HEGGIES

AUSTRALTIA

REPORT 40-1143-R2

Revision 4

Conroys Gap Wind Farm

Noise Impact Assessment

PREPARED FOR

Taurus Energy
Suite 104, Pacific Highway
North Sydney, NSW 2060

26 JULY 2006



Conroys Gap Wind Farm

Noise Impact Assessment

PREPARED BY:

Heggies Australia Pty Ltd

ABN 29 001 584 612

Suite 202, 88 Albert Road South Melbourne VIC 3205 Australia
Telephone 61 3 9695 9100 Facsimile 61 3 9695 9111

Email melbourne@heggies.com.au Web www.heggies.com.au

DISCLAIMER

Reports produced by Heggies Australia Pty Ltd are prepared for a particular Client's objective and are based on a specific scope, conditions and
limitations, as agreed between Heggies and the Client. Information and/or report(s) prepared by Heggies may not be suitable for uses other than the
original intended objective. No parties other than the Client should use any information and/or report(s) without first conferring with Heggies.

The information and/or report(s) prepared by Heggies should not be reproduced, presented or reviewed except in full. Before passing on to a third party
any information and/or report(s) prepared by Heggies, the Client is to fully inform the third party of the objective and scope and any limitations and
conditions, including any other relevant information which applies to the material prepared by Heggies. It is the responsibility of any third party to confirm
whether information and/or report(s) prepared for others by Heggies are suitable for their specific objectives.

Heggies Australia Pty Ltd operates under a Quality

AA«\ E System which has been certified by Quality Assurance
AY AT\ 2 ¢ Services Pty Limited to comply with all the
MEMBER FIRM % « requirements of ISO 9001:2000 "Quality Systems -
gg ZESTARSASL?S‘ATION 3 « Model for Quality Assurance in Design, Development,
ACOUSTICAL ¢ Production, Installation and Servicing" (Licence
CONSULTANTS Quality No 3236).
Endorsed

Heggies Australia Pty Ltd is a Member Firm of the Company This document has been prepared in accordance with
Association of Australian Acoustical Consultants. Soomie2%  the requirements of that System.
DOCUMENT CONTROL

Reference Status Date Prepared Checked Authorised

40-1143-R2 Revision 3 25 July 2006 GR JA GR

40-1143-R2 Revision 3 25 July 2006 GR JA GR

40-1143-R2 Revision 2 21 July 2006 GR JA GR

40-1143-R2 Revision 1 3 April 2006 GR JA GR

40-1143-R2 Revision 0 28 March 2006 GR JA GR
Heggies Australia Pty Ltd Conroys Gap Wind Farm Noise Impact Assessment

Report Number 40-1143-R2 Taurus Energy
Revision 4 (40-1143 R2R4.doc) 26 July 2006 Page 2



(o

EXECUTIVE SUMMARY

Heggies Australia has completed a noise impact assessment of the proposed Conroys Gap Wind Farm.

Three alternative layouts, comprised of differing turbine types, have been assessed in accordance with the
South Australian EPA Noise Guidelines for Wind Farms (February 2003), World Health Organisation limits
and construction noise guidelines.

Noise monitoring was conducted in December 2005 and January 2006 for a two week period at six
residences. A further monitoring campaign was conducted in May 2006 and the combined collected data
was used to determine baseline conditions and establish indicative criteria for surrounding residential
receivers.

A detailed computer noise model was used to predict wind turbine generator (WTG) noise levels for both
layouts.

Layout A which includes 15 Repower MM82 (2 MW) WTG’s was predicted to comply to all relevant noise
criteria, SA EPA Guideline and WHO limits, at all respective receivers.

Layout B which includes 15 Vestas V90 (1.8 MW) WTG’s was predicted to comply to all relevant noise
criteria, SA EPA Guideline and WHO limits, at all respective receivers

Layout C, which includes 14 Suzlon S88 WTG’s, was predicted to comply to WHO limits, and generally
meet the SA EPA Guideline criteria at most locations. Location G42, (Riverview), is predicted to exceed
the SA EPA Guideline criteria by up to approximately 2.6 dBA in the wind speed range 3-6 m/s. Location
GO01, (Sutton Grange), is predicted to marginally exceed the SA EPA Guideline criteria by up to
approximately 1.4 dBA in the wind speed range 3-6 m/s.

These would be considered a marginal exceedance and noise monitoring at this location would be required
at this location to confirm the ambient baseline noise conditions at this location.

Construction noise impact has been assessed and the ‘worst case’ scenario’s modelled were found to be
acceptable.

Blasting impact has been assessed and found to be acceptable. With a maximum MIC of up to 50 kg, the
airblast overpressure is anticipated to be below the acceptable level of 115 dB Linear for existing
residential locations.
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INTRODUCTION

Heggies Australia Pty Ltd (Heggies) have been engaged by Taurus Energy Pty Ltd as the acoustical
consultants for the proposed Conroys Gap Wind Farm.

1.1

1.2

1.2.1

1.2.2

Objectives

This report describes the methodology and findings of the Noise Impact Study (NIS) and forms part
of the Environmental Impact Assessment for the proposed Conroys Gap Wind Farm.

This report details the main aspects of the proposed wind farm project, the acoustic criteria, the
background noise measurements and the predicted noise level at all potentially impacted receivers
from the operation of the proposed wind farm.

It also addresses the acoustic impact of the wind farm during the construction phase, including
blasting and transportation noise.

Methodology

Acceptability Limit Criteria

The methodology and acceptability limit criteria that have been applied to this study are based
upon the South Australia EPA Noise Guidelines for Wind Farms (February 2003) (SA Guidelines).
The principal acceptability limit criteria is that the wind farm Lago10 miny NOiS€ should not exceed the
greater of an amenity limit of 35 dBA or the pre-existing background noise by more than 5 dBA (for
any given wind speed).

The project requirements and wind farm acceptability limit criteria are discussed in more detail in
Section 6.

Wind Farm Noise Level Prediction

The noise emission model used in this study to predict wind farm noise levels at sensitive
receptors is based on ISO 9613 as implemented in the SoundPLAN computer noise model. The
model predicts noise levels through spherical spreading and includes the effect of air absorption
(as per ISO 9613), ground attenuation and shielding.

Predicted La.q noise levels were calculated based upon sound power levels determined in
accordance to the recognised standard IEC-61400-11 (Wind Turbine Generator Systems - Part 11:
Acoustic Noise Measurement Techniques), where available, for the wind range 3 to 10 m/s.

The noise character of WTG noise emission is also assessed for any special audible
characteristics, such as tonality or low frequency content, which would be deemed more annoying
or offensive. If characteristics such as tonality are identified then the predicted noise level would
be penalised by the addition of 5 dBA. It should be noted that the characteristic noise level
modulation of WTG’s, commonly referred to as ‘swish’, is considered to be a fundamental part of
wind farm noise and is taken into account by the SA Guideline assessment procedure.
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In order to establish the intrusive noise limit, background noise monitoring is required to establish
the pre-existing ambient noise environment as a function of wind speed. As wind speed increases
the ambient noise level at most receivers generally also increases as natural sources such as wind
in trees etc. begin to dominate. The variation of background noise with wind speed is usually quite
site specific and related to various physical characteristics such as topographic shielding and the
extent and height of exposed vegetation.

Ambient Noise Monitoring

Noise monitoring is completed for a period of approximately 2 weeks and correlated to
synchronous wind speed and direction data for a reference height of 10 m at the wind farm
monitoring mast. The captured data is screened for validity, with data monitored during periods of
rain or where the average wind speed at the microphone position likely exceeded 5 m/s being
discarded from the data set. Other data that was obviously affected by external noise sources (eg.
pond pumps, grass mowing, birds at dawn etc.) was also removed from the data set. A regression
analysis of all valid data is used to determine a line of ‘best fit' from which the noise limit is
established.

Assessment Procedure

In general the assessment procedure contains the following steps:
1. Predict and plot the Laesq 35 dBA noise level contour from the wind farm
under reference conditions. Receivers outside the contour are considered

to be within acceptable wind farm noise levels.

2. Establish the pre-existing background noise level at each of the relevant
assessment receivers within the Laeq 35 dBA noise level contour through

background noise monitoring.

3. Predict wind farm noise levels at all relevant assessment receivers for the

wind range from cut-in to approximately 10 m/s.
4. Assess the acceptability of wind farm noise at each relevant assessment

receiver to the established limits.

Furthermore, where the assessment of a receiver has shown unacceptable resulting wind farm
noise levels, a process of noise mitigation and alternative wind farm layouts is considered. Steps 3
and 4 were repeated until an acceptable arrangement was developed.

A brief explanation and description of acoustic terminology is included in Appendix D.
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WIND TURBINE OPERATIONAL NOISE CRITERIA

Introduction

The NSW Department of Infrastructure, Planning and Natural Resources (DIPNR) has issued
information on the required inputs into the Environmental Assessment.

DIPNR highlighted a number of specific issues including an assessment of the noise impacts to be
undertaken in accordance with Wind Farms - Environmental Noise Guidelines, from the South
Australia Environment Protection Authority (February 2003).

Furthermore, DIPNR has also highlighted a number of requirements in relation to noise for the
proposed Conroys Gap Wind Farm, based on the NSW Industrial Noise Policy.

SA EPA Wind Farm Noise Guidelines

The South Australia EPA Noise Guidelines for Wind Farms (SA Guidelines) recommends the
following noise criteria for new wind farms,

“The predicted equivalent noise level (Laeq 10min), adjusted for tonality in accordance with these
guidelines, should not exceed:

* 35dBA, or
*  the background noise level by more than 5 dBA,

whichever is the greater, at all relevant receivers for each integer wind speed
from cut-in to rated power of the WTG.”

These guidelines also provide information on measuring the background noise levels, locations
and requirements on the number of valid data points to be obtained and the methodology for
excluding invalid data points. It also outlines the process for determining lines of best fit for the
background data, and determination of the noise limit.

The Guideline explicitly states that the “swish” or modulation noise from wind turbines is a
fundamental characteristic of such turbines, however, it specifies that tonal or annoying
characteristics of turbine noise should be penalised.

A 5 dBA penalty should be applied to the measured noise level if an “authorised” officer
determines that tonality is an issue and that tonality should be assessed in a way acceptable to the
EPA.

The Guideline does not provide an assessment for the potential of low frequency noise or
infrasound, but it does state that recent turbine designs do not appear to generate significant levels
of infrasound, as the earlier turbine models did.

The guideline accepts that wind farm developers commonly enter into agreements with private
landowners in which they are provided compensation. The guideline is intended to be applied to
premises that do not have an agreement with the wind farm developers. This does not absolve the
obligations of the wind farm developer entirely as appropriate action can be taken under the
Environmental Protection Act if a development ‘unreasonably interferes’ with the amenity of an
area. The guideline lists that there is unlikely to be unreasonable interference if;

* aformal agreement is documented between the parties
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Report Number 40-1143-R2 Taurus Energy
Revision 4 (40-1143 R2R4.doc) 26 July 2006 Page 8



(o

* the agreement clearly outlines to the landowner the expected impact of the

noise from the wind farm and its effect on the landowner’s amenity

* the likely impact of exposure will not result in adverse health impacts (e.g.
the level does not result in sleep disturbance)

The proponent Taurus Energy has discussed the possible noise implications of the various
proposed turbine layouts with the involved residents whose property the turbines would be located
on. These property owners have been provided copies of the Noise Assessment for their
information, and have been advised that SA EPA Guidelines may be exceeded under certain
turbine configurations.

It is possible that under certain turbine configurations noise levels at the residences of Ferndale,
Sunnyside and Linbrook may exceed South Australian EPA Guidelines. The proponent intends to
enter into noise agreements with these landowners once final selection and turbine layouts have
been completed, and prior to commencement of construction. Those agreements would specify:

(a) that Taurus Energy would ensure that the properties met the World Health Organisation noise
guidelines (see Section 2.4); and,

(b) Taurus would implement an adaptive management approach which could include the use of
building treatments and turbine operation / management strategies if operational noise causes
significant impact to the amenity of involved residents.

These noise agreements would only be required under those turbine configurations where the SA
EPA Guidelines would be exceeded for that particular property

23 NSW Industrial Noise Policy (INP)
The NSW Department of Environment and Conservation requirements for the proposed Conroys
Gap Wind Farm Environmental Assessment are based on the NSW Industrial Noise Policy.
The INP requirements include site selection for background measurements, description of the site,
the equipment used, graphing of results and amenity noise criteria during each of the three periods
(Day, Evening and Night) as per the Industrial Noise Policy.
The proposed site for the Conroys Gap wind farm is in a rural area and therefore the Amenity
Criteria for rural residential receivers, as detailed in Table 2.1 in the NSW INP, is applicable.
The criteria vary as a function of time of day. The Day, Evening and Night Periods are defined as,
Day Period 7:00 am - 6:00 pm
8:00 am - 6:00 pm (Sundays and Public Holidays)
Evening Period 6:00 pm - 10:00 pm
Night Period 10:00 pm - 7:00 am
10:00 pm - 8:00 am (Sundays and Public Holidays)
Heggies Australia Pty Ltd Conroys Gap Wind Farm Noise Impact Assessment
Report Number 40-1143-R2 Taurus Energy
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The Amenity Criteria (Laeq level) for the residential noise sensitive locations for the Conroys Gap
wind farm project are,

Day Period 50 dBA
Evening Period 45 dBA
Night Period 40 dBA

The Intrusiveness Criterion in the INP is based on the rating background level (RBL), where the
Criterion is,

I—Aeq, 15 min < RBL + 5 dBA

This is almost identical to the SA Guidelines (Section 2.2), the difference being the measurement
interval (15 and 10 minute) and the determination of the background noise level (rating level,
based on 10" percentile of measured background levels, or using a line of best fit through the data
points).

The INP states where the measured RBL is less than 30 dBA, then the RBL is considered to be
30 dBA.

In summary it is evident that the non project related residential receivers assessed under the SA
EPA Wind Farm Guideline will generally comply to INP amenity criteria.  Furthermore,
intrusiveness is covered by the by the SA EPA Wind Farm Guideline.

World Health Organisation

As discussed in Section 2.2, the proponent intends to enter into noise agreements with the owners
of project-involved residences in accordance with World Health Organisation guidelines, as it is
necessary to ensure that the project does not result in an ‘unreasonable interference’ with the
amenity of these areas or cause any adverse health affects.

