terminal site
(substations) and Battery Energy Storage SysiHESH
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2 Regulatory framework and guidance

2.1 Background

The current WEF regulatory framework and the basis for the Environment Prot&stguiations is
set out in the publicatioWind Energy Facility Turbine noisetechnical GuidelineEPA Publication
3011, December 2024.

As set out in thé&Environmental Auditor Guidelines Verification and review for wind energy
facilities, EPA Publication 1692.1, December 2024 regulatory framework was altered such that
operational WEF noise became regulated under the Environment Protectid®0A¢twith the
detailed requirements set out in the Environment Protection Regulatio24 .28t that point the
environmental audit regime under (prior) permit conditions ceased, and3beeral Environmental
Duty GED and unreasonable noise provisions of the EP Act came into effectPTRedulations
2021 were also updated to set out the requirements for environmental audédfigations for the
pre-/post-construction noise assessment, noise management pldiPy if applicable, and five
yearly wind turbine noise monitoring reports (only required when the WEFesatpg).

2.1.1 Other relevant documents

Other documents relevant to understanding the Victorian regulatory frameworkef@enced for
this verification of the PCNA are as follows:

x  Environment Reference Standa(@d5 May 2021), as amended by Environment Reference
Standard No. S158 Gazette. 29 March 2082 ER$
X Environment Protection Amendment (Wind Turbine Noise) Regatai2022

X Policy and planning guidelines for development of wiadergy facilities in Victoria,
Victorian Department of Environment, Land, Water and PlannibNpvember 2021

X New Zealand Standard 6808:2010 - Acoustid&/ind farm noise

X Environmental Auditor Guidelines for the Preparation of Eowmental Audit Reports on
Risk to the EnvironmentEPA Publication 952.5

X Noise limit and assessment protocol for the control of noisenfroommercial, industrial and
trade premises and entertainment venues (Noise ProtocEIPA Publication 1826.4, May
2021

Civil construction, building and demolition guigd&PA Publication 1834.1, September 2023
Environmental Auditor Guidelines for Conducting Environmental #gjdEPA Publication
953.2

In addition, reference is made to the United Kingdom Institute @fuatics Good Practice Guides
(UK IoA GPfor wind turbine noisé

2.2 Verification requirements

Section 3.1 of Publication 1692.1 notes that the verificatfoto be conducted in a manner deemed
appropriate by the environmental auditor and would typically include following steps:

1 Familiarisation with the WEF development proposal and planned operation.

2 Inspection of the WEF project site and the surrounding environment.

3 Assessment of the rigour of the process used to identify surrounding noise setsi@ions.

6 Relevant for the assessment of non-turbine noise.
7 https://www.ioa.org.uk/publications/wind-turbine-noise
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4 Review of the PCNA considering the WEF development proposal and opgfathming:
Turbine technical specifications and power ratings
Tower locations
Topography maps and aerial imagery, and
Any other relevant factors.
5 Review of background noise assessments (where available).
6 Technical verification of the predictive noise assessment, including:
Methodology applied to conduct the assessment

Review manufacturerpor turbine technical reports on representative sound power and
frequency spectrums produced by the turbines

Noise monitoring equipment and parameters used
Interrogated the rigor of the modelling selected parameters and processes
Sound modelling programs and input data employed

Relevance of a high amenity noise limit; and cumulative noise froer ®WEF
considerations

Appropriate and reasonable accounting for uncertainty within the assessment

Compliance limits, including where there is a wind turbine noise agreempatified in
the noise assessment report, and

Verification that the assessment was conducted in line with the relevant staselard.

7 Review of identified potential noise impacts and any operational plansatwaigpe the impacts
(e.g. select turbines operating in reduced power modes during certain ezinditions) that
are proposed as part of the WEF permit application.

8 Require clarification on mapped noise sensitive locafions

9 Risk assessment, including a qualitative statement on the risk of non-eorogli

For completeness, this verification review also considers the assessment of opalatiise from
the ancillary infrastructure for the WEF, namely the terminal station and BEE®Struction noise

has also been verified, which includes noise generated by the proposed mbeatehing plants and
the on-site quarry.

2.3 Report structure and scope

EPA Publication 1692.1 was issued in December 2024 and providpeebemsive guidelines for
WEF audit reports. The requirements of Publication 1692.1 have been anateg into this
verification report.

This verification report has been structured, as detailed below, to foll@aprocess and analysis
steps set out in the EPA WEF guidarggendix B of this report includes the EPA checklist which
has been populated with our observations/findings.

1 Proposed WEF development including turbine specificatiSection3.1

Inspection of the WEF project siteSection3.2

Verification of the identification of noise sensitive locatiorSection3.3

Review of the PCNA considering the WEF development proposal and operafeation3.4
Review of background noise assessments and determination of noise ti8uatstion3.5
Verification of the predictive noise assessmebection3.6), including:

o O~ WDN

8 This should include verification of stakeholder noise agreements,eszi®r$3.3 of Publication 1692.1
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Methodology applied to conduct the assessmedi8ection3.6.1

Z Al A}(uvu( SpuE E[* *}puv BepfonE68 A o § t
Modelling parameters and processdsSection 3.6.3

Sound modelling program and input dat&ection 3.6.4

High amenity noise limit Section3.6.5

Cumulative noise Section3.6.6

Uncertainty accounting Section 3.6.7

Verification that the assessment has been conducted in line with the BEB2010t
Section3.6.8

Qo ™t 0o o 0 T 9

7 Require clarification on mapped noise sensitive locatibBgction3.7

8 Review identified noise impacts and any operational plans to manage th&setion 3.8

9 Review of ancillary infrastructure (terminal site and BES®ction 3.9

10 Review of constructiort Section3.10

11 Risk assessmeritSection3.11

12 Auditor comments and recommendations, if applicab®ection 4

13  Auditor verification statement Section 5
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3 Verification analysis

3.1 Proposed WEF development

The Hexham WF is a proposed WEF project located between Hexham, Caramilgralie i& the
Moyne Shire in south-west Victoria. The WEF is approximately 15 knofadsttlake and 15 km
north-east of Woolsthorpe. Hexham is the nearest community, approximat&ty north-east of the
WEF.

Hexham WF includes up to 106 wind turbines and a BESS. Thestaléd capacity is expected to
be approximately 700 MW. The candidate turbine for the noise assessmentVe#tas V162-
6.8MW, with a rotor diameter of up to 162 m and hub height 0® 4. Details of the turbine and
the overall wind farm are included in Table 3.1.

Table 3.1: Turbine specifications
Turbine Not specified Vestas V162-6.8MW
Capacity (MW) ~700 total t up to106 turbines 6.8
Hub height (m) Not specified 149
Rotor diameter (m) Not specified 162
Tip height (m) 250 230
Cut-in wind speed (m/s) Not specified 3
Rated wind speed (m/s) Not specified 13
Cut-out wind speed (m/s) Not specified 25
Sound power level dB LWA Not specified 105.5dB @ 15 m/s
Operating mode Not specified PO6800 (not limited)

* Based on other dimensions provided

The BESS has a planned capacity of 200 MW / 800 MWh. There would alseparate terminal
station comprising three 280 MVA transformers, which connects to theribool to Heywood

500kV transmission line. The terminal station and BESS are in the southeof gatProject site.
Associated infrastructure incled access tracks, underground cables, overhead power transmission
lines and site offices.

The proposed layout of the Hexham WF and surrounding receivers is shown indigesow.

There are 42 host landowner receivers (dwellings) over the ~16,000 ha psitgect
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3.2 Project site inspection

The site visit was undertaken on 16 May 2025 by the Auditor and ceetpdriving around the site
perimeter, and to the extent possible, through the Project area. Comingnn Caramut township
the route driven was:

X From Caramut east along the Hamilton Highway (B140) and part way down Bzevituwgl
X East along the Hamilton Highway and part way down Four Mise R

X East along the Hamilton Highway to the intersection of the HamHighway with
Woolsthorpe-Hexham d&d

X  SW along Woolsthorpe-Hexhamdd to Narong Lane

X From Narong Lane south along Woolsthorpe-HexhaadRo the intersection with Hexham-
Ballangeich &ad

X From the intersection with Hexham-BallangeidaiRcontinuing south along Woolsthorpe-
Hexham Rad to Immigrants Lane

X From Immigrants Ln south along Woolsthorpe-HexhaadRo Bostocks &ad

X  NW along Bostocksoad to the intersection with Gilbertsd@d then west to the intersection
with Emmersons éad

X North along EmmersonsoRd to the intersection with Keillorsdad then east along Keillors
Road for several kilometres

X  West along Keillorsdad to Warrnambool-Caramutdad (C174)

X N/NW then NE along Warrnambool-Caramog® (C174) passing Purdeeatadd to the
intersection with Minhamite-Caramutdad

X NE along Warrnambool-Caramutdd to Caramut township

The Project area is an irregular shape encompassing open farmland of varying elé»adiothe
Project area a large number of shelter belts and several low ridge features visually screewf part
the site area from local roads, particularly to the west. The central pahieProject area draining
to the depression of Mustons Creek, which runs centrally through the prajeet, is open land.
Mustons Creek drains to the east and passes under the Woolsthorpe-Hexdain R

The bulk of the site area is used as open cropping and grazing farmlanokéra# landform is
gently rolling with large areas being relatively uniform. A 500 kV tréssam line passes through
the southern half of the site running broadly SW-NE and crossing tlestorpe-Hexham &ad
approximately 500 m north of the Woolsthorpe-HexhaoaiR/ Hexham-BallangeichoBd
intersection.

The drive through enabled the bulk of the central site area to be viewed afkékm slopes from
the north into the Mustons Creek depression. Further south the WootgtrHexham Bad forms a
divide and the land drains north towards the creek.

The landform rises from the creek culvert at the Woolsthorpe-Hexhaad B a high point near the
Woolsthorpe t Hexham Bad / Hexham-BallangeichoBd intersection. The bulk of the turbines are
proposed within the land portion north and west of the Woolsthoigexham Rad and bounded to
the west by Emmersonsod and properties located directly east of C174.

There are established rural properties and dwellings visible throughout theqirarea. These are
generally relatively scattered, but with a cluster of properties along Bostawés, BW of the Project
area.

The site area has been overlain on a site maps, with the route driven and reéepboto points
indicated as P1 to P8, as provided in Appendix C.
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3.3 Noise sensitive locations

The PCNA has initially identified noise sensitive locations (receivers) Wikimn of the proposed
turbine locations and electrical infrastructure (terminal site and BES8)PTNA has then predicted
the 35 dB LA90 contour for the wind turbines. This contouomsfortably within the 5 km buffer,
hence this would be expected to capture all applicable receivers. A sitistance has been used to
capture all relevant receivers for electrical infrastructure noise, noting thetsame receivers will
be affected by wind turbine generatoW(TQ noise.

The PCNA identifies stakeholder receivers as those noise sensitive locations whee a noi

agreement is in place, regardless of whether the receivers are inside or outside the Projec

boundary. The PCNA states that a total 88 receivers were identified within 5 km of the proposed

wind turbines, comprising:

X 139 non-stakeholder receivers on properties that are not associated with the Projec

X 49 stakeholder receivers including:
42 receivers within the Project boundary
7 receivers outside the Projectboundary A]3Z]v @ lu }( $Z WE}i 3S[¢ }uv
where a noise agreement is proposed between the landowner and the Proponent.

Natural areas within 15 km of the turbine locations were also considerdteiPCNAt as required
by the ERS. Five natural areas were identified:

1 Hexham School Historic Reserve4.4 km northeast of Hexham WF

2 Lake Connewarreni ~4.7 km east (included for completeness, though not listed in PARKRES)
3 Mortlake Common Flora Reserte-10.2 km east

4 Cobra Killuc Wildlife Resente-10.6 km east

5 Hopkins River, Framlingham Streamside ResérvE2 km south

3.4 WEF development proposal

3.4.1 Turbine technical specifications

The Vestas V162-6.8MW is a candidate turbine for the Project, see Takleo¥d. The Auditor is
unable to provide comment as to whether this represents a worst-case scenaricefpreticted
sound levels, but the sound power level appears to be representative déssized turbines.

3.4.2 Tower locations

The general layout of the Project is shown in Figure 3 of the PCNA (reproducegrasSsHRigabove),
with coordinates of the WTGs presented in Appendix G. The PCNA lalyaseisorl06 WTGs.
3.4.3 Topography and aerial imagery

The Auditor has viewed aerial imagery of the site and surrounding area.

Topography of the site and surrounding area is shown in Appendix H BGN& Report. 10 m
contours were used for the modelling (see Appendix H for terrain imagenAppendix E for noise
prediction detailst use of terrain data) which the Auditor considers sufficiently fine resoliftion
the local topography.
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3.5 Background noise assessments and determination of noise limits

3.5.1 Background noise assessments

The 35 dB LA90 predicted wind turbine noise contour encompasses twstakeholder receivers
(D620 and D622). In accordance with NZS 6808:2010, backgnoiseimonitoring is required at
these receiversThe Proponent elected to undertake noise monitoring at seven locatiorn$hés o
non-stakeholders and one stakeholdeb362). Monitoring was undertaken from 5 June to 20 July
2023. The Auditor considers that the election to undertake morepretmensive monitoring than
required by NZS 6808:2010 represents a thorough assessment of the backgasae:nvironment
across the Project site.

The BG Report provides detailed information on the background noise oniowjt including:

X Description of the noise monitoring equipment including ancillaryiggent
X The location of noise monitoring positions

X Time and duration of the monitoring period

X Averaging period for noise measurements

The Auditor considers that comprehensive information has been provid#wiBG report regarding
the locations of the noise monitoring (coordinates and photographSppendices F to L) as well as
the equipment used.

The BG Report contains a recommendation that background monitoring is ezpatteceiver D622
due to a drift in calibration slightly exceeding the recommendei® Inaximum drift TheBG

Report also recommends that the further monitoring is undertaken once devedopof the
property has been completed. The Auditor agrees this is a sensible approach.

The background noise assessment is also dependent on wind data. For the RGNAwoNd data
was derived from a single meteorological mast with anemometry up to 120awveaground level
(AGD. The met mast is in the southern area of the Project. As required bg®0B22010 wind

speed data at hub height, i.e. 149 m AGL, was provided to MDg\datai was based on an analysis
by the Proponent using site-specific wind shear calculations undertakbe WindPRO software
package. Wind data from anemometers at 60, 80, 100 and 120 m AGL was esé@polate wind
speeds to hub height. Appendix D of the BG Report details the methodology

The Auditor considers that the approach to the background noisendnd measurements is in
general accordance with NZS 6808:2010; noting the recommendatidartber monitoring at
receiver D622.

352 Noise limits

The PCNA uses noise limits determined in accordance with NZS 68)&26dunting for the land
zoning of the area see Section 3.6.5 below regarding high amenity limit

Applicable noise limits are presented in Tables 20 and 21 of thé R the seven background
monitoring locations. The Project has adopted the B&®:2010 noise limits for non-stakeholder
and stakeholders outside the Project boundary. A maximum noise limit dB4% background +

5 dB has been applied to stakeholders inside the Project boundary whichsisteom with EPA
Publication 3011.

The Auditor agrees with the applicable limits, which are:

X Non-stakeholdert 40 dB or background LA90 + 5 dB, whichever is the greater

9 As required by AS 1055:2018 Acoustidgscription and measurement of environmental noise
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X Stakeholder outside the Project boundary with a noise agreemeift dB or background LA90
+ 5 dB, whichever is the greater

X Stakeholder inside the Project boundary5 dB across all wind speeds

At night, the background level exceeds the + 5 dB criterion at speeds above 11 m/s for some
receivers. At 11 m/s and below the noise limit is 40 dB across all eeseiv

The Auditor agrees with the noise limits used in the PCNA.

3.6 Verification of predictive noise assessment

3.6.1 Assessment methodology

In general, the Auditor considers the assessment methodology to be consigitbilZS 6808:2010
and well documented.

3.6.2 Sound power level data

A maximum sound power level of 104.5 dB LWA is quoted in the Vestamdatation for the V162
PO6800 with serrated trailing edge blades. 1 dB has been added to thésivdhe PCNA to allow
for uncertainty, which the Auditor agrees is a reasonable approach. The maxiesulting LWA is
105.5 dB and occurs at a wind speed of 15 m/s.

The Vestas document referenced in Section 1.2 above contains third-daderequency data for
a range of turbine configurations. The octave band values quoted ierjpp L of the PCNA Report
match the Vestas data (when converted to single octave bands and hawvinded the 1 dB
uncertainty factor).

3.6.3 Modelling parameters and processes

The PCNA discusses the limitations and uncertainties of the predin@tmod in Appendices E12E
and E3. The procedures adopted follow best practice, which includes thenneendations of the
UK l0A GPG.

Other parameters are listed in Appendix E of the PCNA report. The Auditoo iesues to raise
regarding these.

3.6.4 Sound modelling program and input data

Appendix E of the PCNA states that the assessment uses SoundPLAN v&fapyomise
modelling software. SoundPLAN is industry standard and considered appropriate

The Auditor notes that v9.1 allows the user to select either the 133824 version of ISO 9613-2.
Appendix E2 of the PCNA acknowledges this update and recognises thatdimmecdations of
the 10A GPG are based on the 1996 version of the standard. The Audiesagjth the continued
use of ISO 9613-2:1996 for the reasons outlined in the PCNA.

The Auditor confirms that the modelling program and modelling aggiems outlined in Appendix
E2 are appropriate and consistent with current industry best practice.

3.6.5 High amenity noise limit

The site and surrounding area are zoned Farming (FZ), as set out in Settioof the PCNA. The
Auditor agrees that a high amenity noise limit is not warranted, whighascordance with EPA
Publication 3011. The base noise limit is therefore 40 dB LA9Dveindl speeds for non-involved /
non-stakeholder receivers.
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3.6.6 Cumulative noise

The PCNA identifies approved and operating projects within 15 km of¢pecPt as shown in
Figure 4 of the PCNA. Of relevance for cumulative noise are:

Hawkesdale Wind Farrhoperational, ~14.1 km southwest

Mortlake South Wind Farnt operational, just beyond 15 km southeast

Mt Fyans Wind Farmt approved, ~10.5 km east

Salt Creek Wind Farmoperational, ~14.7 km northeast

Woolsthorpe Wind Farnt approved, just beyond 15 km southwest

X X X X X

In addition, the following renewable energy projects are nearby:

X  Mortlake Power Statiort operational, ~4 km east of Hexham WF with 300 MW BESS

X Mortlake Energy Huli approved, adjacent to Mortlake Power Station - 360 MW solar energy
facility and 300 MW BESS

The minimum distance between the Proj¢et [v(E& *«SE N S uE WHF pdfect} &4 1ES km
or more, which is significant in acoustic terrmse Auditor agrees with the PCNA that a cumulative
assessment of noise levels from the Project and other WEFs is not warranted.

Cumulative noise from the Mortlake Power Station and Mortlake Energyakubonsidered in
Section 10.3.3 of the PCNA. Again, the spatial separation betwearetirest receivers and non-
WEF noise sources is sufficient that compliance with noise limits wotilthaoget see Section 3.9
below for more details.

Cumulative noise from different aspects of the development (turbines, substatid BESS) are
harder to assess since different methodologies apply. This falls outside the aicthjis verification,
however, the Auditor notes that under worst-case conditions, wirthine noise (as quoted in the
PCNA) will be higher at receivers, and that the overall increase inwiige negligible.

3.6.7 Uncertainty accounting

Uncertainty of the noise predicted noise levels is addressed in AppendixtiE8SRENA. The
assessment mainly relies on the increased sound power level to address uncertairagaption of
the lo0A GPG modelling guidance. The general modelling approamhsisrvative, such as the
modelling of downwind conditions in all directions which is reatlistic under real-world conditions,
and the assumption that all turbines are producing the maximum sqaneker level simultaneously.

The Auditor agrees that uncertainty has been accounted for in the prexaléc

Wind speed data has been derived from a single installed met mast and wind shetatmalsthave
been performed to derive hub height wind speeds. Even allowing for sonegtainty in the wind
speed data as a result of the extrapolation from the lower anemometer heights (m&0oh AGL)
to 149 m AGL, the degree of headroom in the background + 5 @B imsufficiently large to account
for any potential uncertainty in the calculation or change in wépéed data across the Project site.

The Auditor considers that uncertainty in the noise and wind tatbeen adequately addressed in
the assessment.
3.6.8 NZS 6808:2010

The requirements of NZS 6808:2010 are listed in the compliance table ishinchiuded at Appendix
A of this verification report - as per the requirements of EPA Publication 1682ditor comments
are provided in the compliance table, as appropriate, for each relevant cldié2$6808:2010.

Tonkin & Taylor Pty Ltd October202&
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3.7 Noise sensitive locations

Noise sensitive locations appear to have been appropriately identified iR@NA. From a high-level
inspection of the aerial imagery, the Auditor has not identified anynaistencies.

The Auditor has not reviewed any stakeholder agreements. The Auditor is i@hidimé information
contained with the PCNA as to which receivers are stakeholders, i.e. thebeemscwith a noise
agreement.

3.8 Noise impacts

The PCNA lists the requirements relating to noise impacts under the reliegisiation (EP Act
2017, Environment Reference Standard, Victorian Wind Energy Guidelime$)CNA has not
considered noise impacts other than through compliance with noisisliihe Auditor considers
this is an acceptable approach and resulting noise effects are likely to beneddso

Table 25 of the PCNA details the highest predicted noise levels attakeholder and stakeholder
receivers. In summary:

X Non-stakeholder receivers D620 and D622 are predicted to experience noise 13216 dB
and 38.9 dB LA90 respectively at a wind speed of 15 m/s. All othestakaholders noise
levels are predicted to be less than 35 dB LA90.

X The highest predicted noise level at a stakeholder receiver is 43.4 dB LA9O{(®@) &5
D380(S); receiver D438(S) has a predicted level of 43.1 dB. A further four sakeboeivers
are predicted to experience noise levels at 40 dB and above.

The PCNA concludes that the wind turbine noise levels are predictamhiply with the noise limits
for all receivers. The Auditor agrees with this statement based on the infamedviewed in the
PCNA and BG Report.

3.9 Ancillary infrastructure

The terminal station and BESS are@d- § A]3Z]v §Z W & }iand fse dpporibecEigthe
PCNA as containing:

X  Terminal station: 3 x 280 MVA HV transformers
X BESS: 256 batteries and 64 inverters / transformer units (4.2 MVA)

The Auditor considers that reasonable sound level assumptions havearmeded for each item of
electrical infrastructure plant

Noise from the ancillary infrastructure has been assessed in the PCNA agaiapptopriate limits

from EPA Publication 1826.4 - Noise Protocol (with no caomébr background noisé

Z IPE}uv & o A vE E +<[X dZ u}+3 pededlumitefBdodRi Beh $Z Vv]PZ$§
allowing for a +2 dB penalty for potential tonality, predicted effectivesadévels are found to be at

least10 dB below the applicable night period limit of 34 dB LAeq(30atiajy nhon-stakeholder and

no greater than the limit at any stakeholder

The correct noise limits have been determined, and the assumptions atttbaplogy all appear
reasonable. The Auditor has confidence that compliance is achievable basguiaal worse case
conditions (all electrical plant operating during the night pejiod

3.10 Construction noise

A comprehensive assessment of construction noise has been undertaken whictemtie
installation of the turbines, terminal station, BESS and the on-siéerg and seven concrete

Tonkin & Taylor Pty Ltd October202&
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batching plants. Normal working hours are Monday to Friday 7 am to,Gapd Saturday 7 am to

1 pm. The only activities that may occur outside these hours are aeersdielivery of turbine blades,
foundation concrete pours on hot days, and weather-sensitive roaltation. The outf-hours
activities are typical for WEF projects.

Reasonable assumptions have been used within the PCNA, including:

x  All equipment operating simultaneously

X No shielding or terrain attenuation

X Appropriate sound power levels for construction activities

The Auditor agrees with the PCNA that construction noise is sigigficant issue if mitigation
measures are implemented. The Project is expected to comply with all relevideligas, and risks

are manageable through planning, equipment selection, and community engag t see Section
3.11.3 below.

Blasting for aggregate extraction at the on-site quarry and possiblyifat turbine foundation
construction will be subject to a separate assessment. It is understood tisabltsting assessment
will be incorporated into the draft quarry work plan which is requiremerd afitigation measure to
manage the risk of harm from quarrying (see MM-NV02 below).

3.11 Risk assessment

The PCNA identifies 7 mitigation measures to manage potential risks:

X MM-NV01: Requires a construction noise and vibration management plan (QN&6véring
on-site and traffic-related impacts.

X MM-NV02: Sets noise limits for quarry operations during construction.

X MM-NV03: Sets noise limits for concrete batching plants during cartgiru

X MM-NV04: Requires pre-construction noise assessment for wind turbines based on final
layout and model.

X MM-NV05: Requires early turbine testing to confirm noise emissions matebgm&ruction
assessment.

X MM-NV06: Requires a NMP for operational wind turbine noise before WEF operation.
X MM-NVQ7: Requires pre-construction noise assessment for the terminal station &8l BE

3.11.1 Turbine operation

AppendixE3of the PCNA sets out a well-reasoned discussion of the uncertairitg imibd turbine
noise predictions, which mainly comes down to confidence in the spomckr levels. This is the
primary risk in the assessment with regards to uncertainties. The PCNA cotis@teris a low
overall risk rating as the Project would be designed and operated within tHécaple noise limits.
The Auditor agrees with this risk assessment rating.

3.11.2 Terminal station and BESS

The PCNA considers there is a low overall risk rating as the terminal stattdBESS would be
designed and operated within the applicable noise limits, includiegcbntrol of audible
characteristics such as tonality and low frequency noise. The Auditor agrbethiwirisk
assessment rating.

Tonkin & Taylor Pty Ltd October202&
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3.11.3 Construction

The PCNA considers there is a low overall risk rating for on-site comstractivities and a medium
risk rating for off-site construction traffic. The Auditor agrees wihiise risk assessment ratings. The
Auditor agrees that construction risks can be managed by the implementatiMM-NVO1 to MM-
NVO03.

The Auditor considers that Projelctisks have been identified and accounted for within the PCNA.

Tonkin & Taylor Pty Ltd October202&
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4 Auditor comments and recommendations

4.1 Auditor comments

The Auditor makes the following comment:

1 If the noise limits at receiver D622 are to be based on the backgrousd tevel (i.e.
background + 5 dB) then the background noise monitoring will nede repeated at this
location.

4.2 Auditor recommendations

The Auditor makes no specific recommendations in relation to the 8@c2025 Pre-Construction
Noise Assessment report (tl2025 PCNA

Tonkin & Taylor Pty Ltd October202&
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5 Auditor verification statement

I, Anthony P. Kortegast of Tonkin & Taylor Pty Ltd, an EnvaotainAuditor t Industrial Facilities
(appointed pursuant to the Environment Protection Act 2007 S Z § «U Z AJvPW

1.  been requested by Hexham Wind Farm Pty Ltd to verify a Pre-Constriicisa Assessment
report for the Hexham Wind Farr@@25 PCNA

2. and having considered the following documents:

Wind Energy facility Turbine noiséTechnical GuidelindEEPA Publication 3011,
December 2024.

Environmental Auditor Guidelines Verification and review for wind energy facilities
EPA Publication 1692.1, December 2024

New Zealand Standard 6808:2010 - Acoustid&/ind farm noise

and having considered the following additional documents:

Environment Protection Act 2017 (the Act)n particular the General Environmental
Duty (GED)

Environment Protection Regulations 2021

Environment Protection Amendment (Wind Turbine Noise) Regatai2022

Policy and planning guidelines for development of wiadergy facilities in Victoria,
Victorian Department of Environment, Land, Water and Plannifngpvember 2021
Environmental Auditor Guidelines for the Preparation of Bommental Audit Reports
on Risk to the Environment, EPA Publication 952.5

Noise limit and assessment protocol for the control obise from commercial,
industrial and trade premises and entertainment venueSPA Publication 1826.4, May
2021

Environmental Auditor Guidelines for Conducting Environmental igjdEPA
Publication 953.2

Tonkin & Taylor Pty Ltd October202&
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| HEREBY DECLAR® | am of the opinion that:

[ The 2025 PCNA includes the information specified in NZS 62032BA Publication 3011
and EPA Publication 1692.1.

ii The 2025 PCNA adequately addresses and meets the intent and required eatocbEPA
Publication 1692.1 and specifically the requirements of NZS 6808:2010

Dated: 14 October 2025

Signed:

Mr Anthony P. Kortegast
Environmental Auditor (Industrial Facilities)

Appointed pursuant to the Environment Protection Act 2017

Report prepared by:

7
[V,

Anthony Kortegast
EPA Appointed Industrial Facilities Auditor

Expert support input by:
Lindsay LeitgHSenior Acoustics Specialist

Darran HumphesarTechnical Director of Acoustics

LILE
t:\south melbourne\projects1098630issueddocuments\hexham epa review 1.1.docx
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construction verification checklist




ﬁ Tonkin+Taylor

From Appendix B of EPA 1692.1 Environmental Auditor Guidelines — Verification and review for wind energy facilities, with cross reference to reviewed reports. Colour coding for compliance:

Orange Additional information or clarification requested
Yellow Comment only

Green No further action

Grey N/A

Table Appendix B.1 :

Verification check list

EP Regulations 2021 Reference from information source Assessment / obser vations/ conclusions Cpmpliance
131A Wind turbine noise agreement - Reliant on PCNA report for noise agreements Yes
131B Relevant noise standard PCNA Yes
131BA Noise limit PCNA Yes
131BB Alternative monitoring point N/A N/A

NZS 6808:2010 section /
clause

NZS 6808:2010 requirement

Reference from information source As

sessment / obser vations/ conclusions

ympliance

6808:2010

construction noise (EPA Publication 1834.1).
Wind turbine noise limits based on measured BG

Definitions Measurement time: 10 min accuracy 1%i.e. 6s Accuracy not specified but expected to be well Yes
within thistolerance
Noise limit: not to be exceeded NZS 6808:2010 noise limits Yes
Notional boundary: aline 20 m from any side of a noise PCNA C5.2 Yes
sensitive location
Post-installation sound level: A-weighted L90 centile level |PCNA Appendix A Yes
Cut-in speed typical: 4 m/s. Shut down 25 m/s PCNA Table 22 (for assessed Yes
candidate turbine model)
3.1 Metric for wind farm sound: A-weighted L90 centile level PCNA Appendix A Yes
i.e. dBL90(10min)
3.2 Determine location of 35 dB contour PCNA Figure 9 Contours also shown for 30, 40 and 45 dB LA90 Yes
Determine wind farm noise limits PCNA Noise Protocol limits: Table 27 Yes
Wind turbine limits: s9.1.3
Refine predictions at each noise sensitive location PCNA Appendix E Detailed modelling undertaken Yes
41.1 Audibility PCNA C5.1 Objectives of NZS Inaudibility only covered in relation to night-time |N/A




NZS 6808:2010 section /
clause
4.2

NZS 6808:2010 requirement

Reverse sensitivity

Reference from information source Assessment / obser

vations/ conclusions

Not covered specifically. No non-stakeholder
dwellings within 40 dB LA90 contour.

Cohmpliance

N/A

Nomination of a 40 dB wind farm sound level contour and
the 35 dB contour

As above.

N/A

Noise limits

5.1.2

Upper limit at residential location of 40 dB L90

N/A

BG sound measured to inform noise limits

N/A

5.1.4

The use of a background +5 dB limit means that the wind
farm sound may be the dominant sound heard at a noise
sensitive location for a significant proportion of the time
when the wind farm is operating

Not specifically noted in the PCNA

N/A

5.2

Wind farm sounds (as L90 10min) should not exceed
background by more than 5 dB or a level of 40 dB LA90
10min, whichever isthe greater at the notional boundary of
any noise-sensitive location

PCNA $9.1.3 Tables 20 and 21

Yes

5.3

Background are commonly less than 25 dB when predicted
to exceed by 10 dB or more

Noted that some BG measurements are <25 dB

N/A

Higher degree of protection of amenity required

PCNA $9.1.1

High amenity noise limit not justified

N/A

Lowest stated level is 35 dB or 5 dB above background if
above 35dB L90 10 min

PCNA $9.1.3 Tables 20 and 21

Lowest stated level is 40 dB LA90

Yes

Limits apply to cumulative levels of all wind farms

PCNA S5.3, $9.4.3

Cumulative assessment not warranted due to
significant distance

Yes

Staging of awind farm is not to affect pre-wind farm
background readings

N/A

N/A

Where anew wind farm will impact on the same noise
sensitive locations as an existing wind farm, the assessment
of background sound should exclude wind farm sound
generated by all existing wind farms

N/A

N/A

If predicted wind farm sound levels for a new wind farm are
at least 10 dB below an existing wind farm, then the
cumulative effect shall not be taken into account

N/A

N/A

Predictions

6.1.1

Predictions of sound levels from wind farms should be used
to determine their environmental noise impact before
installation takes place. Thisincludesinitial predictionsto
identify noise sensitive locations that might be exposed to a
wind farm sound level greater than 35 dB LA90(10 min) at
95 %rated power, and then predictions to establish the
likely wind farm sound levels at each of these locations

PCNA $9.4 Table 25, 9.5 Figure 9

Highest SWL used for predictions, not 95% of
rated. Thisis worst-case.

Yes




NZS 6808:2010 section /

dause NZS 6808:2010 requirement Reference from information source Assessment / obser vations/ conclusions Cohmpliance
No other noise sensitive locations at risk to be within the 35 Sound power level +1 dB used for predictions. Yes
dB LA90(10min) contour when considering uncertainty of Receivers outside 35 dB LA90 contour included in
the predictions predictions. Vestasturbine likely to be indicative

of 'noiser’ turbines

6.2 Obtain from manufacturer obtained in accord with IEC PCNA s9.3.1, Appendix L Confirmed SWLin accordance with IEC 61400-22 |Yes
61400-11. Requires SPLto be measured against a wind and height of wind speed measurement 10 m
speed of 10 m AGL converted to Hub Height converted to hub height

7.1 Locations

7.1.2 (a) Has the operator chosen to adopt a noise limit of 40 dB |No Measured BG noise used to set noise limits N/A
for all wind speeds?
(b) Has the operator agreed to conduct on/off testing if No N/A
required

7.1.3 Have noise sensitive locations been clearly identified? PCNA s5.1, Figure 4 All receiversidentified within 5 km of WTGs / Yes

infrastructure. Also considers natural areas

7.14 Have background sound level measurements been BG monitoring report See comments below. Only D622 relevant for Yes
appropriately established and representative of the noise compliance
sensitive locations: proximity and character
When and where were they taken. PCNA Figure 5 (location), BG Yes

Appendix CTable 8

Were predictions at 95 %rated power made in deriving 35 JPCNA S9.4 Worst case SWL used Yes
dB LA90 (10 min) contour background levels
If there are no noise sensitive locations within the 35 dB N/A N/A
LA90(10 min) predicted wind farm sound level contour,
then background sound level measurements are not
required

7.15 If there are a group of noise-sensitive location, are the N/A Conversely, no representative locations for two  |[N/A
locations selected representative of the group in terms of receiversthat did not grant permission for
proximity and character monitoring

7.1.6 Selected on wind farm side of buildings. >3.5 m from BG Appendix L Yes
significant reflecting surfaces. Not near streams nor
watercourses where possible (or substantiated if not)

7.2 Sound data

721 Made during arepresentative range of wind speeds and BG Appendices Fto L Yes
durations from cut-in to rated power.
For dual speed turbines, include cut-in wind speed for the |N/A N/A

higher generating capacity




NZS 6808:2010 section /

| NZS 6808:2010 requirement Reference from information source Assessment / obser vations/ conclusions Cohmpliance

clause

Cr.21 The background and operational wind turbine sound levels |BG S3 Tables 4 and 5, Appendices F |Operational N/A Yes
should be determined at all integer hub height wind speeds |to L (background) N/A

representative of the typical site exposure, including
between cut-in of the turbines and the rated power of the

turbines

7.2.2 Sound measured in accordance with NZS6801:2010 [2008] Yes
Measurement time intervals of 10 minutes Yes

7.2.3 Instrument used shall meet requirements of Section 5 of Not specified. Yes
NZS6801

7.2.3 Microphone protected from extraneous wind sound by BG Appendix C Wind shield based on design recommendationsin|Yes
wind shield in accordance with NZS6801:2010 UK IOA guidance

SLM with low noise floor as necessary

724 Extraneous sounds caused by events, including BG S2.3 Table 3, Appendices Fto L Yes
precipitation, insects, fauna and so on, should, as far asis
practical for an unattended monitoring exercise, be
identified and removed from the data set

7.3 Wind data

731 Concurrent measurements of wind speed and direction BG S2.2 Table 2, Appendix D Yes
taken from a known height preferable the wind turbine hub

7.3.2 If wind speeds are not taken from hub height...predictions |BG S2.2 Table 2, Appendix D Anemometry up to 120 m agl Yes
may be used from wind shear relationships: at least two
heights

7.3.3 Same location and height used for before and after N/A Applicable to post-construction N/A
installation where not impacted by turbines

7.3.3 If a high amenity noise limit is applied the wind farm wind  |N/A No high amenity noise limit required N/A

speed threshold should be determined at this same wind
speed measurement position

7.4 Background measurements

7.4.1 Background SLM to be plotted against the hub-height wind |BG Appendices Fto L Yes
speedsto obtain a scatter plot

7.4.1 Use separate scatter plots for difference conditions BG Appendices Fto L All-time and night-time plotted. No investigation |Yes
including wind directions and times-of-day if there are wind direction but reasonable correlation shown.

markedly different groupsin the scatter plot of all valid data

7.4.2 Find the regression curve that gives the best correlation BG Appendices Fto L No R value shown for regression lines Yes
coefficient between the sound level and wind speed for
each scatter plot and use it to describe the average
background sound level at different wind speeds




NZS 6808:2010 section /
clause

NZS 6808:2010 requirement Reference from information source Assessment / obser vations/ conclusions Cohmpliance

Cr.4.2 It may be appropriate to use bin analysis procedure where [N/A Reasonable correlation shown N/A
the fitted regression curve may be influenced by a limited
number of data points

7.4.3 If there is a poor correlation between wind speed and N/A Reasonable correlation shown N/A
sound level, further investigation of wind conditions should
be undertaken e.g. wind flow modelling, local knowledge,
site observations or local wind monitoring

7.4.4 Where multiple regressions are indicated and several N/A Reasonable correlation shown N/A
regression curves obtained, noise limits should be set on
the basis of each regression curve derived. Where not
practical, use the most stringent regression curve with
lowest sound levels

7.6 Compliance assessment

7.6.1 The 35 dB wind farm sound level contour shall be predicted |N/A Applicable to post-construction only N/A
and measurements made at noise sensitive locations within
this contour

7.6.2 Compare the best-fit regression lines of the background N/A Applicable to post-construction only N/A
sound levels and the regression curves of the wind farm
sound levels adjusted for any special audible characteristics
(at the wind speed at which it is assessed) at each noise-
sensitive location

7.6.3 If background sound levels were not measured prior to N/A Applicable to post-construction only N/A
installation, it may be necessary to obtain background
sound level measurements for limited periods at critical
wind speeds. These may be for alimited range of wind
speeds and directions while the wind turbines are not
operation, i.e. on/off testing to get a representative number
of measurement

7.6.4 Establishing compliance at one point in time does not N/A Applicable to post-construction only N/A
negate the need for further testing at a later date
7.7 ON/OFFtesting N/A Not required N/A
8 Documentation
8.1 Predictions:
Any report of wind farm sound level predictionsin NZS6808:2010 documentation summarised in
accordance with this Standard shall refer to the 2010 Appendix L
Standard and provide the following:
(a) Amap showing the topography (contour lines) in the PCNA Appendix H Figure 19 Gradated colour terrain map, not contour lines  |Yes

vicinity of the wind farm, the position of the wind turbines,
and noise-sensitive locations

(b) Noise sensitive locations for which wind farm sound PCNA Figure 9 Yes
levels are calculated




NZS 6808:2010 section /

dause NZS 6808:2010 requirement Reference from information source Assessment / obser vations/ conclusions Cohmpliance
(c) Wind turbine sound power levels PCNA $9.3.1, Appendix L +1dB added to manufacturer specification for Yes
uncertainty
(d) The make and model of the wind turbines PCNA Table 22 of 9.2 Yes
(e) The hub-height of the wind turbines PCNA Table 22 of 9.2 Yes
(f) Distance of noise sensitive locations from the wind PCNA Appendix F Yes
turbines
(g) Calculation procedure used PCNA $4.2.2, Appendix E Yes
(h) Meteorological conditions assumed PCNA Table 46 of Appendix E Yes
(i) Air absorption parameters used PCNA Appendix L Yes
(j) Ground attenuation parameters used PCNA SE2 Yes
(k) Topography / screening assumed, and PCNA AppendicesLand H Yes
(I) Predicted far-field wind farm sound levels PCNA 9.4, Appendix J Yes
8.2 Background sound levels
Report of the background sound level measurements and
compliance assessmentsto provide:
(a) Description of the sound monitoring equipment BG S2.2 Table 2, AppendicesC, Fto L Yes
including ancillary equipment
(b) The location of sound monitoring positions BG S2.1 Figure 1, Appendix Fto L Yes
(c) Description of the anemometry equipment including the |BG S2.2 Table 2 Anemometry up to 120 m agl, hub height wind Yes
height AGL of the anemometer speed calculated from measured wind shear
(d) Position of wind speed measurements BG Appendix CTable 9 Yes
(e) Time and duration of the monitoring period BG 2.2 Table 2 Yes
(f) Averaging period for both sound and wind speed BG 2.3 Table 3 Yes
measurements
(9) Atmospheric conditions: the wind speed and direction at | BG Appendix M Yes
the wind farm position
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Term Abbreviation
Battery energy storage system BESS
Construction noise and vibration management plan CNVMP
Environment effects statement EES
Environment Protection Act 2017 EP Act
Environment Protection Authority Victoria EPA

EPA Publication 1826Nbise limit and assessment protocol for the contfaloise from

commercial, industrial and trade premises and emfament venues
EPA Publication 300Mind Energy Facility Turbine Nois€echnical Guideline
EPA webpag@/ind Energy Facility Turbine Noise Regulation Guéde
Environment Protection Regulations 2021

Environment Reference Standard

General environmental duty

Hexham Wind Farm

Marshall Day Acoustics Pty Ltd

Mineral Resources (Sustainable Development) A 199

NSW Department of Environment and Conservation

NSW Roads and Maritime Service

Hexham Wind Farm Pty Ltd

Noise management plan

Planning and Environment Act 1987

Road Management Act 2004

Scoping Requirements Hexham Wind Farm EnvironrffentEStatement
Victoria Planning Provisions

Victorian Department of Transport and Planning

Noise Protocol

Technical Guideline
EPA web guide
EPRegulations
ERS

GED

The project

MDA

MRSD Act

NSW DEC

NSW RMS

The proponent
NMP

PE Act

RM Act

Scoping requirements
VPP

DTP
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EXECUTIVE SUMMARY

This report provides an assessment of the potemt@se and vibration levels associated with the
construction, operation and decommissioning of thexham Wind Farm (the project) that is proposeth¢o
developed by Hexham Wind Farm Pty Ltd (the propgnen

The assessment is based on the proposed renewatgegg project comprising up 06 wind turbines, and
related infrastructure which includeson-site terminal station and a battery energy storagystem.