The World Health Organisation (WHO) publication ‘Guidelines for Community Noise’ identifies the
main health risks associated with noise and derives acceptable environmental noise limits for
various activities and environments.

The appropriate guideline limits are listed in Table 1.

Table 1 WHO Guideline values for environmental noise in specific environments
. . . LAeq Time base LAMax
Specific Environment Critical Health Effect(s)
(dBA) (hours) (dBA, Fast)
. Serious Annoyance, daytime & evening 55 16 -
Outdoor living area ) .
Moderate annoyance, daytime & evening 50 16 -
Dwelling indoors Speech Intelligibility & moderate 35 16
annoyance, daytime & evening
Inside bedrooms Sleep disturbance, night-time 30 8 45
Outside bedrooms Sleep disturbance — window open, night- 45 8 60

time

For the assessment of project involved residences the adopted external criteria of 45 dBA or the
level given by the SA EPA Guideline criteria, where higher, will be adopted. Effectively this
becomes 45 dBA or background + 5 dBA, whichever is the higher.

Heggies Australia Pty Ltd Conroys Gap Wind Farm Noise Impact Assessment
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3 GENERAL SITE DESCRIPTION
The proposed Conroys Gap wind farm site is located approximately 16 km west of Yass in NSW,
between the Hume Highway and Lake Buminjuck. The location of the proposed wind farm is
shown in Figure 1.
Figure 1 Location of proposed Conroys Gap Wind Farm

3.1 Characteristics of the site
The proposed site incorporates the farming properties Ferndale, Sunnyside and Linbrook. These
properties include residential dwellings, however, as they form part of the project consortium with
agreements, they have not been subject to the formal assessment process. However, an
indicative assessment has been carried out to ensure no unreasonable impact and to provide the
basis of the agreements between Taurus and the site landowners.
Topographically the proposed site broadly includes a number of raised ridges / plateaus that run in
an approximately north-south direction. The Hume Highway runs to the north of the site and to the
south Black Range Road. The district is primarily used for agricultural (grazing) purposes.
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Road ftraffic on the Hume Highway is relatively constant and residential dwellings close to the
highway would have background noise levels dominated by road traffic. Most other properties
surrounding the proposed site, including those along Black Range Road, have an ambient
background noise environment that is determined by pre-dominantly natural sources which are
largely wind influenced.

The prevailing wind is from the West to West-northwest and East and the district receives only
marginal rainfall.

Dwelling Locations

Residential dwellings surround the proposed site and are generally located along the Hume
Highway, Burrinjuck Road or Black Range Road. The assessment locations include all dwellings
located within 5 km of a proposed WTG, they are indicated on the map in Figure 2.

The locations considered in this assessment include all dwellings located within 5 km of a
proposed WTG, Table 2 lists the on-site and off-site receiver locations and their position. Other
dwellings located beyond 5 km of a proposed WTG are not considered within this assessment,
primarily as WTG noise is unlikely to be audible at these distances and compliance to noise criteria
more critical at closer receivers.

Heggies Australia Pty Ltd Conroys Gap Wind Farm Noise Impact Assessment
Report Number 40-1143-R2 Taurus Energy
Revision 4 (40-1143 R2R4.doc) 26 July 2006 Page 12



Figure 2 Dwelling Locations
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Table 2 Surrounding Receivers
Location East (m) North (m) Elevation (m)
GO01 Sutton Grange 656955 6140691 578
G02 Grenville 655830 6142160 561
G02a Grenville 2 656066 6141866 587
GO03 Bogo 654913 6142552 534
GO04 Ferndale * 658616 6142092 652
G04a Kaveney * 659368 6143377 618
GO04b Proposed house * 658267 6142549 676
GO05 Wattle Valley 660294 6142075 595
GO06 Riverlea 661339 6142115 564
GO07 Bernado 659736 6143497 609
GO08 Springvale * 659548 6143435 613
G09 Sunnyside * 660108 6143295 601
G10 Linbrook * 657463 6144500 603
G11 Tannochbrae 661209 6147630 570
G12 House 660201 6149381 591
G13 Woodleigh 659983 6150849 583
G14 Bellevue Hill 659548 6150659 600
G15 Marilba 655374 6149637 552
G16 Malcom van Gelder 655027 6147494 523
G17 lan & Una McGrath 659823 6143216 606
G18 Elvington 662442 6150000 578
G19 Rose Hill 662932 6149397 572
G20 Sreath Dubh 661622 6145660 552
G23 Jilla Colo 661185 6144412 599
G24 Yowerweena 660294 6144222 656
G26 Cooinda 654589 6142433 546
G27 Fairview 654358 6139578 608
G29 Bogo Cottage 654689 6144675 560
G32 House 655766 6149602 568
G38 Waterview 662678 6148142 584
G41 Proposed house 662272 6147338 584
G42 Riverview 658195 6138491 469
G43 lidemere 656469 6137652 534
G44 House 655423 6136237 582
G45 Bertangles 655567 6135982 562
G46 House 659015 6137292 410
G47 House 658669 6137052 382
G48 House 658809 6137051 382
G49 House 658608 6136920 382
G50 House 658702 6136982 382

* denotes the location is

involved with the project
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4 PROPOSED WIND FARM LAYOUT

The proponent has developed three alternative turbine layouts for the proposed Conroys Gap

Wind Farm, which are dependant upon the three alternative wind turbine types. Layout A utilises a

total of 15 Repower MM82 (2 MW) WTG’s, Layout B utilises a total of 15 Vestas V90 (1.8 MW)

WTG’s and layout C utilises a total of 14 Suzlon S88 (2.1 MW) WTG’s

The alternative layouts with WTG locations are listed in Table 3.

Table 3 Conroys Gap proposed alternative WTG layouts

Layout A Layout B Layout C

Name Easting Northing Name Easting Northing Name Easting Northing
R1 657799 6146676 V1 657797 6146725 S1 657788 6146725
R2 657750 6146446 V2 657750 6146448 S2 657752 6146452
R3 658201 6146049 V3 658205 6146052 S3 657825 6146181
R4 658089 6145805 V4 658089 6145805 S4 658085 6145813
R5 658525 6145724 V5 658526 6145702 S5 658525 6145736
R6 658125 6145513 V6 658125 6145510 S6 658125 6145542
R7 658127 6145276 V7 658150 6145225 S7 658125 6145276
R8 658097 6145049 V8 658079 6144965 S8 658091 6145014
R9 658300 6144777 V9 657796 6143224 S9 657800 6143200
R10 657799 6143205 V10 657776 6142954 S10 657225 6142568
R11 657225 6142566 V11 657225 6142566 S11 658450 6140649
R12 657150 6142126 V12 657148 6142128 S12 658503 6140304
R13 658451 6140700 V13 658451 6140700 S13 658400 6140050
R14 658501 6140303 V14 658500 6140304 S14 658599 6139325
R15 658400 6140025 V15 658400 6140026
4.1 WTG Type and Details

The three alternative proposed wind turbines are all three bladed, upwind, pitch regulated and

active yaw wind turbines. The rotor diameters vary between 82 and 90 m. They are all proposed

to be mounted at a hub height of 80 m.

Table 4 summarises the relevant turbine input data used for noise level prediction.

Table 4 WTG Manufacturers Data

Wind Farm Layout Layout A Layout B Layout C

Make, Model, Power Repower MM82, 2 MW  Vestas V90, 1.8 MW Suzlon S88, 2.1 MW

Rotor Diameter 82m 90 m 88 m

Hub Height 80m 80m 80m

Cut-in Wind Speed 3.5m/s 4 m/s 4 mis

Rated Wind Speed 13 m/s 13 m/s 14 m/s

Rotor Speed 8.5-17.1 rpm 8.8-14.9 rpm 15.6 rpm

Sound Power Level, LWA,ref  104.0 dBA 102.6 dBA 106.3 dBA
Heggies Australia Pty Ltd Conroys Gap Wind Farm Noise Impact Assessment
Report Number 40-1143-R2 Taurus Energy

Revision 4 (40-1143 R2R4.doc) 26 July 2006 Page 15



(o

Noise emission for the proposed alternative turbines has been independently tested according to
International Standard IEC 61400-11 for the Repower and Vestas machines. Copies of the
certification test which give the Sound Power Level variation with wind speed, frequency spectra
and tonality assessment are contained in Appendix B.

Noise emission data for the Suzlon machines is based on manufacturer measurements and
corrections for standard terrain in general accordance with IEC 61400-11. Further independent
test result data for this WTG is anticipated.
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OPERATIONAL NOISE LEVELS

Introduction

As discussed in Section 1.2.2 a three dimensional computer noise model was used to predict Laeq
noise levels from all WTGs at all surrounding residential dwellings.

The ISO 9613 noise model incorporates a ‘hard ground’ assumption and includes one third octave
band calculated effects for air absorption, ground attenuation and topographic shielding. It is noted
that ISO 9613 equations predict for average downwind propagation conditions. And also hold for
average propagation under a well developed moderate ground based temperature inversion.

ISO 9613 algorithms are not as sophisticated as other standards with respect to
meteorological/atmospheric effects compared to CONCAWE and NORD2000 (same algorithms as
WiTuProp). It should be noted that wind and temperature inversion propagation enhancement
effects are minimal for greatly elevated sources such as WTG’s.

An evaluation of all standards showed that the implemented ISO 9613 model was generally more
conservative (predicted higher noise levels) than predictions from the CONCAWE (worst case
Category 5) or NORD2000 (worst case wind propagation). The only exception were for receivers
located at considerable distance from WTG’s, where noise levels were typically less than 20 dBA.
At these locations impacts and compliance are not an issue. In summary the implemented 1SO
9613 model, was the most conservative noise model to use for all nearby potentially impacted
assessment locations.

This is supported by other similar investigations. (Reference: Wind Turbine Generator Noise
Prediction - Comparison of Computer Models, Tickell, Ellis, Bastasch, Proceedings of ACOUSTICS
2004)

The estimated accuracy of the prediction model is approximately £3 dBA.

Whilst Lago(10 min) NOISE levels are used for compliance monitoring, the assessment utilises predicted
Laeq NOise levels, as prescribed by SA Guidelines, and therefore infer a degree of conservatism
which assists in other uncertainties in the noise prediction and assessment process.

Wind Turbine Noise Levels

For indicative purposes the WTG noise levels from the proposed wind farm were calculated for the
reference wind condition of 8 m/s at all surrounding residential receivers. The resulting WTG noise
levels are listed in Table 5 for all layouts at 8 m/s wind speed, measured at the reference height of
10 metres, which is the condition that WTG sound power levels are typically quoted.

Predicted noise contour plots resulting from proposed Layout A is depicted in Figure 3, Layout B is
depicted in Figure 4 and Layout C is shown in Figure 5.

Furthermore, noise levels from the proposed wind farm were calculated for all integer wind speeds
in the range of 4 to 10 m/s at all surrounding assessment receivers within 5 km of a turbine. Whilst
the rated wind speed of the WTG’s is typically 13 - 14 m/s, published manufacturers sound power
level test data (IEC 61400-11) has only been generated as high as 10 m/s. It should be noted that
noise produced by WTG’s begins to ‘plateu off’ at higher wind speeds and because of the higher
masking background noise level at higher wind speeds, noise impacts and compliance are a non
issue at these speeds. The covered wind range sufficiently covers the most noise critical
operational conditions.

The predicted levels are displayed on the assessment graphs presented in Appendix A1,
Appendix A2 and Appendix A3.
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Table 5 WTG LAeq noise level (dBA) at Vier= 8 m/s

(o

. Layout A Layout B Layout C
Receiver / Property
Repower MM82 Vestas V90 Suzlon S88

GO01 Sutton Grange 36.7 324 37.6
G02 Grenville 34.7 30.3 33.6
G02a Grenville 2 36.5 324 35.3
G03 Bogo 30.9 25.4 30.1
G04* Ferndale 38.3 34.6 39
G04a* Kaveney 35.9 31.2 36.2
G04b* Proposed house 40.5 38.6 41.4
G05 Wattle Valley 334 28.2 34
GO06 Riverlea 27.6 22.7 27.7
GO07 Bernado 35.5 30.4 35.7
G08* Springvale 35.4 30.4 35.6
G09* Sunnyside 34.3 29 34.3
G10* Linbrook 41.3 36.8 42.3
G11 Tannochbrae 284 22.6 29.2
G12 House 20.5 14.5 20.8
G13 Woodleigh 21.3 15.3 21.6
G14 Bellevue Hill 20.5 14.5 20.8
G15 Marilba 20.8 14.9 21.1
G16 Malcom van Gelder 31.1 25.4 31.9
G17 lan & Una McGrath 35 29.9 35.1
G18 Elvington 23.7 17.2 22.6
G19 Rose Hill 23.8 17.3 22.7
G20 Sreath Dubh 22.9 16.9 23
G23 Jilla Colo 241 18.2 24.2
G24 Yowerweena 34.7 29.1 34.7
G26 Cooinda 31 25.8 30.5
G27 Fairview 28.1 22.6 28.2
G29 Bogo Cottage 27.8 23 275
G32 House 28.2 22.2 28.8
G33 House 27.4 21.4 27.7
G38 Waterview 25.3 19.4 24.9
G41 Proposed house 27 20.6 26.8
G42 Riverview 334 28.7 38.8
G43 lidemere 28.7 23.2 30.4
G44 House 24.7 18.9 25.5
G45 Bertangles 21 15.4 19.7
G46 House 20.3 14.8 28.7
G47 House 27 21.5 30.4
G48 House 27 21.5 304
G49 House 26.7 21.1 29.9
G50 House 271 21.5 30.3

* denotes the location is involved with the project

Predicted noise contour plots resulting from proposed Layout A is depicted in Figure 3, Layout B is
depicted in Figure 4 and layout C depicted in Figure 5.
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Layout A - WTG LAeq Noise Contour Map at V= 8 m/s

Figure 3
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Layout B - WTG LAeq Noise Contour Map at V= 8 m/s

Figure 4
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Layout C - WTG LAeq Noise Contour Map at Ver= 8 m/s

Figure 5
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(o

5.3 Transformer Noise Levels
Subiject to final agreement with Transgrid, the preferred location for the wind farm substation is at
the centre of the site where the existing 132 kV line crosses the proposed site, approximately 1500
metres south-east of the closest residential receiver, which is Location G01, Sutton Grange.
The proposed location of the substation is at GDA94 E658389 N6139998.
The substation transformers may possibly be enclosed by blast protection walls in which case they
will also serve as noise walls.
The substation would ‘step up’ the voltage from the incoming 22 or 33 kV voltage to the 132 kV
voltage of the transmission line using a single 30-50 MVA transformer.
Australian Standard AS 2374 Part 6 1994: “Power Transformers — Determination of Transformer
and Reactor Sound levels” indicates that a transformer of this capacity may produce sound power
levels up to 98 dBA. The dominant frequency of such a transformer is 100 Hz.
Predicted noise levels from the transformer installation are expected to be less than 22 dBA at the
most exposed receiver location, Location GO1 Sutton Grange, which is below the existing ambient
background and predicted future WTG levels and as such will not effect the compliance
assessment of the proposed wind farm.
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6.1

Location Address Indicative of

(o

BACKGROUND LEVELS AND NOISE LIMITS

Measurement Locations

The locations for the background noise measurements were chosen based on the potential for
acoustic impact to the nearest receivers, as recommended by Table 3.1 of the NSW INP. The SA
Guidelines recommend that the measurement locations should be located at least 5 metres from a
reflecting surface (other than the ground) and locations within 20 metres of a residence are
generally appropriate.

Monitoring equipment was generally placed in the vicinity of the residence at a suitable location
that would be protected from the prevailing wind direction in order to protect the microphone from
wind induced noise effects. Care was taken not to place the equipment in locations that would be
affected by extraneous noise sources.

Background noise monitoring locations were selected based on the predicted wind farm noise level
from the preliminary 15 turbine base layout at reference conditions. Many of the potentially
adversely affected locations have been monitored. Generally a selected monitoring location was
used to provide an indicative background for nearby locations in that vicinity. The relative
proximity of some receiver locations to one another and their similar wind exposure and
surrounding trees meant that background noise monitoring was conducted at only one of the
locations and the result was considered indicative of the adjacent locations.

A number of receivers are located in proximity to the Hume highway. Whilst they have been
grouped with a measurement location that is geographically similar it is noted that their ambient
background level is likely to be higher than that measured or indicated elsewhere.

It is anticipated that further baseline background noise monitoring will be conducted before project
commissioning.

A total of 7 locations were monitored around the proposed wind farm site. These are listed in
Table 6 below.

Table 6 Measurement Locations

Similar Characteristic for wind
induced noise

G11

G11, G12, G13**, G14**, G15**, geographic proximity, exposure to wind,
Tannochbrae G16**, G18, G19, G32**, G33**, proximity to Hume Hwy.
G38, G41

G10

Linbrook G10*, G29 exposure to wind

Go02

Grenville G02, G02a, G03, G26, G27 geographic proximity, exposure to wind

G04*

G01, G04*, G04a*, G04b*, G42, geographic proximity, exposure to wind
Ferndale G43, G45, G46, G47, G48, G49,
G50,

G17

McGrath GO05, G06, GO7, G08*, GO9*, G17  geographic proximity, exposure to wind

G24

Yowerweena G20, G23, G24 geographic proximity, exposure to wind

GO1

Sutton Grange GO01, Measurement to examine similarity to
G04
* denotes the location is involved with the project

** denotes the location is located close to Hume highway and would anticipate ambient background conditions to be
higher than monitored
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At each location noise monitoring equipment was placed in the vicinity of the residence and the
position of the monitoring equipment was documented with photographs.

A weather station was placed at location G10, capable of measuring wind speed, direction, rainfall,
temperature and humidity. Furthermore meteorological data for the monitoring period was sourced
from the nearest Bureau of Meteorology station in Yass. This data was used to identify and
exclude any data during rain periods, which may have affected the background noise levels.

The measured data for rain confirmed that the monitoring periods were generally dry and as a
result only a small amount of data points were rejected due to rain.

The SA Guidelines require measurements to be conducted in 10 minute intervals, while the NSW
INP request 15 minute interval data. Given that almost all wind data, including the wind farm site
monitored data, is in 10 minute intervals, this period was used for all measurements.

Noise monitoring for six baseline sites was conducted from the period 24" November through to 7"
December 2005. Unfortunately during this period the wind monitoring tower was inoperable and
as a consequence the measured noise data was unsuitable for assessment purposes.

The noise monitoring was re-conducted during the period 13" December through to 28" December
2005, concurrently with wind data collection. Noise monitoring for most sites continued through to
only the 23" of December when battery capacity of the loggers was exhausted. Location G04 was
monitored during the period 11" to the 28" of January 2006, as equipment breakage had
interrupted the previous monitoring campaign.

A further pair of noise monitoring campaigns was conducted between 15" May and 1% June 2006.
During this period low wind speed conditions were experienced (~ 50% below 3 m/s). The data
collected during this mid year monitoring was used to supplement monitoring data from the earlier
campaign in December.

Due to a property transfer location G11 Tannochbrae was uninhabited during the May 2006
monitoring and as no resident was available to grant access to this property. The smaller data set
collected during December 2005 was used solely for this location.

Location G01 Sutton Grange was monitored during May 2006, as a result of the low wind speeds
experienced only 918 valid data points was collected. During this period background noise levels
were compared with data collected at GO4 Ferndale. The comparison of data collected at both
locations showed that the noise level versus wind trend at G04 was lower than measured at GO1.
It is acknowledged that at low wind speeds this is partially attributed the higher noise floor of the
equipment located at GO1, however, it is clear that at higher wind speeds the average baseline
noise level at G04 is several dBA lower than at GO1. This comparison serves to confirm that the
use of G04 baseline criteria curve for G01 is suitable as it is likely more conservative.

Similarly after 6 weeks of monitoring at locations G17 and G24 a combination of equipment
failures, and wind conditions below 3 m/s, have resulted in less than 2000 valid data points. It
should be noted that the assessment of locations that are characterised by the monitoring data
from G17 and G24 are in all instances compliant, and in the case of Layout A and Layout B have a
significant margin of compliance (2-5 dBA)

A summary of the noise monitoring campaigns are included in Table 7.

The specific equipment used at each site, site descriptions including photographs and data
obtained are shown in the following sections.
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The local noise data is correlated to the wind speed at a reference wind data location. It is usual
for this location to be at 10 metres above ground level. The reference wind tower at the proposed
Conroys Gap Wind Farm has wind monitoring equipment located at 10 metres, 30 metres and
50 metres above ground level.

Table 7 Monitoring campaign summary

Location Address

Monitoring period

Comment

G11 Tannochbrae 24/11/05 - 07/12/05  Wind monitoring non-functional
13/12/05-22/12/05 Noise monitoring period shortened by flat logger battery
G10 Linbrook 24/11/05 - 07/12/05  Wind monitoring non-functional
13/12/05-23/12/05 Noise monitoring period shortened by flat logger battery
15/05/06 - 23/05/06  Significant period of low wind speeds
25/05/06 - 01/06/06  Significant period of low wind speeds
G02 Grenville 24/11/05 - 07/12/05  Wind monitoring non-functional
13/12/05-23/12/05 Noise monitoring period shortened by flat logger battery
15/05/06 - 22/05/06  Significant period of low wind speeds
24/05/06 - 01/06/06  Significant period of low wind speeds
G04 Ferndale 24/11/05 - 07/12/05  Wind monitoring non-functional
13/12/05-24/12/05 Noise logger microphone damaged
11/01/06 - 28/01/06  Full period
15/05/06 - 22/05/06  Significant period of low wind speeds
25/05/06 - 01/06/06  Significant period of low wind speeds
G17 McGrath 24/11/05 - 07/12/05  Wind monitoring non-functional
13/12/05-23/12/05 Noise monitoring period shortened by flat logger battery
16/05/06 - 22/05/06  Logger failure
25/05/06 - 01/06/06  Significant period of low wind speeds
G24 Yowerweena 24/11/05 - 07/12/05  Wind monitoring non-functional
13/12/05-20/12/05 Noise monitoring period shortened by flat logger battery
16/05/06 - 22/05/06  Logger failure
24/05/06 - 30/05/06  Significant period of low wind speeds
GO1 Sutton Grange 16/05/06 - 22/05/06  Significant period of low wind speeds
25/05/06 - 01/06/06  Significant period of low wind speeds
6.2 Measurement Details

The monitoring period, equipment type and serial number of the noise logger are summarised in
Table 8.

The SA Guidelines require a set of approximately 2,000 valid data points. All data points below the
cut-in wind speed of the proposed turbines and any adversely affected data (rain, external
extraneous noise sources etc.) should be excluded. The cut-in wind speed for the proposed
turbines is 3-4 m/s. The number of valid data points for each location is also shown in Table 8.

The measured background noise levels (Lagg) are then plotted against the reference wind tower
wind speed to obtain a background versus wind speed characteristic for each location.

Heggies Australia Pty Ltd
Report Number 40-1143-R2
Revision 4

Conroys Gap Wind Farm Noise Impact Assessment
Taurus Energy

(40-1143 R2R4.doc) 26 July 2006 Page 25



(o

The line of best fit for the data set is then determined, as required by the SA Guideline using a
linear, second order (quadratic) or third order (cubic) polynomial. The Guideline requires that the
correlation coefficient for each line type be reported and the one with the highest correlation
coefficient used. As required, the R? value, which is a measure of the correlation coefficient for
each of the three type of line of best fit are also shown. At each location the cubic polynomial gave
the highest correlation and was therefore used for the line of best fit. The SA Guideline does not
specify a minimum acceptable correlation coefficient.

Table 8 Measurement Details for each Location
Measuremen Measurement No. of NO: of  Correlation )
t Location Period Noise Logger monitoring ‘(Ila::d Coefficient (R%)
R ata
(2005) intervals points Linear Quad. Cubic
G11 Acoustic Research
T b 13/12/05 - 22/12/05  Laboratories (ARL) 1461 1174  0.397 0.423 0.44
annochbrae Type 1, EL-316 (#16203530)
G10* 13/12/05 - 23/12/05  Type 2, EL-215 (#. 194631)
) 3370 2186 0.129 0.166 0.180
Linbrook 15/05/06 - 01/06/06  Type 2, EL-215 (#. 194591)
G02 13/12/05 - 23/12/05 Type 1, EL-316 (#16203506)
) 3559 2531 0.159 0.260 0.308
Grenville 15/05/06 - 01/06/06  Type 2, EL-215 (#.193410)
G04* 11/01/06-28/01/06  Type 1, EL-316 (#16004013)
4394 2597 0.364 0.368 0.371
Ferndale 15/05/06 - 01/06/06  Type 1, EL-316 (#16301472)
G17 13/12/05 - 23/12/05  Type 1, EL-316 (#16302490)
’ 2554 1798 0.475 0.491 0.495
McGrath 25/05/06 - 01/06/06  Type 2, EL-215  (#. 194626)
G24 13/12/05-20/12/05 Type 2, EL-315(#.15203514)
2021 1355 0.720 0.776 0.795
Yowerweena 22/05/06 - 30/05/06  Type 2, EL-215 (#. 194592)
* denotes the location is involved with the project
The Rating Background Level (RBL) for each location during each time period is shown in Table 9,
for each monitoring campaign, as per the DIPNR requirements.
Table 9 RBL for each Period at each Location
Rating Background Level (dBA)
Campaign November 2005 December 2005 May 2005
Location Day Evening Night Day Evening Night Day Evening Night
G11 Tannochbrae 35.1 35.2 34.8 35.4 30.5 26.1
G10* Linbrook 34.0 31.0 30.7 32.0 28.8 27.5 30.0 31.1 32,5
G02 Grenville 36.9 34.1 32.6 39.6 27.4 26.3 34.8 28.0 34.3
G04* Ferndale 30.8 34.3 300 297 28.5 253 307 22.5 23.5
G17 McGrath 30.8 31.0 30.6 30.9 28.6 257  26.0 25.5 25.5
G24 Yowerweena 315 30.5 30.2 31.1 28.1 27.2 27.0 275 28.0
GO01 Sutton Grange 31.0 26.3 26.8

* denotes the location is involved with the project

The entire set of noise logger results, showing the measured LA90, LAeq and LA10 noise levels,

together with wind speed, are shown in Appendix C.
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The horizontal distance between each of the assessment locations and the all WTG’s for the proposed
Layout A wind farm is shown in Table 10.

Table 10  Distance Between the Assessment Location and WTG'’s for Layout A

Assess. Distance to WTG (km)

Locatio R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 R12 R13 R14 R15
G01 6.04 5.81 550 524 527 496 473 451 430 265 189 145 150 1.59 1.59
G02 4.93 4.70 455 429 447 406 387 367 360 223 145 132  3.00 3.25 3.34
G02a 5.11 4.88 470 443 458 419 398 378 367 219 135 112 266 2.89 2.97
G03 5.03 4.82 480 455 481 437 421 405 405 296 231 228 399 4.23 4.31
G04* 4.66 4.44 398 375 363 346 322 300 270 1.38 147 147 140 1.79 2.08
G04a* 3.65 3.47 292 274 249 247 227 210 176 158 229 255 283 3.19 3.49
G04b* 415 3.93 350 326 319 297 273 251 223  0.81 1.04 119 1.86 2.26 253
G05 5.23 5.06 449 433 406 407 387 370 336 274 311 314 230 2,52 2.79
G06 5.77 5.62 503 492 458 468 451 437 404 370 414 419 322 3.37 3.61
G07 3.72 3.56 298 284 253 258 240 226 192 196 268 293 3.8 3.42 3.72
G08* 3.68 3.51 294 278 251 252 233 217 183 176 248 273 295 3.30 3.60
G09* 4.09 3.94 335 322 290 298 280 267 234 231 297 318 3.08 3.40 3.69
G10* 2.20 1.97 172 145 162 121 102 084 088 134 195 239 393 4.32 457
G11 3.54 3.66 340 361 329 374 388 404 407 559 644 684 7.46 7.81 8.11
G12 3.62 3.82 389 415 402 439 460 482 498 663 744 787 886 9.24 9.53
G13 4.71 4.94 512 539 533 565 587 610 630 7.95 873 917  10.26 10.65 10.94
G14 4.35 4.58 480 507 504 534 557 579 601 766 842 88  10.02 10.41 10.70
G15 3.83 3.98 457 470 502 49 516 534 567 6.87 731 772 945 9.84 10.08
G16 2.89 2.92 349 350 392 368 381 392 425 511 540 577 761 7.99 8.19
G17 4.01 3.84 326 312 282 286 267 252 218 202 268 289 287 3.20 3.49
G18 5.71 5.89 580 605 580 623 640 659 667 823 908 949  10.12 10.47 10.76
G19 5.81 5.96 580 603 574 618 633 650 654 804 890 929 978 10.12 10.41
G20 3.96 3.95 344 354 310 350 352 358 344 454 538 570 589 6.20 6.49
G23 4.07 3.99 340 340 297 325 318 315 291 360 437 464 461 4.91 5.20
G24 3.50 3.38 278 271 232 252 241 235 207 269 349 378 3.98 4.31 4.60
G26 5.32 5.11 511 486 513 469 454 438 439 330 264 258 423 4.45 4.51
G27 7.89 7.66 753 726 743 703 683 663 653 500 414 378 424 4.21 4.07
G29 3.70 3.54 377 358 398 354 349 343 361 344 330 354 547 5.80 5.95
G32 3.56 3.73 431 445 476 472 493 511 545 671 719 760 930 9.69 9.93
G33 4.13 4.32 487 504 531 532 554 574 607 740 791 833 999 10.38 10.63
G38 5.09 5.21 494 515 481 526 538 553 552 694 780 817 856 8.88 9.18
G41 452 4.61 427 446 408 453 463 476 473 609 695 731 766 7.98 8.27
G42 8.19 7.97 756 731 724 702 679 656 629 473 419 378 222 1.84 1.55
G43 9.12 8.89 857 831 833 803 780 757 736 571 497 453 364 3.34 3.06
G44 10.71 10.47 1020 993 998 966 943 921 901 736 658 614 539 5.10 4.82
G45 10.92 10.69 1041 1014 1018 987 964 941 921 756 679 635 553 5.22 4.94
G46 9.46 9.24 879 856 845 827 803 781 752 604 557 518 345 3.05 2.80
G47 9.66 9.44 901 877 867 848 824 802 773 621 570 530 3.65 3.26 2.98
G48 9.68 9.45 902 878 868 849 825 803 774 624 574 534 367 3.27 3.00
G49 9.79 9.56 914 890 880 861 837 814 7.8 634 581 541 378 3.38 3.11
G50 9.74 9.51 908 884 874 855 831 809 781 629 578 537 373 3.33 3.06