Context

Construction of a renewable energy project wouldigete noise and vibration as a result of actigtie
occurring both on and off the site of the proposgelelopment. On-site works include a range of @@ty
such as construction of access tracks, conneatifvastructure, turbine foundations and erectiontbie
wind turbines. Off-site noise generating activitggmarily relate to heavy goods vehicle movementand
from the site. Construction of a renewable energgject mostly occurs at relatively large separating
distances from noise sensitive receivers and, apgsed for the project, the majority of the work wid be
limited to normal working hours. The only excepsare for unavoidable works or low-noise managed-
works. Unavoidable works outside of normal workiagirs are expected to comprise the delivery of
oversized turbine components at times selected timimise traffic disruption associated with intersiec
closures, and potentially turbine installation aities that are sensitive to weather conditionsge.
installation of rotors, turbine foundation pour, &).

For the above reasons, noise and vibration assediaiith the construction of a renewable energy @i
can usually be satisfactorily addressed using denaie equipment selections, working practices and
maintenance protocolsThe objective of these measures is to minimisertble of harm as a result of noise
and vibration so far as reasonably practicabledcordance with the general environmental duty (FED
under theEnvironment Protection Act 20{#P Act). These measures are normally documentad i
construction environmental management plan for fh@ject along with broader protocols for noise
management (e.g. complaint handling and responsgqaols) and continual improvement
Decommissioning of a renewable energy project galhemvolves comparable or less intensive acisiti
and can therefore be acceptably managed in a similanner to construction.

In addition to the activities directly associatediwconstruction of a renewable energy project, s@ivould
also be generated by an on-site quarry for congtancrock and a number of concrete batching plathzst
are proposed to be located on the project site for tbhenstruction stage of the project. The key noise
generating activities associated with the proposedsite quarry include excavation (mechanical estica
processes), rock crushing, material handling openatand heavy goods vehicle movements. For the
batching plantsthe key sources of noise emissions are the fixewhé of batching plant, pumps, and
concrete mixing trucks. The on-site quarry and cetecbatching plants would only be used during
construction of the project. However, as a conséwaapproach, the noise of these facilities iseased
against requirements which apply to permanent opinas. The main methods of managing noise levels
from the on-site quarry and concrete batching pgate based on considerate site selection, regbmcof
operations to normal working hours, and targetedigation measures, where appropriate, such as
screening and the selection of lower noise emisgitamt.

The main environmental noise consideration for aawable energy project is the operational stagéhef
project, with the key source of operational noiseig the wind turbines. The noise of a modern wind
turbine mainly relates to aerodynamic noise thapisduced as the blades pass through the air. The

U Z V] 0 }u%}v vie e Z « P BRE PVAPSZ]VEEZ Vv 0°} ‘JUE
however modern turbines generally include speciisign and construction measures to effectively
suppress this type of noise. Mechanical noiseéasdfore not a normal characteristic of a correctly
functioning modern wind farm at typical receivestdinces.
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The proposedn-site terminal station and the battery energy stgeasystem (BESS) are a secondary source
of operational noise comprising the power transfars, inverters, and batteries. Other potential soes of
operational noise include maintenance activitiesl@verhead power linéshese are generally considered
low risk noise sources farrenewable energy project and are not formally asses However, the GED still
applies to these types of sources and the assodiafgerational noise would need to comply with timaits
which apply under th&nvironment Protection Regulations 2GEP Regulations).

At the planning stage of a renewable energy prgjeperational wind turbine noise is addressed using
combination of wind turbine selection and layoutsifgn. The objective of these measures is to achieve
acceptable noise levels as defined by Victoriaiskaipn and guidelines. In terms of the on-sitenténal
station and BESS, planning stage noise controlsased on considerate site selection and targeted
mitigation measures, where appropriate, such agening and the selection of lower noise emissianpl

Assessment requirements

TheScoping Requirements Hexham Wind Farm EnvironrffentsEStatemen{scoping requirements) dated
September 2024 set out the matters to be investaghiind documented in the environment effects
statement (EES), and specify the EES evaluatientoigjs. In accordance with the scoping requirenseantd
the current legislative framework, the following theds have been used to assess nhoise and vibration
associated with the project

X  Construction noise has been assessed in accordaiticd&=PA Publication 1834Civil construction,
building and demolition guidé=PA Publication 1834.1) dated 12 September 20&8having regard to
the environmental values for ambient sound definedhe Environmental Reference Stand4ERS)
established under the EP Act.

x  Construction vibration has been assessed in accmelaviththe EAt Z} « v D E]3]Ju "~ EA]
publicationConstruction Noise and Vibration Guidelitaed August 2016 (NSW RMS Construction
Noise & Vibration Guideline), in lieu of detailgdtdfian guidance

X  Operational wind turbine noise has been assessedaordance with NA&B08:2010Acousticst Wind
farm noise(NZS 6808), as required by the Victorian DepartroEfransport and Planning publication
Planning Guidelines for Development of Wind Eneagylitiesdated September 2023 (Victorian Wind
Energy Guidelines) and the EP Regulations

The assessment is supplemented by both EPA webpdag Energy Facility Turbine Noise Regulation
Guidelineslated 2 May 2025 and EPA-DTP Publication 8@ihiél Energy Facility Turbine Noise
Technical Guidelirdated 20 December 2024, and having regard to thérenmental values for
ambient sound defined in the ERS.

X  Operational noise associated with tbae-site terminal station and BESS has been assassed i
accordance with the EP Act, the EP RegulationsrenBPA Publication 1826\Nbise limit and
assessment protocol for the control of noise frammercial, industrial and trade premises and
entertainment venue@Noise Protocol) and having regard to the envirental values for ambient
sound defined in the ERS.
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Noise and vibration assessment

The EES evaluation objective for the project wétspect to noise and vibration is to manage potdntia
adverse effects for noise sensitive receivers, favegard to construction, operation and decomnugsgig
of the project.

A number of measures are to be used to controlplogential adverse effects of noise and vibratiomaise
sensitive receivers, and address regulatory reau@sts. With these measures in place, the noise
assessment has determined the following:

X

Noise generated by construction of the project ¢@ncontrolled in accordance with relevant Victorian
guidelines provided by EPA Publication 1834.1 gusicombination of restricted working hours and
good practice working measures. Dedicated controdsalso warranted to address the noisentitsite
construction traffic. The preferred option for tipgoject includes the development of an on-site qyar
to limit off-site vehicle movements associated wittaterial sourcing. A restriction on the times when
these movements can occur on the surrounding roatierk has also been recommended.

The predicted operational noise levels from thesite-quarry and concrete batching plants proposed t
operate during the construction phase of the prajace below the applicable noise limits determiniad
accordance with the Noise Protocol.

The predicted operational wind turbine noise levate below the noise limits determined in
accordance with NZS 6808.

The predicted operational noise levels from thejpobd[ on-site terminal station and BESS are below
the noise limits determined in accordance with theise Protocol.

The noise generated by decommissioning of the pitajan be controlled using similar measures to
those implemented for the construction of the proje

Consideration was also given to the general envirental duty (GED), as required by the EP Act, by
evaluating standard forms of engineering contrattsas selection of equipment with low sound power
levels, appropriate site selection, and localisedwstic barriers.

The findings of the noise assessment therefore destrate that the project can comply with the
requirements of the applicable Victorian legislatiand guidelines. As such, the project is expetited
achieve the EES evaluation objective.
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Based on the assessment findings, mitigation messare recommended for the control of noise and
vibration associated with construction and operatiof the project. The mitigation measures are
summarised as follows.

Mitigation measure  Description

MM-NVO1

MM-NV02

MM-NV03

MM-NV04

MM-NV05

MM-NV06

MM-NVO7

Establishes a requirement to prepare a constructioise and vibration management plan
including measures relating to both on-site acigsgtand off-site construction traffic.

Establishes noise requirements for the design goefation of the on-site quarry during
construction of the project.

Establishes noise requirements for the design goefation of all on-site concrete batching
plants during construction of the project.

Establishes a requirement for a pre-constructioseasment of operational noise associatec
with the project[s AJv SuE Jv «U < }vtuiihe lajoubandl fnodel selection.
Results of the pre-construction assessment wouldibeumented in the NMP prepared
under MM-NVO06.

Establishes a requirement to conduct early testifig representative selection of turbinés
verify that the noise emissions (sound power lepefghe installed turbines are consistent
with the pre-construction noise assessment prepaneder MM-NV04.

Establishes a requirement to prepare the noise ngement plan (NMP) for operational win
turbine noise, as required under the EP Regulatiprier to commencement of operation of
the facility.

Establishes a requirement for a pre-constructioseasment of operational noise associatec
with the project[ * }site terminal station and BESS.
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INTRODUCTION

Purpose of the report

This report has been prepared to address the emvitental noise and vibration assessment
requirements of the:

X Scoping Requirements Hexham Wind Farm EnvironrffeatsEStatemenpublished by Minister
for Transport and Planning in September 2024 (s@p@quirements)

X Victorian Department of Transport and Planning (DdublicationPlanning Guidelines for
Development of Wind Energy Facilitieded September 2023 (Victorian Wind Energy Ginies)

X Environment Protection Act 20{#P Act)

X Environment Protection Regulations 2qZP Regulations).

This report assesses the potential noise and vibnaimpacts associated with the construction and
operation of the Hexham Wind Farm (the project)daaientifies mitigation measures to address
these impacts together with consideration for thergral environmental duty (GED), as required by
the EP Act. Specifically, the assessment corssider

X construction noise and vibration from on-site aitiés including the proposed quarry and
batching plants (excluding blasting which is adsieelsin a separate technical study which is
included and considered in the draft quarry workrmp|

X construction noise associated with off-site vehiclevements
X operational wind turbine noise
X operational noise from the proposed terminal statiand battery energy storage system (BESS).

Decommissioning of a renewable energy project gelheivolves comparable or less intensive
activities, and can therefore be acceptably manaigea similar manner to construction. A separate
assessment of decommissioning is therefore not aated at this stage of the project.

Potential sources of operational noise also inclotintenance activities and overhead power lines
While these noise sources are subject to the sabligations as the proposed terminal station and
BESS, they are generally considered low risk soisees for a renewable energy project and are not
usually subject to formal assessment at plannirgst These sources are therefore not formally
addressed in this study.

The assessment is based on determining whethenthise and vibration impact of the project
would be acceptable in planning terms, based oteida provided by relevant Victorian regulations
and guidelines which are intended to provide a ba@abetween protecting the amenity of
neighbouring noise sensitive receivers and enalilegdevelopment of new infrastructure. It is
important to note that, beyond compliance with neimits, the GED requires the risk of harm be
minimised, so far as reasonably practicable.

The assessment considers noise and vibration levigish may be experienced by people at
receivers (as detailed in Section 5.1) and natareés (as defined in tHenvironment Reference
Standardand detailed in Section 5.2) around the projetie potential effects of noise from the
project on fauna are addressed in separate spatisiudies (the Hexham Wind Farm Flora and
Fauna Assessment and Hexham Wind Farm Brolga A&Esess

Acoustic terminology used in this report is preszhin Appendix A

General information about the definition of sounddathe ways that different sound characteristics
are described is also presented in Appendix B.
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1.2 Project description

The project involves the establishment of a renelgagmergy project which would include a wind
energy facility (wind farmanon-site terminal station and a BESS. The project avbalmostly
located in agricultural land in southwest Victoti@tween the townships of Hexham, Caramut and
Ellerslie, within the local government area of tiieyne Shire Council.

Permanent infrastructure to be constructed as pafrthe project would include:

X

awind farm with up tol06 wind turbines, each with a capacity of 6 to 8 Mify height of up to
260 m, rotor diameter of up to 19én and minimum distance of rotor tip above ground lkge
40m

anon-site terminal station to facilitate connection the existing Moorabool to Heywood 500 kV
transmission line located within the southern paftthe project site, owned and operated by
Ausnet Services

abattery energy storage system (BESS) with a narteegdgacity of 200 MW

anon-site quarry and 7 concrete batching plants

on-site powerline connections between the wind turbes and the new on-site terminal station
access roads, including creation or improvementfo 11 access points from public roads
upto 5 meteorological monitoring masts within the wlifarm site

atemporary hardstand area

permanent hardstand areas at each turbine location

temporary infrastructure including construction cpounds and wind turbine component
laydown areas

an operations and maintenance facility to providéae, storage and maintenance facilities.
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2.0 SCOPING REQUIREMENTS

This section reproduces the noise related elementfie scoping requirements which specify the
Environment Effects Statement (EES) evaluatiornctisgs and set out the matters to be investigated
and documented in the EES.

Section 4.4 of the scoping requirements is relevaramenity and includes the desired outcomes in
relation to the potential noise and vibration effswf the project.

The scoping requirements relating to noise andatibn are reproduced in Table 1.

Table 1 Scoping requirements related to noise and vibration

Aspect Detall Report reference

Evaluation To minimise and manage adverse air quality andenail vibration -

objective effects on residents and local communities as &pmacticable during
construction, operation and decommissioning haviegard to
applicable limits, targets or standards.

Key issues  Potential for adverse effects on noise and vibnat@menity at -
sensitive receptors during construction, operatemdl
decommissioning (including for the potential oresijuarry).

Existing Characterise the ambient noise environment in adjgestablished  See Section 6.0
environment residential, farming zone, commercial and open spaeas and at
other sensitive land use locations.

Identify sensitive receptors that may be subjeceffects to amenity
from the project including, but not limited to, allvellings within 3 km
of wind turbines, associated infrastructure and gatial on-site

quarry.

Likely effects Assess the potential dust, noise and vibration igipdrom the
potential on-site quarry in accordance with the tagments of EPA
Publication 1823.Mining and quarrying: Guide to preventing harm 1
people and the environment

Assess the potential effects of the project on easd vibration
amenity at sensitive receptors, including infornaatithat addresses

x how the noise associated with construction of thme/farm and  See Section 7.0
project infrastructure will be managed in accordarnith relevant
guidelines, such as EPA Publication 18Zohstructiont Guide to
preventing harm to people and the environmeaPA Publication
1834:Civil Construction, Building and Demolition guieieA
Publication 1693\ssessing and controlling risk: a guide for
business$, and having regard to the environmental values for
ambient sound defined in thEnvironment Reference Standard
(ERS) established under tBavironment Protection Act 2017

x how the operational wind turbine noise will be mayeal in See Section 9.0
accordance with Division 5 of Part 5.3 of Erevironment
Protection Regulations 202ihd relevant guidelines, including
DELWHPolicy and Planning Guidelines for Developmentioé\W
Energy Facilities in Victorfa021), EPANiInd Energy Facility
Turbine Noise Regulation Guidelirmnd NZS 6808:20Koustics
t Wind Farm Nois#or the turbines
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Aspect Detail Report reference

x how operational noise from other relevant projenfriastructure ~ See Section 10.0
such as the on-site terminal station and battergrage facility,
and from other potential commercial, industrial atrdde
premises to be developed as part of the projectrsas the
potential on-site quarry and potential concrete bhaing plants will
be managed in accordance with Division 3 of P&bbthe
Environment Protection Regulations 20EPA Publication 1826.4
Noise limit and assessment protocol for the cortfaioise from
commercial, industrial and trade premises and entiemaent
venuesas well as relevant guidelines such as E&Amerce
Industry and Trade Noise Guideliaesl Publication 199@&Joise
guideline - Assessing low frequency noise

If a quarry is to be developed as part of the pobjassess the See Section 8.0
potential noise and vibration (ground and airborméects from the

proposed on-site quarry activities on sensitiveggtors in accordance

with guidelines, including, but not limited to, thgarth Resources

Guidelines for Ground Vibration and Airblast LifioitBlasting in

Mines and Quarries

Designand  Describe and evaluate both potential and proposedign responses See Section 11.0
mitigation and/or other mitigation measures (e.g. staging/sghkng of works)

which could minimise noise and vibration during stonction,

operation and decommissioning.

Performance Describe proposed measures to manage and monifectf on See Section 11.0
amenity values and identify likely residual effeateluding
compliance with standards and proposed trigger lever initiating
contingency measures.

Describe contingency measures for responding taxpeeted impacts
to amenity values resulting from the project duriognstruction,
operation and decommissioning.

a This guideline was updated in September 2023raisdued as EPA Publication 1834.1

b This guideline was updated in September 2023@4/ictorian Department of Transport and Planning
publicationPlanning Guidelines for Development of Wind EnEagylities

c Atthe date of preparation of this report, thisthpage is not available as a version controlledchdr
document. This report is based on the EfRbpageversion of this publication, last updated on 2 M225

Where documents referenced in the scoping requireisénave been superseded, the relevant
documents applicable at the time of preparing tféport have been used for this assessment. These
are discussed in the following section.
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LEGISLATION AND GUIDELINES

This section presents:

X legislation and guidelines for the assessment ofremmental noise (sound)

X guidelines for the assessment of vibration (in lilegislated quantitative vibration criteria).
Environmental noise

The environmental noise assessment requirementstferproject are defined by the following:
x Environment Protection Act 2017

X Environment Protection Regulat®2021

X Environment Reference Standanablished 25 May 2021, and as amendedhyironment
Reference Standard No. S158 Gazddtied 29 March 2022

x Planning Guidelines for Development of Wind Eneegijlitiedated September 2023
X EPA Publication 1834Clvil construction, building and demolition guatlted September 2023

x EPA Publication 1828\bise limit and assessment protocol for the cortfatoise from
commercial, industrial and trade premises and gaiement venueslated May 2021

X NZS5808:2010Acousticst Wind farm noise

The requirements and guidance of these documenssimmarised below. Additional details and
extracts from these documents are provided in ApgigrC.

In addition, related and supplementary guidancettisareferenced as part of the environmental
noise assessment is also summarised.

Environment Protection Act 2017

TheEnvironment Protection Act 20{E#P Act) provides the overarching legislated jutiie of the
environment in Victoria and establishes mandataguirements for the control of environmental
noise. The following key obligations apply under BP Act:

X A person who is engaging in an activity that mag gise to risks of harm to human health or the
environment has a general environmental duty (GieéDjinimise the risk of harm, so far as
reasonably practicable.

X A person must not, from a place or premises that aot residential premises, emit
unreasonable noise or permit unreasonable noisbaaemitted.

The risk of harm under the EP Act includes boththeand amenity related noise impacts. The EP Act
defines environmental noisasunreasonable if it is:

X prescribed to be unreasonable from an assessmeairatymandatory noise limits (see
Sections 3.1.2 and 3.1.5); or

X assessed to be unreasonable according to the fafigactors defined in the EP Act:
noise volume, intensity or duration
noise character
the time, place and other circumstances in whicé tioise is emitted
how often the noise is emitted

any prescribed factors relating to the noise (freqay spectrum being a prescribed factor).
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3.1.2 Environment Protection Regulations 2021

TheEnvironment Protection Regulations 2QEP Regulations) give effect to the EP Act by
establishing prescriptive requirements for a rargenvironmental considerations including noise.
The noise requirements are defined according tottfee of noise generating activity under
consideration. The EP Regulations also defineyibest of noise sensitive areas where these
requirements apply and the hours of different assaent time periods (i.e. day, evening and night).

The relevant elements of the EP Regulations areghjeirements for the:
X operational noise from commercial, industrial amade premises (industry)
X operational turbine noise of a wind farm.

The EP Regulations specify that the prediction,sueament, analysis and assessment of operational
industry noise within a noise sensitive area mwstbnducted in accordance with the EPA Noise
Protocol (see Section 3.1.5). Noise from industiyréscribed by the EP Regulations to be
unreasonable for the purposes of the EP Act kaeeds the noise limit determined in accordance
with the Noise Protocol.

In relation to wind turbine noise, the EP Regulagiapecify a range of requirements for the
assessment, verification and ongoing managemepipefational wind turbine noise. Under the
EPRegulations, the relevant standard specified far &ssessment of wind turbine noise is
NZ3%8082010

An important element of the EP Regulations withpegt to wind turbine noise is the Act compliance
note, which provides clarity on how a wind energgility operator can satisfy the GED under the
EPAct! The Act compliance note means that demonstratigpliance with the EP Regulations also
demonstrates compliance with the GED under the &P A

3.1.3 Environment Reference Standard

TheEnvironment Reference Standd@ERS) was introduced under the EP Act and sets out
environmental and human health outcomes that areiglat to be achieved and maintained in
Victoria. The outcomes are described by the ERSrims of a collection of environmental values,
indicators and objectives.

The environmental values of the ambient sound emvinent defined by the ERS relate to conditions
that are conducive to domestic activities (convéima recreation and sleep), learning, and
appreciation and enjoyment of tranquillity in natlrareas. The environmental values in most
settings are defined using a quantitative indicatand the objective for these indicators are define
according to the land use and planning zone. Howewe natural areas, the indicator is qualitative
and is based on an appraisal of sound quality isvabnducive to human tranquillity and enjoyment
of natural soundscapes.

Indicators and objectives for the ambient soundiiffierent settings are defined to provide a bagis f
assessing actual and potential risks to the envirent. They also provide a benchmark for
comparing the state of the environment, or potertanges to the environment, to desired
outcomes. However, the ERS is not a compliancelatdnThe primary function of the ERS is to
provide an environmental assessment reporting benalk which can be used as a reference point
for decision makers to consider whether a propasactivity is consistent with the environmental
values identified in the ERS.

! Regulation 6 to the EP Regulations states tranifite at the foot of a provision of the regulat®states
Z Zu%o] v [ (}oo}A C E (Ew ®J 32 SHIPWUS]IV % E}A]NZ] 28« }us §Z
% Ee}v[e uSC }E } o]P S]}v Y& @& SB JeSEIIVH(B(}EuU ]JvSEEe 3}8B} SZ u
extent set out in the regulation provision.
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3.1.4 Planning Guidelines for Development of Wind En&agyilities

ThePlanning Guidelines for Development of Wind Eneagylities(Victorian Wind Energy
Guidelines) provide advice to responsible authesitiproponents and the community about suitable
sites to locate wind energy facilities and to imfoplanning decisions about a wind energy facility
proposal.

The advice includes detailed guidance on consistagthods for the assessment of wind turbine
noise at the planning stage of a project. In paittc, the Victorian Wind Energy Guidelines spexifie
that potential operational noise levels associateith proposed wind farm developments are to be
assessed in accordance with NZS 6808. Guidanise isravided on how NZS 6808 should be
considered in the Victorian regulatory framework.

3.1.5 EPA Publication 1834.1

EPA Publication 1834.1 provides an overview ofititees which apply under the EP Act and
describes measures for managing noise and vibrdtmmmn construction and decommissioning of a
project. The guidance addresses scheduingorks, community consultation, managing noise and
vibration at the source, and managing noise usiffigjte controls.

EPA Publication 1834.1 states that noise and vidmas to be minimised at all times, and that pije
developers should aim to constrain works to normvalking hours, defined as 0700 to 1800 hrs
Monday to Friday and 0700 to 1300 hrs on Saturdpayblic holidays excluded).

Restricting construction activities to normal warggihours is one of the key measures for controlling
construction noise. However, where necessary, angjest to the approval of the relevant authority,
construction activities outside normal working heumay occur for:

X low-noise impact works: inherently quiet or unobsiue activities that do not have intrusive
noise characteristics

X managed-impact works: activities where the noisdssions are managed through actions
specified in a noise and vibration management p&ang which do not have intrusive noise
characteristics

X unavoidable works: activities that need to occutside of normal working hours due to risks to
life or property, potential traffic hazards (e.quavsized deliveries), or certain types of
construction work that cannot be stopped midwaydhgh the process (concrete pours and
tunnelling works are cited as examples).

EPA 1834.1 does not define requirements in termsagéctive noise criteria for work conducted
during normal working hours. Objective criteria a@mally reserved for works conducted outside
of normal working hours. However, noise criteriadoening and night works are not intended as the
basis for determining whether works outside of na@lnworking hours is justified.
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3.1.6 EPA Publication 1826.4 (Noise Protocol)

The Noise Protocol defines a procedure for settiaige limits that apply to the operation of indugtr
premises and entertainment venues in Victoria. Mbese limits are applicable to the operational
stage of the project. Compliance with the noiseitiéns mandatory.

The EPA Noise Protocol defines noise limits tretiaed to assess whether a noise is prescribed to
be unreasonable in accordance with the EP Regutmd the EP Act.

dZ v}]e oJulde % %0C 35 ZAHP Ze]v]¥JA @& §B W Z Ppupo 3]}ve
within 10 metres of the outside of the external lszaf buildings including dwellings, hotels, and

schools. In rural areas, noise sensitive areasiatdode land within the boundary of campgrounds,
caravan parks and certain types of tourist estéplisnts.

The procedures for setting noise limits are defisegarately for urban and rural areas. However, in
both cases, the noise limits are defined by condidgthe land zoning in the area and the noise
environment of the receiver. Separate noise linaits defined for the day, evening and night periods.

3.1.7 NZS 6808

NZS 6808 defines a methodology for assessing operaltiwind turbine noise levels, including
procedures for:

X measuring background noise levels prior to congtouncof a wind farm

X deriving noise criteria from measured backgroundadevels

X conducting post-construction measurements of wiathfi noise

X assessing the character of the noise produced kywind farm noise

X assessing post-construction noise measurementeterthine compliance with the standard.

The noise criteria defined by NZS 6808 are a caatibmof a base (minimum) noise limit and noise
limits which vary with wind speed and backgroundsadevels. The base limit is a fixed value that is
used for conditions when the background noise vg. [6he noise limit at each integer wind speed is
then defined as the base lingit the background level plus 5 dB, whichever vauggher. The limits
apply to wind turbine noise levels in the vicinifynoise sensitive locations.

The character of the wind farm sound is also asst#s determine whether adjustments should be
applied to account for sounds referred to by tharstlard as special audible characteristics (SACSs).
These SACs are defined as tonality, impulsivemesamplitude modulation. The noise level of the
wind farm, adjusted where necessary for the preseatSACs, is then compared with the noise
oJulde & Z Alv <%0 §} S GE[]vIwWsoAY X E
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3.1.8 Related Victorian guidelines

To support the application and use of the legiskatand guidance summarised in the preceding
sections, a range of Victorian publications proadielitional advice on matters of interpretation and
technical assessment requirements. These publinatioclude:

X

X

X

EPA Publication 19%zuide to the Environment Reference Standdated June 2021
EPA Publication 199¢oise guideling assessing low frequency noidated June 2021

EPA Publication 199%&chnical guide: Measuring and analysing industigenand music noise,
dated June 2021

EPA webpag®/ind Energy Facility Turbine Noise Regulation Gues¢EPA web guidé)

EPA-DTP Publication 30a/ind Energy Facility Turbine Nois€echnical Guidelirdated
20 December 2024 (Technical Guideline)

Resources Victoria online publicatiGuidelines for Ground Vibration and Airblast Liffioits
Blasting in Mines and Quarries

The EPA also provides general online guidelinesnglto noise, including:

X

X

X

commerce, industry and trade noise guidelihes
noise advice for businesses

unreasonable noise guidelirfes

Broader relevant industry guidance is also provioted

X
X

EPA Publication 16954ksessing and controlling risk for busindased March 2019

EPA Publication 1820Constructiont Guide to preventing harm to people and the envirent,
dated July 2021

EPA Publication 1823Mining and quarrying: Guide to preventing harm &ople and the
environment dated July 2021

EPA Publication 183%easonably practicabldated September 2020

Resources Victoria publication (authorised by tiverfer Department of Jobs, Precincts and
RegionsPreparation of Work Plans and Work Plan VariatidBsidelines for Extractive Industry
Projectsdated December 2020

2 At the date of preparation of this report, the ERAb guide is not available as a version contrditethal document.
This report is based on the ERAbpageversion of this publication, last updated on 2 N2R25.

3 Atthe date of preparation of this report, this Iplication is not available as a version controfi@anal document.
This report is based on the Resources Victwghpageversion of this publication, last updated on 1GiAp024.

4 See EPA commerce, industry and trade noise guigethrough thisveblink

5 See EPA noise advice for business throughwikiigink

6 See EPA unreasonable noise guidelines througlvtisink
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3.2  Vibration

The EP Act defines noise as both sound and vilbrafioe provisions of the EP Act with respect to the
GED and unreasonable noise therefore apply to lsotimd and vibration.

While EPA Publication 1834.1 provides general gaielan both noise and vibration, there are no
legislated or guideline quantitative criteria fdret control of construction vibration levels in \diga.

In lieu of Victorian quantitative vibration critarireference is made to the Transport for NSW
publicationConstruction Noise and Vibration Guideline (Rqads)shed December 2024
(NSW CNVG) for guidance.

The NSW CNVG sets out indicative minimum workstgrdies from sensitive receivers for typical
items of vibration intensive plant. The indicativénimum working distances are quoted for effects
relating to cosmetic damage and human comfort.

The indicative minimum working distances definethis NSW CNVG for human comfort are noted
to be greater than for the avoidance of cosmetierdae. This reflects the thresholds for human
exposure to vibration being lower than acceptedesinolds for minor cosmetic damage to
lightweight structures.

The indicative minimum working distances detailethe NSW CNVG are the primary reference for
assessing construction vibration related riskshat planning stage. The relevant criteria that would
subsequently apply to any potential compliance ntaring are discussed in Appendix C and
comprise:

X BS64721:2008Guide to evaluation of human exposure to vibratiohuildings(BS 6472-1) for
assessing the risks of disturbance of human comfort

X DIN 4150:201612 Vibrations in buildings Part 3: Effects on structuré®IN 4150-3) for
assessing the risk of vibration induced damageudtiing structures.
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40 ASSESSMENT METHOD

The scopingr<p]E u v3s[ A op 3]}v }i SJAl*]VEouS}}PSEX} %}3 v3] o
adverse effects of noise and vibration at noises#re receivers in the vicinity of the project.

The assessment method is therefore broadly strustaround:
X identifying noise sensitive receigand ERS natural areas in the vicinity of the ptojec

X reviewing existing noise conditions in the projamta and assessing background noise levels at
key noise sensitive receivers and ERS natural areasd the project

x predicting noise levels associated with the projecicounting for inherent and proposed risk
controls as appropriate

X an assessment of compliance with mandatory noisédi where applicable
X identification of additional noise mitigation measis where appropriate
X assessing the inherent and residual noise and tidmaisks associated with the project.

The methods of assessment are specific to eachcagehe project and are proportionate to the
level of risk. In particular, these methods difter account of varying:

X procedural requirements of Victorian legislatiordaguidelines for different sources
X levels of information typically available at thephing stage of a project.

Details of the assessment methods for each aspEitteoproject are discussed subsequently as part
of the assessment sections of this report.

The following sections provide a discussion ofrtiethods for establishing existing conditipns
predicting noise levels and assessing risk.

4.1 Existing conditions
Background noise level information is used forrageof assessment purposes which include:

X setting construction noise limits where constructiactivity may need to occur outside of normal
working hours, including unavoidable works

X setting operational noise limits for wind turbinaad related infrastructure (e.g. terminal station,
BESS) of a renewable energy project.

X considering the existing noise environment in E&Sral areas.

However, in rural areas where wind farms are tyjhjodeveloped, the background noise level data is
generally most important to the assessment of thieavturbines. This is due to the need to consider
the changes in background noise levels and winkligr noise levels for different wind conditions.
Further, in rural areas, the land zoning is usiuthlydecisive factor when setting noise limits for
related infrastructure.

Based on the above, the wind turbine noise compdrugrthe assessment, and therefore the
assessment requirements of NZS 6808, are the kesideration when establishing existing noise
levels.
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The first step in assessing background noise lévelscordance with NZS 6808 involves determining
whether background noise measurements are warranteat this purpose, Section 7.1.4 of the
standard provides the following guidance:

Background sound level measurements and subsegunelysis to define the relative noise
limits should be carried out where wind farm sound levieB5@B hoo10 minjor higher are
predicted for noise sensitive locations, when tliedviurbines are at 95% rated power. If
there are no noise sensitive locations within tBeB koo mnpredicted wind farm sound
level contour then background sound level measuresnare not required.

The initial stage of an NZS 6808 assessment therefamprises:

x preliminary wind farm noise predictions to identdjl noise sensitive receiver locations where
predicted noise levels are higher than 35 d L

x identification of selected noise sensitive recess@here background noise monitoring should be
undertaken prior to development of the wind farrhréquired.

If monitoring is warranted, the surveys involve reegements of background noise levels at receiver
locations and simultaneous measurement of wind sjseat the site of the proposed wind farm. The
survey typically extends over a period of severatks to enable a range of wind speeds and
directions to be measured.

The results of the survey are then analysed to datee the trend of the relationship between the
background noise levels and the site wind speedlaproposed hub height of the turbines. This
trend defines the value of the background noisetfa different wind speeds in which the wind
turbines would operate. At the wind speeds when tfaue of the background noise is above
35dB Lago (or 30dB Lago in special circumstances where high amenity liajiply), the background
noise levels are used to set the noise limits Far wind farm.

Noise prediction methods
Construction noise

Predicted noise levels have been calculated in graecordance with the method detailed in
AS2436:2010Guide to noise and vibration control on construttidemolition and maintenance sites
(AS2436) This method enables the calculation of sound pgadion over hard or soft ground, but
does not provide the ability to calculate predictadise levels for mixed ground cover with varied so
conditions. The standard also notes that cautiorsirie applied when considering predicted noise
levels at distances beyond 100 m. For these reggmaslicted noise levels have been determined as
the arithmetic average of the hard and soft groymrédiction methods. This approach is broadly
consistent with the equivalent prediction procedureB®2281:2009+A1:201€ode of practice for
noise and vibration control on construction and logéest Noise(B$2281) (document referenced
in AS 2436) and represents a cautious accountafrgt conditions (i.e. results in slightly higher
predicted noise levels than a strict applicatiortlué standard).

Key elements of the noise prediction method arevpded in Tabl&6 of Appendix E.
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4.2.2 Operational noise

4.3

Operational noise levels from the project (windhlinmes,on-site terminal station, BESS, on-site
guarry and concrete batching plants) are prediaiisthg:

X noise emission data for the relevant equipment (evind turbines, transformers, inverters,
excavating equipment)

x a 3D digital model of the site and the surroundamyironment
X international standards used for the calculationeoivironmental sound propagation.

The method selected to predict noise levels is96T8-2:1996 (see further discussion in
AppendixE). The prediction method is consistent with thedance provided by NZS 6808 and has
been shown to provide a reliable method of predigtihe typical upper levels of the wind turbine
noise expected to occur in practice. The methaalse referenced in the Technical Guideline.

The method is generally applied in a comparable mearo noise levels from both wind turbines and
other operational noise sources. For example, fathtiypes of sources, equivalent ground and
atmospheric conditions are used for the calculasioHowever, when applied to wind turbine noise,
additional and specific input choices apply, bagedhe guidance contained in the UK Institute of
Acoustics publicatioA good practice guide to the application of ETS2J-Ry the assessment and
rating of wind turbine nois@UK Institute of Acoustics guidance)

Key elements of the noise prediction method togeathéth discussion of the method and the
calculation choices are provided in Tadeof Appendix E

Cumulative noise

The noise limits established by Victorian noiséslatjon and guidelines apply to the total noisedks
of all assessable sources and premises. For exaop@eational wind turbine noisimits apply to
the combined wind turbine noise of the project aany neighbouring wind farm developments.
Similarly, the noise limits for the on-site quarpgatching plants, terminal station, and BESS apply
the combined noise of commercial and industriatiggpremises in the area.