* denotes the location is involved with the project
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The horizontal distance between each of the assessment locations and the all WTG’s for the proposed
Layout B wind farm is shown in Table 11.

Table 11 Distance between the assessment location and WTG's for Layout B

Assess. Distance to WTG (km)

Location /1 V2 v3 Vv4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15
G01 6.09 5.81 551 524 525 496 469 442 267 241 189 145 150 1.59 1.59
G02 4.97 470 456 429 445 406 384 360 224 210 145 132  3.00 3.25 3.34
G02a 5.16 4.88 470 443 456 419 395 370 220 203 135 111 266 2.89 2.97
G03 5.07 4.82 480 455 479 437 420 398 296 289 231 227  3.99 4.23 4.31
G04* 4.71 4.44 398 375 361 345 317 292 140 120 147 147 140 1.79 2.08
G04a* 3.70 3.47 292 274 247 247 221 205 158 165 229 255 283 3.19 3.49
G04b* 4.20 3.93 350 326 316 296 268 242 082 064 104 120 1.86 2.26 2.53
G05 5.28 5.06 449 433 404 406 381 364 275 267 311 315 230 2.52 2.79
G06 5.81 5.63 503 492 456 467 445 433 371 366 414 419 322 3.37 3.61
Go07 3.77 3.56 298 284 251 258 235 221 196 203 268 293 3.08 3.42 3.72
G08* 3.73 3.51 294 278 249 252 227 212 176 184 248 273 295 3.30 3.60
G09* 4.14 3.94 335 322 288 297 275 263 231 236 297 318  3.08 3.40 3.69
G10* 2.25 1.97 172 145 160 121 100 077 132 158 195 239 393 4.32 4,57
G11 3.53 3.66 339 361 330 374 389 411 557 580 644 684 7.46 7.81 8.11
G12 3.58 3.82 388 415 404 439 463 490 661 687 744 7.87 886 9.24 9.53
G13 4.67 4.93 512 539 535 565 591 618 793 820 873 917  10.26 10.65  10.94
G14 4.31 458 480 507 506 534 561 588 764 791 842 886  10.02 10.41 10.69
G15 3.79 3.98 457 470 504 496 521 540 686 710 731 772 945 9.84 10.08
G16 2.87 2.92 349 350 393 368 3.8 396 509 531 540 577  7.61 7.98 8.19
G17 4.05 3.84 327 312 280 285 261 247 203 206 268 289 287 3.20 3.49
G18 5.68 5.88 579 605 581 623 642 666 822 845 9.08 949  10.12 1047  10.76
G19 5.79 5.96 579 603 575 618 635 657 803 825 890 929 978 10.12 10.41
G20 3.97 3.95 344 354 310 350 350 361 454 470 538 570 589 6.20 6.49
G23 4.10 3.99 340 340 29 325 314 316 359 371 437 464  4.61 4.91 5.20
G24 3.54 3.38 278 271 231 252 237 234 269 282 349 378 398 4.31 4.60
G26 5.36 5.11 512 486 512 469 452 431 330 323 264 258 423 4.45 4.51
G27 7.93 7.66 753 726 741 703 680 655 501 480 414 378 424 4.21 4.07
G29 3.72 3.54 378 358 397 354 350 340 343 353 330 354 547 5.80 5.95
G32 3.52 3.73 431 445 478 472 498 518 669 694 719 7.60 930 9.69 9.93
G33 4.09 431 487 504 533 532 559 581 738 764 791 833 999 10.38  10.63
G38 5.08 5.21 494 515 482 526 539 559 693 714 780 817 856 8.88 9.17
G41 4.52 4.61 427 446 409 453 463 482 608 628 695 731 766 7.98 8.27
G42 8.24 7.97 756 731 722 702 673 647 475 448 419 378 222 1.84 1.55
G43 9.17 8.89 858 831 831 803 776 749 573 546 497 453 364 3.34 3.06
G44 10.75 1047 1020 993 996 966 939 912 738 712 658 6.14 539 5.10 4.82
G45 1097 1069 1041 1014 1016 987 960 933 758 731 679 635 553 5.22 4.94
G46 9.51 9.24 880 856 842 827 798 773 606 580 557 518 345 3.06 2.80
G47 9.71 9.44 901 877 865 848 819 793 623 597 570 530 365 3.26 2.99
G48 9.73 9.46 902 878 866 849 820 795 626 599 574 534 367 3.27 3.00
G49 9.84 9.57 914 890 878 860 832 806 636 609 581 541 378 3.39 3.11
G50 9.78 9.51 908 884 872 855 826 801 631 604 578 538 373 3.33 3.06

* denotes the location is involved with the project
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The horizontal distance between each of the assessment locations and the all WTG’s for the
proposed Layout C wind farm is shown in Table 12.

Table 12  Distance between the assessment location and WTG’s for Layout C

Assess. Distance to WTG (km)

Location S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14
G01 6.09 582 556 525 528 499 473 447 265 190 150 160 158 2.14
G02 497 470 449 429 448 409 387 364 223 145 302 325 3.33 3.96
G02a 516  4.89 466 443 459 421 398 374 219 136 268 290 296 3.59
G03 507 4.82 465 455 481 439 421 402 29 231 402 424 429 4.90
G04* 471 444 417 376 365 348 322 297 138 147 145 179 205 2.77
G04a* 370 347 320 275 251 250 227 208 158 229 288 319 347 4.12
G04b* 420 3.94 366 327 320 300 273 247 080 1.04 191 226 250 3.24
G05 528 5.6 479 434 407 409 387 367 274 3.1 233 252 277 3.23
G06 582 563 537 493 459 470 451 435 370 414 324 336 359 3.91
Go07 377 356 329 284 255 260 240 224 196 268 312 342 370 4.32
G08* 373 351 324 279 252 254 233 215 176 248 299 330 357 4.22
G09* 414  3.94 368 323 291 300 280 265 231 297 312 339 367 4.25
G10* 225  1.97 172 145 163 123 1.02 081 134 195 398 432 455 5.30
G11 354 365 368 361 329 372 388 407 559 644  7.51 7.81 8.08 8.71
G12 359  3.82 399 415 401 436 460 485 663 743 891 9.23 950 10.18
G13 467 493 514 538 532 562 587 613 795 873 1031 1065 10.91 11.61
G14 431 457 480 506 503 531 557 583 766 842 1007 1041 1067 11.37
G15 378 397 424 469 501 493 516 536 6.88  7.31 9.50 9.84  10.05 10.80
G16 287 292 309 349 391 366 381 394 511 539 765 799 817 8.92
G17 406  3.84 358 313 283 288 267 250 202 268 291 320 347 4.08
G18 569  5.88 599 604 579 621 640 662 823 9.08 1017 1047 10.74 11.35
G19 580 5.96 604 603 573 616 633 653 805 890 983 1011 10.39 10.96
G20 398 395 383 354 310 350 352 359 455 538 593 620 647 7.02
G23 411 3.99 380 340 297 326 318 315 360 437 465 491 5.18 5.71
G24 354 338 315 272 233 254 241 234 270 349 402 431 4.58 5.18
G26 535  5.11 495 486 514 471 454 435 330 264 425 446 449 5.07
G27 793 767 746 726 744 705 683 659 500 414 423 421 4.07 4.25
G29 372 354 348 358 398 354 349 342 344 330 551 580 593 6.63
G32 352 372 399 444 475 470 493 514 672 718 935 969 991 10.66
G33 408 431 459 503 530 529 554 577 740 790 10.04 10.38 10.61 11.36
G38 509 521 523 515 480 524 538 555 694 780 860 88 915 9.72
G41 453 461 460 446 408 452 463 478 609 694 770 798 825 8.81
G42 824 797 770 732 725 705 679 652 473 419 217 184 157 0.93
G43 9.17  8.89 864 832 834 806 7.8 754 571 497 359 334 308 2.71
G44 10.75 10.48 1023 994 999 969 943 917 736 658 535 510  4.84 4.43
G45 10.97  10.70 1045 1015 1019 990 964 938 756 679 549 523  4.96 4.51
G46 951 925 897 857 846 830 803 778 6.03 557 340 306 283 2.08
G47 971 944 917 878 868 851 824 798 621 570 360 326  3.01 2.27
G48 973 946 918 879 869 852 825 799 623 574 362 327 303 2.28
G49 9.84 957 929 891 882 864 837 811 633 581 373 339 314 2.40
G50 979 952 924 885 876 858 831 806 628 578 368 333  3.08 2.35

* denotes the location is involved with the project
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Location G11 - Tannochbrae

The property of Tannochbrae is located directly to the North East of the proposed wind farm. The
homestead residence is surrounded by a well established garden with flat grassy plains to the east
of the site. The measurement location was on the eastern boundary fenceline of the house and
grazing paddocks. The monitoring location is shown in Figure 6.

Figure 6

Tannochbrae Measurement Location

The results of the background noise
monitoring taken in December 2005,
showing the data points, line of best fit
and the Noise Criteria Curve are shown
in Figure 7.

Graphically represented noise statistical
indices, together with wind speed are
presented in Appendix C2. High noise
levels during the dawn period were a
feature of this location and likely a result
of birds.

The ‘average’ background level,
determined for construction noise impact
assessment purposes, was 39.9 dBA.

Figure 7 Background Noise Measurements and Noise Criteria Curve - Tannochbrae
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6.4
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The property of Linbrook is nestled between two ridgelines to the west that form part of proposed
wind farm. The measurement location is shown in Figure 8.

Location G10 - Linbrook

Linbrook Measurement Location

Figure 8

A weather station was placed at this location
to measure local wind speed and rain fall
during the monitoring period.

The results of the background noise
monitoring during the December 2005 and
May 2006 campaigns, showing the
combined data points, line of best fit and the
Noise Criteria Curve are shown in Figure 9.

Graphically represented noise statistical
indices, together with wind speed are
presented in Appendix C1.

The ‘average’ background level, determined
for construction noise impact assessment
purposes, was 35.3 dBA.

Figure 9 Background Noise Measurements and Noise Criteria Curve - Linbrook
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6.5

Location G02 - Grenville

(o

The residence of Grenville is located directly to the South West of the proposed wind farm. A

number of large well established trees grow beside the house yard
location is shown in Figure 10.

Figure 10  Grenville Measurement Location

area. The measurement

The results of  the
background noise
monitoring during the
December 2005 and May
2006 campaigns, showing
the combined data points,
line of best fit and the Noise
Criteria Curve are shown in
Figure 11.

Graphically represented
noise statistical indices,
together with wind speed
are presented in Appendix
C3. Higher noise levels
during the dawn period
were a feature of this
location and likely a result of
birds.

The ‘average’ background level, determined for construction noise impact assessment purposes,
was 40.1 dBA.

Figure 11

Background Noise Measurements and Noise Criteria Curve - Grenville
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The property of Ferndale is located to the South East of the proposed wind farm. Monitoring at this
location was repeated during the period 11" January 2006 through to 28" January 2006 as the
equipment had suffered a breakage which then compromised the measurement data collected in
December. The residence is shown in Figure 12.

Location G04 - Ferndale

Figure 12  Ferndale Measurement Location

The final measurement
location was established to the
western edge of the entrance
driveway as the original
position was exposed to noise
from a local pond pump.

The results of the background
noise monitoring at this
location during January and
May 2006, showing the data
points, line of best fit and the
Noise Criteria Curve are
shown in Figure 13.

Graphically represented noise
statistical indices, are
presented in Appendix C4.

The ‘average’ background
level was 32.7 dBA.

Figure 13  Background Noise Measurements and Noise Criteria Curve - Ferndale
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6.7

(o

The McGrath residence is located directly to the East of the proposed wind farm. The house has a
westerly aspect. The measurement location is shown in Figure 14.

Location G17 - McGrath

Figure 14 McGrath Measurement Location

The results of the
background noise
monitoring during the
December 2005 and May
2006 campaigns, showing
the combined data points,
line of best fit and the Noise
Criteria Curve are shown in
Figure 15.

Graphically represented
noise statistical indices,
together with wind speed
are presented in Appendix
C5.

The ‘average’ background
level was 34.2 dBA.

Figure 15 Background Noise Measurements and Noise Criteria Curve - McGrath
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6.8 Location G24 - Yowerweena
The Yowerweena residence is located directly to the East of the proposed wind farm. The house
has a westerly aspect. The measurement location is shown in Figure 16.