The assessment in this study therefore addresses:
X elemensof the project which could operate at the same time

X whether existingor approved developments in the area around the peojgould contribute to
total wind turbine or industry noise levels at n@isensitive receivers.
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Risk assessment

A risk-based assessment is used to evaluate nogei@ration impacts associated with construction
and operation of the project. Given that noise arildration is an inevitable consequence of the
construction and operation of a major infrastructyoroject, it is the risk of harm to human health o
the environment as a result of noise, as definedhi®/EP Act, which is assessed in this study. Risks
are assessed by accounting for their consequenoep(anting for noise level, character and duration)
and likelihood. The objective of the risk assessnigeto determine the appropriate risk controls.

There are multiple factors which influence both ttensequence and likelihood of noise and
vibration related risks. These include:

X the type of noise or vibration source being assdsmed its characteristics (e.g. a continuous or
varying noise source and its frequency charactes¥t

x the nature of the noise or vibration source (e.g.activity that can be readily modified or
relocated versus an essential activity with limitgzportunity to modify, relocate or reschedule)

x the environment in which the noise or vibratiorpiduced (e.g. the context and the
background level of noise or vibration)

x the time, duration and regularity of the noise dbration

X environmental factors which may change the backgubnoise environment and/or the noise
level of the source in question (e.g. wind condisp

X the type and number of sensitive locations potelyiaffected by the noise or vibration

x the type of assessment being used to evaluate tlesr(e.g. prediction or measurement-based
assessments), and the level of information avadldbt the assessment

X the assessment framework for each noise and vibresiource, and whether acceptable levels of
noise and vibration are clearly defined (e.g. liedjisn which defines prescriptive compliance
reguirements in quantitative terms or managementsieal guidance)

X the options available to mitigate or manage thes®or vibration source.

EPA Publication 16954ksessing and controlling risk: A guide for businas been adopted to
conduct an assessment of risk consequence andhida for the project. EPA Publication 1695.1
provides an example framework as depicted in Fiduaad Figure 2.
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Figure 1: Example risk matrix reproduced from ERMIRation 1695.1

Permanent or long-term serious
environmental harm / life
threatening or long-term harm to
health and wellbeing.

Severe Medium High High Extreme Extreme

Serious environment harm /
high-level harm to health and Major Medium Medium High Extreme
wellbeing.

Medium level of harm to health
and wellbeing or the
environment over an extended
period of time.

Moderate Low Medium Medium High High

Consequence

Low environmental impact / low
potential for health and Minor Low Low Medium Medium High
wellbeing impacts.

No or minimal environmental
impact, or no health and Low Low Low Low Medium Medium
wellbeing impacts.

Rare Unlikely Possible Likely Certain
Likelihood
Expected
Could Not likely to happen
happen | to happen e :;2{1 i t‘E)x‘f : ;;i?,' regularly
but in normal under
; some at some

probably | circumst- s e normal

never will ances circumst-

ances

Figure 2 Description of risk ratings reproduced from EPA Redition 1695.1

Risk level Description

Totally unacceptable level of risk.
Stop work and/or take action immediately.

High Unacceptable level of risk. Controls must be
9 put in place to reduce to lower levels.
. Can be acceptable if controls are in place.
ezl Attempt to reduce to low.
L@ Acceptable level or risk. Attempt to eliminate
risk but higher risk levels take priority.

Quantitative assessments of noise and vibratioghsas measurement and prediction-based studies,
inform the assessment of both consequence andihkeld. For example, where there are clearly
defined noise limits, low and minor consequencengs are generally assigned to a compliant noise
level. A moderate or higher consequence is geneaally applicable to a non-compliant noise level,
although a moderate rating may be applicable ifrthare multiple contributing factors which
individually increase the consequence.

Defining quantitative thresholds to further sepagatonsequence levels according to the wide range
of factors outlined earlier is complex and subjiectonsiderable uncertainty. Given these
uncertainties, defining quantitative boundaries teten each consequence level would involve the
assignment of arbitrary thresholds which could bisleading and imply a greater level of assessment
accuracy than is afforded by the current state mbwledge. To enable consequence levels to be
practically assigned, it is therefore necessaryafoelement of the consequence ratings to be
informed by qualitative assessment, accountingtifier range of relevant factors.

A similar level of qualitative assessment is atspired to determine the likelihood of the risk,
accounting for the range of relevant factors.
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STUDY AREA

The study area for the noise and vibration assesgragtends to 5 km from the proposed locations
of the wind turbines and related temporary and cj infrastructure. This is a nominal distance
selected to address the minimum 3 km distance refieed in the scoping requirements, and enable
a complete account of construction, operational grmatential cumulative noise considerations
associated with the project.

The study area is predominantly rural and incluhestownships of Caramut to the north-west
Hexham to the north-east and Ellerslie to the seatist. To assess the potential noise of off-site
traffic movements during construction, the assessaitreso extends to the township of Mortlake to
the east of the projectThe land in the study area is mainly designateBaaming Zone (see zoning
map in Appendix ).

The types of locations within the study area whaaise and vibration is assessed includes:

X hoise sensitive receivers, which is any discretation such as a residential dwelling where an
assessment of noise or vibration is required

X natural areas which are considered under the ERS.

The locations of noise sensitive receivers and r@étareas are identified and discussed within this
section. This section also identifies the locatdother potential or existing projects in or nehe
study area which may be relevant to the assessméotumulative noise.

Receivers

The termnoise sensitive receiv@eceiver) is used throughout this report whenaging to any
location where an assessment of noise is requiogiter than natural areas (see subsequent
discussion in Section 5.2). However, the detaitstgpes of receivers which must be considered are
specific to the source of noise being assessed.

The EP Regulations specify noise requirementsasialssessment procedures, the types of receivers
to be assessed and different time periods which ninigsaccounted for in the assessment.
Importantly, the requirements of the EP Regulatians specific to the type of noise generating
activity being assessed. For example, the typesagivers which must be considered when
assessing commercial and industrial noise sounsallednoise sensitive area€onversely, the
procedure specified in the EP Regulations for assgsvind turbine noise requires consideration of
receivers calledoise sensitive locationg/hile noise sensitive areas and noise sensibivations are
broadly similar, there are slight differences beamethe two which relate to the types of receivers
which must be considered and the specific locatish&re the noise limits apply.

The study area for this assessment includes adlivecs identified by the proponent within 5 km of

the proposed wind turbines and related infrastructuThe assessment also considers potential noise
levels at receivers located along local traffictesuwhich may be used by construction traffic
associated with the project

NZS 6808 requires that the wind turbine noise assest be undertaken at all receivers in the
vicinity of the proposed wind farm which it definas follows:

The location of a noise sensitive activity, assediavith a habitable space or education
* %0 v pl]o JvP v}S }v §Z A]Jv ( Eu ]S X €Y~

In some instances holiday cabins and camping g®unght be considered as noise
sensitive locations. Matters to be considered ielwhether it is an established activity
with existing rights.

Rp 002 20190086 - Hexham Wind Farm - Environmeoité and vibration assessment.docx 26


http://www.marshallday.com

MARSHALL DAY a

Acoustics

Based on the above, and accounting for the requeatsa of the EP Regulations, wind turbine noise
limits only apply to receivers located outside fi@ject boundary (including stakeholder receivers
where a noise agreement was established on or dftBlovember 2021

A total of188receivers were identified by the proponent withirken of the proposed wind turbines
and related temporary and project infrastructur@mprising:

x 139 non-stakeholder receivers on properties that are associated with the project

x 49 residential dwellings on properties that are asated with the wind farm (referred to as
stakeholder receivetserein) including:
42 receivers within the project boundary
7 receivers outside the project boundary where a ragjreement is proposed between the
landowner and the proponent.

In contrast to the assessment of wind turbine ndiseccordance with NZS 6808, the assessments of
construction noise and vibration levels operationalse levels do not differentiate between
stakeholder and non-stakeholder receivers.

The coordinates of all assessed receivers wittkim®f the proposed turbines and related temporary
and project infrastructure are provided in Appenéix

A site layout plan illustrating the turbine layooiy-site terminal station, BESS and receivers is
provided in Figure 3.

Rp 002 20190086 - Hexham Wind Farm - Environmeoité and vibration assessment.docx 27


http://www.marshallday.com

MARSHALL DAY a

Acoustics

Figure 3 Site map of proposed wind turbines, on-site termihstation, BESS and receivers
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5.2  Natural areas

Natural areas are a land-use category for whichERS details desired outcomes in terms of noise
level to be achieved or maintained in Victoria. BRS defines natural areasiational parks, state
parks, state forests, nature conservation reservdisllife reserves and environmentally significant
areas and landscapes outside metropolitan Melbouhag are identified in a planning scheme.

Considering the above and information availablPamks and Conservation Reserves state mapping
(PARKRES), the proponent identified the followitynal areas within 15 km of the projeét:

X Hexham School Historic Reserve, approximatelym.tbkthe northeast of the project
X Mortlake Common Flora Reserve, approximately 1h2dthe east of the project
x Cobra Killuc Wildlife Reserve, approximately 1th@dthe east of the project

x Hopkins River, Framlingham Streamside Reservepaippately 12 km to the south of the
project.

Although not listed in PARKRES, Lake Connewarcaigd approximately 4.7 km to the east of the
project, is included in this assessment for conmgahetss.

The natural areas around the project are preseritefligure 4 in the following section, along with
other projects in and around the study area.

5.3  Other projects

The approved and operating projects, identifiedhiit15 km of the project, that may be relevant for
assessing cumulative impacts, are the:

X operational Mortlake Power Station is also locasgbroximately 4 km to the east
X operational Hawkesdale Wind Farm, located approsétyal4.1 km to the southwest
X operational Salt Creek Wind Farm, located approteétgal4.7 km to the northeast

X approved Mortlake Energy Hub, adjacent to the edthe Mortlake Power Station, comprising a
360 MW solar energy facility and a 300 MW BESS

X approved Mortlake Power Station BESS, on the easiee of the Mortlake Power Station site,
with a capacity of 300 MW/650 MWA.

Other projects in the vicinity of the project thate noted for reference are the:

X proposed Mt Fyans Wind Fayfacated approximately 10.5 km to the east

X operational Mortlake South Wind Fartocated just beyond 15 km to the southeast
x approved Woolsthorpe Wind Farm, located just beydsckm to the southwest

These other projects are presented in Figure A@dontext of the project and natural areas detdile
in the preceding section.

7 Data Vigvebpage
8 Based on aerial imagery and the Department of 3jpart and Planninenewable Energy Projects Victevizhpage

9 Based on publicly available noise assessment r¢peblink)
10" Origin Energy websitgeblink
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Figure 4: Project area, surrounding identified nafll areas and other projects
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EXISTING NOISE ENVIRONMENT
The scoping requirements requires the following:

Characterise the ambient noise environment in agfja@stablished residential, farming
zone, commercial and open space areas and at stiesitive land use locations.

As there are no sensitive commercial premises ifiedtwithin the study areacharacterising the
existing noise environment at commercial areasoisralevant to this assessment.

This section presents:

x the results of background noise monitoring condutie accordance with NZS 6808 at receivers
in the vicinity of the project

x adiscussion of the ambient sound environment atura areas in the vicinity of the project.

Receivers

Background noise monitoring was conducted at actigle of receivers in the vicinity of the project
The results inform a range of aspects of the assess, but particularly the wind turbine noise
component of the assessment.

NZS 6808 provides detailed guidance for condudtamikground noise monitoring, including
identification of the locations where monitoringugarranted, based on the predicted noise levels
associated with the wind farm. The noise modelhiesults that are subsequently presented in
Section 9.4 demonstrate that predicted noise levats between 35 and 40 dRetfor 2 non-
stakeholder receivers (D620 and D622). In accomlarnih NZS 6808, background noise monitoring
should therefore be undertaken at the identifieccesvers.

It is noted that consent to undertake backgroundsgomonitoring was not granted at receiver D620
Considering the location of this receiver, suitasliernative receivers were not available.

For community engagement purposes, the proponesbakquested that additional, voluntary,
noise monitoring be undertaken &tother non-stakeholder receivers where predictedsmievels
are below 35 dBdsand one stakeholder receiver (D362). However, enh® undertake
background noise monitoring was not granted at efithese additional non-stakeholder receivers.
The additional monitoring locations were identifiatddistributed locations around the wind farm to
represent noise levels in different directions frahe project

Based on the above, background noise monitoring egeised out from 5 Juni® 20 July 2023 at
7 receivers, as presented in Figure 5 together with35 dB Ago noise contour. Analysis and results
of the survey are detailed in the Background N&teport!?

11 MDA Report Rp 003R20190086Hexham Wind Farnt Background noise monitorindateds October2025
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Figure 5Background noise monitoring locations
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Consistent with common practice for wind farm no@ssessments in Victoria, the background noise
levels have been separately analysed for the lalet{day and night combined) and night period. The
tabulated data presented in Table 2 and Table 3rsanse the background noise levels determined
in accordance with NZS 6808 for the all-time amghtatime periods, respectively.

The data in the following tables is provided foe tralid range of key wind speeds relevant to the
assessment of wind farm noise. The results fawalleyed wind speeds are illustrated in the
graphical data provided for each receiver locaiiothe appendices of the Background Noise Report.

Table 2: Background noise levels at all monitoringations, dB Aeo t all-time period

Receiver  Hub height wind speed, m/8

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

D39 -b 284 284 289 29.7 309 323 340 359 379 400 422 444
D205 -b -b 333 334 338 345 354 365 377 391 405 420 436
D294 279 282 288 296 30.7 320 335 351 36.8 385 403 420 437
D362 (S) -° 295 297 302 311 321 335 350 36.6 384 403 423 443

D367 -b 296 298 302 308 316 326 338 352 36.6 382 398 415
D413 -b 280 281 284 291 30.1 313 328 344 36.1 379 398 417
D622 275 278 281 286 292 299 306 315 325 336 348 360 374

(S) Stakeholder receiver
a DRY02 met magtl49 m above ground level at 642090 E, 5779958 GIARD20 zone 54)

b Regression lines indicate an increase of backgiowise levels as hub height wind speed decreaseshis
feature is deemed to be an artifact of the regressanalysis process due to the large scatter ofijscat
low hub height wind speeds, the regression linegehlaeen truncated at their lowest values.

Table 3: Background noise levels at all monitoringations, dB heo t Night-time period

Receiver  Hub height wind speed, m/8

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

D39 -b -b 228 228 236 249 268 29.0 315 343 37.2 400 428
D205 -b -b 269 269 274 283 296 312 330 351 372 394 416
D294 219 219 224 234 248 265 285 306 329 353 37.7 401 423
D362 (S) -° -b 239 242 250 264 281 302 325 350 37.6 403 429

D367 -b -b -b 245 247 254 266 281 299 320 343 36.7 392
D413 -b -b -b 234 236 245 259 278 300 324 350 37.7 404
D622 -b -b 241 242 246 253 262 274 289 305 322 341 36.0

(S) Stakeholder receiver
a DRY02 met magtl49 m above ground level at 642090 E, 5779958 GIARD20 zone 54)

b Regression lines indicate an increase of backgtowise levels as hub height wind speed decreaseshis
feature is deemed to be an artifact of the regressanalysis process due to the large scatter ofijscat
low hub height wind speeds, the regression linegehlaeen truncated at their lowest values.

The values presented in the above tables would nedoe updated if the final hub height is different
from 149 m.
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6.2 Natural areas

The natural areas identified in Section 5.2 encosspabroad range of ambient sound environments.
The map in Figure 4 of Section 5.2 provides arviesrto illustrate the project site and the natural
areas identified in the vicinity of the project.

The sound environment within the natural areashe vicinity of the project would be characterised
by a varying mix of natural sounds and intermitt@nthropogenic noise sources. For example:

x at the Hexham School Historic Reserve, to the reash of the project, the sound environment
would include intermittent road traffic movementsidhe Hamilton Highway and Woolsthorpe-
Hexham Road, anthropogenic activities within thextiden township and agricultural activity
such as ongoing forestry operations.

x at the Mortlake Common Flora Reserve, to the e&she project, the sound environment would
include intermittent road traffic movements on thidamilton Highway, anthropogenic activities
within the Hexham township and nearby agricultwaelivity such as ongoing forestry operations.

x at the Cobra Killuc Wildlife Reserve, to the noasteof the project, the sound environment
would include intermittent road traffic movementsidhe Mortlake-Ararat Road, the adjacent
Salt Creek Wind Farm and nearby agricultural &gtivi

x at the Hopkins River, Framlingham Streamside Restrnthe south of the project, the sound
environment would include intermittent road traffimovements on the Ellerslie-Panmure Road
and Mortlake-Framlingham Road and nearby agricaltactivity.

x at Lake Connewarren, to the east of the projecg sound environment would include
intermittent distant road traffic movements on théopkins Highway and Woolsthorpe-Hexham
Road, Mortlake Power Station and agricultural digtisuch as ongoing forestry operations.

As a result of these factors, and the extent of tiaural areas, background noise levels are likeely
vary significantly. At locations in the vicinitytoivnships, the background noise levels would be
elevated by the effect of road traffic noise andt@opogenic noise. At other locations where wind
disturbance of vegetation is a key influence, tlaelkground noise would vary significantly according
to factors such as ground elevation (in turn affiegtexposure to the wind) and the type and density
of vegetation in the surrounding area.

Background noise monitoring in the areas aroundghgect were primarily used to quantify noise
levels at locations where the data is used to elishabguantitative noise criteria. However, the réisu
of the noise monitoring presented in presented acton 6.0 generally demonstrate low background
noise levels across the wind speed range. For el@rapen at the wind speeds comparable to the
speed when the wind turbines would be approachingit maximum noise emissions, background
noise levels are generally comparable to or loviemnt 35dB Lage
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CONSTRUCTION NOISE AND VIBRATION ASSESSMBERSTRUCTION ACTIVITY

This section presents an assessment of noise dmdtidn from the majority of the proposed
construction activities. The exceptions are thegmsedon-site quarry and concrete batching plants
which are assessed separately in Section 8.0.

A site layout plan illustrating the location of theoposed construction activities and receivers is
provided in Figure 6.

Assessment requirements

The requirements of the EP Act are applicable tieenand vibration associated with construction
activities. The following obligations therefore d&ppnder the EP Act:

x Construction activities must not cause unreasonataese according to the listed factors set out
in the EP Act.

X The risk of harm from construction noise and vilmatmust be minimised so far as reasonably
practicable, in accordance with the GED under tReAEt.

EPA Publication 1834.1 provides guidance releantdeting the obligations of the EP Act.
However, unlike the operational aspects of the pabj there are no defined noise levels at which
construction noise is prescribed to be unreasonahtel the EP Regulations do not set mandatory
assessment requirements. Specifically, there argnmescriptive regulatory requirements concerning
the level of noise and vibration generated by constion activities.

In the absence of direct regulation relating to stmction noise levels, the ERS objectives and
indicators are relevant and provide a referencedauging the potential risk of construction related
noise and vibration.

Specific details of the assessment guidelines egiplie to noise and vibration associated with
construction activities are detailed in Sectidrigto C9of Appendix C.

Construction hours

The majority of the construction works associatdthvthe project are proposed to be restricted to
normal working hours as defined by EPA Publicat®84.1:

X Monday to Friday:0700to 1800 hrs
X Saturday: 0700to 1300 hrs

In accordance with EPA Publication 1834.1, consruactivities that are justified as low-noise
impact, managed impact or unavoidable works maypoeitside normal working hours.

Unavoidable works outside of normal hours are expegto comprise the delivery of oversized
turbine components (turbine blades) at times se@@tto minimise traffic disturbance on
surrounding roads, foundation concrete pours durim@ days, and may potentially include turbine
installation activities that are sensitive to weaticonditions (e.g. installation of rotors). No eth
unavoidable works outside of normal hours are aptted at this stage in the project.

Any proposed low-noise impact, managed impact avaidable works that may occur outside
normal working hours would need to be documentedioonstruction noise and vibration
management plan (CNVMP), along with a protocaltferjustification, approval and management of
the works.

In the event of any other low-noise impact, managegact or unavoidable works being identified
during the detailed construction planning for theoject or during construction, these would need to
be assessed in accordance with the protocol dedditethe CNVMP.
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Figure 6 Site map of proposed construction activities andoeivers
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Construction noise sources
A variety of construction equipment would be usedthe project.

Sound power levels for the proposed constructiomipgent have been determined based on noise
level data from previous projects of a similar mattogether with data sources including 2&36
and BS 5228.

Table 4 summarises the noise emissions used t@sent key items of plant associated with
construction.

Table 4: Construction noise sources sound powerajaB lva

Noise source Sound power level
Bulldozer 108
Concrete pump 108
Concrete truck 108
Crane (1,200t) 115
Crane (200 t) 105
Crane (500 t) 110
Delivery truck 107
Dump truck 117
Excavator 107
Generator 99
Grader 110
Horizontal directional drill 110
Vibratory roller 108

Overall aggregated total sound power levels for &egstruction tasks have been determined on the
basis of an indicative schedule of equipment asgediwith each task. The actual equipment choices
and equipment numbers for each task are not preedefined in detail. The schedule of equipment
listed here therefore does not represent a finaldafinitive list of plant and has been adopted hist
assessment solely for the purpose of a risk assessof construction noise levels.

The overall total aggregated sound power levelsfach of the key construction tasks are detailed in
Table 5, and assume that each item of plant astettiith a task operates simultaneously for the
entire duration of an assessment period.
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Table 5: Overall sound power levels of key constioie tasks, dB wa

Construction task Plant/Equipment Approximate overall
sound power level

Access road and tracks constructic 1 x Bulldozer, 7 x Delivery truck, 2 x Dump tru 120
2 x Excavator, 1 x Grader

BESS 1 x Bulldozer, 1 x Concrete pump, 1 x Concre 115
Terminal station truck, 1 x Crane (500 t), 1 x Delivery truck,
1 x Excavator, 1 x Generator, 1 x Vibratory rol

Cable trench digging 1 x Bulldozer, 1 x Dump truck, 1 x Excavator 120

1 x Delivery truck, 1 x Generator, 1 x Horizont 110

Horizontal directional drilling drilling

Permanent met mast 1 x Bulldozer, 1 x Concrete pump, 1 x Concre 115
truck, 1 x Crane (500 t), 1 x Excavator

Powerline pole 1 x Bulldozer, 1 x Concrete truck, 1 x Crane 115
(200 t), 1 x Excavator

Powerline stringing 2 x Crane (200 t), 1 x Delivery truck, 115
1 x Excavator, 1 x Generator

Site compound 1 x Bulldozer, 1 x Concrete pump, 1 x Concre 115

Site O&M and carpark truck, 1 x Crane (200 t), 1 x Delivery truck,

Staging areas 1 x Excavator, 1 x Generator, 1 x Vibratory rol

Temporary construction site office
Wind turbine hardstands

Turbine assembly 1 x Crane (1,200 t), 2 x Crane (200 t), 2 x Cras 120
(5001), 1 x Generator

Turbine foundations 1 x Bulldozer, 1 x Concrete pump, 1 x Concre 115
truck, 1 x Crane (200 t), 1 x Delivery truck,
2 x Excavator, 1 x Generator

Horizontal directional drilling may be required frable crossings at creeks, roads and wetlands, but
the location of these activities is not yet confeh

Construction activities would also include operatiaf one on-site quarry and up to 7 concrete
batching plants.

Blasting is proposed for the quarry aggregate etiom processing and may also be required as part
of construction of wind turbine foundations. A Wiag assessment is not included in this assessment
as it has been addressed in a separate techniadlysivhich is included and considered in the draft
guarry work plan.

An extraction period of approximateByears is expected for the on-site quarry for counstion
activities to provide material for road sub-baseddrase/pavement.

The concrete batching plants may also be requicedgerate throughout the estimated 2-year
construction period. As the project is proposedconstructed in one stage, it is assumed that all
7 proposed concrete batching plants may be operasimultaneously.

As a result of the projected duration of operatiofhthe on-site quarry and batching plants, these
activities have been assessed against the noigtslaietermined in accordance with the Noise
Protocol (refer to Section 8.0).
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Predicted construction noise levelson-site activities

Receivers

Noise levels associated with each of the main coieibn tasks have been predicted at the nearest
receivers to provide an indication of the upper garof noise levels, as detailed in Section 4.2.1.

Given that the precise equipment selections and moels of working would be determined during

the development of a construction plan, and thagthoise associated with construction plant and
activity varies significantly, the predicted noleeels are provided in the following sections as an

indicative range of levels which may occur in gract

The predicted noise levels for each of the mainstarction tasks are presented in Table 6 and
Table 7 for non-stakeholder receivers and stakedotdceivers, respectively.

Table 6: Indicative range of construction noise gretions t Non-stakeholder receivers

Construction task Nearest receiver Distance to nearest Predicted level
receiver, m range, dB heq

Access road and tracks constructior D482 322 5560

BESS D413 2,584 30-35
Terminal station

Cable trench digging D620 788 4550
Permanent met mast D205 909 40-45
Powerline pole D299 728 4550
Powerline stringing D299 727 40-45

Site compound D482 379 50-55

Site O&M and carpark

Staging areas

Temporary construction site office
Wind turbine hardstands

Turbine assembly D622 1,041 4550
Turbine foundations D622 1,041 4045
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Table 7: Indicative range of construction noise dietions, dB hkeq t Stakeholder receivers

Construction task Nearest receiver Distance to nearest Predicted level
receiver, m range, dB heq

Access road and tracks constructior D418 (S) 142 65-70

BESS D356 (S) 937 4045
Terminal station

Cable trench digging D380 (S) 379 55-60
Permanent met mast D418 (S) 667 4550
Powerline pole D355 (S) 401 50-55
Powerline stringing D355 (S) 400 4550

Site compound D418 (S) 233 55-60

Site O&M and carpark

Staging areas

Temporary construction site office
Wind turbine hardstands

Turbine assembly D438 (S) 494 50-55
Turbine foundations D438 (S) 494 4550

The predicted noise levels presented above arecglif the range expected for the construction of
a wind farm. The highest predicted noise levelsrarted to occur during the construction of access
roads near a non-stakeholder receiver, followedhle trench digging. The increased noise levels
from these activities occur as a result of the wodcurring at reduced separating distances when
these activities are closest to receivers. Howetrex,works associated with these construction
activities progress relatively quickly and thereftinese levels would only be expected to be reached
for a short period of time (typically significani®ss than three to four weeks for the constructioin
access roads and less than one week for cable lreligging).

EPA Publication 1834.1 construction noise guidaioes not apply receiver noise limits during
normal working hours. However, the magnitude of fivedicted noise levels is sufficient to warrant
the works being restricted to normal working hoursirther, the predicted levels, combined with the
scale of the project, are sufficient to warrant tieplementation of EPA Publication 1834.1
requirements with respect to both noise emissiomglananagerial controls.

Further, the predicted noise levels are above tRSHlay period objective of 40 4&,snwhich is
relevant to the areas around the project (see Ta@8ef AppendixC3. While the ERS objective is not
a design requirement or assessment criterion, ana very stringent reference for considering
temporary noise sources, it provides a further @adion of the potential risk of construction noise
This comparison supports the need for all reasop@bhcticable measures to be implemented to
minimise the risk of harm from noise, in accordamgth the GED under the EP Act.

In terms of potential out of hours work, and conerg with EPA Publication 1834.1, this would need
to be limited to low-impact noise worksianaged impact works and unavoidable works.

Prior to construction of the project, all reasongalpiracticable measures that would be implemented
to minimise the risk of harm from construction neiand vibration should be documented in the
CNVMP. Given that brief periods of high levelspaeelicted from some activities, the plan should
include provisions to notify receivers of the tigiof the nearest construction activities.
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7.4.2 Natural areas

Construction activities represent a temporary s@iof undesirable noise in sections of the natural
areas around the project

The overall construction period for the projectigproximately 2 years, from enabling works through
to commissioning. Within this period, the locatiofithe works would be constantly varying as the
work front for each construction stage progressaigh the project area. As a result, at a given
location within the neighbouring natural areas, stmction noise would only be experienced for a
portion of the overall construction period. As thenstruction activities move further away from a
given location within the natural area, the intetiteint noise of construction would progressively
reduce and the noise would be akin to that of digfentermittent agricultural activity in the
surrounding area.

In terms of the extent of areas affected, the likelod of very low background noise levels at distan
and sheltered parts of the natural areas means ¢hisrthe potential for construction activities te b
audible over distances of up to 3 to 5 km from therk sites.

As detailed in Section 5.2, the nearest naturabardéeing Hexham School Historic Reserve and Lake
Connewarren, are both approximately 4.5 km from gueject. All other identified natural areas are
located more than 10 km away from the project

The actual distance at which construction actigitteuld be heard in practice would depend on a
range of factors, particularly atmospheric condioand background sound levels. This is partigularl
relevant for natural areas near major roads and mships where background noise levels would be
elevated and construction activity would only likéle audible when it is occurring at the nearest
sections of the project.

Construction noise levels are estimated uB@35 dB Leqat both the Hexham School Historic
Reserve and Lake Connewarren as a result of areeksconstruction and cable trench digging
(activities which only occur briefly near a semsitiocation as construction progresses). For most
construction activities, the predicted constructionise levels at identified natural areas are kbs
35 dB heg

It is important to note that these represent worsase predicted noise levels for the nearest work
site to each location, all equipment associatedwifte activity operating continuously, and for
conditions which favour sound propagation. Actuailse levels from a given work site would be
lower in practice, and would be significantly lovesrthe construction work front moves to other
sections of the project.

The predicted noise levels are therefore low fanfgorary sources of noise and would be
comparable to the range of noise levels that wooddur when occasional farming activities are
occurring in surrounding areas. However, while piedicted noise levels are low, the noise of
construction activity is distinct from that of thetural sound environment, in terms of both the
frequency and temporal characteristics of the noiSenstruction activity and equipment that are
characterised by tonal or impulsive sources wowdimbst prominent and are likely to represent the
greatest source of impact on natural soundscapess@uction activity would therefore impact the
value of the soundscape in these natural areas wherworks are occurring.
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Based on the above, while construction noise impactthe environmental value would be
temporary, the effects of construction noise baman tranquillity and enjoyment outdoostiould
be accounted for in the preparation and implemeiat of the CNVMP for the project. The key
measures for addressing the noise of constructiaas follows:

X Selection of low noise emission plant for constimetactivity throughout the project (i.e. wider
adoption of the noise mitigation and management raeges which would typically be
implemented when working near residential locatipns

X Selection of construction equipment to minimise atigtinctive undesirable characteristics which
could be more intrusive over wider areas, suchogslt reversing signals and low frequency noise
emissions

X Maintenance of site equipment and infrastructurertnimise noise emissions, particularly with
respect to site access tracks where surface detetion can lead to excess impact noise from
the carriages of heavy vehicles

x Planning for the most efficient way to complete tiwerks and minimise the duration of the
noise

X Restriction of construction activities to normal kking hours wherever practical do so.

Adoption of these measures would enable the exisimatural areas affected by construction
activity, and the duration the areas are affected, fto be practicably minimised.

7.5 Predicted construction noise levelsoff-site traffic
Construction of the project would generate traffin the surrounding road network comprising:
X car movements associated with construction persdnne

X heavy vehicle movements associated with the tramsd@n of construction plant, construction
materials and components of the proposed turbines aelated infrastructure.

A significant compnent of the potential traffic movements relates thd sourcing of aggregate for
construction The project includes a proposed-site quarry which would enable aggregate to be
sourced from within the site boundary, thereby ragihg traffic on the surrounding road network.
While this is the preferred option for the projethie on-site quarry is subject to a separate appisva
process. fie Traffic Assessment for the project has therefavasidered the potential impacif

2 options??

X Scenario 1: 100% of all aggregate for the constvaatf internal tracks and hardstand areas
sourced from the on-site quarry (on-site materialiscing)

X Scenario 2: all construction material sourced d#-ff-site material sourcing)

The Traffic Assessment notes that, subject to kesglthe establishment of an on-site quarry,
unsealed internal access roads, hardstand areasfadpgrade/upkeep of local external roads used
for project construction traffic would be constrect from material sourced from then-site quarry.

Prior to the establishment of the on-site quarry,in the event thabn-site materials sourcing is not
possible, material for road and hardstand constimiciwould be sourced externally from one or
more quarries in the vicinity of the project.

For consistency with the Traffic Assessment, theipital noise from off-site traffic associated with
the 2 scenarios has been considered.

12" Ratio Consultants Pty Lffkansport Impact Assessment Repbitexham Wind Farm Project (19790T-F03)
dated 13 August 2025 (Traffic Assessment)
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Two key traffic routes have been considered for pheposes of the noise assessment:

x Hamilton Highway within the township of Mortlakeui@op Street): this section of highway is
one of the key transport routes to the project amabuld potentially support the highest number
of heavy vehicle movements for off-site materialignng (scenario)2The route is also adjoined
by receivers including dwellingsande Z}}o ~*S }ou v[e » Z}}O*

x Canewarren Lane between Mortlake and the projecesé local road which would support the
highest number of heavy vehicle movements for botiasite and off-site material sourcing.
There are also non-stakeholder receivers in prayitoi this route.

Other highways and local roads in the area arodvadproject would also be used for construction.
However, the project traffic movements on these tesiwould be lower and the receivers along
these routes are generally positioned at comparatiéurther setbacks. The 2 key routes considered
in this assessment therefore provide a worst-cag@esentation of off-site traffic noise.

To assess off-site traffic, reference has been nadeshicle movement data for existing conditions
and the 2 scenarios considered in the traffic assent. The data was generally sourced from the
Traffic Assessment, with the exception of existiagicle movement data through Mortlake which
was sourced from the DTP online traffic volume tate. The relevant traffic data is summarised in
Table 8. The vehicle movement data for the projetttes to the peak period of construction.

Table 8 Average daily vehicle movements

Route Existing conditions Peak construction traffic:  Peak construction traffic:
on-site sourcing off-site sourcing
Total Heavy Total? Heavy Total? Heavy
vehicles (%) vehicles (%) vehicles (%)
Hamilton Highway 3,387° 654 (19%) 396° 281 (11%)° 780° 665 B85%)°
(Dunlop St)
Canewarren Lane 380 1957 337 252 (15%) 682 597(88%)
(5-15%y

a Excluding oversized deliveries (movement numaersmall and would be scheduled separately fogtgadnd to
minimise disruption on the network)

b  Data sourced fror®TP traffic volume databaseorresponding to the 2020 estimate of the annanaérage daily traffic

¢ Estimate based on the sum of the traffic assesdrdata for Connewarren Lane and the Hamilton Higjheast of
gate 11 site access. This will slightly overestntia¢ movement numbers for the off-site sourcingrsario because it
includes the potential heavy vehicle movements ai&ed with aggregate sourcing from the Gillear @yao the
south of the project, which would not enter the tawhip of Mortlake.

d Heavy vehicle percentage not provided in DTRi¢rablume database or Traffic Assessmeintdicative range of 5-15%
assumed for assessment purposes.
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From the traffic data presented in Table 8, traffmise levels have been predicted using the
Calculation of Road Traffic Noise (CORTN) predictgthod. This method is widely used in Australia
for the prediction of traffic noise. However, thesthod is primarily intended for predicting traffic
noise levels from high volume road and is not desibfor modelling roads with low vehicle
numbers. The results using CoORTN are thereforeatide only and enable comparisons to be made
between baseline traffic conditions and the 2 soéra

The following assumptions have been adopted astsfar the CoRTN predictions:

x The daily traffic volumes associated with existogditions and construction of the project have
been normalised to hourly values for assessmenppses. The hourly traffic volumes have been
approximated based on the data shown in Table 8asgiiming an even distribution of both
existing traffic (over a 24-hour period) and peakstruction traffic (over a 10-hour working day).

X The hourly upper noise levels.o 1) are calculated using CoRTN and then convedduurly
average noise levelsaé, 1) for comparison with guidance from the ERS. The exson is based
on subtraction of 3 dB from the from the hourly w@moise levels (the typical difference
betweenthe upper and average noise level of road traffic)

The reference levels from the ERS are strictly daseaverage noise levels over a 16-hour period
(0700 t 2300 hrs)However, as the hourly movement numbers referencethe assessment are
an average across the total periods (24 hours &istag traffic and 10 hours for peak
construction traffic), the indicative values aratable for direct comparison with the ERS
reference leveld?

Note also that equivalent noise levels«f).are used as a metric for comparing baseline, ades
and ERS reference levels. This provides a sultable for identifying the risk of construction
noise impacts. However, noise levels in practiceldde experienced as intermittent noise
increases from individual movements.

x Traffic speeds have been set to 60 km/h for Hamiltighway/Dunlop St and 100 km/h for
Connewarren Lane.

X Ground cover between the road and the receiveasisumed to be mixed within the township of
Mortlake and grass or cultivated fields between @@marren Lane and receivers.

X Representative calculation distances have beercsedefor the noise assessment based on
typical receiver setback distances along the raivaad sectionst 25 m for Hamilton
Highway/Dunlop St and 100 m for Connewarren Lane.

X The predicted noise levels are determined for ffisdd conditions, consistent with the guidance
in the ERS.

13 This provides a conservative assessment as th@@i6noise level of construction traffic will biegstly lower than
the value calculated using hourly values calculditech a 10-hour working day.
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The predicted noise levels for each route and soerare presented in Table 9.

Table 9 Predicted off-site traffic noise levels during thgeak period of construction, dBakqan

Route Existing Proposed® Change

Onsite material sourcing

Hamilton Highway/Dunlop St 58 60 +2

Connewarren Lane 39-40b 48 +8

Off-site material sourcing

Hamilton Highway/Dunlop St 58 62 +4

Connewarren Lane 39-40b 52 +12

a Combined existing and construction traffic volame
b Range based on assumed HV percentages for Comeeviaane

In broad terms, the results indicate that constrioct traffic is likely to result in clearly discdiai
increases in total road traffic noise levels fottbthe on-site and off-site material sourcing sceos
The increases would be most pronounced for thes@#-sourcing, consistent with the higher
number of truck movements associated with this smém The following specific points are noted in
relation to each scenario:

X Onsite material sourcingniterms of average noise levetke predicted 2 dB increase at
receivers adjacent to the Hamilton Highway in theviship of Mortlake equates to a just
perceptible increase in noise levels. This wouticilly be consideredminor increase
However, as the increase primarily relates to thituience of additional heavy vehicle
movements, the change is likely to be observed agnfrequent instances of increased noise
levels duringatruck passqy. At receivers adjacent to the Connewarren Landapihe average
noise level increase would represent a clearlyceable change primarily as a result of the low
number of existing movements on this route.

x Off-site material sourcing: in terms of averagesedevels, the 4 dB and 12 dB predicted
increases adjacent to the Hamilton Highway in Mkl and Connewarren Lane respectively
both represent noticeable increases.. As the insaesgprimarily relate to heavy vehicle
movements, the increases at both locations wouldhiiere readily perceived as a clearly
noticeable increase in the regularity of increaswise levels during truck pass-by events.

To provide further context to the noise levels, thigjectives defined in the ERS are relevant to
construction traffic noise. While the ERS objedtitie not represent limits or design targets, they
serve as a reporting benchmark, and noise levatsalthe objective are an indicator of risk.

The ERS objectives for receivers along the traffites (land category IV under the ERS) are

40dB Laeg,16nand 35 dBAsqsnfor the day and night respectively. The modellimdjcates predicted
total noise levels above the objectives along hindffic routes, particularly for off-site material
sourcing and the receivers adjacent the Hamiltaghtdiay in Mortlake. The predicted existing noise
levels are also noted to be above the objectigereceivers adjacerib the Hamilton Highway and
comparable to the objectivest receivers adjacent Connewarren Lane. This isysalpbint of

context and does not infer the predicted noise lewmereases are acceptable or otherwise.

There are no mandatory noise limits or guidelime¥ictoria which are directly applicable to the
noise of off-site construction traffic. Howevergtpredicted noise level increases, and the
comparisons with the ERS objectives, demonstratiear risk of amenity impacts as a result of
construction traffic.
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In accordance with the GED, the risk of harm woleld tobe minimised so far as reasonably
practicable. In this respect, the modelling resyltsvide support for the preferred option of an
on-site quarry to minimise the number of off-site ele movements associated with material
sourcing. Further, the assessment of constructiaiffic has been based on heavy vehicle
movements occurring over a 10-hour period, consisteith the normal working hours of on-site
activities Averaging the movements over a 10-hour period asuilts in a higher number of hourly
movements for conservative noise modelling purpos¢swever, the normal working hours defined
in EPA Publication 1834.1 directly relate to op-aittivities. Without specific controls in placeakry
vehicle movements associated with material sour@agld occur outside of these hours, and
potentially during the night period prior to 0700sh This introduces additional risks with respect t
the potential for sleep disturbance from trafficise. In recognition of this, heavy vehicle movensent
associated with material sourcing from local quesrshould not occur on the surrounding road
network before 0700 hrs. Specifically, heavy vemabvements associated with material sourcing
from local quarries should not occur on the lo@ad network or within local townships around the
project before 0700 hrs.

Consistent with the recommendations for on-site stiaction activitiesreasonably practicable
measures that would be implemented to minimise tigk of harm from construction traffic noise
should be documented in the CNVMP. The plan sheddiless the measures noted above and other
measures for:

X the education of heavy vehicle drivers about thaitigations under the GED

x informing local communities and other relevant sthklders (e.g. local counabout the peak
periods of construction traffic and the measureatthvill be implemented to minimise the neis
so far as reasonably practicable.

Construction vibration

The nearest receiver to construction activitiea stakeholder receiveb@67 located approximately
140 m from the proposed access tracks. The neareststakeholder receiver (D482) is located
approximately 20 m from the proposed access tracks.

This distance is greater than minimum working dists for cosmetic damage (25 m) and human
comfort (100 m) as detailed in Taldlé of SectiorC8 As such, construction activities are beyond the
safe working distances for both cosmetic damage laumthan response.

Vibration is therefore considered a low risk foetproject and, as such, vibration monitoring is not
expected to be required.

Mitigation measures and risk assessment

Based on the findings in the previous sections,réfe@mmended mitigation measure for addressing
construction noise and vibration is to establistequirement for a CNVMP to be prepared prior to
commencement of construction (mitigation measuréerence number MM-NVO01). The purpose of
the CNVMP is to document all controls that wouldused to minimise construction noise and
vibration risks as far as reasonably practicabdseol on updated information about the planned
construction works and equipment selections. Tihédudes risk related to on-site construction
activities and off-site construction traffic on tiseirrounding road network. The risk controls must b
proportionate to the risk of harm from noise. Thel fequirements of the CNVMP are documented
in Section 11.0 within a consolidated list of natign measures for the project.

Accounting for the assessment findings and the pegal mitigation measures, an assessment of
construction noise and vibration risk associatethwin-site activities is presented in Taldle. An
assessment of the construction noise risk assodiatigh offsite construction traffic is subsequently
presented in Tablé1. The risk assessment fdf-gite construction traffic is applicable to botheth
on-site and off-site material sourcing options cormesed.
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Table10: Construction noise and vibratiort on-site activities - risk assessment

Item Rating

Inherent

Residual

Comments

Consequence Minor

Likelihood Possible

Overall rating Medium

Minor

Unlikely

Low

Construction works are proposed to be limited tamal
working hours for the majority of activities. Consition
noise levels are also predicted to be low at most
receivers for most of the construction period. Thighest
predicted noise levels relate to activities thabpress
quickly and would therefore occur relatively bryedit a
given receiver.

The predicted construction noise levels are based o
conservative assumptions. Noise levels in practiee
expected to be lower than predicted for most of the
time. The development and implementation of a CNVI
would minimise the likelihood of construction noiaad
vibration risks.

The applicable EPA Publication 1695.1 guidandédor
residual risk rating is:

Acceptable level of risk. Attempt to eliminate
risk but higher risk levels take priority.

Tablell: Construction noise and vibratiori off-site traffic - risk assessment

Item Rating

Inherent

Residual

Comments

Consequence Moderate

Likelihood Likely

Overall rating High

Minor

Likely

Medium

Off-site construction traffic is predicted to resin clearly
noticeable increases in traffic noise levels on the
surrounding road network. Without controls, the
inherent consequence includes an increased risiesp
disturbance as result of the potential for heavy
movements during the night (prior to 0700 hrs). kiihe
recommended mitigation measures, particularly the
restriction of heavy vehicles associated with mater
sourcing to avoid movements in the local townstaps
on the local road network before 0700 hrs, the desil
effects of construction traffic noise would be mimo

The predicted off-site traffic noise levels are ésn
conservative assumptions. Noise levels in practiee
expected to be lower than predicted for most of the
time. However, the clear increases in heavy moveimen
numbers on the surrounding road network, particlyar
for the off-site material sourcing scenario, indesthat
amenity impacts as a result of traffic noise léueleases
are likely during the construction period.

The applicable EPA Publication 1695.1 guidandédor
residual risk rating is:

Can be acceptable if controls are in place.
Attempt to reduce to low.
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CONSTRUCTION NOISE ASSESSMEMRRY AND BATCHING PLANT OPERATIONS

A site layout plan illustrating the proposed oregifuarry, concrete batching plants and receivers is
provided in Figure 6.

Operating hours

Consistent with the construction hours presentedSiection 7.2, on-site quarry and concrete
batching plants are proposed to operate during natworking hours as defined by EPA Publication
1834.1:

X Monday to Friday: 0700 to 1800 hrs
X Saturday: 0700 to 1300 hrs
Assessment criteria

The proposed on-site quarry and concrete batchilagis would operate during various periods of
the construction stage of the project. While thesgtivities are temporary operations associated with
construction, they may be required to operate oeeperiod of approximately 2 years, given the size
of the project. As a result of the projected dumatiof operation, and as required by the scoping
requirements, the on-site quarry and concrete batghplants have been assessed against Victorian
noise requirements for commercial, industrial anaide premises (industry premises). It is however
noted that these noise limits do not differentiabetween temporary and permanent operations.

Based on the above, the following obligations appiger the EP Act and EP Regulations:

x Operation of the on-site quarry and batching plamtast not cause noise that is prescribed to be
unreasonabler assessed to be unreasonable according to thedlifstetors set out in the EP Act.

x The risk of harm from noise associated with thesga-quarry and batching plants must be
minimised so far as reasonably practicable, in atzace with the GED under the EP Act.

x Frequency spectrum is a prescribed factor underBfeRegulations and, as a result, an objective
assessment of low frequency may inform an assesswofamhether the noise is unreasonable.

In terms of assessment requirements, the EP Rdguspecify that the prediction, measurement,
assessment and analysis of noise for commerci@isinial and trade premises must be conducted in
accordance with the Noise Protocol.

The Noise Protocol procedure for determining ndisets depends on whether the noise source or
the receivers are located in a rural or urban arBae rural areas procedures of the Noise Protocol
apply to the project

In accordance with the Noise Protocol, the on-gitarry is considered as an earth resources
premises with specific procedures for determinirmse limits. The procedures account for the land
zoning where the noise receivers are located arftere applicable, the background noise in the
area.

Noise limits associated with the operation of trencrete batching plants are based on zone levels
determined according to the land zoning of the aneavhich the noise source and receivers are
located. These zone levels are then adjusted, wiapgropriate, for a range of factors, including
background noise.
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noise levels during the relevant assessment comatitifor theon-site quarry and concrete batching
plants (i.e. low wind speeds) are relatively lown§idering that the land zoning is continuous
between the proposed on-site quarry and concretéching plants and the nearest receivers, a

distance adjustment is not applicable.

As shown on the land zoning maps presented in Agpenboth receivers and noise sources (on-site
guarry and concrete batching plants) are locatethiniland designated as Farming Zone (FZ).

Accordingly, the applicable noise limits are dethin Tablel2.
Table12: Applicable Noise Protocol noise limits, dB ENL

Period Day of week Start time End time Noise limit

Day Monday t Saturday 0700 hrs 1800 hrs 46

Evening Monday t Saturday 1800 hrs 2200 hrs 41
Sunday, Public holidays 0700 hrs 2200 hrs

Night Monday t Sunday 2200 hrs 0700 hrs 36
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Figure 7 Site map of proposed on-site quarry, concrete baiteh) plants and receivers
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Noise emissions

The design of the on-site quarry and concrete batglplants, the schedule of equipment to be used,
and the intensity of operations, would be develogadyreater detail during subsequent stages of the
project.

Preliminary information has therefore been modelkeddevelop estimated noise level predictions
based on the example schedule of plant and noisessions described in the previous section and
excluding any source screening. In the absencedetailed quarry profile design, a simplified térra
profile has been used for the modelling. This apgiois conservative as the inclusion of quarry
profiles would add screening effect resulting iwés predicted noise levels at receivers. Given ¢hes
inputs, the noise predictions presented in the sedpsent section are indicative only, and would be
subject to refinement when further information beaees available.

A variety of plant would be used at the proposedsite quarry and concrete batching plants. Sound
power levels for the types of equipment expectedrbdoeen determined primarily based on noise
level data from previous projects of a similar mafLtogether with noise data sourced from 2&36.

Tablel3 summarises the noise emissions used to represeyitems of plant associated with the
proposed on-site quarry and concrete batching pafithe noise emissions are presented in the form
of sound power levels, which are a measure of thensl energy produced by each item of
equipment.

Table13: Noise sources sound power dai@ Lwa

Noise source Sound power level (per equipment item)
Onssite quarry

2 x Concrete trucks 108

3 x Dump trucks 117

1 x Excavator (100 to 200 kW) 107

1 x Excavator fitted with pneumatic breaker 118

2 x Front end loaders 113

1 x Generator 99

2 x Rock crushers 120

Onsite concrete batching plants

1 x Batching plant 110
6 x Concrete trucks 108
1 x Concrete pump 108
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Predicted noise levels

The predicted noise levels have been calculatengusie method detailed in Section 4.2.2 and are
presently based on all plant continuously operatangultaneously within any given 30-minute
assessment period. In practice, variations in theation and intensity of operation of each item of
plant are likely to result in lower noise levelbe$e variations in operating characteristics would
need to be accounted for in the detailed designegssnent report.

An adjustment of +8B has then been applied to the predicted noise lswelaccount for the

potential characteristics of noise from mobile pigi.e. tonal reversing alarms, impulsive rock
breaking). Adjustments for other potential noiseachcteristics such as impulsiveness or
intermittency may also occur but are unlikely tacacsimultaneously or apply cumulatively. The
relevance and magnitude of the actual adjustmenpiiactice is dependent on several variables. This
is discussed in the subsequent sections.

The predicted noise levels primarily relate to fofaweighted noise levels with adjustments for
assessable characteristics under the Noise Pratocol

Given that frequency spectrum is a prescribed fa@o objective assessment of low frequency may
also be applicable to the assessment of unreas@abise. However, low frequency noise emission
data for the plant is presently unavailable. Furth@ise emission data is not available at a fragye
resolution (one third octave bands) that is appriepe for indicative modelling and assessment of
low frequency noise. Accordingly, at this stagéhefproject, the assessment is primarily based en A
weighted noise levels. Low frequency noise woulddh® be addressed during the detailed design
stage of the project, accounting for actual plaekestions and detailed noise emission data.
Requirements for the assessmaitiow frequency are therefore included in the recommded
mitigation measures discussed subsequently in @e&i6 and in further detail in Section 11.0.

Onssite quarry

Predicted noise levels from the proposed on-sitamy at allé receivers located within 3 km
(all stakeholder receivers within the project bowamg) are detailed in Tabld.

Tablel4: Estimated noise levels from on-site quarry

Receiver Separating distance, m Estimated noise levetiB ENL
D40 (S) 2,957 41
D197 (S) 2,873 36
D298 (S) 2,914 41
D397 (S) 2,646 42
D441 (S) 2,763 37
D442 (S) 2,609 42

The results presented in Taldld indicate estimated levels are lower than the ndigait of
46 dBENL applicable to the day period by at least 4 dB.

The predicted noise level from the on-site quartytee nearest non-stakeholder receiver (D299,
located approximately 3.9 km away) is 37 dB ENB, Below the noise limit applicable to the day
period.

The above indicates that noise from the proposeesiia quarry is not likely to be a design constrain
for the project provided that the operations arenlited to the day period only.
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Further, it is recommended that a quarry noise mg@aent plan is prepared as part of the quarry
work plan, and that this plan includes details bf@asonably practicable mitigation measures to be
implemented to fulfil the GED under the EP Act adkieve the noise limits determined in
accordance with the Noise Protocol.

8.4.2 Concrete batching plants

Predicted noise levels from the proposed concreteching plants at the 34 receivers within 3 km
are detailed in Tabl&5.

Tablel5: Estimated noise levels from concrete batching pis

Receiver Minimum separating distance, m Estimated noise levetiBEN.

Nonstakeholder receivers

D36 2,357 28
D413 1,758 37
D482 2,813 30
D620 2,451 29

Stakeholder receiver outside the project boundary

D362 (S) 1,600 24

Stakeholder receivers within the project boundary

D34 (S) 2,377 16
D35 (S) 1,734 19
D40 (S) 2,818 42
D197 (S) 1,239 32
D298 (S) 2,481 28
D355 (S) 2,455 18
D356 (S) 1,204 19
D357 (S) 1,409 14
D359 (S) 2,936 12
D361 (S) 2,070 25
D366 (S) 2,137 19
D378 (S) 1,415 28
D379 (S) 1,794 25
D380 (S) 1,392 27
D395 (S) 2,398 32
D396 (S) 1,751 22
D397 (S) 2,418 31
D398 (S) 2,944 25
D417 (S) 1,858 26
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Receiver Minimum separating distance, m Estimated noise levetlBEN_
D418 (S) 2,654 13
D422 (S) 2,138 19
D423 (S) 2,049 19
D428 (S) 1,221 43
D429 (S) 1,107 40
D430 (S) 1,104 43
D438 (S) 2,198 16
D441 (S) 2,359 41
D442 (S) 2,484 31
D444 (S) 2,974 25

(S) Stakeholder receiver

The estimated noise levels presented in Tallare below the noise limit of 46 dB Eldpplicable
during the day periodat all receivers, by at least 3 dB. Following prelanj noise modelling,
concrete batching plants were relocated to reducése levels at receivers.

The above indicates that noise from the proposedarete batching plants is not likely to be a design
constraint for the project provided that the opefanhs are limited to the day period only.

Further, it is recommended that construction noagd vibration management procedures be
developed and documented in the CNVMP. The proasisinould include details of all reasonably
practicable mitigation measures to be implementedulfil the GED under the EP Act and achieve
the noise limits determined in accordance with fdeise Protocol.
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8.4.3 Cumulative assessment

In accordance with the Noise Protocol, the noisett detailed in Section 8.2 apply to the noiseslev
generated by all activities under consideratioa.(on-site quarry and concrete batching plants).

As a conservative assessment, it is assumed tleabthsite quarry and all 7 concrete batching plants
would be operating simultaneously and continuoushgr the period hominated in Section 8.1.

Cumulative noise levels are presented in TdBléor receivers detailed in the preceding sections t
account for any potential period of overlapping ogion.

Tablel6: Cumulative estimated effective noise levels froom-site quarry and concrete batching plants, dB

Receiver  Nearest noise source Onsite quarry  Concrete batching  Cumulative, dB ENL

plants

Nonstakeholder receivers

D36 Batching plant 22 26 29
D413 Batching plant 24 35 37
D482 Batching plant 26 28 32
D620 Batching plant 13 27 30
Stakeholder receiver outside the project boundary

D362 (S) Batching plant 26 38 40
Stakeholder receivers within the project boundary

D34 (S) Batching plant 16 30 32
D35 (S) Batching plant 22 35 37
D40 (S) Batching plant 39 26 41
D197 (S) Batching plant 34 39 42
D298 (S) Batching plant 39 30 41
D355 (S) Batching plant 22 32 34
D356 (S) Batching plant 20 41 43
D357 (S) Batching plant 16 38 40
D359 (S) Batching plant 22 27 30
D361 (S) Batching plant 26 39 41
D366 (S) Batching plant 31 36 39
D378 (S) Batching plant 36 38 42
D379 (S) Batching plant 28 34 37
D380 (S) Batching plant 30 38 40
D395 (S) Batching plant 27 30 34
D396 (S) Batching plant 34 35 39
D397 (S) Batching plant 40 29 42
D398 (S) Batching plant 26 29 32
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Receiver  Nearest noise source Onsite quarry  Concrete batching ~ Cumulative, dB ENL

plants
D417 (S) Batching plant 28 29 34
D418 (S) Batching plant 11 28 30
D422 (S) Batching plant 31 30 35
D423 (S) Batching plant 29 30 34
D428 (S) Batching plant 36 40 43
D429 (S) Batching plant 35 41 44
D430 (S) Batching plant 36 41 44
D438 (S) Batching plant 15 31 33
D441 (S) Batching plant 35 29 38
D442 (S) Batching plant 40 29 43
D444 (S) Batching plant 26 28 32

(S) Stakeholder receiver
a Estimated effective noise levels include a +2djBstment for the potential presence of tonality

The estimated cumulative levels presented in TdBleassuming simultaneous operation of the on-
site quarry and all 7 proposed concrete batchiranfs, are below the applicable noise limit of
46 dBENL at all receivers, by at least 2 dB.

Noise contour maps showing cumulative estimatedadevels from the proposed on-site quarry
and concrete batching plants is presented in Fidiire

The assessment presented above and illustratedhiar€ 8, is primarily based on the cumulative
noise of the on-site quarry and batching plantswidweer, consideration has also been given to the
potential cumulative noise of the on-site quarrydbimatching plants in combination with other
existing and approved industry sites in the surrdimg area. Specifically, the:

X operational Mortlake Power Station is also locagggbroximately 4 km to the east of the project

X approved Mortlake Energy Hub, adjacent to the Mak# Power Station, comprising a 360 MW
solar energy facility and a 300 MW BESS.

In this respect, the nearest receivers to the pobjare sufficiently far from the Mortlake Power
Station and Mortlake Energy Hub such that the noisthese sites is not expected to approach the
noise limits, particularly on account of the proxiyrof other receivers nearer Mortlake Power
Station and Mortlake Energy Hub which would dicti#ieir noise control requirements. Further, at
the receivers to the east of the project that areamest to the Mortlake Power Station and Mortlake
Energy Hub, the combined predicted noise levehef %o (E } ionsijte quarry and batching plants is
less than 30 dB ENL and would not materially atfeatpliance margins for these receivers (noting
that the on-site quarry and batching plants aretrieted to daytime operation).
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Figure 8: Cumulative estimated operational noiseéds from theon-site quarry and concrete batching plants
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Natural areas

Operation of the on-site quarry and concrete batghplants is a relevant consideration for natural
areas during the construction period. These elersasftthe project would operate for a greater
portion of the construction period than other type$ construction activity.

As with other types of construction activity, thetent of areas in which the noise would be audible
would be highly variable. However, natural areagwmepredicted noise level are lower than

20dB Lacgare not likely to experience audible noise froresh sites even when daytime background
noise levels are low and conditions favour the @gation of sound from the on-site quarry and
concrete batching plants.

The predicted cumulative noise levels are preseliteigure 8 and provide an indication of the
extent of the areas in which noise from the on-gjigarry and concrete batching plants may be
audible at natural areas

The results indicate that the predicted cumulativese level from operation of the on-site quarry
and concrete batching planisbelow20dB lieqat the nearest natural areas (Hexham School Héstor
Reserve and Lake Connewarren). As such, operdtitie @n-site quarry and concrete batching
plants is expected to not be audible during the g&yiod at the identified natural areas in the
vicinity of the project.

Consistent with the requirements of the GED andrtemmended noise management measures
for general construction activity (see Section /tfi¢ extent and nature of the effect can be
reduced by:

X selecting low noise emission equipment

X minimising distinctive undesirable characteristidsich could be more intrusive over wider
areas, such as tonal reversing signals and lowéecy noise emissions

X maintaining site equipment and infrastructure tommise noise emissions, particularly with
respect to access and site roads where surfaceraetgion can lead to excess impact noise
from the carriages of heavy vehicles.

Mitigation measures and risk assessment

Based on the findings in the previous sections,réfe@mmended mitigation measures for addressing
environmental noise from then-site quarry and concrete batching plants are:

X  MM-NVO02: Quarry work plan

The purpose of this mitigation measure is to estibh requirement for the quarry work plan to
document control measures which minimise the riskam from operational noise, prevent
noise that is prescribed to be unreasonable under EP Act and account for potential risks
related to low frequency noise.

X MM-NVO03: Concrete batching plants

The purpose of this mitigation measure is to estibtiesign and operational requirements for all
temporary concrete batching plants in accordanctwiictorian regulatory requirements.
Specifically, the plans must be designed and oer&b minimise the risk of harm from
operational noise, prevent noise that is prescritiede unreasonable under the EP Act and
account for potential risks related to low frequemngcoise.

Accounting for the assessment findings and the pegal mitigation measures, an assessment of risk
associated with noise from the on-site quarry andarete batching plants is presented in Table
and Tablel8, respectively.
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Tablel7: Onsite quarry noiset risk assessment

Item Rating Comments

Inherent  Residual

Consequence Minor Minor The<pu EEC[s Z}uE- } (prbpiosel tahé vestlEted to
normal working hoursf construction activities, and the predictec
noise levels are below the noise limits at all ieees. The quarry
would also only operate during the construction phaof the
project.

The above are the decisive factors in determinimgrisk
consequence. However, obligations with respectte GED and
unreasonable noise provisions of the EP Act reragplicable,
particularly with respect to the control of any abté
characteristics such as tonality and low frequenacige.

Likelihood Possible  Unlikely  The predicted quarry noise levels are based on emadive
assumptions. Noise levels in practice are expetddue lower
than predicted. The objective of implementing notstrols
within the quarry work plan will be to minimise ttikelihood of
construction noise risks.

Overall rating Medium  Low The applicable EPA Publication 1695.1 guidandédaiesidual
risk rating is:

Acceptable level of risk. Attempt to eliminate rtskt
higher risk levels take priority.

Table18: Batching plants noisd risk assessment

Rating Comments
Item Inherent  Residual
Consequence Minor Minor The operating hours of the batching plants are egd to be

restricted to normal working hours of constructiantivities, and
the predicted noise levels are below the noisetknait all
receivers. The batching plants would also only aefeduring the
construction phase of the project

The above are the decisive factors in determinhmgyrisk
consequence. However, obligations with respectte GED and
unreasonable noise provisions of the EP Act rerappiicable,
particularly with respect to the control of any ahbk
characteristics such as tonality and low frequenoige.

Likelihood Possible  Unlikely  The predicted batching plant noise levels are based
conservative assumptions. Noise levels in praetiieeexpected to
be lower than predicted. The objective of implemiagtnoise
controls within the CNVMP will be to minimise tikelihood of
construction noise risks.

Overall rating Medium  Low The applicable EPA Publication 1695.1 guidandééaiesidual
risk rating is:

Acceptable level of risk. Attempt to eliminate rtsht
higher risk levels take priority.
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OPERATIONAL NOISE ASSESSMENND TURBINES

This section presents an assessment of operatiooiske associated with the proposed wind
turbines.

Assessment criteria

NZ35808provides methods for the prediction, measuremeantd assessment of sound from wind
turbines.

The criteria detailed in NZS 6808 apply to noigelgeat noise sensitive locations and consist of a
combination of base limits (i.e. fixed value limitespective of wind speed) and relative limitsigih
are defined by an allowable margin above the baglgd noise (i.e. limits which vary with wind
speed).

The applicable base limit applied in Victoria ipetedent on factors relating to land zoning,
background noise levels and whether the receivéamisived with the project. These factors are
discussed in the following subsections.

High amenity areas

In accordance with NZS 6808, an assessment igeedoir all receivers located within the predicted
35dB Lago contour to determine whether a high amenity nolseit may be justified. As detailed in
Section C5.4 of Appendix C, this is based on asteapproach comprising:

1. Aland zoning review to determine whether the plarguidance for the area warrants
consideration of a high amenity noise limit. ides, then the second step should be considered.

2. Areview of the relationship between the backgroumulse levels and predicted noise levels,
using the calculation set out in clause C5.3.1.

Based on the predicted noise level contours presdrgubsequently in Section 9.4, and the zoning
map for the area presented in Appendix |, receiveitin the predicted 3%B Lago cOntour are
located within areas identified as Farming Zoné.(FZ

Consistent with the guidance from ER&b guide, Section 5.2 of the Technical Guidelinesstétat
the high amenity limit in Victoria should:

x apply to a dwelling located in the following zompesdominantly intended for residential
development: Low Density Residential Zone (LDB&)ship Zone (TZ), Rural Living Zone (RLZ),
and Green Wedge A Zone (GWAZ).

X not apply to dwellings in the Farming Zone (FZ).

X not be applied in any location where backgroundrabievels are already affected by other
specific sources such as road traffic noise, basefection 5.3.1 of NZS 6808.

x only apply for WEF wind speeds up to and inclu@lings during evening and night-times.
X be applicable only when there is no agreement madaccordance with regulation 131A.

All of the land within the predicted 35 dRd.contour is designated as Farming Zone. Further, th
nearest Township Zones to the project are well méathe predicted 3%5IB Lago NOISE contour:

x Caramut township, approximately 4.0 km to the nevést
X Hexham township, approximately 4.2 km to the nodke
x Ellerslie township approximately 4.7 km to the dwaast.

The other types of zones where the Technical Gimeehdicates that the high amenity area noise
limit applies are not present in the area aroune thind farm.

Based on the above, the high amenity noise limitasjustified for the project.
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Stakeholder receivers

The definition of noise sensitive locations in M8@3 specifically excludes dwellings located within
wind farm project boundary. FurtheBection C5.2 of Appendix C provides details ofthitory
context of NZS 6808 and indicates the method isimeinded to be applied to noise sensitive
locations outside the project boundary where a moégreement exists or is proposed between the
occupants and the proponent of the development.

However, consistent with the Victorian Wind Ene@yidelines, regulatiod31BA of the
EPRegulations specifies a noise limit for stakehotdeeivers of:

x the noise limit specified in the agreement, wheraaise agreement between the owner or
operator of a wind energy facility and a landowirgemade before 1 November 2021

X 45dB Lagoor background noise Adg) + 5dB, whichever is the greater, where a noise agreement
between the owner or operator of a wind energy figiand a landowner is made on or after
1 November 2021.

The proponent advised that noise agreements areemily in place or proposed between the
landowners and the proponent at 7 receivers outdide project boundary and within 5 km of a wind
turbine, as presented in Appendix F. The propores advised that all of the agreements were
established prior to November 2021. The noise §rditailed in the agreements are therefore
applicable for the purposes of the EP Regulations.

It is understood that most noise agreements curhgisipecify a base noise limit of 40 dig,lwith
selected agreements specifying a base noise lifdlalB hoo

Further, consistent with the Victorian Wind Enefyidelines, it is recommended that operational
wind turbine noise levels not exceed a referenaeelef 45dB Lago Or background noise A4y +5dB
at stakeholder receivers within the project boungar

Applicable noise limits

Accounting for the conclusions of the assessmelhiighi amenity detailed in the previous section,
the applicable noise limits are detailed in Talfe

Table19: Applicable noise limitsdB Lago

Receiver status Noise limit

Non-stakeholder 40dB or backgroundAso + 5dB, whichever is the greater
Stakeholder with a noise As per the noise agreements:

agreement

40dB or backgroundAgo + 5dB, whichever is the greater
(base limit subject to a +1 dB margin for uncetiagt some receivers)

Stakeholder within the projeci Not applicable
boundary Reference level of 48B or backgroundAgo + 5dB, whichever is the greatel
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Applicable noise limits based on the background@devels presented in Table 2 and Table 3 of
Section 6.0 are summarised in Tableand Tabl@1.

Table20: Operational wind turbine noise limits at backgrod monitoring locationsdB Lago t all-time period

Receiver  Hub height wind speedm/s @
3 4 5 6 7 8 9 10 11 12 13 14 15

D39 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 409 429 450 472 494
D205 40.0 40.0 40.0 40.0 40.0 40.0 404 415 427 441 455 47.0 486
D294 40.0 40.0 40.0 40.0 400 40.0 40.0 40.1 418 435 453 47.0 487
D362 (S) 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 416 434 453 473 493
D367 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.2 416 432 448 465
D413 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 411 429 448 46.7
D622 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 410 424

(S) Stakeholder receiver
a DRYO02 met magtl49 m above ground level at 642090 E, 5779958 GIAR020 zone 54)

Table21: Operational wind turbine noise limits at backgroa monitoring locationsdB Lago t night-time period

Receiver  Hub height wind speed, m/8

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

D39 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 422 450 478
D205 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 401 422 444 46.6
D294 40.0 40.0 40.0 40.0 400 40.0 40.0 40.0 40.0 40.3 427 451 473
D362 (S) 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 426 453 479
D367 40.0 40.0 40.0 40.0 400 40.0 40.0 40.0 40.0 40.0 40.0 417 442
D413 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 42.7 454
D622 40.0 40.0 40.0 40.0 400 40.0 40.0 400 40.0 40.0 400 400 410

(S) Stakeholder receiver
a DRYO02 met magtl49 m above ground level at 642090 E, 5779958 GIARD20 zone 54)
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Candidate wind turbine model

The final turbine model for the site would be seéztafter a tender process to procure the supply of
turbines. The final selection would be based oarsge of design requirements including achieving
compliance with the EP Regulations noise limitsuatounding receivers (refer to Appendix D for an
overview of the various stages in the noise assesgof a wind farm).

Accordingly, to assess the proposed wind turbirtdkia stage in the project, it is necessary to
consider a candidate turbine model that is represgine of the size and type of turbines being
considered. The purpose of a candidate turbine mdgléo assess the viability of achieving
compliance with the applicable noise limits, basedhoise emission levels that are typical of trzesi
of turbines being considered for the site.

For this assessment, the proponent has nominated\flestas V162-6.8MW as the candidate wind
turbine model. This model is a variable speed viimdine, with the speed of rotation and the
amount of power generated by the wind turbines bgiregulated by control systems which vary the
pitch of the wind turbine blades (the angular oriation of the blade relative to its axis).

This assessment has been based on the wind turlipegating in unconstrained modes of
generation (i.e. without noise reduced operating des) and with blade serrations. Blade serrations
are now routinely used to reduce wind turbine noamissions, and it is understood that their use is
now the market standard for wind turbines beinges#d in the Australian market.

Details of the assessed candidate wind turbine ni@de provided in detailed in Tali2.

Table22: Selected candidate wind turbine model

Item Detail
Make Vestas
Model V162
Rotor diameter 162 m
Operating mode PO680C
Rated power 6.8 MW
Hub height 149 m
Blade serrations Yes
Cut-in wind speed (hub height) 3m/s
Rated power wind speed (hub height) 13 m/s
Cut-out wind speed (hub height) 25 m/s

a ZWKOo6ii[ ]+ uvp( SpHE E «]1BPw SVIuVARM-Z@V]Y U W}IA E K%3S]u]s.
operation to achieve a rated power of 6.8 MW (inéthout noise curtailment)

The rated power of the candidate wind turbine isisistent with the proposal for the project to
utilise turbines with a capacity between 6 and 8 MWide noise emission characteristics of a wind
turbine are ultimately dependent on a range of fat such as the blade design, the rotor size, and
the speed of rotation. As such, while size and porang of contemporary wind turbines have
increased, the noise emissions are comparablerttwer than, previous generations of wind
turbines as a result of design improvements (nogabieasures to reduce the speed of rotation of
blades, and enhanced blade design features suskmations for noise control). The candidate wind
turbine model is therefore considered appropriaterepresent the class of wind turbine being
considered for the project
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The modelled hub heights detailed above are sugdbt noise assessment purposes. It is our
understanding that the final hub height of the setled wind turbine model may differ slightly.
However, the magnitude of the potential changespected to be minor and inconsequential with
respect to predicted noise levels at receiveredpective, revised noise modelling would be
conducted for the final wind turbine layout, modsgdlection and hub height to verify compliance.
The results of the revised noise modelling woulddbeumented in the noise management plan
required under regulation 131E of the EP Regulation

Wind turbine noise emissions
Sound power level data

The wind turbine noise emissions are describe@ims of the sound power level for different wind
speeds. The sourbwerlevel is a measure of the total sound energy patliby each wind turbine
and is distinct from the sournressurdevel which depends on a range of factors sudheas
distance from the wind turbine.

Sound power level data for the candidate wind tadimodel, including sound frequency
characteristics, has been sourced from the VestagdP Solutions documeri111-1246 03Third
octave noise emission EnVeniug162-6.8MW 50/60 Haated 13 January 2023.

e }v §Z S }luCE (E}u 3 Zdocurmentatign,iie ri@ge modelling undertaken
for this assessment involved conversion of thirthee band levels to octave band levels (where
applicable), and adjustment by addition of +@Bat each wind speed to provide a margin for typical
values of test uncertainty.

The overall A-weighted sound power levels (inclgdive +1.01B addition) as a function of hub
height wind speed are presented in TaBRwith the octave band values presented in Tahdle
These represent the total noise emissions of thedaurbine for each sound mode, including the
secondary contribution of ancillary plant assocthieth each wind turbine (e.g. cooling fans).

Table23: Sound power levels (including the +1d@ addition) versus hub height wind speedB Lwa

Hub height wind speed, m/s
4 5 6 7 8 9 10 11 12 13 14 Hif

lwa 950 950 960 99.3 1025 1043 1043 1044 1048 105.1 1053 1055

Table24: Octave band sound power leveldB Lwa

Octave band centre frequency, Hz

315 63 125 250 500 1,000 2,000 4,000 8,000 Total

lwa 760 88.5 96.4 99.7 100.2  98.7 94.2 86.7 76.0 105.5

Note: Based on one-third octave band levels at 16 m
These sound power levels are also illustrated ipefyolix K

The values presented above are indicative of this@xemissions which can achieved by a range of
comparable multi-megawatt wind turbine options dmetmarket.
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Some of the larger turbines presently on the marikelicate the potential for higher noise emissions.

However, the options for larger turbines are curtigrimited and the available data is insuffici¢éot

reach conclusions about representative emissiamghis respect, industry research into the noise
Uleel}v Z E 8§ E]*8] « }( E uP ¢ X]v ZpAE &2 8§ §Z E ]ev([$ 0

E 0 3]}veZ]% SA Vv e}uv % }A SH@& Avole «1 JAH v%SnpraEtidepthé us X

sound power levels of a wind turbine are influendsda range of factors, including the wind turbine

size and power output, and other important fact@sch as the blade design and rotational speed of

the wind turbine. Therefore, while wind turbine sizand power ratings of contemporary wind

turbines have increased, the noise emissions ofvtire turbines have remained generally

comparable to, or lower than, previous generatiafisvind turbines as a result of design

improvements (notably, measures to reduce the speétbtation of the wind turbines, and

enhanced blade design features such as serratimnsdise control).

Based on the above, the noise emissions presemd@ble?3 and Tabl4 are suitable for a
planning stage assessment of the wind farm. Howgatére project is ultimately approved, the noise
modelling would need to be updated to:

x reflect the sound power levels of the final layoliib height and wind turbine model selected for
the project

X assess compliance with the noise limits specifieitie conditions of approval

x determine the mitigation strategies which would dpwith the selected wind turbine, if
required.

9.3.2 Special audible characteristics

Special audible characteristics relate to potertibgdality, amplitude modulation and impulsiveness
of a wind turbine.

Information concerning potential tonality is oftéimited at the planning stage of a wind farm, and
test data for tonality is presently unavailable foe nominated candidate wind turbine model.
However, the occurrence of tonality in the noisecohtemporary multi-megawatt wind turbine
designs is unusual. This is supported by evidehoperational wind farms in Australia which
indicates that the occurrence of tonality at recsiy is atypical.

Amplitude modulation and impulsiveness are not ablée predicted, however the evidence of
operational wind farms in Australia indicates ttiair occurrence is limited and atypical.

Given the above, adjustments for special audiblerabteristics have not been applied to the
predicted noise levels presented in this assessmEnis is consistent with the recommendations of
the Technical Guideline which states that it is netessary to apply a penalty for special audible
characteristics during the prediction of wind famise levels.

Notwithstanding this, the subject of special audibharacteristics would be addressed in subsequent
assessment stages for the project, following appt@f the wind farm, and again following
construction of the wind farm (see mitigation meassidocumergd subsequentlyn Section 11.0).
Specifically, where manufacturer sound power legst data is available for the proposed final
turbine selection, the tonality data for the turl#gnwould be reviewed and assessed as part of the
pre-construction wind turbine noise assessmenttfa project. Tonality would also be subject to
further review and evaluation as part of the soypalver level testing proposed during the early
stages of constructiarA complete assessment of all special audible chariatics, including

amplitude modulation, impulsiveness and tonalitywlathen be conducted as part of the post-
constructing noise monitoring required under the E&gulations.

14 van den Berg, Frits & Koppen, Erik & Boon, Jd&e&chot-Smink, MadelonSeund power of onshore wind
turbines and its spectral distribution. Sound &r&filon. 59- 2025
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Predicted noise levels

This section presents the predicted wind turbinesedevels associated with the project at
surrounding receivers and natural areas.

Receivers

Sound levels in environmental assessment work ygpeally reported to the nearest integer to
reflect the practical use of measurement and préidit data. However, in the case of wind farm
layout design, significant layout modifications nuay give rise to fractional changes in the
predicted noise level. This is a result of thetreédy large number of sources influencing the tota
predicted noise level, as well as the typical safiag distances between the turbine locations and
surrounding assessment positions. It is therefogeassary to consider the predicted noise levels at
finer resolution than can be perceived or meastuire@ractice. It is for this reason that the levels
presented in this section are reported to one dealmlace.

Noise levels from the project have been predictaihg the sound power level data detailed in
Section 9.3.1 for the nominated candidate turbinedel and are summarised in TaBgfor the
wind speeds which result in the highest predictaise levels.

The locations of the predicted 30, 35, 40 andi83.a Noise contours are illustrated in Figure 9
corresponding to the hub height wind speed whichuiks in the highest predicted noise levels.