Figure 16

Measurement Location Yowerweena
Y ¥ -?r? )

The results of the background noise monitoring during the
December 2005 and May 2006 campaigns, showing the
combined data points, line of best fit and the Noise Criteria
Curve are shown in Figure 17.

Graphically represented noise statistical indices, together
with wind speed are presented in Appendix C6.

The ‘average’ background level was 35.2 dBA.

Figure 17 Background Noise Measurements and Noise Criteria Curve - Yowerweena
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6.9 Location GO1 - Sutton Grange

(o

The Sutton Grange homestead is located directly to the South of the main range of the proposed
wind farm and due West of the southern most cluster of WTG’s. The house has a westerly aspect.
The measurement location is shown in Figure 18.

Figure 18 Measurement location Sutton Grange

Noise monitoring at this location
confirmed that the previous
assumption of location G04’s baseline
at this location was valid, as dicussed
previously, G04 was generally more
conservative.

The results of the background noise
monitoring during the May 2006
campaigns, showing the combined
data points for locations GO1 and G04
and their respective lines of best fit are
shown in Figure 19.

Figure 19  Background Noise Measurement Comparison- Sutton Grange vs Ferndale - May

Conroys - G01 vs G04 - May 2006
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7 ACOUSTIC ASSESSMENT OF PROPOSED WIND FARM

71 Predicted Noise Levels
An assessment of the acceptability of wind farm noise levels at all assessment receivers located
within a distance of 5 km of the proposed wind farm was made in accordance with SA EPA
Guideline criteria and the pre-existing background noise level regression analysis detailed in
Section 6. The assessment figures are contained in Appendix A1, Appendix A2 and
Appendix A3

7.1.1 Layout A - 15 Repower MM82 WTG'’s
Appendix A1 contains the predicted WTG noise level curves for Layout A, superimposed over SA
EPA Guideline Criteria and World Health Organisation based limits. The predicted curves show
that all locations comply to their respective criteria.

7.1.2 Layout B - 15 Vestas V90 (1.8 MW) WTG’s
Appendix A2 contains the predicted WTG noise level curves for Layout B, superimposed over SA
EPA Guideline Criteria and World Health Organisation based limits. The predicted curves show
that all locations comply to their respective criteria.

7.1.3 Layout C - 14 Suzlon S88 WTG’s
Appendix A3 contains the predicted WTG noise level curves for Layout C, superimposed over SA
EPA Guideline Criteria and World Health Organisation based limits. The predicted curves show
that most locations comply to their respective criteria.
Layout C, which includes 14 Suzlon S88 WTG’s, was predicted to comply to WHO limits, and
generally meet the SA EPA Guideline criteria at most locations.
Location G42, (Riverview), is predicted to exceed the SA EPA Guideline criteria by up to
approximately 2.2 dBA in the wind speed range 3-6 m/s. Location GO01, (Sutton Grange), is
predicted to marginally exceed the SA EPA Guideline criteria by up to approximately 1 dBA in the
wind speed range 3-6 m/s.
It is worth noting that the criteria for both Location G42 (Riverview) and Location GO1 (Sutton
Grange), is based on monitoring conducted at Location G04. Whilst geographically similar these
locations would in practice have differing background noise level characteristics, where monitoring
would be required to confirm the actual background at G42 and GO1.

7.2 Assessment of Tonality and Infrasound
WTG manufacturers are obliged to conduct independent tests in accordance with IEC 61400-11.
A part of this assessment is to conduct a tonal audibility test. The tonal audibility ALta is typically
assessed using the methodology outlined in ‘Joint Nordic Method Version 2 — Objective Method for
Assessing the Audibility of Tones in Noise’.
For the proposed WTG’s the following ALta values were determined.
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7.3

Table 13 Audible Tonality Assessment to IEC 61400-11

Manufacturer / WTG - ALta Value - Audible Tonality

Wind Speed Repower MM82 Vestas V90 (1.8 MW)

6 -14.4 -5.26

7 -13.3 -8.36

8 -14 -6.79

9 -14.4 -5.70

10 -14.4 -7.32

* Detailed |WTCZ%Or(r;gasurements are currently being conducted for the Suzlon S88 WTG, expected to be completed in

ate

For the wind speed range analysed (6 — 10 m/s) tonality was not deemed to be audible (ALta <-3)
and hence no penalty has been applied.

Infrasound is not tested as an obligatory part of IEC 61400-11. It is noted that in general modern
WTG’s do not exhibit significant infrasound emissions.

Temperature Inversions

The SA EPA Guideline does not require or suggest temperature inversions be included during
wind farm noise assessments. The NSW Industrial Noise Policy states that temperature inversions
be included in an assessment if they are deemed to be a prevalent feature of the environment,
which generally requires they occur for greater than 30% of the total night-time during winter
(Approximately 2 nights per week between hours of 6 pm to 7am). Currently there is insufficient
data available to accurately determine the prevalence of temperature inversions, however,
subjective comments received from local residents indicated that it was an effect that they had
experienced and had some degree of familiarity with.

Temperature inversion is an atmospheric condition in which temperature increases with height
above ground. Such conditions may increase noise levels by focussing sound wave propagation
paths at a single point. Typically temperature inversions occurring within the lowest 50 m to 100 m
of atmosphere can affect noise levels measured on the ground. Temperature inversions are most
commonly caused by radiative cooling of the ground at night leading to cooling of the air in contact
with the ground. Such conditions are especially prevalent on cloudless nights with little wind.

Conventional approaches to assessing noise propagation under temperature inversion conditions
require knowledge of the temperature gradient and assume that the noise source is located below
the temperature inversion, typically near to the ground. The effect of temperature inversions on
noise propagation from WTG’s is therefore not typical of other sources.

WTG’s for the Conroy Gap Project are located on top of the Range, the hub height (assumed
acoustic centre of the WTG) is located between 160 m - 200 m higher than receiver locations on
the surrounding area. It is therefore unlikely that conventional temperature inversion conditions, in
the lower 100 m of the atmosphere, would affect noise propagation from such an elevated source.

A further consideration must be that temperature inversions require little to no wind in order to
minimise atmospheric mixing and hence develop. During calm conditions the WTG’s are unlikely
to operate, as cut-in speed is 3 m/s.

Notwithstanding the above, an adaptive management approach could be implemented if undue
noise impacts are identified during WTG operation that are related to temperature inversion
effects.
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The wind velocity at a location can be represented by a vertical profile (gradient) that generally is
at a minimum at ground level and increases with altitude. The wind velocity profile is primarily
determined by physical factors such as surface roughness and topographic (relief) effects which
are reasonably constant over time, however can also be affected by more variable local
atmospheric conditions including atmospheric stability and turbulence.

7.4 Atmospheric Stability and Wind Profile

Atmospheric stability is determined by the total heat flux to the ground, primarily being the sum of
incoming solar and outgoing thermal radiation and heat exchanged with the air. During clear
summer days (incoming radiation dominates) air is heated from below and rises, causing
significant thermal mixing, vertical air movements and turbulence. This process limits large
variations in the vertical wind velocity profile.

During clear nights (outgoing radiation dominates) air is cooled from below, air density is greatest
closer to the ground and minimal thermal mixing occurs. This leads to a stable atmosphere where
horizontal layers of air are largely decoupled and allows for a higher wind velocity gradient.

The noise assessment methodology outlined in the SA EPA Guidelines, as do many other similar
wind farm noise assessment methodologies, by necessity rely on the independently verified
reference sound power data available for specific wind turbines measured at a manufacturer's test
site. The measurement procedure has been standardised to require sound power data to be
measured coincidentally with reference wind speed measurements at an altitude of 10 metres.
This is then applied at a specific site (e.g. at Conroys Gap) by using a reference wind speed
altitude of 10 metres (as measured at the monitoring tower positioned on top of the range) to relate
background noise levels to wind conditions present at the same time. The turbine noise power can
then be applied and compared with background data at those same conditions of wind speed at
10m above ground level with good accuracy.

The assessment procedure inherently assumes a fixed relationship between the 10 metre
reference altitude and that at which the WTG operates, and that the relationship is the same during
IEC 61400-11 test conditions. In practice, as discussed above, the wind velocity profile will vary as
a result of ground roughness and atmospheric (stability) effects. The varying profile will likely
result in variation in WTG noise emission levels, however, the extent to which levels will vary is
difficult to quantify, as the IEC 61400-11 wind profile test conditions are not made available to
allow comparison with the subject site.

Accordingly, while the proposed layouts meet the requirements of the SA EPA Guidelines, some
uncertainty remains as to the likely noise conditions that will result under specific atmospheric
conditions over time. The SA EPA Guidelines noise limits are generally set within the
requirements of the WHO Guidelines which relate to health impacts, and it is highly unlikely that
the remaining uncertainty could lead to health impacts. However, it is possible that under certain
conditions the amenity of existing dwellings could be reduced notwithstanding compliance with SA
EPA Guidelines. These conditions are likely to be variable and intermittent, and not result in a
long-term loss in amenity.

Notwithstanding the above, an adaptive management approach could be implemented if undue
noise impacts are identified during WTG operation that are related to elevated WTG noise levels
during stable atmosphere conditions.
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7.5 Project involved residences
The proponent Taurus Energy intends to enter into noise agreements with project involved
residences of Springvale, Sunnyside, Linbrook and Ferndale prior to construction. Under the SA
EPA Guidelines these residences are not required to comply to the 35 dBA or background + 5 dBA
limits. However, it is necessary to ensure that the project does not result in an ‘unreasonable
interference’ with the amenity of these areas or cause any adverse health affects.
The World Health Organisation (WHO) publication ‘Guidelines for Community Noise’ identifies the
main health risks associated with noise and derives acceptable environmental noise limits for
various activities and environments.
For the assessment of project involved residences the adopted external criteria of 45 dBA or the
level given by the SA EPA Guideline criteria, where higher, will be adopted. Effectively this
becomes 45 dBA or background + 5 dBA, whichever is the higher.
The predicted noise levels depicted in Appendix A1, A2 and A3 are predicted free field noise
levels. The noise level at the bedroom fagade of a particular location is likely to be less than the
predicted free field value as the orientation the building will offer some shielding from some turbine
sources.
Therefore, the WHO guideline noise goals, shown in Table 1, are predicted to be met for all project
involved receivers and layouts.
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8 ASSESSMENT OF CONSTRUCTION NOISE LEVELS
The NSW EPA construction noise guidelines recommend noise level goals and hours for work.
The hours of work for construction sites is limited from 7:00 am to 6:00 pm weekdays and 7:00 am
to 1:00 pm on Saturdays, with no construction taking place on Sundays or Public Holidays.
For construction programmes that are shorter in duration (less than 4 weeks) it is considered
acceptable for construction noise levels to exceed background noise levels by up to 20 dBA. For
construction periods of less than 26 weeks (6 months) it is considered acceptable for construction
noise levels to be up to 10 dBA above background noise levels.

8.1 Construction Noise
Construction activities include;
e construction of access roads,
*  establishment of turbine tower foundations and electrical substation,
* digging of trenches to accommodate underground power cables,
*  erection of turbine towers and assembly of WTG'’s.
The equipment required to complete the above tasks will typically include;
e excavator/grader, bulldozer, dump trucks, roller
*  bucket loader, rock breaker, drill rig, excavator/grader, bulldozer, trucks (dump, flat beds,

concrete)

e excavator, flat bed trucks
e cranes, fork lift, and various 4WD and service vehicles.
The anticipated construction period is anticipated to be less than 6 months, with civil works
expected to span approximately 3 months, however, due to the large area of the wind farm site,
intensive works will be located within a distance of potential impact for each surrounding residential
receiver for only very short and intermittent periods of time. It is therefore considered appropriate
that construction noise levels up to 20 dBA above background noise levels would be considered
acceptable for short term intensive civil works that are anticipated to produce high noise levels.
Computer noise models of typical construction scenarios were developed which included all
anticipated mobile equipment for the activity operating simultaneously at full load. A de-rating
factor of 5 dBA was selected to convert modelled full load simultaneous operation to typical
operations of multiple mobile construction vehicles.
Two ‘worst case’ area of works were chosen;
»  for the northern area of the site
»  for the central area of the site, near Black Range Road
The resulting predicted construction noise level for the relevant ‘worst case’ scenario is detailed in
Table 14 together with typical background noise levels obtained during the background noise
monitoring campaign.
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Table 14 ‘Worst case’ Construction LAeq Noise Levels (dBA)
Construction in "Worst Case' Construction in "Worst Case’
Northern Area of Wind Farm Central Area of Wind Farm
ﬁ c < c c
[=] 8 -3 - c '-g k] c -3 - c 'g € c
< 3 T 8 g ¢ 8 g 86 J g 8
3 Y § 28 SE 8, § 2% SE 3§
T g8=| x 22 388 S| x 92 28 §
3 <t BE ® 98 9 5 @ o%h o B
_©° o 8= < o c 2 = o < O c e w® o
5§55 "5, € 28 5% £ & <28 3% &
2% G620 o 5 g 5 ©
> © £ 00 - = L =
- m no=z
01 Sutton Grange 32.7 52.7 - 12 19.1 4.2 16.2 40.6 28.2 14.1
G02 Grenville 40.1 60.1 - 9.7 15 0.6 19 41.8 23.9 16.4
G02a Grenville 2 32.7 52.7 6.1 15 214 6 19 33.4 22.4 16.9
G03 Bogo 32.7 52.7 4 13.7 18.8 3.8 14.7 35 225 12.4
G04 Ferndale 32.7 52.7 8.3 17.6 24.7 9.9 20.6 40.3 48.1 22
G04a Kaveney 32.7 52.7 4.1 22.1 30 15.3 3.3 227 36.2 20.7
G04b Proposed 32.7 52.7 8.8 19.6 26.6 11.8 24.4 32.3 54.2 27.3
G05 Wattle Valle 34.2 54.2 5.7 15.5 33.9 19.1 12.2 19.8 39.5 13.5
G06 Riverlea 34.2 54.2 - 13.6 215 6.6 2 15.7 24.6 9.3
G07 Bernado 34.2 54.2 4.1 216 29.8 15 43 20.8 335 18
G08 Springvale 34.2 54.2 3.3 21.9 29.9 15.2 3.8 21.8 34.8 19.3
G09 Sunnyside 34.2 54.2 4.1 30.5 38.6 23.8 12.1 19.7 31.3 15.8
G10 Linbrook 35.3 55.3 1.9 175 18.4 36 7 125 38.2 23.4
G11 Tannochbrae 35.2 55.2 57 17.9 37 21.9 1.3 8.7 18.7 36
G12 House 35.2 55.2 75 15.8 23.5 8.3 - 6.6 16.2 1.2
G13 Woodleigh 35.2 55.2 47 12 19.4 42 - 45 13.6 -
G13 Woodleigh 35.2 55.2 47 12 19.4 42 - 45 13.6 -
G14 Bellevue Hil 35.2 55.2 5.7 12.9 20.2 5 - 5 14.1 -
G15 Marilba 35.2 55.2 6.5 13.9 17.8 3 0.3 6.9 15.6 0.7
G16 Malcom van 35.2 55.2 10.5 18.1 23.2 7.8 47 11.2 30.6 15.8
G17 lan & Una 34.2 54.2 48 20.3 39 24.2 11.8 21 33 17.5
G18 Elvington 35.2 55.2 2.9 10.4 28.9 13.8 - 4 13.1 -
G19 Rose Hill 35.2 55.2 29 10.5 29 14 - 43 13.4 -
G20 Sreath Dubh 35.2 55.2 - 18.4 27.2 12.2 43 11.3 21.7 6.5
G23 Jilla Colo 35.2 55.2 - 19 27.8 12.9 - 14.3 25.1 9.9
G24 Yowerweena 35.2 55.2 4 32.9 417 26.9 9.5 17.2 39.9 24.5
G26 Cooinda 32.7 52.7 45 13.6 19.7 48 13 33.3 25.2 11.3
G27 Fairview 327 52.7 - 7.8 14.4 - 6.6 17.3 20.1 15.9
G28 Lynn Lee 32.7 52.7 - 3.9 10.6 - 0.7 21.3 14.8 -
G29 Bogo Cottage 35.3 55.3 5.4 12,5 13.9 - 11.3 18.3 255 215
G32 House 35.2 55.2 18.1 25.4 20.9 5.8 - 71 16 1
G33 House 35.2 55.2 5.6 23.6 19.3 4.2 - 5.9 25.3 10.3
G38 Waterview 35.2 55.2 52 235 316 16.5 - 6.1 15.5 0.4
G41 Proposed house 35.2 55.2 7.2 25.7 34 18.9 - - - -
42 Riverview 327 52.7 - 7.8 14.8 - 4.2 254 18.2 3.2
G43 lidemere 32.7 52.7 - 5.9 12.8 - 0.4 21 145 -
G44 House 32.7 52.7 3.4 - - - - 9.8 14.1 -
G45 Bertangles 32.7 52.7
G46 House 32.7 52.7 - 5.3 12.6 - 2.3 12.3 16.2 1.4
G47 House 32.7 52.7 - 37 12.1 - 25 12.2 16.7 1.8
G48 House 32.7 52.7 - 3 12.1 - 2.3 12.1 16.1 1.1
G49 House 32.7 52.7 - 4.6 11.9 - 2.4 12.1 16.4 15
G50 House 32.7 52.7 - 47 12.1 - - 4.9 1.1 -