Predicted noise levels for each integer wind spaesitabulated in Tablé9 of Appendix J for all
considered receivers, including receivers wherehtuhest predicted noise level is below@Lago

Table25: Highest predicted wind turbine noise levels atagivers with predicted levels 30 dBdaor above

Receiver Highest predicted noise level, dBdk

Nonstakeholder receivers

D36 32.9
D37 33.1
D39 34.3
D202 30.6
D205 334
D294 34.8
D295 31.0
D296 32.7
D299 34.8
D300 30.9
D301 311
D314 30.6
D319 30.4
D336 32.9
D337 33.7
D339 321
D341 324
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Receiver Highest predicted noise level, dBdk
D345 34.3
D352 30.4
D367 32.9
D368 31.2
D400 311
D402 314
D404 34.5
D413 34.4
D414 30.9
D419 33.6
D420 324
D421 33.2
D424 334
D425 335
D426 33.6
D431 315
D432 304
D435 32.7
D436 317
D437 32.6
D445 32.9
D465 32.9
D477 30.8
D574 30.2
D620 39.6
D622 38.9
D623 31.8

Stakeholder receivers outside the project boundary

D38 (S) 31.4
D340 (S) 30.5
D362 (S) 36.6
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Receiver

Highest predicted noise level, dBda

Stakeholder receivers within the project boundary

D32 (S)
D34 (S)
D35 (S)
D40 (S)
D197 (S)
D203 (S)
D297 (S)
D298 (S)
D338 (S)
D343 (S)
D344 (S)
D355 (S)
D356 (S)
D357 (S)
D359 (S)
D361 (S)
D366 (S)
D378 (S)
D379 (S)
D380 (S)
D395 (S)
D396 (S)
D397 (S)
D398 (S)
D403 (S)
D417 (S)
D418 (S)
D422 (S)
D423 (S)
D428 (S)
D429 (S)
D430 (S)
D438 (S)

34.6
37.1
35.3
37.3
39.0
315
35.3
38.3
36.6
37.6
34.4
37.9
36.9
40.0
35.3
37.6
395
40.0
37.8
43.4
36.3
38.2
39.5
36.8
30.1
38.6
38.2
40.0
40.1
37.8
37.3
37.6
431

Rp 002 20190086 - Hexham Wind Farm - Environmeoitsg and vibration assessment.docx

68


http://www.marshallday.com

MARSHALL DAY a

Acoustics
Receiver Highest predicted noise level, dBdk
D441 (S) 39.9
D442 (S) 39.3
D444 (S) 36.6
D446 (S) 345
D447 (S) 37.1
D448 (S) 36.0

(S) Stakeholder receiver

The results presented in Tal#l® demonstrate that wind turbine noise levels asstegawith the
project are predicted to comply with the noise lisfor all receivers.

Specifically the predicted wind turbine noise levate:

X below the applicable base noise limit ofdBLago by at leas.4 dB at all non-stakeholder
receivers

x below the applicable base noise limit of dBLago, Specified in noise agreement, by at least
3.4dBat all stakeholder receivers outside the projectibdary

X below the reference base noise level ofdBLago by at least 1.@B at all stakeholder receivers
within the project boundary.

Supplementary noise modelling is presented in AgldeK to provide an indication of how wind
turbine noise levels would vary with wind directidrhis directional analysis has been carried out to
provide context to the predicted noise levels pretal in this section, which are solely based on
worst-case wind direction.

9.4.2 Natural areas

With respect to operational noise of the projectriatural areas, the primary consideration is noise
from wind turbines which would most likely be audilon some occasions at locations where wind
turbine noise levels are above 30 diL

The nearest identified natural area to the project.ake Connewarren and the highest predicted
noise level at this location is 26 di3.L\Wind turbine noise at this level may be audibldimtes, but
this would depend on wind conditions and the speaiharacteristics of the background
environment. On the limited occasions when winddine noise may be audible, it is likely to be
difficult to distinguish from other ambient noisewgces, particularly in the presence of any wind
disturbance of vegetation in the area.

The distribution of wind turbine noise levels iretldentified natural areas is presented in Figl@e
9.4.3 Cumulative assessment

Due to the significant separating distance to tlearest approved and/or operating wind farm
detailed in Section 5.3, cumulative assessmenoigalevels from the project and other surrounding
wind farm(s) is not warranted.
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9.5 Mitigation measures and risk assessment

Based on the findings in the previous sections,réfe@mmended mitigation measures for addressing
operational wind turbine noise are:

X MM-NV04 Pre-construction noise assessment of wind turbines

The purpose of this mitigation measure is to esiiba requirement for a pre-construction

assessment of operational noise associated withgfagect[« A]Jv SpE Jv U « v §Z (
wind turbine layout and model selection. Resultshaf pre-construction assessment would be
documented in the NMP prepared under MM-NVO06.

X MM-NVO05 Schedule of sound power level testing

The purpose of this mitigation measure is to estibh requirement to conduct early testing of a
representative selection of wind turbines to verifiat the noise emissions (sound power levels)
of the installed wind turbines are consistent witie pre-construction noise assessment
prepared under MM-NVO04.

X MM-NVO06: Noise management plan

Establishes a requirement to prepare the noise ngamaent plan (NMP) for operational wind
turbine noise, as required under the EP Regulatiprisr to commencement of operation of the
facility.
Accounting for the assessment findings and the pegal mitigation measures, an assessment of risk
associated with operational wind turbine noise isgented in Tabl26.

Table26: Wind turbine noiset risk assessment

Item Rating Comments
Inherent Residual
Consequence Minor Minor The predicted noise levels are below the applicatise

limits for non-stakeholder and stakeholder locaon

Likelihood Possible Unlikely The predicted noise levels are approaching theaois
limits at 2 non-stakeholder receivers, but are helihe
applicable noise limits by clear margins at alleoth
receivers. There are however extensive controfslace
(proposed and regulatory) so that the project woblel
designed and operated within the applicable noisgts.

Overall rating Medium Low The applicable EPA Publication 1695.1 guidandééor
residual risk rating is:

Acceptable level of risk. Attempt to eliminate fisk
higher risk levels take priority.
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FigurelQ: Predicted operational wind turbine noise levelsid identified natural areas
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Figurell: Predicted noise level contours at hub height wingdeed of 6 m/s,dB Lago
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10.0 OPERATIONAL NOISE ASSESSMHEERMINAL STATION AND BESS

This section presents an assessment of operatiooigk from theon-site terminal station and BESS
associated with the wind farm. The terminal statemd the BESS are co-located within the project
boundary.

A site layout plan illustrating then-site terminal station and BESS and receiversoiggied in
Figure 3 of Section 5.1.

10.1 Assessment criteria
The following obligations apply under the EP Act BR Regulations:

x Operation of the terminal station and BESS mustaantse noise that is prescribed to be
unreasonable or assessed to be unreasonable acgpidithe listed factors set out in the EP Act.

X The risk of harm from noise associated with thertaral station and BESS must be minimised so
far as reasonably practicable, in accordance WwithGED under the EP Act.

X Frequency spectrum is a prescribed factor underEReRegulations and, as a result, an objective
assessment of low frequency may inform an assesswofamhether the noise is unreasonable.

In terms of assessment requirements, the EP Rdguaspecify that the prediction, measurement,
assessment and analysis of noise for commerc@sinial and trade premises must be conducted in
accordance with the Noise Protocol.

The Noise Protocol procedure for determining ndisets depends on whether the noise source or
the receivers are located in a rural or urban area.

In rural areas, applicable noise limits are gergitzised on zone levels determined according to the
land zoning of the area in which the noise sounce geceivers are located. These zone levels are
then adjusted, where appropriate, for a range afttas.

igeSu vde (J&E Z IPE}uv E o A GIE &S «[[vdBZy4Jves v U « §Z
noise levels during the relevant assessment comatitifor theon-site terminal station and BESS
(i.e. low wind speeds) are relatively low.

The Victorian Planning Provisions include thevaltg in its definition of a utility installation:

Land used€ Yte transmit, distribute or store power, includibgttery storage

As such, and considering thae-site terminal station and BE&& located on land designated as
Farming Zone (FZ) (see land zoning map in AppBntlie noise limits applicable at the nearest
receivers are summarised in TaBlé

Table27: Noise Protocol time periods and noise limi$3 ENL

Period Day of week Start time End time Noise limit

Day Monday t Saturday 0700 hrs 1800 hrs 45

Evening Monday t Saturday 1800 hrs 2200 hrs 39
Sunday, Public holidays 0700 hrs 2200 hrs

Night Monday t Sunday 2200 hrs 0700 hrs 34

As theon-site terminal station and BESf proposed to operate 24 hours a day and 7 days ekwe
meeting the applicable night-time noise limit of 88 ENL infers meeting the noise limits during all
other time periods.
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10.2 Noise emissions
10.2.1 Terminal station

The high voltage (HV) transformer and any assodiet®ling equipment would be the main sources
of noise located within the terminal station.

At this stage in the project, specific details lué transformer make and model are yet to be
determined, however, the proponent has indicate@t!3 transformers, each with a rating of
280MVA, would be representative.

10.2.2BESS

At this stage of the project, a detailed BESS dd%g not been established, however for the
purposes of the noise assessment a representatdggh concept has been developed by the
proponent. Based on information provided by the [Rooent, it is understood that this concept
layout corresponds with a capacity of 200 MW / 800/h.

The concept comprises a layout of separate invertaredium voltage (MV) transformers and
battery modules. The concept layout, indicating thember and position of each equipment item
alongside the terminal station HV transformersshiswn in Figurd2.

A summary of the relevant information is shown able28.
Table28 BESS equipment details

Equipment item Quantity
Battery 256
Inverter 64

MV transformer (4.2 MVA) 64

10.2.3 Sound power level data

Sound power levels for individual equipment iteras,used in the noise model, are detailed in
Table29. Data is provided as un-weighted (linear) octaardspectra and A-weighted overall sound
power level.

D vu( SUE E *}uv %}A E o A o]vA BIEE BB]|&EZ v Vv § 1 v (E}u I
noise database. Noise associated with transfornhesbeen derived considering appropriate
technical standards. Further detail is provided able30.

Table29: Sound power levels for each individual equipmetem, dB by

Item Octave band centre frequency, Hz

63 125 250 500 1,000 2,000 4,000 Lwa

Transformer station

HV transformer (280 MVA) 95 97 92 92 86 81 76 92
BESS

Battery 93 90 79 75 76 70 65 81
Inverter 62 67 74 71 70 78 87 88
MV transformer (4.2 MVA) 77 79 74 74 68 63 58 75
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Figurel2 Terminal station/BESS concept noise source layout
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Table30: Sound power level data description

Item Description

Terminal station

HV transformer At this stage of the project, specific details o transformer makes and models are y:«
(280 MVA) to be finalised.

Based on information provided by the proponent, Mderstands that
3 HVtransformers are proposed for the project, eaclpested to be rated at 280 MVA.

In the absence of measured sound power level datafspecific transformer model,
reduced maximum sound power levels have been edéth@ased on the nominated
power rating, using the method described in AnnéxaZ AS 60076-10:2G.

Octave band spectral data for each transformer thas estimated by applying Bies &
Hansen corrections from Table 11.27%dation 1a for outdoor transformer nojge the
determined overall sound power level.

BESS

Battery Manufacturer third octave band sound power levelsasured in accordance with
ISO 3744:2010 associated with a containerised baggstem have been sourced from
MDA library data®® The noise data aligns with 100% operation of thigiect battery,
i.e. worst-case sound power level.

Noise data associated with the selected battenyt ismMiowards the lower end of the
range of sound power levels exhibited on the market

Inverter Manufacturer third octave band sound power levelsasured in accordance with
ISO 3744:2010 have been sourced from MDA libraty. dde noise data aligns with
100% operation of the subject inverter, i.e. woestse sound power level and is inclusi
of an OEM noise attenuation Kit.

Noise data associated with the selected invertetithe lower end of the range of
sound power levels exhibited on the market.

MV transformer At this stage of the project, specific details ko transformer makes and models are v«
(4.2 MVA) to be finalised.

Based on information provided by the proponent, MD#derstands that the
MV transformers proposed for the project are expectede rated at approximately
4.2 MVA.

In the absence of measured sound power level datafspecific transformer model,
reference has been made to the standard maximumhudtfor estimating overall
transformer sound power levels for a given poweimg described in

AS 60076-10:2B. 1

Octave band spectral data for each transformer thas estimated by applying Bies &
Hansen corrections from Table 11.27%dation 1a for outdoor transformer nojge the
determined overall sound power levél.

Due to commercial sensitivities specific manufaetsirand models are not detailed in this report,
however, the proponent has confirmed the equipménbe representative of the specification
required for the project.

15 |SO 3744:201Acousticsv Determination of sound power levels and soundgnivels of noise sources using
sound pressures Engineering methods for an essentially free fister a reflecting plane

16 AS 60076-10: 23 Power transformerg Part 10: Determination of sound levels (IEC 6aA@78916 (ED. 2.0) MOD)
17" Bies, D. H. & Hansen, C. H. (2009). Engineeiisgyamntrol: theory and practice (Fourth editiop.)601
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10.3 Predicted noise levels

The predicted noise levels in this section prinyaelate to total A-weighted noise levels with
adjustments for assessable characteristics undemibise Protocol.

Given that frequency spectrum is a prescribed faco objective assessment of low frequency may
also be applicable to the assessment of unreasanabise. However, low frequency noise emission
data for the plant is presently unavailable. Furth@ise emission data is not available at a frauye
resolution (one third octave bands) that is appriepe for indicative modelling and assessment of
low frequency noise. Accordingly, at this stagéhefproject, the assessment is primarily based on
A-weighted noise levels. Low frequency noise woeled to be addressed during the detailed design
stage of the project, accounting for actual plaelkestions and detailed noise emission data.
Requirements for the assessment of low frequen@ytherefore included in the recommended
mitigation measures discussed subsequently in &edtd.4 and in further detail in Section 11.0.

10.3.1 Receivers

Predicted effective noise levels at all receiveithivw 3 km of the proposedn-site terminal station
and BESS are detailed in Teglle

An adjustment of +2 dB has then been applied toghedicted noise levels to account for the
potential tonal characteristics of transformer neiand BESS equipment. The relevance and
magnitude of the adjustment in practice is depentlen several variables. This is discussed below.

Table31: Predicted effective noise levels from terminal stah and BESS at receivers within 3 km

Receiver Nearest item Distance to Terminal BESS Terminal station +
nearest item,  station, dB laeq BESS
m dB lAeq dB ENR

Nonstakeholder receivers

D413 BESS 2,632 12 21 24

Stakeholder receiver outside the project boundary

D362 BESS 1,091 21 31 33

Stakeholder receivers within the project boundary

D355 Terminal station 2,151 15 22 25
D356 Terminal station 994 23 31 34
D361 BESS 1,668 11 21 23
D366 BESS 2,579 <10 16 18
D417 BESS 2,288 <10 17 19
D422 BESS 2,658 <10 16 18
D423 BESS 2,577 <10 16 19

a Includes +2 dB adjustment for tonality

The effective noise levels in TaBlkare predicted below the applicable night-time relsnit set out
in Table27 of Section 10.1 by at least 9 dB at all receiwgits the exception o stakeholder
receivers. At these receivers, effective noise Ileage predicted at or within 1 dB of the night-8m
noise limit.
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The following contextual notes are provided:

X The predicted effective noise levels conservatiegyume concurrent worst-case operation of
the BESS and transformer station (i.e. 100% fay)dut practice this is unlikely to occur
particularly during the night period.

x Effective noise levels associated with reducededuivould result in lower noise levels than that
shown in Tabl&1.

X A +2 dB adjustment for tonality has been assumedllaeceivers in order to provide a
conservative assessment. For many receivers thdigiexl effective noise levels are very low
and would be comparable to or less than backgroooide levels in many instances. The
adjustment for tonality may therefore not be apgllde if the tonal character of then-site
terminal station and BESS is not detectable aré&oeiver.

x Conversely, in the unlikely event that the charaa&the noise warranted a larger adjustment of
+5 dB (the maximum potential adjustment, which wbahly be triggered in the event that the
selected transformers were tonal and the tonal ceier was prominent at the receiver),
additional noise control treatment measures woulel flequired to minimise the risk of harm
from noise and achieve compliance with the noiset$ at all receivers.

These results indicate that the proposeuatsite terminal station and BESS associated with the
project are capable of being designed and operatach that the applicable noise limits are
achieved.

Sound power levels associated with the inverterd battery units currently incorporated into the
preliminary project design can range significadtypending on the demand on the unit. Sound
power levels are directly related to the fan spa#dhe cooling systems. The fan speed, in turn, is
directly linked to a number of factors includingaetpe/discharge rate and ambient temperature. The
units are designed such that worst-case operati@n,100% fan speed, is likely to occur during
elevated ambient temperatures and full rate chardistharge conditions.

At this stage, prior to finalisation of the projeaésign and equipment selections, it is not prastar
feasible to definitively determine the range of apgonal conditions likely to occur at the project
On this basis, ani provide a conservative assessment, the noise mbdelbeen developed with
reference to the maximum sound power levels asdediavith the selected inverters and battery

units -asoutlined in Tabl&0 - as theoretically occurring during the night pekiBased on this, the
noise model represents the expected upper limihofse levels that would result from the project
based on the current site design and equipmenta@as. On this basis, the indicated marginal

compliance of the upper limit noise model is nopegted be a constraining factor for the project

Based on typical night-time ambient temperaturéss iknown that 100% fan duty operation is highly
unlikely to occur, and that noise levels at nigfiit iae lower than the worst-case predictions for a
majority, if not all night-time periods.

Notwithstanding the above, the predicted noise lsvghould be reviewed at the time when the
project design, equipment numbers and selectioresfaralised, accounting for manufacturer noise
emission data and reducing the preliminary constvesassumptions adopted in this assessment
(e.g. related to noise modelling based on 100%sfaeed which would not occur at night in practice)
This may include consideration of representativer@tional duties in respective time periods (irulie
of the conservative 100% operational duty adopteudin) and discrete assessment of tonality on a
receiver by receiver basis. Given the conservatsgimptions, and indicated marginal compliance, it
is expected the project would afford flexibilityttvirespect to layout design and equipment
procurement during detailed design and tender.
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Further, the low predicted noise levels indicatesgofrom theon-site terminal station and BESS is
unlikely to represent a risk of harm to the envirant as a result of noise. The general
environmental duty under the EP Act is thereforpented to be addressed through selection of
equipment with low noise emissions, and the inaasbf OEM noise attenuation kits where
practical. As an example, transformer should beceld with noise emissions equivalent to, or lower
than, the AS 60076-10 empirical values referenneaf Section 10.2.3. Given that actual noise
emission values for contemporary transformer desigre usually lower than the empirical values of
the standard, this is considered a reasonably ficable noise mitigation measure for the purposes
of the EP Act.

10.3.2 Natural areas

Noise associated with the operation of the termistdtion and BESS is a relevant consideration for
natural areas throughout the life of the project

Due to the nature of the operation of these compaoite of the project, the extent of the areas in
which the noise could be audible has the potertiidbe highly variable. However, natural areas
where predicted noise level are lower than @ Laeq are not likely to experience audible noise from
these noise sources even when daytime backgrounskrevels are low and conditions favour the
propagation of sound from the proposed terminaltgta and BESS locations.

Predicted cumulative noise contours are presente#figurel3 and provide an indication of the
extent of the areas in which noise from the ternistation and BESS may be audible at natural

areas.

It is noted that the nearest natural area considgkgithin this assessment is located approximately
10 km away from the proposed terminal station arte/E location. Notwithstanding this, the
predicted noise contours shown in Figdigindicate that the cumulative terminal station aB&ESS
noise level is predicted to be significantly belb®vdB ENL at the nearest natural area (Lake
Connewarren). As such, operation of the terminatien and BESS is expected to not be audible
during all assessment periods at the identifiedunat areas in the vicinity of the project

10.3.3 Cumulative assessment

Consideration has also been given to the potemtisthulative noise of the terminal station and BESS
in combination with the other existing and approviedlustrial premises in the surrounding area
identified in Section 5.3. Specifically, the:

X operational Mortlake Power Station is also locagggbroximately 4 km to the east of the project
x approved Mortlake Energy Hub, adjacent to the Mak# Power Station
x approved Mortlake Power Station BESS, on the easiee of the Mortlake Power Station site.

It is noted that the minimum distance between theise generating infrastructure associated with
the terminal station and BESS and the other prgjédéntified above is approximately 8 km.

This means that the nearest receivers to the termhstation and BESS are sulfficiently far from the
other projects such that the noise from these siegi0t expected to approach the noise limits,
particularly due to the proximity of other receigenearer to them which would dictate their noise
control requirements.

Further, as shown in Figui&, at the receivers to the east of the project thaeanearest to the other

projects, the combined predicted noise levels @ tim-site terminal station and BESS is less than
10dB ENL and therefore would not materially affée tompliance margins for these receivers.
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Figurel3: Predicted BESS/terminal station effective noiswél contours, dB ENL
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10.4 Mitigation measures and risk assessment

Based on the findings in the previous sections,réfe@mmended mitigation measure for addressing
construction noise and vibration is to establisfequirement for a pre-construction noise
assessment of the on-site terminal station and BE®%tNV07). The purpose of this requirement is
to verify the controls that would be used to mingeioperational noise risks as far as reasonably
practicable, and véfly compliance with the applicable noise limits, s the actual equipment
selections and final plant arrangement. The fufjuigements of the pre-construction noise
assessment of this plant are documented in Sectib® within a consolidated list of mitigation
measures for the project.

Accounting for the assessment findings and the pea@ mitigation measures, an assessment of risk
associated with cumulative operational noise frdme terminal station and BESS is presented in
Table32.

Table32: Cumulative operational noise from the terminal stah and BES$risk assessment

Item Rating Comments
Inherent Residual
Consequence Minor Minor The predicted noise levels are below the applicatuise

limits at all non-stakeholder receivers. Furthéet
predicted noise levels are also low and are likelge
comparable to or lower than the background noisecle
at most receivers. In particular, at non-stakehalde
receivers, the predicted noise levels are likelypéowell
below the background noise level.

The predicted noise levels are also generally wigtiin
the applicable noise limits at stakeholder reces/érhe
only exception is 2 of the nearest stakeholder reess
where the predicted noise levels are at or withidR of
the night period noise limit.

The above are the decisive factors in determintmgrisk
consequence. However, obligations with respectte t
GED and unreasonable noise provisions of the EP Act
remain applicable, particularly with respect to tbentrol
of any audible characteristics such as tonality kv
frequency noise.

Likelihood Unlikely Unlikely There is a clear margin between the predicted noise
levels and the noise limits at all non-stakeholder
receivers. While predicted noise levels are clasthe
night period noise limits at the 2 nearest staketel
receivers, this is conservatively based on 100% fan
speeds at night which is unlikely to occur in picetThe
mitigation measures also include additional corgred
that the compliant outcomes are maintained throuiiie
design and operational stages of the project.

Overall rating Low Low The applicable EPA Publication 1695.1 guidandééor
residual risk rating is:

Acceptable level of risk. Attempt to eliminate
risk but higher risk levels take priority.
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11.0 MITIGATION MEASURES

Based on the assessment findings presented impiieiseding sections, the recommended mitigation
measures for the control of noise and vibration@sated with construction and operation of the
project are detailed in Tab&3. The mitigation measures establish requirementsath stage of the
project from design through to ongoing operationdatiecommissioning.

The objective of the mitigation measures is to mmisie the risk of harm from noise and vibration
associated with construction and operation of theject, so far as reasonably practicable, in
accordance with the GED under the EP Act. Thetdsbes minimised, under the EP Act, include
adverse effects on both human health and amenity.
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Table33: Recommended noise and vibration mitigation meassr

MM ID Mitigation measure

MM-NVO1 Construction noise and vibration management plan

Before commencement of development, a constructimise and vibration management
plan (CNVMP) will be prepared to address the effectconstruction noise related to on-
site activities and off-site traffic movements, acohstruction vibration associated with an
activities expected to occur at less than 100 nmfra receiver. The CNVMP will include th
following:

X A clear description of the proposed constructioogiram including the expected
timing and duration of key elements of the works

x Deails of all reasonably practicable measures prepo® fulfil the general
environmental duty under th&nvironmental Protection Act 20{&£P Act), accounting
for guidance under EPA Publication 18332Vl construction, building and demolition
guide.The measures will include (but not be limited to):

restriction of construction activities to normal wang hours wherever practical

selection of major construction plant to achievavlooise emissions and minimis
any distinctive undesirable characteristics

maintenance of site equipment and infrastructurertonimise noise emissions

planning for the most efficient way to complete therks and minimise duration
of the noise

processes and governance for addressing the GEDpaviticular reference to any
out of hours work.

x A schedule of noise emission data for the majonpi@ms to be used for constructior
of the project including the source reference for this data.

x Define and justify all anticipated unavoidable watkw-noise works and managed-
impact works which may occur outside of normal vilogkhours, such as out of hours
deliveries or wind turbine installation activitigsat are subject to weather constraints.

x Detalils relating to proposed routing and timingeohstruction traffic, including
protocols to minimise noise along local roads ariithiw Mortlake to the extent
reasonably practicable. This will establish a retstin to avoid heavy vehicle
movements related to construction aggregate souydiom local quarries (if required)
prior to 0700 hrs on the local road network arouthe project or within local
townships.

X Management measures relating to off-site vehicleveiments including education of
drivers about the general environmental duty undlee EP Act and considerate drivin
practices.

x Detalls of the measures to be implemented to addrasise characteristics such as
tonality, impulsive noise and low frequency noisejuding consideration of residentie
receivers and noise levels in natural areas.

X The proposed scheduling of any out of hours waaksl provide evidence to support
that low-noise or managed-impact works meet theéeria defined in EPA Publication
1834.1.

x ldentify specific activities which warrant notiftcan of neighbouring residents in
advance of the work occurring, including unavoiéalibrks outside of normal working
hours, peak periods of off-site construction treffand activities with potential to caus
perceptible vibration.

The CNVMP will be prepared in consultation witlevaht stakeholders including the EPA
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MM ID Mitigation measure

MM-NVO02 Quarry work plan

Before commencement of development, a Quarry WdekRvill be prepared in
consultation with relevant authorities and endorsas part of the Work Authority.

The quarry work plan will document measures to:

X Minimise the risk of harm from operatiahnoise so far as reasonably practicable
in accordance with the general environmental dutyder theEnvironmental
Protection Act 201TEP Act).

X Prevent prescribed unreasonable noise by complying with noise limits detedmi
in accordance witlEPA publication 1826 Moise limit and assessment protocol fc
the control of noise from commercial, industrial and trade premand
entertainment venuegNoise Protocol).

X Prevent unreasonable noise according to the factors defined in part (a) of the
definition of unreasonable noise in section 3(1) of the EP Act, accounting for tl
low frequency guidance of EPA Publication 18®&e guidelines: assessing low
frequency nois¢as amended or replaced from time to time).

MM-NVO03 Concrete batching plants

All temporary concrete batching plants will be dg&d and operated in accordance with
the general management measures in EPA Publica866Reducing risk in the premixed
concrete industry.

The design and operation of the batching plantsiwiplement measures to:

X minimise the risk of harm from operati@hnoise so far as reasonably practicable
in accordance with the general environmental dutyder theEnvironmental
Protection Act 201TEP Act).

X prevent prescribed unreasonable noise by complying with noise limitsméned
in accordance witlEPA publication 1826Moise limit and assessment protocol fc
the control of noise from commercial, industrial and trade presand
entertainment venue¢Noise Protocol).

X prevent unreasonable noise according to the factors defined in part (a) of the
definition of unreasonable noise in section 3(1) of the EP Act, accounting for tl
low frequency guidance of EPA Publication 18®&e guidelines: assessing low
frequency nois¢as amended or replaced from time to time).

MM-NV04 Pre-construction noise assessment of wind turbines

Prior to the installation of wind turbines, a prertstruction noise assessment will be
completed. This assessment will be undertaken &eas the final project layout and
equipment selection to ensure that the noise criteare achieved at all assessable receiv
for all wind speeds.

The pre-construction noise assessment will be basethe final wind turbine layout,
representative noise emission data for the findeséed wind turbine model and the
location of all receivers around the wind farm &ixig or approved noise sensitive receive
atthedate}( §Z A]lv ( Eule %o %cc@hdthuctiorknaise askesEment will
identify all stakeholder receivers where noise agnents have been established. The
pre-construction noise assessment will be preparedccordance with the assessment ar
documentation requirements of NZS 6808:2@®usticst Wind farm noise

The pre-construction noise assessment will be dcented in the noise management plan
prepared under MM-NVQ6
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MM ID Mitigation measure

MM-NVO05 Wind turbine sound power level testing

Before commencement of wind turbine operationscaadule of sound power level testin
and reporting would be prepared. This would be urtalkeen to verify that the noise
emissions of a representative selection of insthilgnd turbines are consistent with the
noise emissions presented in the pre-constructioisa assessment conducted under
MM-NVO04.

An EPA appointed independent environmental audji&A) would be engaged to prepare
report verifying the schedule of sound power letesiting.

The schedule of sound power leveltesting $Z / [+ A E](] 3]}v E %o}
provided to EPA upon request.

Sound power level testing and reporting would susantly be undertaken in accordance
with the schedule.

MM-NVO06 Noise management plan

Before commencement of wind turbine operations,@se management plan (NMP) wou
be prepared for operational wind turbine noise iccardance with the requirements of
regulation 131E of thEnvironment Protection Regulations 2{ZP Regulations).

In addition to the requirements of the EP Regulasicche NMP would:
x document the pre-construction noise assessment conducted uhtddrNV04

x account for the guidance of EPA webp&ljend Energy Facility Turbine Noise
Regulation Guidelinesnd EPA-DTP Publication 30¥ihd Energy Facility Turbine
Noiset Technical Guideline

X stipulate that the pat-construction noise monitoring report and the
accompanying auditor's verification report would, where practicable, bensited
to the EPA within 10 days of the auditor's verification report being completed

An EPA appointed independent environmental audji&éA) would be engaged to prepare
report verifying the NMP.

}8Z 8Z EDW v $Z / [« A vB]ldJoe pidvidedEtodmPAHiHon request.

MM-NVO7 Pre-construction noise assessment of on-site teahatation and BESS

Before development starts, a pre-development nassessment is to be submitted to the
Responsible Authority demonstrating that the deségl operation of the on-site terminal
station and battery energy storage system (BES&)de measures to:

X minimise the risk of harm from operati@hnoise so far as reasonably practicable
in accordance with the general environmental dutyder theEnvironmental
Protection Act 201TEP Act).

X prevent prescribed unreasonable noise by complying with noise limitsméned
in accordance witlEPA publication 1826 Moise limit and assessment protocol fc
the control of noise from commercial, industrial and trade presand
entertainment venuegNoise Protocol).

X prevent unreasonable noise according to the factors defined in part (a) of the
definition of unreasonable noise in section 3(1) of the EP Act, accounting for tl
low frequency guidance of EPA Publication 18®&e guidelines: assessing low
frequency nois€éas amended or replaced from time to time).
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12.0 SUMMARY

An assessment has been undertaken of the potent@ée and vibration impacts associated with
construction, operation and decommissioning of thexham Wind Farm within the study area.

The assessment addresses the environmental noidesdmation assessment requirements of the
Scoping Requirements Hexham Wind Farm EnvironrffentsEStatemenpublished by the Minister
for Transport and Planning in September 2024.Based on evaluation of potential noise and
vibration impacts in accordance with applicable®fian assessment criteria.

The EES evaluation objective for the Hexham Wina Rédth respect to noise and vibration is to
manage potential adverse effects for noise sensikdcations, having regard to both construction
and operation of the wind farm.

In particular, the results of the modelling demanage that the proposed wind turbines are predicted
to achieve compliance with the applicable noisdtkndetermined in accordance with NZS 6808 for
all receivers based on a candidate wind turbine eiod

The assessment has also considered operationat raisociated with the proposerh-site terminal
station and BESS, in accordance with EP Act aReéd@tiations. The assessment demonstrates that
the operational noise levels from tlwe-site terminal station and BESS are predicted belwwnoise
limits determined in accordance with the Noise ®al.

Noise and vibration during the construction and dieenissioning of the project has been assessed
and can be satisfactorily addressed with good peaatneasures, accounting for the guidance of EPA
Publication 1834.1 and subject to dedicated corgttol address the noise of off-site construction
traffic. In this respect, the preferred option ftire project includes the development of an on-site
quarry to limit off-site vehicle movements assoetivith material sourcing. Restriction of the times
when these movements can occur on the surroundoadrnetwork have also been recommended.

The assessment has also considered the proposesiteiguarry and concrete batching plants, in
accordance with the Noise Protocol. The results destrate that the predicted noise levels
associated with operation of the on-site quarry atwhcrete batching plants during the construction
period are below the noise limits determined in aatance with the Noise Protocol.

Consideration was also given to the general envirental duty, as required by the EP Act.

Implementation of the recommended mitigation measswill minimise the noise and vibration
impact of the Hexham Wind Farm to nearby noise i@adocations.

The findings of the noise assessment therefore destrate that the project can comply with the
requirements of the applicable Victorian legislatiand guidelines. As such, the project is expetded
achieve the EES evaluation objective.
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APPENDIX AGLOSSARY OF TERMINOLOGY

The basic quantities used within this document éscribe noise adopt the conventions outlined in I996-1:2016
Acoustics - Description measurement and assessofientvironmental noiseé Basic quantities and assessment
proceduresAccordingly, all frequency weighted sound presdavels are expressed as decibels (dB) in thizrtefpor

£ u%o U }luv

% E e*H@E 0 A 0c (E-EV QUAVIPZEVP &E A Aethaliewvrays of

expressing A-weighted decibels such as dBA or @B¢Aherefore not used within this report.

Term Definition Abbreviation
Amplitude Sound that is characterised by a rhythmic and highan normal rise and -

modulation fall in sound level at regular intervals.

A-weighting usz} }( ipe8]vP e}puv o A qudl EEo A &7 See discussion

A-weighted 96
centile

Decibel

Effective noise
level

Equivalent noise
level

Frequency
spectrum

Hertz

Impulsiveness

Octave Band

Peak particle
velocity

Sound power level

Sound pressure
level

sensitivity to different frequencies of sound. below this table.

The A-weighted pressure level that is exceede®® of a defined Lago
measurement period. It is used to describe the uhdieg background

sound level in the absence of a source of sountlithbeing investigated,

as well as the sound level of steady, or semi steadund sources.

The unit of sound level. dB

The effective noise level from commercial, indwatar trade premises ENL
determined in accordance EPA Publication 18R&e limit and

assessment protocol for the control of noise frammmercial, industry and

trade premises and entertainment venuggis is thedeq noise level over a
30-minute period, adjusted for the character of theise. Adjustments are

made for tonality, intermittency and impulsiveness.

The equivalent continuous A-weighted pressure le@eimmonly referred  Laeq
to as the average sound level and is measured in dB

The collection of frequencies that a sound is cosgabof, and the sound -
power level or sound pressure levels across thesguencies.

Under the Environment Protection Regulations 202t)( frequency
spectrum is a prescribed factor for noise emitteshi commercial
industrial and trade premises. This means thatfteguency spectrum of
noise associated with this type premises is a @hev¥actor to consider
when assessing if the noise is unreasonable urttkeEnvironment
Protection Ac (2017).

The unit for describing the frequency of a sounteims of the number of Hz
cycles per second.

Sound that is characterised by a distinct and vepjd rise in sound level -
(e.g. a car door closing or the impact sound océmimer)

A range of frequencies. Octave bands are referogohttheir logarithmic -
centre frequencies, these being 31.5 Hz, 63 HzHZ%250 Hz, 500 Hz,
1 kHz, 2 kHz, 4 kHz, 8 kHz, and 16 kHz for thblaudhge of sound.

The measure of the vibration aptitude, zero to nmaxim. Used for building PPV
structural damage assessment.

A measure of the total sound energy emitted by arse, expressed in Lw
decibels.
A measure of the level of sound expressed in dégibe Lp
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Term

Definition Abbreviation

Special audible
characteristics

Tonality

Vibration

Vibration Dose
Value

A term used to define a set group of Sound chanésties that increase the SAC
likelihood of adverse reaction to the sound. Thareltteristics comprise
tonality, impulsiveness and amplitude modulation.

A characteristic to describe sounds which are cosegloof distinct and -
narrow groups of audible sound frequencies (e.gistlihg or humming
sounds).

When an object vibrates, it moves rapidly up angvdar from side to side.
The magnitude of the sensation when feeling a \tibgpobject is related to
the vibration velocity.

Vibration can occur in any direction. When vibratielocities are
described, it can be either the total vibration @eity, which includes all
directions, or it can be separated into the vertidaection (up and down
vibration), the horizontal transverse directiondgito side) and the
horizontal longitudinal direction (front to back).

Based on British Standard BS 6472:188Rle to Evaluation of Human VDV
Exposure to Vibration in Buildings (1Hz to 8@Hd)provides guidelines for
the evaluation of whole-body exposure to intermittevibration.

VDV can be used to take into account the weightegsured RMS
vibration from many vibration sources includind xeghicles, construction
equipment such as jackhammers and industry. VDgstakto account the
duration of each event and the number of events day, either at present
or in the foreseeable future and calculates a gngllue index.
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APPENDIX BDESCRIBING SOUND

Sound is an important feature of the environmentwvhich we live; it provides information about our
surroundings and influences our overall perceptb@amenity and environmental quality.

While sound is a familiar concept, its descriptiam be complex. This appendix provides generatrimdtion
about the definition of sound and the ways thatfelient sound characteristics are described.

Bl Definition of sound

Sound is a term used to describe very small anitirepanges in the pressure of the atmosphere.
Importantly, for pressure fluctuations to be corsidd sound, the rise and fall in pressure needsdo
repeated at rates ranging from tens to thousandsimmies per second.

These small and repetitive fluctuations in presscai@ be caused by many things such as a vibratirfigce
in contact with the air (e.g. the cone of a spedlarturbulent air movement patterns. The commonatigre
is a surface or region of disturbance that disptattee adjacent air, causing a very small and leeali
compression of the air, followed by a small expangif the air.

These repeated compressions and expansions theraddnto the surrounding air as waves of pressure
changes. Upon reaching the ear of an observer ghesves of changing pressure cause structuresmitia
ear to vibrate; these vibrations then generate sitgrwhich are able to be perceived as sounds.

The waves of pressure changes usually occur aslemipatterns, comprising varied rates and magnisidé
pressure changes. The pattern of these changeslet#irmine how a sound spreads through the air bod/
the sound is ultimately perceived when it reachles ear of an observer.

B2  Physical description of sound

There are many situations where it can be usefudligectively describe sound, such as the writing or
recording of music, hearing testing, measuringsband environment in an area or evaluating new man-
made sources of sound.

Sound is usually composed of complex and varietpet of pressure changes. As a result, a number of
attributes are used to describe sound. Two of thestrfundamental sound attributes are:

X sound pressure
x sound frequency

Each of these attributes is explained in the follogvsections, followed by a discussion about hosheat
these attributes varies.

B2.1 Sound pressure

The compression and expansion of the air that $®eiated with the passage of a sound wave resuilts i
changes in atmospheric pressure. The pressure @sagsociated with sound represent very small and
repetitive variations that occur amidst much gregpeessures associated with the atmosphere.

The magnitude of these pressure changes influehogsquiet or loud a sound will be; the smaller the
pressure change, the quieter the sound, and viasa€eThe perception of loudness is complex thoaglal,
different sounds can seem quieter or louder forgeas other than differences in pressure changes.
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To provide some context, TatBd lists example values of pressure associated wghatmosphere and
different sounds. The key point from these examiies is that even an extremely loud sound equtes
change in pressure that is thousands of times sné#tian the typical pressure of the atmosphere.

Table34: Atmospheric pressure versus sound pressurexample values of pressure

Example Pascals, Pa Bars Pounds per Square Inch (PSI)
Atmospheric pressure 100,000 1 145

Pressure change due to weather front 10,000 0.1 15

Pressure change associated with sound 20 0.0002 0.003

the threshold of pain

Pressure change associated with sound 0.00002 0.0000000002 0.000000003
the threshold of hearing

The pressure values in TaBkalso show that the range of pressure changes dasatwith quiet and loud
sounds span over a very large range, albeit tilf gmall changes compared to atmospheric pressioe.
make the description of pressure changes more jicattsound pressure is expressed in decibels or dB

To illustrate the pressure variation associatedwgobund, Figuré4 shows the repetitive rise and fall in
pressure of a very simple and steady sound. Tdusdiillustrates the peaks and troughs of pressiranges
relative to the underlying pressure of the atmosphén the absence of sound. The magnitude of thengfe
in pressure caused by the sound is then descrilzetth@ sound pressure level. Since the magnitudeef
change is constantly varying, the sound pressurg beadefined in terms of:

X Peak sound pressure levels: the maximum changeegspre relative to atmospheric pressure i.e. the
amplitude as defined by the maximum depth or heighthe peaks and troughs respectively; or

X Root Mean Square (RMS) sound pressure levelsvitrage of the amplitude of pressure changes,
accounting for positive changes above atmosphesgure, and negative pressure changes below
atmospheric pressure.

Figurel4: Pressure changes relative to atmospheric pressussaciated with sound
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B2.2 Frequency

Frequency is a term used to describe the numbeinaés a sound causes the pressure to rise andhfall
given period of time. The rate of change in pressaran important feature that determines whethers
able to be perceived as a sound by the human ear.

Repetitive changes in pressure can occur as atrefsalrange of factors with widely varying ratds o
fluctuation. However, only a portion of these fluations are able to be perceived as sound. In ntases,
the rate of fluctuation will either be too slow two fast for the human ear to detect the pressul@age as a
sound. For example, local fluctuations in atmosjhpressure can be created by someone waving their
hands back and forth through the air; the reasois ttennot be perceived as a sound is the rate of
fluctuation is too slow.

At the rates of fluctuation that can be detectedssund, the rate will influence the character oétbound
that is perceived. For example, slow rates of puesghange correspond to rumbling sounds, whil¢ fates
correspond to whistling sounds.

The rate of fluctuation is numerically describeddrms of the number of pressure fluctuations ttetcur in

a single second. Specifically, it is the numbeiyofes per second of the pressure rising abovindabelow,
and then returning to atmospheric pressure. The im@mof these cycles per second is expressed ireHert
(Hz). This concept of cycles per second is illiestrim Figurel5 which illustrates a 1 Hz pressure fluctuation.
The figure provides a simple illustration of a lnzycle of pressure rise and fall occurring ireaqal of a
single second.

Figurels: lllustration of a pressure fluctuation with a figuency of 1Hz

The rate that sound pressure rises and falls &y \Wlepending on the source of the sound. For eXantpe
surface of a tuning fork vibrates at a specifieran turn causing the pressure of the adjacentaifuctuate
at the same rate. Recalling the idea of presswettiations from someone waving their hands, theqaare
would fluctuate at the same rate as the hands mbwaek and forth; a few times a second translatingito
very low frequency below our hearing range (ternaedinfrasonic frequency). Examples of low and high
frequency sound are easily recognisable, sucheoth frequency sound of thunder, and the high
frequency sound of crashing cymbals. To demonstizedifferences in the patterns of different fregucies
of sound, Figuré6 illustrates the relative rates of pressure chafgelow, mid and high frequency sounds.
Note that in each case the amplitude of the pregscinanges remains the same; the only change is the
number of fluctuations in pressure that occur otiene.
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Figurel6: Examples of the rate of change in pressure fluations for low, mid and high frequencies

Low frequency sounds:
20 to 200 Hz

Mid-frequency sounds:
200 to 800 Hz

High frequency sounds:

greater than 800 Hz

B2.3 Sound pressure and frequency variations

The preceding sections describe important aspetth@nature of sound, the changes in pressure tred
changes in the rate of pressure fluctuations.

The simplest type of sound comprises a single emistound pressure level and a single constantfesgy.

However, most sounds are made up of many frequen@ad may include low, mid and high frequencies.

Sounds that are made up of a relatively even mikezfuencies across a broad range of frequencies ar

E(EE 8} « ]JvP zZ E} v [X( J@&Y}v A wlde « Jv op  (o}A]JvP A § E
rustling of leaves, ventilation fans and traffiase

Further, sound quite often changes from moment toment, in terms of both pressure levels and
frequencies. The time varying characteristics afrgbare important to how we perceive sound. Forreyée,
rapid changes in sound level produced by voicesigeothe component of sound that we interpret as
intelligible speech. Variations in sound pressexels and frequencies are also features which camwaur
attention to a new source of sound in the envirormhe
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To demonstrate this, Figude illustrates an example time-trace of total sounggsure levels which varies
with time. This variation presents challenges wagempting to describe sound pressure levels. Assallt,
multiple metrics are generally needed to describarsd pressure, such as the average, minimum or
maximum noise levels. Other ways of describing danalude statistics for describing how often aidetl
sound pressure level is exceeded; for examplecatpipper sound levels are often described as;awhich
refers to the sound pressure exceeded for 10% eftime, or typical lower levels or lulls which afeen
described as andwhich refers to the sound exceeded for 90% oftiime.

Figurel7: Example of noise metrics that may be used to messa time-varying sound level
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This example illustrates variations in terms of jogal sound pressure levels, but the variatioas @lso
relate to the frequency of the sound, and frequgmthe number of sources affecting the sound.

These types of variations are an inherent featurenost sound fields and are an important point ofitext
in any attempt to describe sound.
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B3  Hearing and perception of sound
This section provides a discussion of:

X The use of the decibel to practically describe sbl@vels in a way that corresponds to the pressure
levels the human ear is able to detect as sounds

X The relationship between sound frequency and hurhearing.

The section concludes with a discussion of sonteeo€omplicating non-acoustic factors that influeraur
perception of sound.

B3.1 Sound pressure and the Decibel

Previous sections discussed the wide range of gmadisure fluctuations that the ear is able to dstas
sound. Owing to the wide range of these fluctuatiptine way we hear sound is more practically descti
using the decibel (dB). The decibel system semwesey purposes:

x Compressing the numerical range of the quietest lmdlest sounds commonly experienced.

As an indication of this benefit, the pressurelof foudest sound that might be encountered is ardan
million times greater than the quietest sound than be detected. In contrast, the decibel system
reduces this to a range of approximateit20dB.

x Consistently representing sound pressure level gearin a way that correlate more closely with hoas w
perceive sound pressure level changes.

For example, a 10 dB change from 20-30 dB willigéipdoe subjectively perceived as a similar t@alB
change from 40-50 dB. However, expressed in uhisassure as Pascals, the 30dB change is ten

times greater than the 20-30 dB change. For thésoa, sound pressure changes cannot be meaningfully
communicated in terms of units of pressure suclPascals.

Sound pressure levels in most environments arelfigariable, so it can be misleading to describatwh
different ranges of sound pressure levels corresptm However, as a broad indication, TaBgprovides
some example ranges of sound pressure levels, ezprkin both dB and units of pressure.

Table35: Example sound pressure levels that might be expaced in different environments

Environment Example Sound Pressure Level

Outside in an urban area with traffic noise 50-70 dB 0.006-0.06 Pa
Outside in a rural area with distant sounds or made wind rustling leaves 30-50 dB 0.0006-0.006 Pa
Outside in a quiet rural environment in calm coratis 20-30dB 0.0002-0.0006 Pa
Inside a quiet bedroom at night <20dB 0.0002 Pa

The impression of how much louder or quieter a sbiswill be influenced by the magnitude of the nba
in sound pressure. Other important factors willcgisfluence this, such as the frequency of the sbuhich
is discussed in the following section. Howeveprvide a broad indication, Tal3® provides some
examples of how different changes in sound pressewvels can be perceived.
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Table36: Perceived changes in sound pressure levels

Sound pressure  Indicative change in perceived sound

level change

1dB Unlikely to be noticeable

2-3dB Likely to be just noticeable

4-5dB Clearly noticeable change

10dB Distinct change - often subjectively described alsihg or doubling the loudness

The example sound pressure level changes in Béldee based on sidey-side comparison of a steady
sample of sound heard at different levels. In pi@gtchanges in sound pressure levels may be mitireudt
to perceive for a range of reasons, including thespnce of other sources of sound, or gradual ckang
which occur over a longer period of time.

B3.2 Sound frequency and loudness

Although sound pressure level and the sensatiolowdiness are related, the sound pressure levebisan
direct measure of how loud a sound appears to husdtuman perception of sound varies and depends on
a number of physical attributes, including frequgnievel and duration.

An example of the relationship between the sensaiid loudness and frequency is demonstrated in

Figurel8X dZ Z ES % E * v3e <iu 0 O}peV}(e ] (TR WS (JE eppv ] » AL % E o
Each point on the phon curves represents a sourebofl loudness. For example, the 40 phon curvevsho

that a sound level of 100 dB at 20 Hz (a very tegufency sound) would be of equal loudness to allef

40dB at 1,000 Hz (a whistling sound) or approxinge@l dB at just under 8,000 Hz (a very high pitehnd).

The information presented is based on an internagibstandaréf that defines equal loudness levels for

sounds comprising individual frequencies. In paastsound is usually composed of a large number of

different frequencies, so this type of data canyobé used as an indication of how different frequies of

soun u C % E JA X v ]v ]A] u Otv% @& &HeFJAVEERY *]Pv](] v3oCX &}E
lower dashed line in Figule3 shows the threshold of hearing, which represets sounds an average

listener could correctly identify at least 50% loé time. However, these thresholds represent therage of

§Z %o }%opo S]}IVX /v % E 3] B 3Z(® {A]Jop igricantiEREDw these values,

particularly at the low frequencies.

18 |SO 226:2008coustics - Normal equal-loudness-level contours
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Figurel8: Equal loudness contours for pure tone sounds

The noise curves in Figut8 demonstrate that human hearing is most sensitivéequencies from 500 to
4,000 Hz, which usefully corresponds to the maggdiencies of human speech. The contours also
demonstrate that sounds at low frequencies mustabenuch higher sound pressure levels to be judged
equally loud as sounds at mid to high frequencies.

To account for the sensitivity of the ear to difet frequencies, a set of adjustments were develbpe
enable sound levels to be measured in a way thatenotosely aligns with human hearing. Sound levels
adjusted in this way are referred to as A-weightedind levels.
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B3.3 Interpretation of sound and noise

Human interpretation of sound is influenced by mdagtors other than its physical characteristieglsas
Z}YA }(3 v 8Z }uv } HE-U 3Z BJuv}( %C Fa3}v[u $3]5p S}A E - 57
sound.

For example, the sound of music can cause vemrdiit reactions, from relaxation and pleasure thgbuto
annoyance and stress, depending on individual pegfees, the type of music and the circumstances in
which the music is heard. This example illustrétes sound can sometimes be considered noise; a term
broadly used to describe unwanted sounds or souhdshave the potential to cause negative reactions

The effects of excess environmental sound are daaied complicated, and may be perceived in various
ways including sensations of loudness, interferewith speech communication, interference with wargi
concentration or studying, disruption of resting8are periods, and disturbance of sleep. Theseceffean
give rise to behavioural changes such as avoitiagise of exposed external spaces, keeping windows
closed, or timing restful activities to avoid thevst intense periods of disruption. Prolonged annug&or
interference with normal patterns can lead to pdsieffects on mental and physical health. In tieispect,
the World Health Organization (preamble to t@enstitution of the World Health Organizatid®46) defines
health in the following broad terms:

A state of complete physical, mental and social-iveihg and not merely the absence of disease
or infirmity

The World Health Organizati@uidelines for Community Noiéerglund, Lindvall, & Schwela, 1999)
documents a relationship between the definitiontealth and the effects of community noise exposoye
noting that:

This broad definition of health embraces the cohagpnell-being, and thereby, renders noise
impacts such as population annoyance, interferewia communication, and impaired task
% E(}EU V © ZZ 0SZ[ ]e°pn X

The reaction that a community can have to sourtaigbly subjective and depends on a range of factors
including:
X The hearing threshold of individuals across theilaledrequency range

These thresholds vary widely across the populati@mticularly at the lower and upper ends of the
audible frequency range. For example, at low fraggies the distribution of hearing thresholds varies
above and below the mean threshold by more thardBO

X The attitudes and sensitivities of individuals tmsd, and their expectations of what is considesed
acceptable level of sound or intrusion

This in turn depends on a range of factors suofjeseral health and the perceived importance of stun
amongst other factors relevant to overall amenigrgeption.

X The absolute sound pressure level of the soundiigstjon

The threshold for the onset of community annoyanegies according to the type of sound; above such
thresholds, the percentage of the population anndygenerally increases with increasing sound pressur
level.

x The sound pressure level of the noise relativedokground noise conditions in the area, and theeakt
to which general background noise may offer benatfimasking effects

X The characteristics of the sound in question suskwhether the sound is constant, continually varias
contains distinctive audible features such as tohes frequency components or impulsive sound which
may draw attention to the noise

x The site location and the compatibility of the soeiin question with other surrounding land uses: Fo
example, whether the source is in an industriatesidential area
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X The attitudes of the community to the source of theund

This may be influenced by factors such as the @xtewhich those responsible for the sound are
perceived to be adopting reasonable and practicabasures to reduce their emissions, whether the
activity is of local or national significance arfolether the noise producer actively consults andiaises
with the community.

X The times when the sound is present, the duratibexposure to increased sound levels, and the exten
of respite periods when the sound is reduced oraattgfor example, whether or not the sound ceases a
weekends).

The combined influence of the above consideratiomeans that physical sound levels are only one facto
influencing community reaction to sound. Importantthis means that individual reactions and attiésdo
the same type and level of sound will vary withiocenmunity.
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APPENDIX CVICTORIAN REGULATIONS AND GUIDELINES

The following publications are relevant to the assment of operational noise from proposed renewable
energy projects in Victoria:

X Environment Protection Act 2017
X Environment Protection Regulations 2021

x Environment Reference Standaublished 25 May 2021, and as amendedEhyironment Reference
Standard No. S158 Gazettated 29 March 2022

X Victorian Department of Transport and Planning mationPlanning Guidelines for Development of
Wind Energy Facilitietated September 2023

x NZ3H808:2010Acousticst Wind farm noise

X EPA Publication 182@\bise limit and assessment protocol for the corgfaioise from commercial,
industrial and trade premises and entertainmentwesdated May 2021.

The relevant publication for the assessment of ¢tarttion noise in Victoria is the EPA Publicati8@4L1
Civil construction, building and demolition gyidated 12 September 2023 (EPA Publication 1834.1).

There is no standard or regulation that specifigeda for the control of construction vibratioevels in
Victoria. In lieu of Victorian guidance for constian vibration, reference is made to NSW guidance
documents.

Details of the guidance and noise criteria provithgahe above publications are provided in thedaling
sections.
Cl Environment Protection Act 2017

TheEnvironment Protection Act 20{EP Act) provides the overarching legislative &awork for the
protection of the environment in Victoria.

The EP Act establishes a general environmentaltdutyinimise the risks of harm to human health et
environment from pollution or waste, including neiglated amenity impacts, so far as reasonably
practicable.

The EP Act also prohibits the emission of unredsienaoise from commercial and industrial trade pises.
Specifically, the EP Act states that:

A person must not, from a place or premises thatrat residential premiseas
(a) emit an unreasonable noise; or
(b) permit an unreasonable noise to be emitted
Under the EP Act, unreasonable noise means noée th
(a) is unreasonable having regard to the following
(i) its volume, intensity or duration;
(ii) its character;
(iii) the time, place and other circumstances irchtit is emitted;
(iv) how often it is emitted;
(v) any prescribed factors; or
(b) is prescribed to be unreasonable noise:

Further information about noises that are prescidd®e be unreasonable is separately defined in ratjoihs
made under the EP Act (see next section).
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C2  Environment Protection Regulations 2021

TheEnvironment Protection Regulations 2{ZP Regulations) give effect to the EP Act bylksiting
prescriptive requirements for a range of environrntedrconsiderations including noise.

The following sections provide details of the regments for wind turbine noise and industry noise.
C2.1 Wind turbine noise

Part 5.3 Division 5 of the EP Regulations nominss 6808 as the relevant standard for assessing
operational wind turbine noise in Victoria and imtiuces additional measures to demonstrate compkanc
post-construction.

Specifically, the EP Regulations outline the fatouw
X Noise agreements

An owner or operator of a wind energy facility meayter into a written agreement with a landowner to
modify the noise limits.

If a noise agreement is made after 1 November 2@2lincreased base noise limit of 45 dg would
apply. If a noise agreement was made prior to 1éyaler 2021, the noise limit can be modified as
specified in the noise agreement.

X tjlv v EPC ( ]0]8C }% & §}E[ ug] e

Regulation 131C establishes a duty to manage avidwewind turbine noise by taking all applicable
actions set in Division 5 of the EP Act.

Regulation 131CA establishes a duty to comply thigmoise limit (or the alternative monitoring pain
criterion if wind turbine noise is being assessedraalternative monitoring point) determined in
accordance with NZS 6808 and any applicable ngig=ment.

Providing that the operator of a wind farm compligih the requirements of regulations 131C and
131CA, their duty with respect to the general eammental duty under the EP Act has been addressed.

Details of the types of receivers to be assesdeeinibise limits and the technical procedures f@essing
compliance with the noise limits are separatelyidefl in NZS 6808 (see further information in Sext§.

In accordance with the EP Regulations, noise |étmis a wind farm are prescribed to bareasonabldor
the purposes of the EP Act, if they exceed theviaaté applicable noise limits.
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C2.2 Industry noise

In relation to noise from commercial, industrialcaimade premises (industry), the EP Regulationsigpthat
the prediction, measurement, assessment or analykigoise within a noise sensitive area must be
conducted in accordance with the Noise Protocot(SectiorCq. Noise from industry is prescribed by the
EP Regulations to be unreasonable for the purpo$ése EP Act if it exceeds a noise limit or alidive
assessment criterion determined in accordance it Noise Protocol.

The noise limits apply at locations referred tanasse sensitive areas which are defined by the
EPRegulations as:

(a) that part of the land within the boundary oparcel of land that i
()  within 10 metres of the outside of the externallls of any of the following buildings
(A) a dwelling (including a residential care fgchut not including a caretaker's house);
(B) a residential building;
(C) a noise sensitive residential‘dser

(i) within 10 metres of the outside of the extdmalls of any dormitory, ward, bedroom or
living room of one or more of the following builgtv

(A) a caretaker's house;

(B) a hospital;

(C) a hotel;

(D) a residential hotel;

(E) a motel;

(F) a specialist disability accommodation;
(G) a corrective institution;

(H) a tourist establishment;

(1) a retirement village;

(J) a residential village; or

(i)  within 10 metres of the outside of the extarwalls of a classroom or any room in which
learning occurs in the following buildings (durihegir operating hoursy

(A) a child care centre;

(B) a kindergarten;

(C) a primary school;

(D) a secondary school; or

(b) subject to paragraph (c), in the case of alrar@a only, that part of the land within the
boundary ofv

(i) a tourist establishment; or
(i) a campground; or

(iif) a caravan park; or

19 Noise sensitive residential u§gYmeans a community care accommaodation, dependergges unit, dwelling,
residential aged care facility, residential villaggtirement village or rooming house
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(c) despite paragraph (b), in the case of a rurghanly, where an outdoor entertainment event
or outdoor entertainment venue is being operatddttpart of the land within the boundary
of the following are not noise sensitive areaifier purposes of that event or venue

(i) a tourist establishment;
(i) a campground;

(iii) a caravan park;

C3 Environment Reference Standard

TheEnvironment Reference Stand@iRS) is a legislative instrument made under thAdERhich sets out
environmental values for ambient sound that are gbtto be achieved and maintained in Victoria and
standards to support those values. The indicatord abjectives within the standard provide a benchikna
for comparing desired outcomes to the actual statehe environment, and a basis for assessing aetnd
potential risks to the environmental values.

The ERS is an environmental benchmark. It brirggther a collection of environmental values, indica
and objectives that describe environmental and hunhealth outcomes to be achieved or maintained in
the whole or in parts of Victoria. These valuedjdators and objectives are used to assess andrtepo
changing environmental conditions by providing #erence point for decision makers to consider westh
a proposal or activity is consistent with the eovimental values identified in the ERS. The ER%idses
decision makers to evaluate potential impacts omian health and the environment that may result from
a proposal or activity. The ERS does not spedaifyinements that must be met by environmental manege
or other duty holders.

The ERS is primarily relevant for aspects of thir@mment that are not the subject of prescriptive
regulation. These aspects include the noise fromwercial premises and construction activities itunal
areas, or the additional noise from public roadsassult of traffic associated with commercialieities.

Further, in the situations where the ERS is a mglegonsideration, it is important to note that tHeRS is
not a compliance standard. Specifically, the valisted within the ERS are not prescribed noisédimor
are they design criteria for proposed development.

Indicators and objectives within the ERS are gdlyenat relevant considerations where they relatean
aspect of the environment that is the subject oépcriptive regulation. For example, the ambientzdu
indicators and objectives will not be relevant whesmsidering noise from wind turbines and commeycia
industrial and trade premises at noise sensitiveaar, as defined in the EP Regulations. This isibec®ise
in these circumstances is regulated by specifiwigions and noise limits in the EP Regulationstiaed
associated Noise Protocol and NZS 6808.

The environmental values presented in the ERS atebeription of each is provided in TaBlé
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Table37: Environmental values of the ambient sound envinment

Environmental value

Description of environmental value

Sleep during the night

Domestic and recreational activities

Normal conversation

Child learning and development

Human tranquillity and enjoyment
outdoors in natural areas

Musical entertainment

An ambient sound environment that supports sleepidg the night

An ambient sound environment that supports recreatill and domestic
activities in a residential setting

An ambient sound environment that allows for nornsahversation indoors
without the need to raise voices

An ambient sound environment that supports cogrtaevelopment and
learning in children

An ambient sound environment that allows for thepagciation and
enjoyment of the environment for its natural conidih and the restorative
benefits of tranquil soundscapes in natural areas
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a wide range of musical entertainment.

The ERS land use categories and their descripgi@ngrovided in Tabl@8.

Table38: Land use categories for the ambient sound envinoent

Land use category General description Planning zones
Category | An urban form with distinctive  Industrial Zone 1 (IN12)
features or characteristics of Industrial Zone 2 (IN2Z2)

taller buildings, high commercial Port Zone (PZ)
and residential intensity and higt Road 1 Zone (RDZ1)

site coverage. Capital City Zone (CCZ2)
Docklands Zone (DZ)
Category Il Medium rise building form with a Industrial Zone 3 (IN3Z)
strong urban or commercial Commercial 1 Zone (C12)

character. Typically contains Commercial 2 Zone (C22)
mixed land uses including activit Commercial 3 Zone (C32)
centres and larger consolidated Activity Centre Zone (ACZ)
sites, and an active public realm Mixed Use Zone (MUZ)

Road 2 Zone (RDZ2)

Category llI Lower rise building form Residential Growth Zone (RGZ)
including lower density General Residential Zone (GRZ)
residential development and Neighbourhood Residential Zone (NRZ2)

detached housing typical of Urban Floodway Zone (UFZ)
suburban residential settings or Public Park and Recreation Zone (PPRZ)
in towns of district or regional Urban Growth Zone (UGZ)

significance.

Category IV Lower density or sparse Low Density Residential Zone (LDRZ)
populations with settlements Township Zone (TZ)
that include smaller hamlets, Rural Living Zone (RLZ)

villages and small towns that are Green Wedge A Zone (GWAZ)

generally unsuited for further Rural Conservation Zone (RCZ2)

expansion. Land uses include  Public Conservation and Resource Zone (Pt
primary industry and farming.  Green Wedge Zone (GWZ)

Farming Zone (F2)
Rural Activity Zone (RAZ)

Rp 002 20190086 - Hexham Wind Farm - Environmeoité and vibration assessment.docx 104



Land use category General description Planning zones

Category V Unigue combinations of Natural areas are classified as land within
landscape, biodiversity and Category V irrespective of the planning zone
geodiversity. These natural area that apply to that land.
typically provide undisturbed
species habitat and enable
people to see and interact with
native vegetation and wildlife.

Category |, II, Il or IV depending Comprehensive Development Zone (CDZ)
on surrounding land uses and th Priority Development Zone (PDZ)

intent of the specific planning Special Use Zone (SUZ)

zone (which may have a diversit Public Use Zone (PUZ)

of uses) as specified in a schedt
to the planning zone

a Urban Growth Zone (UGZ) is a Category Il laadni# the relevant precinct structure plan is guded, at which
time the approved land uses will determine the lamgk category.

The ERS indicators and objectives relevant to kaxthuse category are described in T8¢

Table39: Indicators and objectives for the ambient soundigronment

Land use category Indicators Objectives (free-field conditions)

Category | Outdoor laegenfrom 2200 hrs to 0600 hrs 55 dB heq
Outdoor laeg,16nrfrom 0600 hrs to 2200 hrs 60 dB heq
Category Il Outdoor laegsnfrom 2200 hrs to 0600 hrs 50 dB heq
Outdoor laeg,16nrfrom 0600 hrs to 2200 hrs 55 dB heq
Category i Outdoor laegenfrom 2200 hrs to 0600 hrs 40 dB heq
Outdoor laeg,16nrfrom 0600 hrs to 2200 hrs 50 dB heq
Category IV Outdoor laegsnfrom 2200 hrs to 0600 hrs 35 dB heq
Outdoor laeg,16nffrom 0600 hrs to 2200 hrs 40 dB heq

Category V Qualitative A sound quality that is conducive to humar
tranquillity and enjoyment having regard tc
the ambient natural soundscape

Natural areas are a land-use category for whichERS details desired outcomes in terms of nois# tev
be achieved or maintained in Victoria. The ER®Qeefiatural areas asmtional parks, state parks, state
forests, nature conservation reserves, wildlifeeress and environmentally significant areas andismapes
outside metropolitan Melbourne that are identifieda planning scheme
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C4  Victorian Wind Energy Guidelines

The Victorian Department of Transport and PlanmiallicationPlanning Guidelines for Development of
Wind Energy Facilitiefated September 2023 (Victorian Wind Energy Gunds)iprovide advice to
responsible authorities, proponents and the commyraibout suitable sites to locate wind energy fities
and to inform planning decisions about a wind eryeiagility proposal.

The Victorian Wind Energy Guidelines set out:

x a framework to provide a consistent and balancegrapch to the assessment of wind
energy projects across the state

X a set of consistent operational performance stamdato inform the assessment and
operation of a wind energy facility project

X guidance as to how planning permit application regments might be met
x a framework for the regulation of wind turbine neis

Section 4.3.2 of the Victorian Wind Energy Guidslioutlines the application requirements for a wind
energy facility. Specifically, to following writtegports are required to be submitted to addressgyuial
noise impacts:

X A pre-construction (predictive) noise assessmeatrteorepared by a suitably qualified and
experienced acoustician that:

- reports on a pre-construction (predictive) noiseeasment conducted following New
Zealand Standard NZS6808:2010, Acousti¥ind Farm Noise

- provides an assessment of whether the proposed aiigagy facility will comply with the
noise limit for that facility

- where the proposed wind energy facility will be thebject of a wind turbine noise
agreement under the Environment Protection Reguiati2021, specifies the premises of
the relevant landowner (including any particularildimgs) to which the agreement
relates and provides an assessment of whether the@gsed wind energy facility will
comply with the modified noise limit for that faigilspecified in the agreement

- is prepared on the basis that the relevant noisendard will be the New Zealand
Standard NZS6808:2010, Acoustidd/ind Farm Noise and includes an assessment of
whether a high amenity noise limit is applicablelenSection 5.3 of the standard.

X Areport prepared by an environmental auditor apped under Part 8.3 of the Environment
Protection Act 2017 that verifies whether or noe tpre-construction (predictive) noise
assessment was conducted under New Zealand Stail&g$808:2010, AcoustitsVind
Farm Noise
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Section Sof the Victorian Wind Energy Guidelines outlineskig criteria for evaluating the planning
merits of a wind energy facility. The followingdance is provided for the assessment of noise tefrein
proposed new wind farm developments:

A wind energy facility must comply with the noismits in the New Zealand Standard
NZ36808:2010 AcousticsWind Farm Noise (the Standard).Y

The Standard specifies a general 40 decibel H@itdB hoowomin) for wind energy facility sound

levels outdoors at noise sensitive locations, @t tfne sound level should not exceed the
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include:

X any part of land zoned predominantly for resideintise

X residential land uses included in the accommodatjaup at clause 73.03, Land use terms
of the VPP and all planning schemes

X education and child care uses included in the daité centre group and education centre
group at clause 73.03 of the of the VPP and afitay schemes.

A 45-decibel limit is recommended for stakeholaezltings. A stakeholder dwelling is a dwelling
located on the same land as the wind energy fgciit one that has an agreement with the wind
energy facility to exceed the noise linftY
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special circumstances. All wind energy facility iapppbns must be assessed using Section 5.3 of

the Standard to determine whether a high amenitysadimit is justified for specific locations,

following procedures outlined in 5.3.1 of the Stanld Guidance can be found on this issue in the

VCAT determination for the Cherry Tree Wind FParm

Measurement and compliance assessment methodsatr@us in the Standard. The assessment
must be made without relying on noise reductionragien modes to achieve compliance.

Based on the above, receivers within the projeatiidary and/or with a noise agreement are referred t
herein asstakeholder receivers

Clause 73.03 of the Victoria Planning ProvisioR®{\efinepccommodatiorasland used to
accommodate persorend lists the following uses:

X Camping and caravan park X Host farm

x Corrective institution X Residential aged care facility
x Dependent person's unit X Residential building

x Dwelling X Residential village

x Group accommodation X Retirement village

Consideration must also be given to whether a lzigtenity noise limit is warranted to reflect special
circumstances at specific locations.

20 Cherry Tree Wind Farm v Mitchell Shire Co(2@113)
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C5 NZS 6808

NZS 6808 provides methods for the prediction, measent, and assessment of sound from wind
turbines. The following sections provide an ovenvi the objectives of NZS 6808 and the key element
S§Z +S v E [* ** *°u VS % E&} HPE X

C5.1 Objectives

The foreword of NZS 6808 provides guidance abaibthjectives of the noise limits outlined withireth
standard:

Wind farm sound may be audible at times at noisgsiive locations, and this Standard does
not set limits that provide absolute protection fagsidents from audible wind farm sound.
Guidance is provided on noise limits that are cmsid reasonable for protecting sleep and
amenity from wind farm sound received at noise Bmeslocations.

TheOutcome Statemeraf NZS 6808 then goes on to provide informatioautlthe objective of the
standard in a planning context:

This Standard provides suitable methods for thaliption, measurement, and assessment of
sound from wind turbines. In the context of tidew ZealandResource Management Act,

application of this Standard will provide reasomaptotection of health and amenity at noise
sensitive locations.

Section C1.1 of the standard provides further infation about the intent of the standard, which is:

[...] to avoid adverse noise effects on people causethéyoperation of wind farms while
enabling sustainable management of natural wincbreses.

Based on the objectives outlined above, NZS 6808ades health and amenity considerations at noise
sensitive locations by specifying noise limits Whdge to be used to assess wind farm noise.

C5.2 Noise sensitive locations

The provisions of NZS 6808 are intended to prateite sensitive locations (also generally refetaeds
receiverdherein) that existed before the development of ad/farm. Noise sensitive locations are defined
by the Standard as:

The location of a noise sensitive activity, associatéd avihabitable space or education space in
a building not on the wind farm site. Noise sewsitdcations include:

(@) Any part of land zoned predominantly for resideniige in a district plan;
(b) Any point within the notional boundary of buildingentaining spaces defined in (c) to (f);

(c) Any habitable space in a residential building idiclg rest homes or groups of buildings for
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(e) Teaching areas and sleeping rooms in building&ctmsed kindergartens, childcare, and day-
care centres; and

(H Temporary accommodation including in hotels, motetstels, halls of residence, boarding
houses, and guest houses.

In some instances holiday cabins and camping g®umigiht be considered as noise sensitive
locations. Matters to be considered include whethisran established activity with existing rights

For the purposes of an assessment according t&taedard, the notional boundary is defined as:

A line 20 metres from any side of a dwelling oeotbuilding used for a noise sensitive activity
or the legal boundary where this is closer to suthilding.
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NZS 6808 was prepared to provide methods of assasisim the statutory context of New Zealand.
Specifically, NZS 6808 notes that in the context®@New Zealand Resource Management Act, apicati
of the Standard will provide reasonable protectmithealth and amenity at noise sensitive locatiofisis

is an important point of context, as the New Zealdesource Act states:

(3)(a)(ii): A consent authority must not, when ddagng an application, have regard to any
effect on a person who has given written approeahe application.

Based on the above definitions and statutory cottewise predictions are normally prepared for
stakeholder receivers irrespective of whether thag inside or outside of the project boundary. Haeg
the noise limits specified in the Standard are applied to these locations on account of their
participation with the project.

C5.3 Noise limit
Section 5.2Noise limitof NZS 6808 defines acceptable noise limits asAfsll

As a guide to the limits of acceptability at a eagnsitive location, at any wind speed wind farm
sound levels gbogio min) Should not exceed the background sound level dng ithan 5 dB, or a
level of 40 dBabkoio miny Whichever is the greater.

This arrangement of limits requires the noise agged with a wind farm to be restricted to a perrsiigle
margin above background noise, except in instamdssn both the background and source noise levels
are low. In this respect, the criteria indicate tlitais not necessary to continue to adhere to argia
above background when the background noise lewadalow the range of 385 dB.

The criteria specified in NZS 6808 apply to theldioed noise level of all wind farms influencing the
environment at a receiver. Specifically, sectich bstates:
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sensitive location.

C5.4 High amenity

Section 5.3.1 of NZS 6808 states that the basestioiit of 40 dB Agoisappropriate for protection of sleep,
health, and amenity of residents at most noise &eslocations It goes on to note that the application of
a high amenity noise limit may require additionahsideration:

€ YIn special circumstances at some noise sensitbatidms a more stringent noise limit may
be justified to afford a greater degree of protectiof amenity during evening and night-time. A
high amenity noise limit should be considered wherplan promotes a higher degree of
protection of amenity related to the sound enviraemhof a particular area, for example where
evening and night-time noise limits in the plandeneral sound sources are more stringent than
40dB Laeqas mnor 40 dBA 4. A high amenity noise limit should not be appliedny location
where background sound levels, assessed in accordatticeestion 7, are already affected by
other specific sources, such as road traffic sound.

The definition of the high amenity noise limit prd&d in NZS 6808 is specific to New Zealand plgnnin

legislation and guidelines. A degree of interpregatis therefore required when determining how tpgay

the concept of high amenity in Victoria, as infodirigy the Victorian Wind Energy Guidelines and EPA
webpagewind Energy Facility Turbine Noise Regulation Guéd&PA-DTP Publication 30AAnd Energy
Facility Turbine NoiseTechnical Guidelirdated 20 December 2024.

21 At the date of preparation of this report, the ER@bpage is not available as a version controkechéil
document. This report is based on the EPA webpaggon of this publication, last updated on 2 M&23.
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In accordance with Section 5.3 of NZS 6808, gladnnenity noise limit is justified, wind farm rmisvels
(Lasg) during evening and nigh-time periods should nateed the background noise levelsg-by more
than 5 dB or 35 dBudg Whichever is the greater. The standard recommaethds this reduced noise limit
would typically apply for wind speeds below 6 mifiab height. A high amenity noise limit is not
applicable during the daytime period.

The method for assessing the applicability of tightamenity noise limit, detailed in NZS 6808, tisa
step approach as follows:

1. Determination of whether the planning guidance foe area warrants consideration of a high amenity
noise limit

First and foremost, for a high amenity noise litnibe considered, the land zoning of a receiver mus
promote a higher degree of acoustic amenity.

2. Evaluation of whether a high amenity noise limjuistified

Following the guidance presented in C5.3.1, ifglaning guidance for the area warrants considenati
of a high amenity noise limit, and the receiveosated within the predicted 38B Lago noise contour,
then a calculation should be undertaken to determimhether background noise levels are sufficiently
low.

C5.5 Special audible characteristics
Section 5.4.2 of NZS 6808 requires the following:

Wind turbine sound levels with special audible abtaristics (such as tonality, impulsiveness
and amplitude modulation) shall be adjusted by harietically adding up to +6dB to the
measured level at the noise sensitive location.

Notwithstanding this, the standard requires thandifarms be designed with no special audible
characteristics at nearby residential propertiesil@ltoncurrently noting in Section 5.4.1 that:

€ Yas special audible characteristics cannot alwaypredicted, consideration shall be given to
whether there are any special audible charactedstf the wind farm sound when comparing
measured levels with noise limits.

NZS 6808 emphasises assessment of special auldiskcteristics during the post-construction
measurement phase of a project. An indication @& ffotential for tonality to be a characteristictbi
noise emission from the assessed turbine modeabdisetimes available from tonality audibility
assessments conducted as part of manufacturer helvioise emission testing. However, this data is
frequently not available at the planning stage ofassessment.

C6 EPA Publication 1826.4 (Noise Protocol)

EPA Publication 1826Nbise limit and assessment protocol for the corafaioise from commercial,
industrial and trade premises and entertainmentwes(Noise Protocol) sets noise limits that apply to
commercial, industrial and trade premises and etatierment venues in Victoria. Compliance with théseo
limits is mandatory under the EP Act.

The propose@n-site terminal station and BESS are considereshamercial, industrial and trade premises
under the EP Act.

The Noise Protocol prescribes noise limits thatumed to assess whether a noise is prescribed to be
unreasonable in accordance with the EP Regulatibms.noise limits apply at a noise sensitive andach
is defined in Section 4 of the EP Regulations emgylethin 10 metres of the outside of the external \saf
buildings including dwellings, hotels, schoolsuhal areas only, noise sensitive areas also ircladd
within the boundaries of tourist establishmentsngagrounds, and caravan parks.

Rp 002 20190086 - Hexham Wind Farm - Environmeoité and vibration assessment.docx 110



The procedures for setting noise limits are defiseparately for urban and rural areas. Howevehath
cases, the noise limits are defined by considettiregand zoning in the area and the noise environire
the receiver. The noise limits are defined sepdyater day, evening and night periods.