The predicted ‘worst case’ construction noise impacts are for most

existing typical daytime background noise level.

receiver locations below the
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Some nearby receivers are anticipated to receive elevated construction noise levels when turbine
foundation civil works are located nearby, however, due to the anticipated short period of localised
works would likely be considered satisfactory.

In consideration that the predicted levels represent ‘worst case’ construction scenarios and are
within limits which would be considered acceptable, it is unlikely that construction noise will cause
any unnecessary impact.

8.2 Blasting
8.2.1  Applicable Criteria

The ground vibration and airblast levels which cause concern or discomfort to residents are

generally lower than the relevant building damage limits.

The NSW EPA advocates the use of the ANZECC guidelines for assessing potential residential

disturbance arising from blast emissions. The ANZECC guidelines for control of blasting impact at

residences are as follows:

e The recommended maximum level for airblast is 115 dB Linear. The level of 115 dB Linear
may be exceeded on up to 5% of the total number of blasts over a period of 12 months. The
level should not exceed 120 dB Linear at any time.

e The recommended maximum for ground vibration is 5 mm/s, Peak Vector Sum (PVS)
vibration velocity. It is recommended however, that 2 mm/s (PVS) be considered as the long
term regulatory goal for the control of ground vibration. The PVS level of 5 mm/s may be
exceeded on up to 5% of the total number of blasts over a period of 12 months. The level
should not exceed 10 mm/s at any time.

*  Blasting should generally only be permitted during the hours of 9:00 am to 5:00 pm Monday to
Saturday. Blasting should not take place on Sundays and public holidays.

e Blasting should generally take place no more than once per day.

The Australian Standard 2187.2-1993 “Explosives - Storage, Transport and Use. Part 2: Use of

Explosives” does not present human comfort criteria for ground vibration from blasting. It does

however make mention of human comfort level for airblast in saying “a limit of 120 dB for human

comfort is commonly used”. This is consistent with the ANZECC guidelines.

AS 2187.2-1993 nominates building damage assessment criteria as presented in Table 15.

Table 15  Blast Emission Building Damage Assessment Criteria (AS 2187)

- . . Airblast Level
Building Type Vibration Level (dB re 20 yPa)
Sensitive (and Heritage) PVS 5 mm/s 133 dB(Linear) Peak
Residential PVS 10 mm/s 133 dB(Linear) Peak
Commercial/lndustrial PVS 25 mm/s 133 dB(Linear) Peak
8.2.2 Blasting Assessment

As part of the civil works it is expected that infrequent blasting will be required to clear obstacles

and prepare WTG foundations. It is anticipated that a single blast every 2-3 days may be required

for a period of approximately 2 weeks.
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Blasting may be required in some areas to clear large rock outcrops to prepare turbine
foundations.

The proposed wind farm site is a green field site where no previous blasting or blast monitoring
has been conducted and therefore no specific site laws exist. We have therefore adopted a site
law derived from measurement data at a different site to give an indicative result.

The 5% site laws for ground vibration and airblast are:
Ground Vibration PVS (5%) = 16202 (SD,)203
Airblast SPL(5%) = 189.3 - 31.8 log (SD,)

where PVS (5%) and SPL (5%) are the levels of ground vibration (Peak Vector Sum - mm/s) and
airblast (dB Linear) respectively, above which 5% of the total population (of data points) will lie,
assuming that the population has the same statistical distribution as the underlying measured
sample.

SD, and SD, are the ground vibration and airblast scaled distances, where:
SD, = Distance  (m.kg%9)

YMIC
and,
SD, = Distance  (m.kg033)

3yMIC

Based on the blast emissions site laws, calculations were also conducted to indicate the allowable
MIC’s for compliance with the general EPA Human Comfort criteria of 115 dB Linear (airblast) and
5 mm/s (ground vibration).

The closest anticipated distance between blasting and residences would be approximately
640 metres (location G04b, proposed house and WTG V10). At this distance the predicted
maximum MIC of up to 26 kg is likely to produce an airblast overpressure below the acceptable
level of 115 dB Linear. At the distance to the nearest existing residence a predicted maximum MIC
of up to is 50 kg is likely to produce an airblast overpressure below the acceptable level of 115 dB
Linear.

It is evident that the anticipated blasting is likely to meet all human comfort limits and building
damage assessment criteria are easily met.
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WTG noise has been predicted and assessed against relevant criteria prescribed by the SA EPA
Guideline and World Health Organisation goals where appropriate.

9 CONCLUSION

Layout A which includes 15 Repower MM82 WTG’s was predicted to comply to all relevant noise
criteria, SA EPA Guideline and WHO limits, at all respective receivers.

Layout B which includes 15 Vestas V90 WTG’s was predicted to comply to all relevant noise
criteria, SA EPA Guideline and WHO limits, at all respective receivers.

Layout C, which includes 14 Suzlon S88 WTG’s, was predicted to comply to WHO limits, and
generally meet the SA EPA Guideline criteria at most locations. Location G42, (Riverview), is
predicted to exceed the SA EPA Guideline criteria by up to approximately 2.6 dBA in the wind
speed range 3-6 m/s. Location GO1, (Sutton Grange), is predicted to marginally exceed the SA
EPA Guideline criteria by up to approximately 1.4 dBA in the wind speed range 3-6 m/s. These
would be considered a marginal exceedance and noise monitoring at these locations would be
required at this location to comprehensively confirm the ambient baseline noise conditions at this
location.

Construction noise impact has been assessed and the ‘worst case’ scenario’s modelled were
found to be acceptable.

Blasting impact has been assessed and found to be acceptable. With a maximum MIC of up to
50 kg, the airblast overpressure is anticipated to be below the acceptable level of 115 dB Linear for
all existing residences.
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Sound power level MM82 LM Rotor Blade

<R£

Sound power level REpower MM82 LM Rotor Blade

Hub height 59.0m

Vo' [m/s] 3,0 4,0 5,0 6,0 7,0 8,0 9,0 10,0
Lwa” [dB(A)] 89,2 93,2 99,6 101,7 102,6 103,8 104,8 105,5
Hub height 69.0m
Vo [M/s] 3,0 4,0 5,0 6,0 7,0 8,0 9,0 10,0
Lwa [dB(A)] 89,4 93,4 99,8 101,8 102,8 103,9 104,9 105,5
Hub height 80m
Vo [m/s] 3,0 4,0 5,0 6,0 7,0 8,0 9,0 10,0
Lwa [dB(A)] 90,0 94,0 100,0 102,0 103,0 104,0 105,0 105,5
Hub height 100m
Vo [M/s] 3,0 4,0 5,0 6,0 7,0 8,0 9,0 10,0
Lwa [dB(A)] 90,6 94,6 100,2 102,2 103,1 104,1 105,1 105,5

All sound power levels are based on wind speeds of v10 at 10 m height. The data of the noise
level are based on the requirements of the IEC 61400-11: Wind turbine generator systems — part
11, as well as the Technical Guideline Fordergesellschaft Windenergie e.V. (FGW).

1 Wind speed at 10 meters height

2 sound power level of the turbine in hub height

Sound power level MM82 Rev.2

03.08.2004

page 1/1




WT 3236/04 (extract from WT 3232/04)

Summary of results of the noise emission measurement, in
accordance with [EC 61400-11, of a WTGS of the type

Page 1 of 2

WINDTEST

Kaiser-Wilhelm-Koog GmbH —

REpower MM82 Site: ReuRenkdge 80027
Customer: REpower Systems AG Contractor: WINDTEST
Hollesenstralle 15 Kaiser-Wilhelm-Koog GmbH
24768 Rendsburg Sommerdeich 14b
Germany 25709 Kaiser-Wilhelm-Koog
Germany
Date of Order: 2004-02-02 Order No:. 6020 04 02391 06
Extracts from this ‘report may only be reproduced with the writtén Measurement geometry:
permission of WINDTEST Kaiser-Wilhelm-Koog GmbH. This Hub height above ground:.............coooovveovvooooveee., 59 m
report consists of2 pages in totl. Measurement distance Rol...oovveeveiiiiiiiiecninne 100 m
) . . Height of microphone hal ......oocccciiiinniiineenn -1,5m
¥de Turbine Technical Data: mE VM2 Distance rotor centre to tower axis d.................. 32m
VPO 1ttt power
Manufacturer:..............c.ooe, REpower Systems AG Measurement conditions:
Turbine serial NUMDET. .vvvvvvvvvvvvrevvvvirsrs 80027 | | Measurement date:................ 2004-02-05 / 2004-03-17
§§\t/\?§r%zvr¥tigl ----------------------------------------------- 200%{‘?’:{ Range of wind speed at 10m height, 1-min average
Ao c WS H0m: <ot 3,1-9,7m/s
TOWSr typel..cov tapered conical tube Wing’girec‘cion: ................................................ W/ SW
ROtOr Manufacturer: ..........ccooeceeiiiiieieee e, A&R Range of power, 1-min-average Pye.... 105 - 1913 kW
Rotor blade type:.......cocooveeeeeeeeeeee, PP82-20-A Al Pressure. Prufi co....covveieiens 1010 hPa/ 1020 hPa
Rotor blade serial number: ........................... 020/017/018 Air temperature  TLu.......oocovviniicncnns 8°C/12 OC
ROtOr diaMEter: .......o.ovovveeeeeeeeeeeeeeeeeee, 82m Turbulence intensity: ... 13,3 %
Rotor blade pitch angle....... variabel (0..91 Grad) degrees
Number of rotor blades:............ccoooiie 3 ]
Rotor speed(s) (orrange) ........cccocvveeeriinns 8,5-17,1 min’’ Ecwer CrL:WV?l:F £986/03
} rom report:
Gearbox manufacturer: ............cooiivviiiiines Eickhoff Testing Authority: WINDTEST Kaiser-Wilhelm-Koog
Gearbox type: ... CPNHZ-217 GmbH
Gearbox serial number: ... 20623 Measurement Period: 2003-09-24 - 2003-11-20
Generator manufacturer:................coon VEM WS Power | WS Power WS Power
Generator type: ......cooceviiniiiicniiinnnenn DASAA 5025-4 U (mis) (KW) (mis) (kW) (mi/s) (kW)
Generator serial number: .......................... 2346624/2003 3.43 60| 9,00 983,7 | 14,50 2048 6
Generator speed(s) (or range): ................ 900-1800 min™ 3.09 47.4) 954 1119.4] 14,93 2051,5
Generator rated POWEr: ........ccoivveiiiiiin 2040 kW 4.46 89,3 10,01 12301 | 15,52 20500
These data do not replace the corresponding 5,04 1483 ] 10,51 1390,6 | 16,10 2056,6
manufacturer's certificate. 5,50 207,8] 10,99 1929,9 | 16,43 2057,5
6,03 286,6| 11,52 1685,8| 16,98 2058,1
6,46 360,9| 12,00 1800,2 | 17,45 2057,9
7,04 4961 | 12,46 1891,7| 17,95 2059,5
7,50 5953 | 13,02 18748 | 1841 2060,1
8,02 738,01 13,53 20150 18,96 2058,6
8,50 852,11 13,99 2039,3 | 19,51 2060,1
Determination of the sound power level:
WS1om 1
L1981 %] ; T ; z [m/s] 6 7 8 9 9,38
e fremmmnen frmmomee T
] i | " Pwel 739,0 | 1084,0 | 1456,0 | 1822,0 | 1900,0
56+ - R P <2 200 S —
+ | = i kW]
7 S IO S — -
ol 1! I A 4 | 543 | 550 | 564 | 585 | 581
i | | | S
50 - A=—— e ———— L.
Wl I L L 402 | 413 | 423 | 433 | 437
1 —i N 1 [aB]
] &: _________________________ LAeqc
i ’ 54,1 54,8 56,2 58,4 57,9
44«:7 -i [dB]
42+ s Lwa
+ e 100,7 101,4 102,8 104,9 104,5
- R [d8]
REpower Tiokumghten-hner [ Rey |11 e
D T i 0,7 08 0,7 07 0,7
/ - . 36 + é + A [dB]
2‘2‘ V// j/7 . O/;Z ~C | A ’ "65 WSIWeIml 1 Tare were ho values of k-corrected measured wind speed
Freigabe Datin above 9,38 m/s where the corresponding power output was
’ more than 85% of rated power.
7%

06.0%. oy
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Summary of results of the noise emission measurement, in . .
Kaiser-Wilhelm-Koog GmbH

accordance with |IEC 61400-11, of a WTGS of the type REpower

MM82
Recalculation of Ly p for different hub heights in dB(A) (WS at a height of 10 m) **:
Hub height [m] Lwae (6 m/s) Lwae (7 m/s) Lwae (8 m/s) Lwar (9 m/s) Lwap (9,38 m/s)
69 100,8 101,4 103,1 104,8 104,4
80 100,9 101,5 1035 104,4 104,4
90 101,0 1016 103,9 104,4 104,4
100 101,0 101,8 104,1 104,4 104,4

A direct recalculation of the tonality is not possible, as other acoustic effects may arise due to the changed geometry of the tower.