In contrast to NZS 6808 and Part 5.3 DivisiontbeoEP Regulations, the Noise Protocol does not
differentiate between stakeholder and non-stakehaldeceivers.

The measurement and analysis procedures outlingtiérNoise Protocol include adjustments which are t
be applied to noise that is characterised by awglibhes, impulses or intermittency.

C7 EPA Publication 1834.1

Guidelines for noise and vibration from construnt@nd demolition works are detailed in EPA Pubboat
1834.1Civil construction, building and demolition gyidated 12 September 2023.

EPA Publication 1834.1 reflects the general enwiremtal duty introduced by the EP Act, and reitesatiee
requirement to eliminate or reduce noise and vibiogi risks associated with construction activityfasas
reasonably practicable.

Section 4.1.1 of EPA Publication 1834.1 stategoifmving:

Noise from civil construction, building and denmiitactivities can adversely affect the health
and wellbeing of people and animals (consideretdesensitive receivers) when not managed
appropriately.

As well as causing annoyance, environmental naisevibration is now recognised as a public heaisue
that can have serious or long-term health impactsalt may include:

X inability to sleep or reduced quality of sleep
X impaired communication

X reduced cognitive performance (e.g. reduced attentspan, memory and concentration in people
working and children studying)

X exacerbation of mental health problems (e.g. stressiety and depression)

X changes to the natural behaviour of animals, wiatfiects their ability to survive and reproduce
(e.g. reduced ability to hear alarm calls warnihgredators)

x discomfort caused by vibration.
In extreme cases, vibration may also result in dgen@ buildings and infrastructure.

EPA Publication 1834.1 indicates that noise anghtidm should be minimised at all times, and thatiting
the times when noisy equipment is used is an effectvay of reducing noise and vibration impacts Th
guidance also notes that the primary way of miningsthe likelihood of noise and vibration causiragrh
is to limit the frequency of occurrence and its dtimn. This applies especially when noise and tidomaare
likely to have a greater impact.

EPA Publication 1834.1 sets out definitions fommarworking hours to inform project planning. The
guidance states that projects should aim to coristraorks to normal working hours.

Rp 002 20190086 - Hexham Wind Farm - Environmeoité and vibration assessment.docx 111



However, where necessary, EPA publication 1834tésthat works or activities outside normal wordgin
hours may occur for:

X low-noise impact works which are inherently quietmobtrusive and do not have intrusive
characteristics

X managed-impact works which are controlled througti@ns specified in a noise and vibration
management plan and do not have intrusive charasties

X unavoidable works that cannot practicably be resged to normal working hours, due to safety or
practical constraints.

EPA Publication 1834.1 states that approval froertlevant authority may be required for justifigerks
outside or normal hours.

Where there is justified out of hours work, whicttiudes low-noise impacts works and managed-impact
works, EPA Publication 1834.1 states that the #ietsvare required to follow an outside of normabrking
hours schedule which specifies noise level regiist

For the evening period, these restrictions are efi in terms of an objective criterion related to
background noise levels. For the night period,nbése restriction is defined in terms of an inadtitijp
requirement.

The level of construction noise that correspondataudibility will depend on a range of variablests as
the level and character of construction noise, teeel and character of the background sound and the
hearing threshold of the individual observing thaise. EPA Publication 1834.1 states that inautyilislinot
meant to be a measurable criterion in dB, it staties following:

to predict construction noise, a reference levebsdackground level +0 dB could be used as a
suitable reference level for inaudible. Where #piproach is used apply adjustments to consider
S§Z %}S v8]o Z & § & }(SZ v}]e [X

This approach should therefore only be used torimf¢he risk assessment regarding the scheduling of
works and not for compliance purposes.

The normal working hours and the restrictions thaply to justified construction activity during the
evening and night are summarised in Tadfle

Table40: EPA Publication 1834.1.construction noise guidance summary

Period Day of the week Time Period Construction activity — Construction activity
for up to 18 months  after 18 months

Normal working Monday t Friday 0700-1800 hrs Receiver limits do not applynoise
hours requirements are defined in terms of emissior
Saturday 0700-1300 frs and managerial controls
Weekend/evening Monday t Friday 1800-2200 hrs Noise to be less than Noise to be less than !
work hours 10 dB above dB above background
background (keo), (Laoo), outside
Saturday 1300-2200 hrs outside residential residential dwelling
Sundays and Public 0700-2200 hrs dwelling
Holidays
Night period Monday t Sunday  2200-0700 hrs Noise from construction activities must be
inaudible inside a habitable room with window
open
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For measurement-based assessments, EPA Publid@®shl specifies that construction noise should be
assessed as arekand compared to the background noise at the timéngpact. Both construction and
background noise should be measured for a peri@d ih representative at the time of impact (a minim
of 5 minutes). If the construction noise containsal or impulsive characteristics, an adjustmen® b

5 dB applies for each characteristic accordindh&rtprominence.

Noise control measures for construction activitieglined in EPA Publication 1834.1 include thevfaithg:
X Scheduling works

Undertaking work during normal working hours

Avoiding work when there are special events

Scheduling noisy works together to reduce the olleharation of exposure

Scheduling noisy activities for less sensitive sinfier example, delay a rock-breaking task to later
the morning or afternoon

Avoiding work that coincides with sensitive ecatagjprocesses, if required

This would normally be subject to the advice antbremendations of a project ecologist as to
whether or not the impact of the proposed activigysufficient to warrant rescheduling.

Optimising the number of vehicle trips to and fraite

Promoting good driver behaviour, to prevent suddeteleration and unjustified use of
compression engine brakes

Consulting and informing potentially noise-affectedidences regarding designated access routes
to your site. Ensure drivers are aware and use naieid vehicle routes

Schedule deliveries to nominated hours only
X Community information and consultation

In the early stages of planning, identify and asghsse potentially impacted by noise, then
document and maintain the information for the duia of the project

Engage community to keep them informed, for exang@enmunity meetings with community and
workers

Notify community before and during constructionnemunicating information such as start and
finish times, the type of noise and measures tougglnoise impacts and contact details for
information and complaints

Install and maintain a site information board agtfiont of the site with contact details of
operations, after hours emergency contact detaiisl @egular information updates visible from the
outside boundary

Maintain a process for managing complaints
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X Controlling noise at the source
Undertake preparatory work offsite where possible
Connect to the electricity grid as soon as possiblavoid reliance on diesel generators
Plan vehicle movement to avoid manoeuvres andgdiinlocations close to noise-sensitive areas

Use quieter equipment or methods (including instédin of mufflers, avoiding metab-metal
contact, utilising electric or hydraulic substitatéor diesel-powered activities, turning off
equipment when not in use)

Use low-noise emitting generators
Use non-tonal alarms

Maintain equipment (e.g. by inspecting regularlyntaintain good working order, checking seals on
equipment and doors to make sure they seal proparig maintaining air lines on pneumatic
<u]%ou vS S} ul epu&E& SZ C }v[S 0 |-

Limit noise caused by people on site (e.g. avoigeling and shouting, minimising the use and
volume of radios, stereos or public address sysjems

X Noise reduction between source and receiver
Plan to increase separating distances between soaral receiver where possible

Maximise shielding by taking into account topograplfithe site, existing structures and material
stockpiles, construction of barriers or bunds ardiding placing noise sources close to reflecting
surfaces

X Reducing noise impacts offsite
Increasing sound insulation at receivers by rettiofy acoustic glazing

Provide respite offers that reflect the level ofparct.

C8  Construction noise and vibration guidelines

There is no standard or regulation that specifigeda for the control of construction vibratioevels in
Victoria.

In lieu of Victorian guidance for construction wtion, reference is made to the NSW Roads and Maeit
N EAT [* %o ([Canktrugiidiv Noise and Vibration Guidelila¢ed August 2016 (NSW RMS
Construction Noise & Vibration Guideline).

Section 7.1 of the NSW RMS Construction Noise &tidib Guideline sets out minimum working distances
from sensitive receivers for typical items of viiiwa intensive plant. The minimum distances are igab

for effects relating to cosmetic damage and humamtort, based on guidance contained in
BS73852:19932 and the NSW Department of Environment and CongiervaublicationAssessing
Vibration: A Technical Guidelidated February 2006 (NSW DEC Vibration Guidelesgectively.

22 BS 7385-2:19%valuation and measurement for vibration in buiigin Guide to damage levels from groundborne
vibration
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The minimum working distances are reproduced belowable41.

Table41: Recommended minimum working distances for vibiati intensive plant from sensitive receivers
(reproduced from Table 2 of Section 7.1 of the NRMS Construction Noise & Vibration Guidelines)

Plant item Rating / Description Minimum working distance

Cosmetic damage Human response

Vibratory roller <50 kN (Typically 1-2 tonnes) 5m 15mto20m
< 100 kN (Typically 2-4 tonnes) 6 m 20m
< 200 kN (Typically 4-6 tonnes) 12m 40m
< 300 kN (TypicallyZ3tonnes) 15m 100 m
> 300 kN (Typically 1B tonnes) 20m 100 m
> 300 kN (> 18 tonnes) 25m 100 m

Small hydraulic hammer (300 kg - 5 to 12t excavator) 2m 7m

Medium hydraulic hammer (900 kgt 12 to 18t excavator) 7m 23m

Large hydraulic hammer (1600 kgt 18 to 34t excavator) 22m 73m

Vibratory pile driver Sheet piles 2mto20m 20m

Pile boring G Ofm 2 m (nominal) 4m

Jackhammer Hand held 1 m (nominal) 2m

The NSW RMS Construction Noise & Vibration Guidetites that the minimum working distances are
indicative and will vary depending on the particuteam of plant and local geotechnical conditioi&e
guideline also notes the values are defined intietato cosmetic damage of typical buildings untjgical
geotechnical conditions, and recommends vibratioonitoring to confirm the minimum working distances
at specific sites.

In relation to human comfort, the NSW RMS Consibandioise & Vibration Guideline notes that the
minimum working distances relate to continuous witiwn. The guideline further notes that for most
construction activities, vibration emissions areeimittent in nature and for this reason, highebréation
levels, occurring over shorter periods are allowed.

The data in Tablé1 indicates that the minimum working distances fainfian comfort are significantly
greater for than for the avoidance of cosmetic daygaThis is based on the thresholds for human exymos
to vibration being generally well below acceptedesholds for minor cosmetic damage to lightweight
structures.

The NSW DEC Vibration Guideline presents prefamddnaximum vibration criteria for use in assessing
human response to vibration.

The acceptable values of human exposure to vibnediee dependent on, among other things, the time of
day. This assessment only considers the periochinlwconstruction is expected to normally occur
(i.e.07001800hrs Monday to Friday and 07Q300hrs on Saturday).
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The vibration criteria are separately specifiedtfee following types of vibration characteristics:
x Continuous: vibration that continues uninterruptéat a period such as the duration of a day

X Impulsive: vibration that comprises a rapid buifglto a peak followed by several cycles of proguebgi
reducing vibration

X Intermittent: vibration that comprises interrupteperiods of continuous (e.g. a drill) or repeated
periods of impulsive vibration (e.g. a pile driver) continuous vibration that varies significantly

The types of activities associated with the constirn of a wind farm may include both continuousdan
impulsive vibration sources operating over intertegh periods of a working day. It is therefore exiget
that vibration would be typically classified aseimhittent according to the NSW DEC Vibration Gindel
but may be continuous or impulsive on occasion.

Table42 summarises the preferred and maximum values faeptable human exposure to continuous
and impulsive vibration. It is noted that the NS\E@Vibration Guideline provides criteria for the
assessment of continuous and impulsive vibratiothaform of the weighted acceleration values. Give
that empirical vibration data is more readily aghik in the form peak particle velocity (PPV) dtiae,

criteria are reproduced here in the form of equizal PPV values sourced from Appendix C of the NS@&/ D
Vibration Guideline. This is consistent with rethgpiidance contained in B52282:2009+A1:201€ode of
practice for noise and vibration control on constion and open site$ Vibration(B$2282) which states:

Y (JE }ve3EY 3]}vU 18 ]¢ }veR B} MEBA]| % BB} % E]Jv & Eue }( 3Z
since this parameter is likely to be more routinely soead based upon the more usual concern

over potential building damage. Furthermore, sintany of the empirical vibration predictors

yield a result in terms of PPV, it is necessagntierstand what the consequences might be of

any predicted levels in terms of human perceptiod disturbance.

Table42: Preferred and maximum values for vibration durir@ytime (mm/s) 1-80Hz (PP\)Residences

Type Preferred Values Maximum Values
Continuous 0.28 0.56
Impulsive 8.6 17

Tabled3 summarises the preferred and maximum values faeptable human exposure to intermittent
vibration. The NSW DEC Vibration Guideline reconaisiéite assessment of intermittent vibration on the
basis of a more complex parameter referred to asibration dose value (VDV) which relates vibratio
magnitude to the duration of exposure.

Table43: Vibration dose values for intermittent vibratiomluring daytime (m/s-"%) 1-80Hz

Location Preferred Values Maximum Values

Residences 0.2 0.4

C9 Construction traffic noise

There is no Victorian guidance document in relatmthe assessment of construction traffic noisedis
on public roads.

In the absence of Victorian guidance in relatiothe assessment of construction traffic noise levah
public roads, and to provide an indication of paiehimpact from traffic associated with the consttion
of the wind farm, construction traffic noise levélave been estimated in accordance with
BS5228-1:2009+A1:201€0de of practice for noise and vibration controtonstruction and open sitels
Noise(B$H2281)
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APPENDIX DNVIND TURBINE NOISE ASSESSMENT STAGES

The management of environmental noise from a wigichT project involves assessments and checks at
multiple stages of the project, starting from theopect inception and carrying through into the opéional
stage of the project.

The key stages of the environmental noise managedrmpeatess for a wind farm are summarised in
Tabled4. The project is currently at the pre-consent assasnt stage shaded in green. This overall process
illustrates the additional assessment stages whiclld follow if the project is granted a planningrpit.

Table44: Wind turbine noise assessment stages (currentgeahaded green)

Stage Description

Preliminary noise assessment  Involves: identifying sensitive receivers, assegsiisting noise conditions and
modelling noise levels for alternative wind turbitegrouts and turbine sizes

Primary purpose: informing the preliminary desiggvdlopment and determining
if, and where, background noise surreys are reglire

Pre-consent noise assessment  Involves: assessing the wind turbine layout progbethe planning application,
accounting for a candidate model that is represé¢intof the envelope of
turbines that is being applied for

Primary purpose: demonstrating whether the proposeidd farm can be
designed and operated within the noise requiremewtsich apply in Victoria

% EYA] ¢ JV(}EuU 8]}V 8} *u%o%o JE|SFZ}VE 0@ 3FV |
planning application

Detailed design & turbine Involves: noise modelling to check minor turbinedition changes and establishin
procurement noise obligations in the turbine supply contract

Primary purpose: to verifying that minor turbineciions are carried out within
the noise requirements, and that the turbine supplyntract includes noise contrc
clauses that address the requirement of the EP Réigus

Pre-construction noise Involves: modelling the final wind turbine layourtchselected model and assessir
assessment compliance with the noise requirements of the EuRations

Primary purpose: to provide evidence to the resgblesauthority demonstrating
that noise has been addressed during the detailesigh and turbine
procurement, and that the wind farm can be desigted¢omply with the
operational noise requirement

Noise management plan Involves: identifying controls to minimise the rigkharm to the to the
environment and human health as a result of wintbioe noise, so far as
reasonably practicable.

This includes documenting the locations and proceduhat will be used to
measure, analyse and assess wind turbine noisdslefier the wind farm starts
operating, and ongoing controls for the life of theject

Primary purpose: to document how the general ennireental duty under the EP
Act would be fulfilled with respect to wind turbimmise, and to enable verificatiol
of the proposed testing by an independent enviromta auditor before the wind
farm commences operation

Post-construction noise Involves: measuring noise levels around the devalenpt site after the wind farm
assessment commences operating, as specified in the noise rgangent plan.

Primary purpose: to assess whether noise levaisaatice are compliant with the
noise requirements established in the EP Regulation
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Stage Description

Operational noise investigations Involves: recording and monitoring any complairsiting to noise and, where
necessary, conducting noise measurements to assksther noise levels in
practice remain compliant with noise requiremerds, specified in the noise
management plan

Primary purpose: address normal planning permitieements for the
management of complaints, and for the wind farnréonain compliant with the
noise requirements for the duration of the projdet o] (

Annual statements Involves: providing a statement in accordance \thita EP Regulations to the
Authority within 4 months of the end of each findalcyear, as specified in the
noise management plan.

Primary purpose: address a range of noise relatetters, including verification
that the wind farm remains compliant with the aggalble noise limits.

Routine noise monitoring Involves: commissioning of noise monitoring to fyecompliance with the
applicable limits, within 3 months of the fifth amersary of a wind farm
commencing operation, and every subsequent 5 yeargaging an independent
auditor to review the noise monitoring report, asdbmitting the findings to the
Authority for review, as specified in the noise ragement plan.
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APPENDIX BENOISE PREDICTION MODEL

E1  Key noise prediction elements

Key elements of the method used for predicting ¢ansgtion and operational noise from the project are
summarised in Tabk5 and Tablel6, respectively.

Table45: Operational noise prediction elements

Detail Description
Software Proprietary noise modelling software SoundPLANnagssion 9.1
Method ISO 9613-2

Specific to wind turbine noise predictions, adjustits to the ISO 9613-2 method are applie!
on the basis of the guidance contained in the Uiitlite of Acoustics publicatioA good
practice guide to the application of ETSU-R-9thfoassessment and rating of wind turbine
noise(UK Institute of Acoustics guidance). The adjustsare applied within the
SoundPLANnNoise modelling software and relate tarifiaence of terrain screening and
ground effects on sound propagation.

Specific details of adjustments are noted below angl discussed below.

Source Each source of operational noise is modelled asifat gource of sound.

characterisation - he total sound of the component of the wind farritbg modelled (e.g. wind turbines,
transformers) is then calculated on the basis ofidtaneous operation of all elements (e.g. ¢
wind turbines, all equipment associated with quamgyactivities) and summing the
contribution of each.

To model the wind turbine noise, the following sflieqrocedures are noted:

x Calculations of wind turbine to receiver distaneesl average sound propagation heighr
are made on the basis of the point source beingtied at the position of the hub of the
wind turbine.

x Calculations of terrain related screening are madehe basis of the point source being
located at the maximum tip height of each wind tumb. Further discussion of terrain
screening effects is provided below.

Source heights are set at 2 m for batteries an@iters and 5 m for transformers.
Terrain data 10 m cell size raster elevation data, downloadedfiELVIS

Terrain effects  Adjustments for the effects of terrain are deterrashand applied on the basis of the UK
(turbine-specific  Institute of Acoustics guidance and research oatlibbelow.

procedures) x Valley effects: +3 dB is applied to the calculateide level of a wind turbine when a

significant valley exists between the wind turbered calculation point. A significant valle
is determined to exist when the actual mean soumdgagation height between the
turbine and calculation point is 50 % greater thveould occur if the ground were flat.

X Terrain screening effects: only calculated if therdin blocks line of sight between the
maximum tip height of the turbine and the calcutatipoint. The value of the screening
effect is limited to a maximum value of -2 dB.

The project is located in a relatively flat areadcterised by little variations in ground
elevation between the wind turbines and surroundimgeivers. Based on comparison of
predicted noise levels with and without terrain etgion data included, terrain effects rangin
between -0.2 dB and +0.2 dB were calculated foeikers within 5 km of the proposed wind
turbines.

For reference purposes, the ground elevations atiteceivers and turbines are tabled in
Appendix F and Appendix G, respectively.

The topography of the site is depicted in the el@mmap provided in Appendix H.
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Detail Description

Ground Ground factor of G = 0.5 based on the UK Institditecoustics guidance and research
conditions outlined below.

The ground around the site corresponds to acouflficaft conditions (G = 1) according to I¢
9613-2. The adopted value of G = 0.5 assumes thét Bf the ground cover is acoustically
hard (G = 0) to account for variations in groundgsity and provide a cautious representatic
of ground effects.

Atmospheric Temperature: 18C, relative humidity 70%, and atmospheric presdixe. 325 kPa

conditions These represent conditions which result in reldiew levels of atmospheric sound

absorption.

The calculations are based on sound speed préfilesich increase the propagation of soun
from each turbine to each receiver, whether as suleof thermal inversions or wind directec
toward each calculation point.

Receiver heights 1.5 m above ground level

Specific to wind turbine noise predictions, the ld&titute of Acoustics guidance refers to
receiver heights of 4 m, and this guidance has egbently been documented in internatione
standards and, most recently, the Technical Guéeli

The UK Institute of Acoustics guidance was wrigterm complete approach to the prediction
of wind turbine noise in the context of the reguway requirements in the UK. Specifically, th
method is for the prediction of theabo wind turbine noise levels for short-term downwind
conditions. Conceptually, this is directly relevemt planning stage assessment of a wind
farm under NZS 6808 as the assessment is intermlegpresent typical worst cas@shnoise
levels of a wind farm.

However, an important technical detall is that apgtion of the complete method is
incompatible with NZS 6808. This is because thimgtkute of Acoustics guidance specifies
that the calculation should include subtraction2fiB to account for the difference between
the equivalent noise level that the sound powerdesf the turbines is determined from, and
the Lagonoise measurement metric. However, NZS 6808 spaltyfistates that predictions
based on the sound power levels, without adjustmbatween hegand laso noise levels, shall
be taken as representative of theshnoise levels.

As a result, adoption of a 4 m receiver heightia tontext of an NZS 6808 assessment wol
result in a significantly more conservative assemsthan an assessment based on the
complete prediction method outlined in the UK Ihstie of Acoustics guidance. For this
reason, noise predictions in Australia have getetaen based on a lower prediction height
of 1.5 m, but without any adjustment betweegek.and lago noise levels. The difference
between predicted noise levels at 1.5 m and 4 niegbetween sites but is generally
comparable to the 2 dB value factored in the UHitbite of Acoustics guidance. As a result,
the effect of a lower receiver height is balanced by not applying anskqto Lago correction,
resulting in similar predicted noise levels.

23 The sound speed profile defines the rate of chaingie speed of sound with increasing height abgr@und
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Table46: Construction noise prediction elements

Detail Description
Method AS2436
Source Each source of construction noise is modelled psiat source of sound.

characterisation g total sound of the component of constructioriiities being modelled is then calculatec
on the basis of simultaneous operation of all elerseand summing the contribution of each

Terrain data Flat terrain
Ground Arithmetic average of the hard and soft ground dotidn methods.
conditions

Receiver heights 1.5 m above ground level

E2  Wind turbine noise prediction overview

In Australia, wind turbine noise predictions argitally calculated using ISO 962:32996Acousticst
Attenuation of sound during propagation outdooRatt 2: General method of calculation
(1ISCR6132:1996)with a set of conservative assumptions tailoredviod farm assessment, as detailed in
UK Institute of Acoustics publicatidngood practice guide to the application of ETRJ-Rx the
assessment and rating of wind turbine naisk Institute of Acoustics guidance).

A revised version of the standard, ISO 9613-2:2024, published earlier in 2024 based on broadly
equivalent procedures to 1ISO 9613-2:1996, subcttinements, clarifications, and supplementaryiae
for different types of source¥.Notably, ISO 9613-2:2024 introduces an informadineex on wind turbine
noise modelling to reflect the recommendations b&tUK Institute of Acoustics guidance.

At the date of preparing this report, MDA is revieg/the implementation of ISO-9613-2:2024 in
SoundPLANnNoise. This is a standard quality as®ipncess undertaken by MDA before using any revise
noise modelling standard.

The core elements of the two versions (particulavith respect to wind farm noise modelling), anmiar,
and proprietary software options already implemehé UK Institute of Acoustics guidance with respect
ISO 9612:1996.

On this basis ISO 9613-2:1996 continues to be asdaeferenced in Australia and has been chosehes
most appropriate method to calculate the level abadband A-weighted wind farm noise expected to
occur at surrounding receptor locations. This metli®considered the most robust and widely used
international method for the prediction of wind fiar noise.

The use of this standard is supported by internadgicresearch publications, measurement studies
conducted by Marshall Day Acoustics and directregfee to the standard in NZS 6808:2@4®usticst
Wind farm noisethe South Australian ERMind farms environmental noise guidelireesl the Queensland
Planning Guideline - State code 23: Wind farm deweént

24 1S0O 9613-2:2024cousticsv Attenuation of sound during propagation outdooest2: Engineering method for
the prediction of sound pressure levels outdoors
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The standard specifies an engineering method f@rutating noise at a known distance from a varigty
sources under meteorological conditions favourablsound propagation. The standard defines
favourable conditions as downwind propagation where source blows from the source to the receiver
within an angle of +45 degrees from a line conmegthe source to the receiver, at wind speeds betwe
approximately 1 m/s and 5 m/s, measured at a heigt? m to 11 m above the ground. Equivalently, the
method accounts for average propagation under adel/eloped moderate ground based thermal
inversion. In this respect, it is noted that at thnd speeds relevant to noise emissions from wimbines,
atmospheric conditions do not favour the developrhehthermal inversions throughout the propagation
path from the source to the receiver.

To calculate far-field noise levels according ® B8O 9613-2, the noise emissions of each windrterére
firstly characterised in the form of octave bandduency levels. A series of octave band attenuation
factors are then calculated for a range of effantduding:

X geometric divergence
X air absorption

x reflecting obstacles

X screening

X  vegetation

X ground reflections.

The octave band attenuation factors are then apgplie the noise emission data to determine the
corresponding octave band and total calculated edével at receivers.

Calculating the attenuation factors for each effesfjuires a relevant description of the environmémtb
which the sound propagation such as the physiaakdisions of the environment, atmospheric conditions
and the characteristics of the ground between tloeise and the receiver.

Wind farm noise propagation has been the subjeatmisiderable research in recent years. These esudi
have provided support for the reliability of engereng methods such as ISO 9613-2:1996 when a certai
set of input parameters are chosen in combinatiSpecifically, the studies to date tend to suppeit the
assignment of a ground absorption factor of G =f@r3he source, middle and receiver ground regions
between a wind farm and a calculation point tendgptovide a reliable representation of the uppelis®
levels expected in practice, when modelled in cambon with other key assumptions; specificallyvelthd
turbines operating at identical wind speeds, emittisound levels equal to the test measured levkls p
margin for uncertainty (or guaranteed values), atmperature of 10C and relative humidity of 70% to
80%, with specific adjustments for screening araligd effects as a result of the ground terrain filieof

In support of the use of ISO 9613-2:1996 and tlecehof G = 0.5 as an appropriate ground
characterisation, the following references are ndite

x  Afactor of G = 0.5 is frequently applied in Aug&réor general environmental noise modelling
purposes as a way of accounting for the potentiad of ground porosity which may occur in regions
of dry/compacted soils or in regions where persistdamp conditions may be relevant

X NZS 6808 refers to ISO 9613-2:1996 as an appremiatiction method for wind farm noise, and
notes that soft ground conditions should be chaegised by a ground factor of G = 0.5

X In 1998, a comprehensive study (commonly citechaslbule Report), part funded by the European
Commission found that the 1ISO 9613-2:1996 modeligenl a robust representation of upper noise
levels which may occur in practice and providetbaer agreement between predicted and measured
noise levels than alternative methods such as COMEAnd ENM. Specifically, the report indicated
the 1ISO 9613-2:1996 method generally tends to nmatyi over predict noise levels expected in
practice
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X  The UK Institute of Acoustics journal dated Marghil®2009 published a joint agreement between
practitioners in the field of wind farm noise asse®ent (the UK IOA 2009 joint agreement), including
consultants routinely employed on behalf of bothvééopers and community opposition groups, and
indicated the 1SO 9613-2:1996 method as the appatgistandard and specifically designated G = 0.5
as the appropriate ground characterisation. Thiseagent was subsequently reflected in the
recommendations detailed in the UK Institute of Astics publication A good practice guide to the
application of ETSU-R-97 for the assessment amgyraf wind turbine noise (UK Institute of Acoustic
guidance). It is noted that these publications refepredictions made at receiver heights of 4 m.
Predictions in Australia are generally based amaet prediction height of 1.5 m which tends to résu
in higher ground attenuation for a given groundtéachowever conversely, predictions in Austral@ d
not generally incorporate a -2 dB factor (as agpliethe UK) to represent the relationship between
Laegand lago Noise levels. The result is that these differentesgsl to balance out to a comparable
approach and thus supports the use of G = 0.5érctimtext of Australian prediction methodologies.

A range of measurement and prediction studié$?’ (}E& AJv ( Gue ]Jv AZ] Z D E+Z(60
have been involved in have provided further supdortthe use of ISO 9613-2:1996 and G = 0.5 as an
appropriate representation of typical upper noiseéls expected to occur in practice.

The findings of these studies demonstrate the sility of the ISO 9613-2:1996 method to predict the
propagation of wind turbine noise for:

X the types of noise source heights associated withaglern wind farm, extending the scope of
application of the method beyond the 30 m maximuouike heights considered I8096132:1996

X the types of environments in which wind farms aypitally developed, and the range of atmospheric
conditions and wind speeds typically observed acbwind farm sites.

Importantly, this supports the extended scope oplgation to wind speeds in excess of 5 m/s.

In addition to the choice of ground factor referremlabove, adjustments to ISO 9613-2:1996 for suree
and valleys effects are applied based on recommgods of the Joule Report, UK IOA 2009 joint
agreement and the UK Institute of Acoustics guigafidie following adjustments are applied to the
calculations:

X  screening effects as a result of terrain are limdite 2 dB

X  screening effects are assessed based on each wibahe being represented by a single noise source
located at the maximum tip height of the wind tunlei rotor

x an adjustment of 3 dB is added to the predictedseatontribution of a wind turbine if the terrain
between the wind turbine and receiver in questisrcharacterised by a significant valley.

A significant valley is defined as a situation vetttie mean sound propagation height is at leas#s0
greater than it would be otherwise over flat ground

25 Bullmore, Adcock, Jiggins & Cantlind Farm Noise Predictions: The Risks of ConisenvRresented at the
Second International Meeting on Wind turbine Ndiséyon, France September 2007.

26 Bullmore, Adcock, Jiggins & Candlind Farm Noise Predictions and Comparisons witshtementsPresented
at the Third International Meeting on Wind turbiiNoise in Aalborg, Denmark June 2009.

27 Delaire, Griffin, & WalslhhComparison of predicted wind farm noise emissiahrarasured post-construction noise
levels at the Portland Wind Energy Project in Yietd\ustralia Presented at the Fourth International Meeting on
Wind turbine Noise in Rome, April 2011.
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The adjustments detailed above are implementechia wind turbine calculation procedure of the

SoundPLANnNoise 9.1 software used to conduct theenmiodelling. The software uses these definitions i

conjunction with the digital terrain model of théesto evaluate the path between each wind turbiaed

receiver pairing, and then subsequently appliesdlgistmentss } Z Alv SUE Jv [ %E ] 5 V}]
contribution where appropriate.

The prediction method inherently accounts for urte@mty through a combination of an uncertainty marg
added to the input sound power level, and the u$eanservative input parameters to the model, as
described in this appendix, which have been showvertable a reliable prediction of upper wind farwise
levels.

As an example of this, the ISO 9613-2:1996 indicateuncertainty margin of the order of +3 dB ilatien
to calculated noise levels at distances between t0@nd 1,000 m for situations with an average
propagation height between 5 m and 30 m (noting thisrmation provided earlier in this appendix
regarding the validation work undertaken to supptive application of ISO 9613-2:1996 to greater
propagation heights). However, the uncertainty maggare noted for a prediction conducted in
accordance with the inputs described in ISO 961926 . A strict application of ISO 9613-2:1996 doul
involve designating a ground factor of G = 1 (iadtef the more conservative G = 0.5 ground factadiin
the calculations) to represent the porous grounchditions around the site which ISO 962:3996defines
as follows:

Porous groungdwhich includes ground covered by grass, trees @r etbgetation, and all other
ground surfaces suitable for the growth of vegetatisuch as farming land. For porous ground
G =1.

A prediction based on a ground factor of G = leiagtof G = 0.5 used in the modelling would typjcall
result in predicted noise levels approximately 3laBer, thus effectively offsetting the quoted untainty
margin. This also does not account for the othersmyvative aspects of the model, such as the assiamp
that all wind turbines are operating simultaneoualytheir maximum noise emissions and that each
receiver is simultaneously downwind of every windbine at all times (in contrast to NZS 6808 coanule
procedures which are based on assessing noisesléaeh range of wind directions, consistent with
broader Victorian noise assessment policies whzxhat evaluate compliance based solely on downwind
noise levels).

Given the above, it is not necessary to apply utadety margins to the prediction results, as theuds
represent the upper predicted noise levels ass@tatith the operation of the wind farm when measdre
and assessed in accordance with NZS 6808. Thigfiiscsupported by extensive post-constructiorseoi
compliance monitoring undertaken at wind farm sitesoss Australia.
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E3  Wind turbine noise prediction uncertainty
Guidance on uncertainty in wind farm noise asses#ngprovided in Appendix C of NZS 6808.

The guidance in Appendix C is designatddfasmative meaning that the content is only for information
and its provisions do not form part of the mandateequirements of the standard. Notwithstandingghi
Appendix C notes that it is good practice to sthte uncertainty and confidence level for all souedels.

Uncertainty in environmental noise modelling isitgily addressed in one of two ways:

1. Mean predicted noise levels: selection of mean inmlues and modelling parameters to calculate
a mean predicted noise level. The combined uncetyaielating to the inputs and prediction
method is then assessed and used to consider hagerevels in practice could differ from the
predicted noise levels.

2. Upper predicted noise levels: selection of constvesnput values and modelling parameters to
calculate the upper predicted noise levels, inhglgaccounting for uncertainty in the modelling.
Noise levels in practice are then expected to lvedothan predicted by the modelling.

NZS 6808 Appendix C notes that uncertainty shoellddiermined in accordance with the procedures
outlined in Craven and KeffyHowever, the procedures referenced in Cravenlkedy are primarily
applicable to measurements rather than noise madgll The procedures are also based on the caloulati
of uncertainty values which are more relevant wteemsidering mean assessment values.

The approach to uncertainty adopted for this asgasst is based on calculation of upper predictedseoi
levels. This approach is consistent with the UKtirs of Acoustics guidance on wind turbine noise
modelling which addresses uncertainty by descriliracedures for the calculation of upper predicted
noise levels based on conservative input selectidvigh this approach, it is not necessary to apply
uncertainty margins to the predicted noise levélise levels associated with operation of the wizieh
when measured and assessed in accordance with B@&ae expected to be lower than the predictions.
This finding is supported by extensive post-corgtam noise compliance monitoring undertaken at @in
farm sites across Australia. Further, Appendix E€athat when comparing a sound level with an
applicable noise limit, the sound level should leewhed to comply if it is equal to or less than tiwse

limit and does not specify the addition or subtriact of uncertainties.

Notwithstanding the above, the elements of the mdiafgy which may give rise to uncertainty can be
considered in the context of the framework outlingdCraven and Kerry. Specifically, the procedimres
Craven and Kerry suggest considering uncertainggations related to source, transmission and resei
The source and transmission considerations arectlireelevant to noise modelling and are discussed
further below. The section related to receiver urtainty in Craven and Kerry is solely concernedh wit
measurement related uncertainties (e.g. instrumeita uncertainty and background noise influence®) a
is therefore not relevant to the noise modelling.

28 Craven, N J, and Kerry,AGgood practice guide on the sources and magniafdmcertainty arising in the practical
measurement of environmental noidéniversity of Salford. 2001
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Source uncertainties (sound power levels)

The source levels of each wind turbine are charés#e in terms of the sound power levels determiried
accordance with IEC 61400-11. The results of spomgbr testing in accordance with this standard are
typically characterised by an uncertainty margirapproximately +1 dB. To reflect this, the sound/po

§ JuE (E}u $Z u vpu( SHE ZEfe IVUu 8FE]IYv S§Z v}]e u} Wo]vP -

X The manufacturer data has been adjusted by the tamidof +1 dB at all wind speeds.

x All turbines are assumed to simultaneously emitrsbpower levels at the uncertainty adjusted
values.

hv &3 JvE8C & o0 3]vP 8} §Z (& KUSZ CAJZ G UE GVF] v}]e u]ee]lve A ¢ ¢
addressed by identifying the wind speed with theshonfavourable spectrum profile (i.e. the spectrum

profile which would result in the highest predictedise levels) and then applying the same prodlevery

wind speed.

Transmission uncertainties (prediction method)

The 1SO 9613-2:1996 prediction method indicatesrasertainty margin of the order of +3 dB in relatitm
calculated noise levels at distances between 10fhoh1,000 m for situations with an average propawat
height between 5 m and 30 m (noting the informatiprovided earlier in this appendix regarding the
validation work undertaken to support the applicatiof ISO 9613-2:1996 to greater propagation height
However, the uncertainty margins are noted for agtiction in accordance with the inputs described in
ISO96132:1996. A strict application of ISO 9613-2:199@Ild/avolve designating a ground factor of G =
(instead of the more conservative G = 0.5 groumddfaused in the calculations) to represent the pos
ground conditions around the site which ISO 9611896 defines as follows:

Porous groundwhich includes ground covered by grass, treeshar vegetation, and all other ground
surfaces suitable for the growth of vegetation, lsas farming land. For porous ground G =

A prediction based on a ground factor of G = ebrd of G = 0.5 used in the modelling, would tyfbjca
result in predicted noise levels approximately 3loBer, thus effectively offsetting the quoted untainty
margin. This also does not account for the othersmyvative aspects of the model, such as the assiamp
that each receiver is simultaneously downwind aéswwind turbine at all times and consistent
atmospheric conditions which result in minimal atspberic absorption.

It is not possible to specify exact uncertainty gias for the conservative prediction approach adapfor
the assessment. However, based on experience amgtiblished studies referenced earlier in this
appendix, the uncertainty in short term measureds®levels under downwind conditions is typicafly o
the order of £2 dB. This reduces to reduces toBEbdless when comparing predictions with measured
noise levels determined in accordance with NZS &@{igh are based on the analysis of aggregated data
for a range of atmospheric conditions.
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APPENDIX FRECEIVER COORDINATES

The following table sets out tH#&l8 assessed receivers located within 5 km of the psagl wind turbines
considered in the environmental noise assessmegetber with their respective distance to the nedres
wind turbine and land zoning.