Third octave sound pressure spectra in dB(A) for the wind speed in 10 m height
corresponding to the maximum sound power level given on page 1:

1/3 octave freq. 50 63 80 100 125 160 200 250 315 400 500 630
{Hz]
Loa (9 m/s) 77,5 81,7 85,8 89,4 92,3 93,8 95,9 95,8 95,3 95,2 93,4 92,4
1/3 octave freq. 800 1000 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000 | 6300 | 8000 | 10000
[Hz]
Loa (9 m/s) 91,6 90,8 90,5 91,0 89,4 87,2 84,2 81,9 77,2 73,0 66,1 59,4

Tonality according to IEC 61400-11/Ed.2:
Representative FFT - Spectra (left 8 m/s and right 9,38 m/s at a height of 10 m):

@ 100+ & 100
= i
[+9 [~
d P}
75+ 754
50"‘\L\“\(\¢"\ SO-M
\WMM MM
251 R 254 i
Ao e
0 t r—y. t ¢ + ; J . . ¢ ¢ t 4 {
0 200 400 600 BOO {000 1206 1400 1600 0 200 400 600 800 1000 1200 1400 1600
Frequency [Hz] Frequency [Hz]
1
WS in 10 m Hohe [m/s] 6,0 7.0 8,0 9,0 10,0 i
Freq. of tone, f[Hz] ' - . . . .
Tonality, ALy [dB] -17,0 15,4 -16,3 -17,0 174
Audibility, AL.x [dB] -14,4 133 -14,0 -14,4 -14,4
REpower Dokumenten-Nummer | Rev,
¢ g o
| D-22-m540% ¢ A |-Gy
Engineer: s P Checked:
/ Frewans LAl :
1 z,;@/ 7 05,05 2004 St et
Diph-Ing. J. Dedert Dipl.-Ing. A. Trautsch

Deutsch
By DAP (Deutsches Akkreditierungssystem Priifwesen) AEl?ve&glt;rvunas
accredited laboratory according to DIN EN ISO/IEC 17025,
The accreditation is valid for the scope

mentioned in the certificate.

1
DAP-PL-1556.00

Kaiser-Wilhelm-Koog, 2004-03-29
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wind turbine generator system of the type
Vestas V30-1.8 MW, Mode 0
near Schonhagen (Stadt Pritzwalk), Brandenburg, Germany

Report WT 4282/05

Site or measuring place: | Schonhagen (Stadt Pritzwalk), Brandenburg, Germany
Customer: Vesta_s Wind Systems A/S
Alsvej 21
8900 Randers
Denmark
Confractor: WINDTEST Kaiser-Withelm-Koog GmbH
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25709 Kaiser-Wilhelm-Koog, Germany
Date of order: 2005-05-04 Order No.: 4025 05 02967 64
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’ :
Dipl.-Ing. A. Trautsch ’ Dipl.-ing. J. Neubert
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It cotnptises a total of 46 pages, including annexes.




961251.R0 P4ldS s 45 @

Table of contents

1 BCOPR ciiiiiircerrceeers s et re e sas e e be nee e RE e e e aaae e R aaaRRrraaanaaReran teanan e sasaeennetesenans 3
2 MIEEROM L. e e a e e e RS e rebn et reanan 3
2.1 Measurement PrOCEUUMES ..ottt ettt ettt e 3
2.2 Measurement ODJBCL. ... e e 3
2.3 Course of the MeasuremMents. ...t 3
2.4 Measuring @QUIPIMIENT. ..o 4
2.5 Position of MICrOPRONEe. ..o e e 4
3 Measurement FESUHS ... e s sae e e srrae e re e s 4
3.1 Determination of direCtivity ..., 4
3.2 S0UNd PressuUTE IBVE] o 5
3.3 Sound power level of the turbine........... 5
3.4 Tonal and frequency analySes .........ocoiiiiiiioiii e 6
3.5 3rd 0CtAVE ANEIYSIS o ot 6
3.8 UNCBMAGINTIES ..o ettt 6
3.8.1 SoUN POWET IBVEE .., 7
3.6.2 One-third octave band spectra ..o 8
BB.3 TONANLY ..o e 8
4 SUIMIMIAIY ceei e iscnies st s e s s s e e eraare sasner e s e sseeseraan sere e rrassobbnebabsesan bisebrevabbaassrabennnar 8
5 List of employed symbols and abbreviations .......ccceciiininnvcin e 10
8 REFEIBNCES ..ot e et e e b sreaes e s e s nessas e rrrr e rneas sneenas 11
7 ANNEX oot iiriiiririet st crcranreressstre s s s restsreesesesanaeesasantanants e resrasnsssratesannerssnransessssnnerases 11

WT 4282/05: Report of Acoustical Emissions of 8 Wind Turbine Generatot Systermn of the Type

Vestas V90-1 8 MW, Mode O near Schonhagen (Stact Pritzwalk), Brandenburg, Germany WINDTEST Kaiser-Wilhelm-Koog Gmbt



961251.R0 P48 45 @

1 Scope

The order from Vestas Wind Systems A/S dated 2005-05-04 required WINDTEST Kaiser-
Wilhelm-Koog GmbH (WINDTEST) to carry out acoustic noise measurements on the wind
turbine generator system (WTGS or ‘turbine’) Vestas V80-1.8 MW, Mode 0 of hub height 105 m
near Schénhagen (Stadt Pritzwalk), Brandenburg, Germany. From this, the sound power level,
relevant for noise propagation calculations, of the noise emitted from the turbine at different
wind speeds, and frequency spectra of the same, was also to be determined.

The results given in this report relate only to this WTGS,

2 Method

2.1 Measurement procedures

All measurements and analysis described in this report were done in accordance with the
[EC 61400-11: Wind turbine generator systems -~ Part 11: Acoustic noise measurement
techniques, Ed. 2 [IEC 61400-11] using Method 1 as outlined in 7.3.1.1 “Method 1:
determination of the wind speed from the electric output and the power curve”. In this report the
sound power level and the tonality are given in the range of wind speeds from 6 to 10 ™/; at a
height of 10 m.

Note: A measured power curve for the turbine was provided by the customer for purposes of
converting the measured turbine power output into the standardised wind speed. This power
curve is given in the Annex.

2.2 Measurement object

Table 1 shows the characteristics of the measured WTGS. The remaining characteristics can be
found in the manufacturer’s certificate included in the Annex.

Table 1: Characteristics of the measured WTGS

parameter Value

manufacturer Vestas Wind Systems A/S

type Vestas V90-1.8 MW, VCS

WTGS No. V18864

site Schénhagen, Brandenburg, Germany
hub-height above ground 105 m

rotor diameter 90m

distance middle of tower to middle of blade flange |4,44 m

power control (pitch/stall) pitch

2.3 Course of the measurements

The total measurement period lasted from 2005-05-31 0822 h until 2005-05-31 162 h. During
this time the measured wind speed ranged from 3,0 to 9,0 m/s at a height of 10 m, The real

WT 4282/05: Report of Acoustical Emissions of 8 Wind Turbine Generator Systemn of the Type A .
Vestas V80-1 8 MW, Mode O near Schanhagen (Stact Pritzwaik). Brandenburg, Germany WINDTEST Koiser-Wilheim-Koog GmbH
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electrical power output of the turbine ranged between 781 and 1808 kW. The turbine was
running continuously during the operating noise measurements.

The sound pressure level was recorded with a microphorie on an acoustically hard board. The
real electrical power output and the wind speed at a height of 10 m, taken upwind of the turbine
in clear air, were also recorded. Time periods, where there were intermittent background noise
of a significant nature, e.g. passing cars, planes flying over, rain etc., were marked accordingly
during the measurements, and were omitted in the later evaluation. If there were random and
reoccurring disturbances, which could not be marked during the measurement, a later state
correction by means of a comparison with the DAT-recording was done.

The wind turbine generator system is sited in farmland. The surface roughness length for this
measurement is assumed to be 0.05 m. The microphone position was chosen to minimise the
effect of buildings, trees or bushes in the surrounding area of the wind turbine generator
system, which might have had an influence on the measurement results. The conditions comply
with free field behaviour over a reflecting plane.

During the noise measurements the meteorological conditions given in Table 2 were prevailing.

Table 2: Prevailing meteorological conditions during the measurements

barometric pressure at 2 m height above | 1007

ground [hPa]

air temperature at 2 m height above §-20

ground [°C]

prevailing wind direction w

range of wind direction 264 -310

weather condifions cloudy and showers
Turbulence intensity at 10 m height above | 20,8

ground [%]

2.4  Measuring equipment

The measuring equipment used is listed in the Annex. This equipment is tested regularly
according to [IEC 61400-11] to ensure a high degree of measurement accuracy as well as
security of data. The complete acoustic measurement systern was checked before and after the
measurements using an acoustic calibrator (B&K 4231).

2.5 Position of microphone
The microphone was placed according to [IEC 61400-11]. The distance from the turbine to the

reference measuring point, Rg = 120 m, was chosen taking local circumstances into account.
The height of the microphone with respect to the bottom of the turbine foundation was 0 m.

3 Measurement results

3.1 Determination of directivity

As no significant directivity was ascertained the reference measurement position was chosen to
be directly downwind of the turbine. This ensured worst case sound propagation conditions
were taken into account,

WT 4282/05 Report of Acoustical Emissions of a Wind Turbine Generater System of the Type

Vestas V90-1 8 MW, Made O near Schonhagen {Stact Pritzwalk), Brandenburg, Germany WINDTEST Koiser-Wilheim-Koog GmbH
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3.2  Sound pressure level

The microphone converis the sound pressure into a continuous analogue signal which is then
fed to a sound level meter, The resulting dB value, Laeq, together with the status, the wind speed
at a height of 10 m, WS, and the real power output of the turbine, P, all recorded by the
measurement system, is plotted against time in a graph given in the Annex. Here it can be seen
at which points in time the furbine is switched on and off and provides an overview of the
background noise in relation to the operating noise recorded by the measurement system over
the whole period of the measurement. As can be seen, data was captured continuously
throughout the whole measurement period. Non-narmal background noises occurring in the
measurement period, e.g. from aircraft or traffic, were marked during data acquisition to enable
their easy omission in the evaluation to follow. The state signal is used to differentiate between
periods when the turbine is running and when it is stopped. Stafe = 1,5 depicts a running
turbine, state = 0.5 depicts a stopped turbine, and sfate = 0 marks the data to be omitted in the
evaluation.

The noise produced by the turbine alone Laeq. at wind speeds of 6, 7, 8, 9 and 10 m/s is then
determined by converting the dB levels of background and in-service noise to intensities,
performing a subtraction and converting back again to dB. In order to determine this, regression
curves of the measured sound pressure level with the turbine both running and stopped, plotted
with respect to the standardised wind speed at a height of 10 m are required. The wind speed
measured during the background noise measurement is multiplied by the factor x, which is
defined as the following:

v,

=7

where,
V, is the standardised wind speed
V. is the measured wind speed.

For this measurement, < = 1,01,

The results of this regression analysis are given in the Annex. All relevant sound pressure level
values are given in the annex.

Remark: The data have been analysed using a sixth order regression because this is the best
fitting approximation through all the relevant data points. The sound levels resulting from the
sixth order regression have been applied in the third octave analysis.

3.3  Sound power level of the turbine

In accordance with [IEC 61400-11] the sound power level L, . of the turbine in dB is derived

from the corrected sound pressure level L, ., at wind speeds between 6 and 10 m/s at a
height of 10 m, using the following formula:

4.7 R}
LIM,L’ = L.-‘qu.c.k -6+10- lg{%}
Lty

where, 6 dB is the correction due to the doubled sound pressure sensed by the microphone
caused by coherent interference at the acoustically hard board.

WT 4282/05: Report of Acoustical Emissicns of a3 wind Turbine Generator System of the Type
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10 lg[MJ =the ratio in dB of the surface area of a sphere having the radius K

=0

to the reference surface area of .S,

where,
S, =1m
R =Ry +dy+(H =h,Y
R, = distance between tower centre and microphone position

d = distance between tower centre and rotor flange middle point
H = hub-height above ground level
h,= height of microphone

The following results are given in the Annex:

e A graph showing regressions through all the measured wind turbine sound data Laeq and
background noise data L.

o A plot of the background corrected normalised values of Ly, against the standardised
wind speed.

s Aplot of Lagg and L, against measured wind speed.
* A plot of L against power.

* A plot of pitch angle against power.

» A plot of rotor speed against power.

« Atime plot of the measurement.

For the Vestas V90-1.8 MW, Mode 0 in the present configuration the real power output and
the apparent sound power laevels are given in table 4.

3.4 Tonal and frequency analyses

In accordance with the technical guideline [IEC 61400-11] a tonal analysis has to be carried out.
The frequency spectrum of the noise, which is measured on the acoustically hard board, is
determined on the basis of a narrow band analysis by means of the FFT-analyser B&K 2144,
This analysis was performed after the measurements using the audic signal recorded on a DAT-
recorder.