See site map in FigureoBSection 5.1.
(Reference v054 supplied by the proponent on 7 12084).
Table47: Receiver coordinates within 5 km of the proposednd turbinest MGA2020 zone 54

Receiver ID  Easting, m Northing, m Terrain Distance to the Nearest Land zoning
elevation,m  nearest turbine, m turbine

Nonstakeholder receivers

D3 636,153 5,774,034 115 4,828 T46 Fz
D4 635,516 5,775,008 109 4,334 T46 Fz
D5 638,656 5,774,126 117 4,298 T46 FZ
D36 635,828 5,780,862 132 1,831 T39 FZ
D37 634,807 5,783,584 131 1,996 T25 FZ
D39 634,133 5,784,996 136 1,574 T25 Fz
D41 628,729 5,791,720 139 3,631 T1 Fz
D42 628,036 5,793,837 159 4,763 T6 FZ
D50 629,174 5,795,424 159 4,210 T6 FZ
D198 635,987 5,796,958 148 3,081 T32 FZ
D199 636,458 5,796,606 144 2,678 T32 Fz
D200 637,052 5,796,683 146 2,796 T32 Fz
D202 639,064 5,795,701 132 3,067 T32 FZ
D205 640,481 5,794,744 129 1,649 T72 FZ
D242 634,345 5,780,346 122 3,398 T39 FZ
D243 633,952 5,778,689 121 4,272 T46 Fz
D290 626,996 5,789,227 131 4,913 T1 Fz
D292 629,392 5,787,947 130 2,925 T2 FZ
D293 629,082 5,787,722 130 3,287 T2 FZ
D294 630,677 5,788,818 140 1,531 T2 FZ
D295 629,557 5,789,592 140 2,329 T1 Fz
D296 630,352 5,791,247 140 2,034 T1 Fz
D299 633,385 5,786,842 140 1,988 T15 Fz
D300 630,779 5,786,797 131 2,422 T2 FZ
D301 631,006 5,786,667 131 2,407 T2 FZ
D305 629,604 5,785,225 120 4,382 T2 Fz
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Receiver ID  Easting, m Northing, m Terrain Distance to the Nearest Land zoning
elevation,m  nearest turbine, m turbine

D306 630,808 5,785,586 130 3,462 T2 FZ
D307 630,292 5,784,456 124 4,703 T2 FZ
D314 633,477 5,783,638 123 2,794 T25 FZ
D315 632,562 5,783,622 123 3,560 T25 FZ
D316 631,928 5,783,610 127 4,128 T25 FZ
D319 629,411 5,790,652 140 2,570 T1 Fz
D336 643,539 5,776,846 120 1,654 T95 Fz
D337 641,824 5,776,994 120 1,542 T90 FZ
D339 639,742 5,776,991 120 2,084 T46 FZ
D341 636,588 5,778,086 124 1,660 T46 Fz
D345 636,747 5,779,043 129 1,607 T46 Fz
D346 647,030 5,779,559 112 3,593 T103 Fz
D347 648,207 5,779,039 116 4,793 T104 FZ
D351 647,570 5,780,188 114 3,906 T109 FZ
D352 646,535 5,780,648 112 2,792 T109 Fz
D358 648,316 5,782,921 115 4,678 T106 Fz
D367 643,362 5,786,992 124 2,132 T83 Fz
D368 644,035 5,787,401 116 2,915 T83 FZ
D372 645,635 5,789,995 133 3,316 T107 FZ
D399 631,400 5,796,513 148 3,567 T6 FZ
D400 630,109 5,792,074 140 2,803 T1 Fz
D401 629,198 5,796,692 167 4,977 T6 Fz
D402 644,056 5,789,694 131 2,497 T107 FZ
D404 638,575 5,794,136 130 2,021 T36 FZ
D413 636,197 5,782,273 135 1,552 T39 FZ
D414 630,743 5,786,843 131 2,407 T2 Fz
D419 639,519 5,777,423 121 1,638 T46 Fz
D420 639,580 5,777,057 120 1,922 T46 FZ
D421 639,514 5,777,286 120 1,719 T46 FZ
D424 643,204 5,786,989 126 1,990 T83 FZ
D425 643,113 5,787,489 128 2,033 T80 Fz
D426 643,081 5,787,386 128 2,008 T81 Fz
D431 644,165 5,776,780 113 2,068 T95 FZ
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Receiver ID  Easting, m Northing, m Terrain Distance to the Nearest Land zoning
elevation,m  nearestturbine, m  turbine

D432 644,587 5,776,701 114 2,423 T95 Fz
D434 644,994 5,776,037 119 3,175 T95 Fz
D435 645,609 5,779,492 105 2,184 T103 Fz
D436 645,648 5,778,690 117 2,236 T104 Fz
D437 640,471 5,777,187 120 2,122 T90 Fz
D445 641,380 5,794,784 130 1,744 T72 Fz
D465 643,621 5,776,878 119 1,666 T95 Fz
D468 645,404 5,776,077 116 3,392 T104 Fz
D469 645,005 5,775,799 115 3,357 T95 Fz
D470 645,234 5,774,940 107 4,170 T95 FzZ
D476 642,103 5,774,958 120 3,422 T95 FzZ
D477 642,401 5,776,118 128 2,228 T95 FzZ
D482 633,457 5,796,614 144 3,471 T6 Fz
D487 632,970 5,797,966 156 4,756 T6 TZ
D488 633,089 5,797,775 153 4572 T6 TZ
D489 633,141 5,797,816 152 4,618 T6 TZ
D490 633,295 5,797,860 150 4,677 T6 TZ
D492 633,203 5,797,714 151 4,522 T6 TZ
D493 633,261 5,797,710 150 4,523 T6 TZ
D494 633,600 5,798,080 154 4,938 T6 Fz
D495 633,486 5,797,713 145 4,557 T6 TZ
D496 633,491 5,797,751 146 4,595 T6 TZ
D497 633,511 5,797,806 148 4,653 T6 TZ
D498 633,519 5,797,850 149 4,697 T6 TZ
D499 633,585 5,797,839 150 4,698 T6 TZ
D500 633,586 5,797,816 149 4,675 T6 TZ
D501 633,644 5,797,807 149 4,677 T6 TZ
D502 633,639 5,797,735 147 4,605 T6 TZ
D503 633,856 5,797,836 150 4,750 T32 TZ
D504 633,912 5,797,789 149 4,680 T32 TZ
D505 633,911 5,797,829 150 4,713 T32 TZ
D506 633,829 5,797,632 148 4,545 T6 TZ
D507 633,749 5,797,638 147 4,533 T6 TZ
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Receiver ID  Easting, m Northing, m Terrain Distance to the Nearest Land zoning
elevation,m  nearest turbine, m turbine

D508 633,691 5,797,640 146 4,523 T6 TZ
D509 633,668 5,797,646 146 4,524 T6 TZ
D510 633,646 5,797,652 145 4,525 T6 TZ
D511 633,685 5,797,575 144 4,458 T6 TZ
D512 633,680 5,797,542 144 4,425 T6 TZ
D513 633,815 5,797,565 147 4,478 T6 TZ
D514 633,892 5,797,622 148 4,551 T6 TZ
D515 633,892 5,797,692 148 4,612 T32 TZ
D516 633,913 5,797,753 149 4,650 T32 TZ
D517 633,782 5,797,808 150 4,707 T6 TZ
D518 633,465 5,797,489 143 4,332 T6 TZ
D519 633,475 5,797,577 144 4,421 T6 TZ
D520 633,479 5,797,614 145 4,458 T6 TZ
D521 633,388 5,797,552 145 4,383 T6 TZ
D523 633,392 5,797,609 147 4,440 T6 TZ
D524 633,407 5,797,678 147 4,510 T6 TZ
D525 633,202 5,797,571 149 4,379 T6 TZ
D526 633,173 5,797,475 146 4,280 T6 TZ
D527 633,124 5,797,664 151 4,465 T6 TZ
D529 633,438 5,797,901 150 4,735 T6 TZ
D530 633,361 5,797,790 149 4,615 T6 TZ
D531 633,430 5,797,968 152 4,800 T6 RLZ
D532 633,486 5,797,663 145 4,507 T6 TZ
D533 633,421 5,797,793 147 4,626 T6 TZ
D534 633,418 5,797,759 147 4,593 T6 TZ
D535 633,473 5,797,537 144 4,382 T6 TZ
D538 636,171 5,773,925 114 4,920 T46 Fz
D548 647,621 5,776,334 105 4,885 T104 TZ
D549 647,577 5,776,281 105 4,875 T104 TZ
D550 647,608 5,776,125 105 4,984 T104 TZ
D551 647,672 5,776,226 105 4,985 T104 TZ
D568 647,789 5,777,141 115 4,684 T104 Fz
D574 646,630 5,780,638 114 2,886 T109 FZ
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Receiver ID  Easting, m Northing, m Terrain Distance to the Nearest Land zoning
elevation,m  nearest turbine, m turbine

D575 647,195 5,776,697 120 4,335 T104 Fz
D577 644,725 5,775,270 112 3,610 T95 Fz
D579 633,696 5,779,226 120 4,467 T39 FZ
D593 633,490 5,797,768 147 4,612 T6 TZ
D609 628,873 5,795,779 165 4,655 T6 Fz
D610 633,787 5,797,843 150 4,741 T6 TZ
D613 633,364 5,797,683 148 4,510 T6 TZ
D614 633,255 5,797,889 151 4,701 T6 TZ
D615 633,277 5,797,847 150 4,661 T6 TZ
D616 633,499 5,797,831 148 4,676 T6 TZ
D617 633,383 5,797,905 151 4,732 T6 TZ
D620 641,579 5,779,470 127 1,069 T89 Fz
D622 640,002 5,779,485 122 1,051 T63 FZ
D623 643,441 5,776,542 126 1,891 T95 FZ

Stakeholder receivers outside the project boundary

D38 (S) 634,118 5,783,402 124 2,513 T25 FZ
D201 (S) 637,617 5,796,354 141 2,644 T32 FZ
D208 (S) 645,490 5,793,469 136 2,985 T107 FZ
D340 (S) 636,785 5,777,078 124 1,950 T46 FZ
D362 (S) 639,380 5,784,803 134 1,533 T43 Fz
D433 (S) 645,443 5,776,525 119 3,066 T104 Fz
D478 (S) 644,468 5,794,331 128 2,856 T107 FZ

Stakeholder receivers within the project boundary

D32 (S) 636,850 5778,945 129 1,475 T46 FZ
D34 (S) 637,257 5779,660 130 1,380 T50 Fz
D35 (S) 636,378 5781,156 135 1,218 T39 FZ
D40 (S) 634,988 5,787,652 137 1,446 T15 Fz
D197 (S) 634,878 5,793,424 127 846 T19 Fz
D203 (S) 639,014 5795331 132 2,827 T32 FZ
D206 (S) 644,686 5793854 130 2,607 T107 FZ
D297 (S) 631,265 5,787,970 140 1,228 T2 FZ
D298 (S) 633,627 5,787,802 141 1,010 T15 Fz
D338 (S) 642,174 5,777,409 122 1,096 T95 Fz
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Receiver ID  Easting, m Northing, m Terrain Distance to the Nearest Land zoning
elevation,m  nearest turbine, m turbine

D343(S) 639,462 5,778,522 128 1,052 T48 FZ
D344(S) 636,841 5778781 128 1,431 T46 FZ
D355(S) 640,386 5782525 134 1,533 T8 Fz
D356 (S) 637,617 5783,106 131 1,533 T43 Fz
D357 (S) 642,347 5,783,026 126 837 T102 FZ
D359 (S) 642,078 5784531 130 1,669 T83 FZ
D361(S) 639,708 5785297 131 1,180 T57 FZ
D366 (S) 637,867 5786585 127 1,329 T33 Fz
D377(S) 646,731 5791,253 133 3,852 T107 Fz
D378(S) 637,997 5791680 131 848 T40 4
D379(S) 638503 5792,638 130 1,419 T110 4
D380(S) 639,676 5792323 126 557 T64 4
D381(S) 646,498 5792,859 133 3,681 T107 Fz
D395(S) 638,601 5793314 129 1,786 T36 Fz
D396 (S) 638,160 5792382 132 1,526 T34 4
D397 (S) 637,086 5789,899 128 982 T44 4
D398 (S) 641,799 5,789,551 121 1,467 T77 4
D403 (S) 645,039 5792,149 130 2,115 T107 Fz
D417 (S) 635,962 5784411 135 1,036 T25 Fz
D418 (S) 644,469 5779,6904 117 1,036 T103 Fz
D422 (S) 637,552 5786570 123 1,037 T33 FZ
D423(S) 637,533 5786478 123 1,043 T35 Fz
D428 (S) 634,915 5793,600 131 1,103 T19 Fz
D429 (S) 634,807 5793,806 133 1,183 T19 Fz
D430(S) 634,802 5793733 132 1,111 T19 Fz
D438 (S) 638,164 5,779,757 127 516 T50 Fz
D441(S) 637,189 5,789,832 126 871 T44 Fz
D442 (S) 637,035 5,789,854 128 1,024 T44 Fz
D444 (S) 641,877 5,789,629 121 1,577 T77 Fz
D446 (S) 639,602 5777,711 123 1,558 T46 Fz
D447 (S) 642,135 5,777,506 122 1,002 T90 FZ
D448 (S) 642,462 5,787,298 124 1,389 T81 4

(S) Stakeholder receiver
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APPENDIX GNIND TURBINE COORDINATES

The following table sets out the coordinates of fm@posed wind turbine layout.
See site map in Figure 3 of Section 5.1.

(Layout reference \83 and supplied by the proponent on 8 May 2p25
Table48: Turbine coordinatest MGA2020 zone 54

Turbine Easting, m  Northing, m Terrain Turbine Easting, m  Northing, m Terrain
elevation, m elevation, m
T1 631,862 5,789,892 140 T54 638,544 5,790,092 129
T2 632,200 5,788,753 143 T55 639,032 5,781,819 130
T3 632,333 5,790,112 136 T56 638,618 5,779,397 130
T4 633,171 5,788,889 140 T57 639,187 5,786,346 131
T5 632,443 5,789,164 141 T58 639,084 5,787,185 129
T6 632,757 5,793,217 145 T59 639,221 5,788,428 129
T7 632,789 5,789,521 138 T60 639,230 5,791,268 127
T8 632,990 5,789,976 132 T61 639,448 5,781,185 128
T9 633,021 5,792,595 150 T62 639,523 5,790,309 124
T10 633,424 5,792,977 145 T63 639,642 5,780,462 125
T11 633,436 5,790,223 136 T64 640,111 5,792,009 128
T12 633,526 5,789,350 132 T65 639,861 5,786,879 128
T13 633,505 5,790,760 138 T66 639,995 5,787,460 127
T14 633,600 5,791,667 140 T67 639,941 5,788,617 120
T15 634,023 5,788,719 136 T68 640,139 5,781,006 129
T16 634,158 5,791,938 142 T69 639,911 5,789,511 121
T17 634,274 5,789,629 140 T70 640,243 5,792,613 127
T18 634,305 5,790,915 140 T71 640,267 5,790,395 125
T19 634,541 5,792,663 134 T72 640,754 5,793,147 126
T20 634,134 5,790,261 141 T73 640,430 5,791,017 127
T21 634,766 5,790,223 138 T75 640,904 5,785,913 122
T22 635,097 5,791,963 135 T76 640,902 5,780,505 130
T23 635,429 5,786,042 134 T77 640,826 5,788,463 122
T24 635,477 5,791,222 135 T78 640,967 5,781,114 132
T25 635,650 5,785,388 133 T79 640,910 5,791,252 126
T26 635,943 5,786,238 133 T80 641,092 5,787,655 128
T27 635,899 5,791,618 132 T81 641,126 5,786,951 125
T28 636,381 5,786,493 131 T82 641,620 5,792,130 127
T29 636,175 5,793,239 132 T83 641,447 5,786,069 116
T30 636,339 5,792,104 125 T84 641,535 5,781,388 130
T31 636,775 5,785,204 130 T86 641,679 5,792,672 127
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Turbine Easting, m  Northing, m Terrain Turbine Easting, m  Northing, m Terrain

elevation, m elevation, m
T32 636,561 5,793,934 130 T87 639,013 5,789,221 120
T33 636,593 5,786,933 131 T88 641,827 5,782,024 121
T34 636,646 5,792,503 127 T89 641,865 5,780,489 125
T35 636,732 5,785,827 130 T90 642,134 5,778,497 124
T36 636,831 5,793,126 129 T91 640,955 5,792,252 128
T37 637,019 5,784,553 131 T92 642,286 5,792,020 126
T38 637,377 5,785,295 130 T93 642,595 5,781,417 119
T39 637,536 5,781,503 130 T94 642,799 5,779,990 117
T40 637,717 5,790,893 132 T95 642,781 5,778,309 125
T41 637,825 5,788,915 128 T96 642,662 5,780,714 112
T42 637,891 5,788,158 122 T97 642,975 5,782,460 105
T43 637,866 5,784,612 131 T98 642,912 5,778,743 127
T44 638,038 5,789,709 129 T101 643,098 5,781,831 110
T45 638,239 5,780,683 126 T102 643,169 5,783,075 105
T46 638,212 5,778,399 129 T103 643,445 5,779,748 117
T47 638,320 5,781,750 123 T104 643,421 5,778,825 124
T48 638,475 5,778,854 129 T105 643,480 5,780,308 111
T49 638,634 5,790,779 130 T106 643,666 5,782,434 105
T50 638,580 5,780,023 127 T107 642,941 5,791,923 124
T51 638,914 5,781,027 126 T108 643,576 5,780,833 110
T52 638,753 5,787,932 130 T109 643,809 5,781,229 108
T53 638,227 5,781,232 122 T110 639,566 5,791,709 127
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APPENDIX HSITE TOPOGRAPHY

Figurel9: Terrain elevation map for the project and surrodimg area
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APPENDIX | ZONING MAP

Figure20: Zoning map for the project and surrounding area
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APPENDIX JTABULATED PREDICTED NOISE LEVEL DATA

Table49: Predicted operational wind turbinenoise levels, dBAgo

Receiver Hub-height wind speed, m/s

4 5 6 7 8 9 10 11 12 13 14 15
Nontstakeholder receivers
D3 139 13.9 14.9 182 214 232 232 233 237 240 242 244
D4 147 147 15.7 190 222 240 240 241 245 248 250 252
D5 153 153 163 196 228 246 246 247 251 254 256 258
D36 224 224 234 267 299 317 317 318 322 325 327 329
D37 226 226 236 269 301 319 319 320 324 327 329 331
D39 238 238 248 281 313 331 331 332 336 339 341 343
D41 177 17.7 187 220 252 270 270 271 275 278 280 282
D42 153 153 163 196 228 246 246 247 251 254 256 258
D50 155 155 165 198 230 248 248 249 253 256 258 26.0
D198 182 18.2 192 225 257 275 275 276 280 283 285 287
D199 190 190 200 233 265 283 283 284 288 291 2903 295
D200 188 188 198 231 263 281 281 282 286 289 291 293
D202 201 201 211 244 276 294 294 295 299 302 304 306
D205 229 229 239 272 304 322 322 323 327 330 332 334
D242 186 186 196 229 261 279 279 280 284 287 289 291
D243 168 168 178 211 243 261 261 262 266 269 271 273
D290 151 151 16.1 194 226 244 244 245 249 252 254 256
D292 190 190 200 233 265 283 283 284 288 291 203 295
D293 181 181 191 224 256 274 274 275 279 282 284 286
D294 243 243 253 286 318 336 336 337 341 344 346 348
D295 205 205 215 248 280 298 298 299 303 306 308 310
D296 222 222 232 265 297 315 315 316 320 323 325 327
D299 243 243 253 286 318 336 336 337 341 344 346 348
D300 204 204 214 247 279 297 297 298 302 305 307 309
D301 206 206 216 249 281 299 299 300 304 307 309 311
D305 166 166 176 209 241 259 259 260 264 267 269 271
D306 185 185 195 228 260 278 278 279 283 286 288 290
D307 168 168 178 211 243 261 261 262 266 269 271 273
D314 201 201 211 244 276 294 294 295 299 302 304 306
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Receiver Hub-height wind speed, m/s
4 5 6 7 8 9 10 11 12 13 14 15

D315 187 187 197 230 262 280 280 281 285 288 290 29.2
D316 179 179 189 222 254 272 272 273 277 280 282 284
D319 199 199 209 242 274 292 292 293 297 300 302 304
D336 224 224 234 267 299 317 317 318 322 325 327 329
D337 232 232 242 275 307 325 325 326 330 333 335 337
D339 216 216 226 259 291 309 309 310 314 317 319 321
D341 219 219 229 262 294 312 312 313 317 320 322 324
D345 238 238 248 281 313 331 331 332 336 339 341 343
D346 182 182 192 225 257 275 275 276 280 283 285 287
D347 157 157 167 200 232 250 250 251 255 258 260 26.2
D351 173 173 183 216 248 266 266 267 271 274 276 278
D352 199 199 209 242 274 292 292 293 297 300 302 304
D358 159 159 169 202 234 252 252 253 257 260 262 264
D367 224 224 234 267 299 317 317 318 322 325 327 329
D368 207 207 217 250 282 300 300 301 305 308 310 312
D372 180 180 190 223 255 273 273 274 278 281 283 285
D399 166 166 176 209 241 259 259 260 264 267 269 271
D400 206 206 216 249 281 299 299 300 304 307 309 311
D401 14.2 14.2 15.2 185 217 235 235 236 240 243 245 247
D402 209 209 219 252 284 302 302 303 307 310 312 314
D404 240 240 250 283 315 333 333 334 338 341 343 345
D413 239 239 249 282 314 332 332 333 337 340 342 344
D414 204 204 214 247 279 297 297 298 302 305 307 309
D419 231 231 241 274 306 324 324 325 329 332 334 336
D420 219 219 229 262 294 312 312 313 317 320 322 324
D421 227 227 237 270 302 320 320 321 325 328 330 332
D424 229 229 239 272 304 322 322 323 327 330 332 334
D425 230 230 240 273 305 323 323 324 328 331 333 335
D426 231 231 241 274 306 324 324 325 329 332 334 336
D431 210 210 220 253 285 303 303 304 308 311 313 315
D432 199 199 209 242 274 292 292 293 297 300 302 304
D434 177 177 187 220 252 270 270 271 275 278 280 282
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Receiver Hub-height wind speed, m/s
4 5 6 7 8 9 10 11 12 13 14 15

D435 222 222 232 265 297 315 315 316 320 323 325 327
D436 212 212 222 255 287 305 305 306 310 313 315 317
D437 221 221 231 264 296 314 314 315 319 322 324 326
D445 224 224 234 267 299 317 317 318 322 325 327 329
D465 224 224 234 267 299 317 317 318 322 325 327 329
D468 172 172 182 215 247 265 265 266 270 273 275 277
D469 172 172 182 215 247 265 265 266 270 273 275 277
D470 155 155 165 198 230 248 248 249 253 256 258 26.0
D476 173 173 183 216 248 266 266 267 271 274 276 278
D477 203 203 213 246 278 296 296 297 301 304 306 308
D482 180 180 190 223 255 273 273 274 278 281 283 285
D487 155 155 165 198 230 248 248 249 253 256 258 26.0
D488 158 158 168 201 233 251 251 252 256 259 261 26.3
D489 158 158 168 201 233 251 251 252 256 259 261 26.3
D490 158 158 168 201 233 251 251 252 256 259 261 26.3
D492 160 160 170 203 235 253 253 254 258 261 263 265
D493 160 160 170 203 235 253 253 254 258 261 263 265
D494 156 156 166 199 231 249 249 250 254 257 259 261
D495 161 161 171 204 236 254 254 255 259 262 264 266
D496 161 1621 171 204 236 254 254 255 259 262 264 266
D497 160 160 170 203 235 253 253 254 258 261 263 265
D498 159 159 169 202 234 252 252 253 257 260 262 264
D499 160 160 170 203 235 253 253 254 258 261 263 265
D500 160 160 170 203 235 253 253 254 258 261 263 265
D501 160 160 170 203 235 253 253 254 258 261 263 265
D502 161 161 171 204 236 254 254 255 259 262 264 266
D503 161 161 171 204 236 254 254 255 259 262 264 266
D504 162 162 172 205 237 255 255 256 260 263 265 267
D505 161 161 171 204 236 254 254 255 259 262 264 26.6
D506 164 164 174 207 239 257 257 258 262 265 267 269
D507 163 163 173 206 238 256 256 257 261 264 266 268
D508 163 163 173 206 238 256 256 257 261 264 266 268
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Receiver Hub-height wind speed, m/s
4 5 6 7 8 9 10 11 12 13 14 15

D509 163 163 173 206 238 256 256 257 261 264 266 268
D510 163 163 173 206 238 256 256 257 261 264 266 268
D511 164 164 174 207 239 257 257 258 262 265 267 269
D512 165 165 175 208 240 258 258 259 263 266 268 27.0
D513 165 165 175 208 240 258 258 259 263 266 268 27.0
D514 164 164 174 207 239 257 257 258 262 265 267 269
D515 163 163 173 206 238 256 256 257 261 264 266 268
D516 162 162 172 205 237 255 255 256 260 263 265 26.7
D517 161 161 171 204 236 254 254 255 259 262 264 26.6
D518 165 165 175 208 240 258 258 259 263 266 268 27.0
D519 163 163 173 206 238 256 256 257 261 264 266 268
D520 163 163 173 206 238 256 256 257 261 264 266 268
D521 163 163 173 206 238 256 256 257 261 264 266 26.8
D523 162 162 172 205 237 255 255 256 260 263 265 26.7
D524 161 1621 171 204 236 254 254 255 259 262 264 266
D525 162 162 172 205 237 255 255 256 260 263 265 267
D526 163 163 173 206 238 256 256 257 261 264 266 268
D527 160 160 170 203 235 253 253 254 258 261 263 265
D529 158 158 168 201 233 251 251 252 256 259 261 263
D530 159 159 169 202 234 252 252 253 257 260 262 264
D531 157 157 167 200 232 250 250 251 255 258 260 26.2
D532 162 162 172 205 237 255 255 256 260 263 265 267
D533 160 160 170 203 235 253 253 254 258 261 263 265
D534 160 160 170 203 235 253 253 254 258 261 263 265
D535 164 164 174 207 239 257 257 258 262 265 267 269
D538 138 138 148 181 213 231 231 232 236 239 241 243
D548 142 142 152 185 217 235 235 236 240 243 245 247
D549 142 142 152 185 217 235 235 236 240 243 245 247
D550 141 14.1 15.1 184 216 234 234 235 239 242 244 246
D551 14.2 14.2 15.2 185 217 235 235 236 240 243 245 247
D568 150 150 160 193 225 243 243 244 248 251 253 255
D574 19.7 197 207 240 272 290 290 291 295 298 300 302
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Receiver Hub-height wind speed, m/s

4 5 6 7 8 9 10 11 12 13 14 15
D575 154 154 164 197 229 247 247 248 252 255 257 259
D577 165 165 175 208 240 258 258 259 263 266 268 270
D579 168 168 178 211 243 261 261 262 266 269 271 273
D593 160 160 170 203 235 253 2563 254 258 261 263 265
D609 148 148 158 191 223 241 241 242 246 249 251 253
D610 160 160 170 203 235 253 2563 254 258 261 263 265
D613 16.1 161 171 204 236 254 254 255 259 262 264 266
D614 15.7 157 16.7 200 232 250 250 251 255 258 260 26.2
D615 158 158 168 201 233 251 251 252 256 259 261 263
D616 159 159 16.9 202 234 252 252 253 257 260 262 264
D617 158 158 168 201 233 251 251 252 256 259 261 263
D620 291 291 301 334 366 384 384 385 389 392 394 396
D622 284 284 294 327 359 377 377 378 382 385 387 389
D623 213 213 223 256 288 306 306 307 311 314 316 318
Stakeholder receivers outside the project boundary
D38(S) 209 209 219 252 284 302 302 303 307 310 312 314
D201 (S) 193 193 203 236 268 286 286 287 291 294 296 2938
D208(s) 175 175 185 218 250 268 268 269 273 276 278 28.0
D340(S) 200 200 210 243 275 293 293 294 298 301 303 305
D362(S) 261 2621 271 304 336 354 354 355 359 362 364 36.6
D433(S) 180 180 190 223 255 273 273 274 278 281 283 285
D478(S) 184 184 194 227 259 277 277 278 282 285 287 289
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Receiver Hub-height wind speed, m/s

4 5 6 7 8 9 10 11 12 13 14 15
Stakeholder receivers within the project boundary
D32(S) 241 241 251 284 316 334 334 335 339 342 344 346
D34(S) 266 266 276 309 341 359 359 360 364 367 369 371
D35(S) 248 248 258 291 323 341 341 342 346 349 351 353
D40(S) 268 268 278 311 343 361 361 362 366 369 371 373
D197(S) 285 285 295 328 360 378 378 379 383 386 388 390
D203 (S) 210 210 220 253 285 303 303 304 308 311 313 315
D206 (S) 18.7 187 197 230 262 280 280 281 285 288 290 292
D297 (S) 248 248 258 291 323 341 341 342 346 349 351 353
D298 (S) 2v8 278 288 321 33 371 371 372 376 379 381 383
D338(S) 26.1 2621 271 304 336 354 354 355 359 362 364 366
D343(S) 271 271 281 314 346 364 364 365 369 372 374 376
D344(S) 239 239 249 282 314 332 332 333 337 340 342 344
D355(S) 274 274 284 317 349 367 367 368 372 375 377 379
D356 (S) 264 264 274 307 339 357 357 358 362 365 367 369
D357(S) 295 295 305 338 370 388 388 389 393 396 398 400
D359(S) 248 248 258 291 323 341 341 342 346 349 351 353
D361(S) 271 271 281 314 346 364 364 365 369 372 374 376
D366(S) 290 290 300 333 365 383 383 384 388 391 393 395
D377 (S) 162 16.2 172 205 237 255 255 256 260 263 265 26.7
D378(S) 295 295 305 338 370 388 388 389 393 396 398 400
D379(S) 273 273 283 316 348 366 366 367 371 374 376 378
D380(S) 329 329 339 372 404 422 422 423 427 430 432 434
D381 (S) 16.1 16.1 171 204 236 254 254 255 259 262 264 26.6
D395(S) 258 258 268 301 333 31 351 352 356 359 361 363
D3% (S) 277 277 287 320 352 370 370 371 375 378 380 382
D397(S) 290 290 300 333 365 383 383 384 388 391 393 395
D398 (S) 263 263 273 306 338 356 356 357 361 364 366 368
D403(S) 196 196 206 239 271 289 289 290 294 297 299 301
D417(S) 281 281 291 324 356 374 374 375 379 382 384 386
D418 (S) 277 277 287 320 352 370 370 371 375 378 380 382
D422 (S) 295 295 305 338 370 388 388 389 393 396 398 400
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Receiver Hub-height wind speed, m/s

4 5 6 7 8 9 10 11 12 13 14 15
D423(S) 296 296 306 339 371 389 389 390 394 397 399 401
D428 (S) 273 273 283 316 348 366 366 367 371 374 376 378
D429 (S) 268 268 278 311 343 361 361 362 366 369 371 373
D430(S) 271 271 281 314 346 364 364 365 369 372 374 376
D438(S) 326 326 336 369 401 419 419 420 424 427 429 431
D441(S) 294 294 304 337 369 387 387 388 392 395 397 399
D442(S) 288 288 298 331 363 381 381 382 386 389 391 393
D444 (S) 26.1 261 271 304 336 354 354 355 359 362 364 366
D446 (S) 240 240 250 283 315 333 333 334 338 341 343 345
D447 (S) 266 266 276 309 341 359 39 360 364 367 369 371
D448 (S) 255 255 265 298 330 348 348 349 353 356 358 360
(S) Stakeholder receiver
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APPENDIX KDIRECTIONAL SENSITIVITY ANALYSIS

The noise prediction method outlined in Section.2 ®r modelling downwind conditions is based oa th
assumption that sound from the wind farm propagagzgially in all directions. In practice, sound
propagation will vary with wind direction.

In order to provide some context to the predictedise levels presented in Section 9.4, directional
modelling has been carried out using the UK Ingitf Acoustics guidance on the change in sound
propagation with wind direction. The resulting preted directional noise levels were reviewed, tdggrt
with the prevalence of different wind speeds andediions based on historical wind data providedthoy
Proponent?®

K1 Historical wind data

The Proponent provided historical wind data measuaé 120 m between 1 January 2@ and 8 December
2023 from met mast DRY02, located within the site.iAdwose is presented in Figu2é and the
prevalence of hub height wind speeds above andwdlb m/s (hub height wind speed at which the
candidate wind turbine model reaches maximum nais@ssions) is presented in Tablgfor each wind
direction octant°

Figure21: Historical data wind rose

2% Delaire, C, Adcock,2024)Directional wind turbine noise prediction plots grdvalence histograms for
community consultatioiNTER-NOISE 20Réntes France. \freblink)

30 For reference, a wind direction labelled as N fhaepresents a wind directed from the north toetisouth
(i.e. a northerly wind), whereas a direction labdlas S (South) represents a wind directed fronmsiiigth to the
north wind (i.e. a southerly wind).

Rp 002 20190086 - Hexham Wind Farm - Environmeoité and vibration assessment.docx 144



Table50: Prevalence of hub height wind speeds above andope8 m/s

Wind direction <15m/s HL5 m/s
N 11.8% 1.9%
NE 7.9% 0.2%
E 7.6% 0.1%
SE 10.0% 0.1%
S 15.0% 0.1%
SW 14.2% 0.5%
W 14.9% 1.5%
NwW 12.3% 1.9%
Total 93.7% 6.3%

The prevalence of wind conditions derived from tistorical wind data was used to give an indicatidn
the frequency of occurrence of the range of predithoise levels for each of the assessed receivéiis.
information is illustrated in the form of histogranin Appendik3

K2  Directional modelling

The prediction method detailed in Section 4.2.2ngdSO 9613-2, yields a predicted wind turbines@oi

level for a scenario in which each receiver is #aneously downwind of every wind turbine. Windsith

are outside of the downwind direction range for eaeceiver will result in lower wind turbine noilevels
than predicted using the ISO 9613-2 method.

The directional modelling carried out using the logtitute of Acoustics guidance is based on dowawin
propagation conditions occurring over a very broadge of wind directions. Specifically, a wind cliien
within a range of £80 degrees of a wind blowingctly from a wind turbine to a receiver is consigéito
result in downwind sound propagation conditions.ridg cross wind conditions, marginal reductions in
sound level are then factored into the calculati®or wind directions ranging from cross wind to lnmly
further reductions are progressively factored itib@ calculation until a minimum level is reachedentihe
wind is blowing directly from a receiver to a witdbine.

The directional results are plotted in Appenki&to illustrate the variation in noise level withrvd
direction.
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K3  Predicted noise levelg directional plots and prevalence histograms

This section presents predicted noise level infaforafor a selection of assessed non-stakeholder
receivers and receivers representative of the 3rasatownships as follows:

x  Directional plots:A directional noise prediction plot which demoragés the change in the highest
predicted wind farm noise levels (i.e. at hub héginds speeds equal to or greater thas m/s) with
changes in wind directioft.

X  Prevalence histogramsA chart to illustrate the predicted frequency afaurrence of the range of
predicted wind turbine noise levels for each reegj\accounting for changes in both wind speed and
direction, and the frequency of occurrence of diffiet wind speeds and directions from the historical
data provided by the Proponent.

Note that prevalence histograms indicate a widarga of noise levels than illustrated by the direntl
plots, on account of the directional plots beingtricted to wind speeds equal to or greater tham8& at
hub height (i.e. direction is the only variable @aated for in the directional plots), whereas theepalence
histograms account for variations in wind speedd dinections.

The prevalence of wind turbine noise levels at esdeiver is summarised in Tabl@for a range of
nominal reference noise levels.

Table51: Prevalence of wind turbine noise levels

Receiver Ho1 ak> Hifl  ag> Hii a0 HTA  a0> HTi a2
D36 0% 0% 15% 53% 82%
D37 0% 0% 20% 55% 80%
D39 0% 0% 31% 62% 89%
D294 0% 0% 34% 65% 90%
D296 0% 0% 13% 42% 81%
D299 0% 0% 36% 63% 91%
D337 0% 0% 35% 61% 84%
D341 0% 0% 18% 51% 78%
D345 0% 0% 31% 62% 88%
D402 0% 0% 17% 51% 75%
D404 0% 0% 35% 64% 91%
D413 0% 0% 33% 63% 91%
D419 0% 0% 34% 61% 83%
D426 0% 0% 39% 61% 87%
D435 0% 0% 32% 55% 80%
D445 0% 0% 22% 55% 86%
D465 0% 0% 30% 57% 81%

31 For reference, a wind direction of 0° representsiad directed from the north to the south (i.enartherly wind),
whereas a direction of 180° represents a wind daddrom the south to the north wind (i.e. a soutfyewind).
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Receiver HO1 aw> Hif  ak0> Hil A HTA  ak> HTl A

D620 0% 55% 67% 96% 96%
D622 0% 48% 67% 96% 96%

Receivers representative of nearby townships

D393 0% 0% 0% 0% 38%
D512° 0% 0% 0% 13% 37%
D551° 0% 0% 0% 0% 40%

a  Representative of the Hexham township
b  Representative of the Caramut township
¢ Representative of the Ellerslie township

The above receivers are presented in Fi@dEgogether with highest predicted wind turbine neis
contours (as shown in Figure 9). To confirm, thedjmted noise contours shown in Fig@2do not include
adjustment for directional effects but are presedt® contextualise the directional plots providetthe
subsequent figures.
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Figure22: Receivers where directional analysis was undegak
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Receiver D36

Receiver D37
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Receiver D39

Receiver D294
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Receiver D296

Receiver D299
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Receiver D337

Receiver D341
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Receiver D345

Receiver D402
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Receiver D404

Receiver D413
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Receiver D419

Receiver D426
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Receiver D435

Receiver D445
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Receiver D465

Receiver D620
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Receiver D622

Receiver D393 (representative of Hexham)
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Receiver D512 (representation of Caramut township)

Receiver D551 (representative of ttilerslie township)
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APPENDIX LNZS 6808 DOCUMENTATION

(a) Map of the site showing topography, turbines and residential properties: See Appe¢ndix

(b) Noise sensitive locations: See Section 5.1 and Appendix F
(c) Wind turbine sound power levels: See Section 9.3.1

Sound power levels (manufacturer specification +1 dB margin for uncertainty) dB L

Reference octave band spectra adjusted to the highest sound power level detailed abawe dB L

(d) Wind turbine model: See Tal#2 of Section 9.2
(e) Turbine hub height: See Tald@2 of Section 9.2
(f) Distance of noise sensitive locations from the wind turbines: See Appendix F

(g) Calculation procedure used: ISO 9613-2 prediction algorithm as implemented in
SoundPLANnNois®.1 (See Section 4.2.2 and Appendix E)

(h) Meteorological conditions assumed: See Tdlef Appendix E

(i) Air absorption parameters:

Octave band mid frequency, Hz

Description 63 125 250 500 1k 2k 4k

8k

Atmospheric attenuation, dB/km 0.12 0.41 1.04 1.93 3.66 9.66 32.8

116.9

() Topography/screening: 10 m resolution elevation contou&ee Appendix H

(k) Predicted far-field wind farm sound levels: See Section 9.4 and Appendix J.
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Appendix C  Site visit photos




P1 - Looking west from Narong Ln/Woolsthorpe-
Hexham Rd intersection towards homestead

P2 - Looking west from Woolsthorpe-Hexham Rd
into central project area / Mustons Ck catchment

P3 - Looking southeast from Woolsthorpe-Hexhar
Rd into southern project area

P4 - Looking south from Immigrants Ln into south
project area

P5 - Looking northeast from Bostocks Rd towards
central project area (middle distance)

P6 - Looking west from Emmersons Rd away fron
project area




P7 - Looking northeast from Emmersons Rd towa

project area (beyond shelter belt)

P8 - Looking north from Keillors Rd into central
northern project area
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