The results of the tonal analysis of the Vestas V80-1.8 MW, Mode 0 according to [IEC 61400-
11] are given in table 4.

3.5  3rd octave analysis

The A-weighted sound spectra at all the integer wind speeds are given in the Annex.

3.6 Uncertainties

WT 4282/05. Report of Acoustical Emissions of a Wind Turbine Generator System of the Type

Vestas VOG-1 8 MW, Mode O near Schonhagen (Stadt Pritzwalk), Brandenburg, Germany WINDTEST Kaiser-Wilhelin-Koog GubH
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3.6.1 Sound power level

The resulf of the sound power level measurement is subject to uncertainties which are due to
the environment, metecrological conditions and the measurement system. For these
measurements all the type B measurement uncertainty components as specified in the technical
guideline [IEC 61400-11} are given in Table 3. For all of the type B uncertainties mentioned
here, a rectangular distribution of possible values is assumed for simplicity with a range
described as “ta”. The standard deviation for such a distribution is:

=L

NE]

Table 3: Type B measurement uncertainty components

Component Range Uncertainty
[dB] [¢B]
Calibration, /,, £0,2 0,12
Chain of acoustic measurement instruments, U, +0,4 0,23
Acoustically hard board, U, 0,5 0,29
Distance measurement, U, £0,1 0,06
Acoustic impedance of air, I/, 0,2 0,12
Meteorological variation (including turbulence), U, +0,7 0,40
Wind speed derived from the power curve, U, 0,3 0,17
Wind direction, U, 0,5 0,29
0,44

8
Z U B;
i=l

The error in the background correction U, in dB has been calculated for each integer wind
speed as follows:

Upo =Ligog s — [I 0- log(l 0 MR 1y ST J)]

where [/, is the error in the background noise in dB defined as follows:

WT 4282/05. Report of Acousticat Emissicns of 2 Wind Turbine Generator System of the Type
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HG — N" . 2
where:
¥, =measured sound pressure level of background noise in dB
Post = estimated sound pressure level of background noise from the regression analysis
indB
N, = number of background noise measurement values in the wind speed bin

corresponding to the integer wind speed.

The combined measurement uncertainty U, relating to the sound power level L., is
calculated as follows:

8
U, = JU,_].V% Upe + D U"
i=l

where:
where:
¥ =measured sound pressure level of fotal noise (operating plus background) in dB
Vous = estimated sound pressure level of total noise from the regression analysis in dB
N =number of total noise measurement values in the wind speed bin corresponding

{o the integer wind speed.
All values for U/, U, and U/ . are given in the annex.

3.6.2 One-third octave band spectra

The uncertainty in the one-third octave band spectra is given in the Annex for all the third octave
bands.

3.6.3 Tonality

The uncertainty in the tonality is given in the Annex for all the given tones.

4 Summary

As ordered by Vestas Wind Systems A/S, 8900 Randers, WINDTEST Kaiser-Wilhelm-Koog
GmbH took measurements of the acoustic noise emissions on the WTGS Vestas V80-1.8 MW,
Mode 0 with a hub height of 105 m,

WT 4282/105° Report of Acoustical Emissions of 2 Wind Turbine Generator System of the Type
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All measurements and analyses of the sound power level and tonality described in this report
were made on the basis of the technical guideline [IEC 61400-11]. The analysis of the sound
power level was carried out using the standardised wind speed which was calculated from the
certified, measured power curve provided by the customer (see Annex).

The data on the WTGS Vestas V90-1.8 MW, Mode 0 have been evaluated by using a sixth
order regression because this is the best fitting approximation over all relevant points.

The results of this measurement are given in table 4.

Table 4: Summary of results

wind speed in 10 m height [m/s] 6 7 8 9 10

electrical power output calculated from the 1114 | 1.605 | 1797 | 1808 | 1.808

power curve [kW]

sound power level [dB] 102,7 | 103,7 | 102,6 | 102,4 | 101,9
;:;/r:f.'g:?d ;]ncertamty in the sound power 0.8 0.7 0.8 1.0 3
tonality, AL, [dB] -7,81 | -10,83 | -9,30 | -8,10 | -9,71
tonal audibility, AL, [dB] -526 | -836 | -679 | -570 | -7,32
frequency of the most prevalent tone [Hz] 720 734 728 726 726

Remark: It should be noted that there are only 2 minute values in the 10 m/s bin.

It is assured that this report has been drawn up impartially in accordance with
state-of-the-art science and technology and with best knowledge and conscience.

WT 4282/05: Report of Acoustical Emissions of a Wind Turbing Generator System of the Type . ]
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961251.R0 PAFR 1 46 @

5 List of employed symbols and abbreviations

d - distance from rotor centre to tower axis m
D - rotor diameter m
Abgnk - tonality of the ‘j th’ spectrum at k th’ wind speed, where j= 1 to 12 and

k=86,7,89, 10 dB
Al - energetic average of the 12 ALy« dB
Alak - tonal audibility dB
f - frequency of the tone Hz
fe - centre frequency of critical band Hz
H - height of rotor centre (horizontal axis turbine) or height of rotor

equatorial plane (vertical axis turbine) above local ground near the

wind turbine m
ha - location point height (in measurement equal to microphone height) m
K - the ratio between standardised wind speed and measured wind speed -
Laorkte - AorC-weighted sound pressure level dB
Laeqx - equivalent continuous A-weighted sound pressure level, where k =

6,7,8,9,10 dB
Laegck - equivalent continuous A-weighted sound pressure level corrected for

background noise at each integer wind speed and corrected to reference

conditions, where k=6,7, 8,9, 10 dB
Li - equivalent continuous sound pressure level level of the background

noise dB
Ly - sound pressure level dB
Lpnjk - sound pressure level of masking noise within a critical band in the § th’

spectrum at the 'k th’ wind speed, where j=1to 12 andk =6, 7, 8, 9, 10 dB
Lpnavgjx - @verage of analysis bandwidth sound pressure levels of masking noise

in the [ th’ spectrum at the ‘k th’ wind speed, where j= 1t0 12 and k =

6,7,8,9 10 dB
Lpt;k - sound pressure level of the tone or tones in the § th’ spectrum at the

'k th’ wind speed, where j=1to 12 andk=6,7, 8,9, 10 dB
Ls - equivalent continuous sound pressure level of only wind turbine noise  dB
Lesn - equivalent continuous sound pressure level of combined wind turbine

and background noise dB
Lwax - apparent sound power level, where k=86,7, 8, 8, 10 dB
N - Number of measured values -
Pw - effective electrical power kW
Rg - reference distance m
R; - slant distance from rotor centre to actual measurement position m
So - reference area, Sp= 1 m? m
Ua, Us - Uncertainty components dB
Ug - Total uncertainty dB
Une Error in the background noise daB
Vi - derived wind speed from power curve m/s
Vs - standardised wind speed m/s
WTGS - wind turbine generator system -
¥ - measured sound pressure level of operating plus background noise dB
Yest - estimated sound pressure level of operating plus background noise from the

regression analysis dB

WT 4282105 Report of Acoustical Ernissions of & Wind Turbine Generator System of the Type
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6 References

[{EC 61400-11] IEC 61400-11, Wind turbine generator systems - Part 11: Acoustic noise
measurement techniques, Ed. 2.

7 Annex
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Ambient Noise Data - 13 and 14 December 2005
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Ambient Noise Data - 17 and 18 December 2005
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Location G1 - Conroys Gap
Ambient Noise Data - 28 and 29 May 2006
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1 Sound Level or Noise Level

The terms “sound” and “npoise™ are alost mierchangeable, except that
1 ol usage Ceeise’ s often used 1o peler 1o wnsanted sound.

Spund or noise) consists of minue fuclustions in atmospleric pressune
|_-._1|'|;|H|_- al l.":i'-ki:u;.: the sonse of |'||.'u||.|:|!.|.. The hurman ear f-::irtlﬂdﬁ L
changes i sound pressuse over a very wide range, The lowdest sound
prossure 1o owhich the human ear responds s on muillion times greater
than the soffest. The decibel (abbreviated as dB) scale reduces this ratio
o a more manageable size by the use of loganthins

The symbels SPL, Loor Le are commonly wsed 1o represent Sound
Presaure Level. The symbol La repeesents A-weighted Sound Pressune
Lewvel The standard reference unit for Sound Pressuse Levels l|.'5\.|'|IL'.'\-.'I|:IJ
in decibels is 2E-3 Pa.

2 “A"™ Weighted Sound Pressure Level

The overall level of a sound i3 uswally expresaed i lenms of dBA, which
15 mensured wing o sound lewvel meter with an “A-weighting™ Olter
Thiz is an electromic [ler having a frequency response corresponding
u|'l|'l||.th|:|u.1I-|.'|.'. tor that of human |:u.'u||.|:|!.|..

People’s hearing is most sensitive o sounds at mid frequencies (300 He
o 4000 Hed, and lesa sensitive at lower and higher frequencics. Thus,
the Tevel of & sound in dBA s a good measure of the loudness of that
sound.  Different sources having ihe same dBA level generally sound
absoul equally Lowd

Aochange of 1 dBA or 2 dBA in the level of a sound is difficult for most
peeple o detect, swhilat a 3 dBA w0 3 dBA change cormesponds 1o a small
bt noticeable change in loudinesa. A 10 dBA change comesponds 1o an
approsimate doubling or halving in lowdness. The table bolow lists
examnples of typieal notss levels

Sound Pressure Typical Souree Subjective
Level (dBA) L Evaluathon
130 Theeshald of pain Intolesable
12k Heavy rock coneert Extremaly noisy
e Dtremely nois
11 Cirincling om gtes] ’
L0 Lowid car horm at 3 m
o “onairclion site wi Very nois
90 Construction site with Very noisy
pieumatic hammering
&0 Foerbside of busy atreet Loud
- : .0
70 Laoud radio or television
&l Depariment stone
- - Bdoderate to quiet
50 Cieneral CdTice 4
1 lInside private olfice
- L ised to very 1y

30 [nzide badroom Jused to very quie
20 Unoccupied recording studio Almost silent

Cither weightings (eg B, © and [ are lesz commeonly used than A-
weighting.  Sound Levels measured without ary weighting are refemed
o s Climear”, and the wnits are expresaed as dB(lin) or dB.

3 Sound Power Level

The Sound Power of a source 15 the rate at which it emils acoustic
energy.  As with Sownd Pressure Levels, Sound Power Levels are
expressed in decibel units (dB or dBA), but may be sdentified by the
ayinbals 8WL or Lw, or by the reference unit 1E-12 W,

The relationship between Sound Power and Sound Pressure may be
likened 1o an electrie radiator, which ks characterized by a power rating,
bt hias an effect on the surrounding enviromment that can be measured
i terns of a different ParEITeler, leiperaluns
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Acoustic Terminology

4 Statistical Noise Levels

Sounds that War i level over time, such as road traffic noise and most
coiminuly woise, are eommonly deseribed in termz of the statistical
ceoedanee levels Lar, where Law iz the A-weighted sound prossure
lewel excoeded for W% of a given measurement period. For example, the
Lar is the noise level exceeded for 1% of the e, Lawe the noise
exeeeded for 10% of the time, and =0 on.

The Follovwing fgure presents a hypothetical 13 minuie nodse sunvey,
i]l.l.l!il:l'il[l.l'll.:! various common satistical indices of interest.

55
T 5]
E — LAmax
E 45 T—LA1 i
+—La10
£ a0 . ]
7 = LAeq
P Y
& 351
E - Lago
g 0
25 ] 1 1 1 1 : 1 1 1 1 : 1 1 1 1

Q0:00 05:00 10:00 15:00

Monitoring or Survey Pernod  [minutes)

OF partienlar relevance, arc

L1 The notae level exceeded for 1% of the 13 minuie interval,

L1 The noise level exeoed for 10% of the 15 minute interval.
Thiz is comimonly referred 1o as the average maximum noise
level

Lo The noise level excesdad for 90% of the sample perod. This

mobse leviel is deseribed as the average minimum background
soumd  level (in the absence of the source  under
considerationd, or simply the backaround level.

I peq The A-weighted equivalent noise level (basically the average
motae leveld It is defised as the steady sound lewvel that
containg the same amount of acoustical energy as the
corresponding time-varying souned.

When dealing with numesous days of siatistical noise data, it is
aometimes AECeEEary W define the 1% P‘]L‘i.'ll. mise levels at a Siven
monibering lecation for a particular time of day. A standardised method
ia available for determining these representative lovels.

Thiz methad produces a level representing the “repeatable mimimwm™
Loaon mise level over the davtime and pight-time ineasurement poriods,
as requined by the EPA. In addition the method produces mean o
‘average” levels representative of the other deseriptors {Lasg, Lano, eic)

5 Tonality

Tomal nokss contains one or more prominent tones (e distinet Trequency
componeniz), and 15 pormally regarded as more offensive than “hroad
band” noize.

6 Impulsiveness

Ay i:lt'||'ll||.:ii'.l.' nokse is charactorsed h‘l. o oF 1re short :J:‘|u.||'l |'|I.'i.'ll\.!'i in
the thime doanain, such as oceurs during hammering.
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7 Frequency Analysis

Frogueney analysis is the process used io examne the tomes (of
frequency  componenis) which make up the ovemll noise or
vibration signal. This analvsis was traditbonally carmed out using
analogue electronic filvers, bt is now normally carried out using
Fast Fourer Transform (FFT) analysers.

The units for feequensy are Herte (Hz), which sepeesent the numdbsz
ol cveles per second.

Frogqueney analvais can be in:
& Octave bands (whens the centre frequency and width of sach
haind iz double the previous band)
e« 13 octave bands O3 bands in each octave baind)

«  Dlamrow band (where the spectum 18 divided into 400 or
moge Fands of equal width)

The Following fgure shows a 173 octave band Frequency analysis
where the noise i3 dominated by the 200 He band, Mote that the
indicated level of gach individual band is less than the overall level,
which is the logarithimic sum of the bands.

Sound Fressure Level (d8A)
&

?ﬁEﬁﬁEEEEﬁEEEEEEE

113 Octave Band Cenfre Freguency (Hz)

g€ Vibration

Vibration may be deflined as evelic or transient motion. This motion
can be measured mo tenms of s displacement, wvelocity or
aceelortion.  host assossments of huiman responss (o vibration or
the risk of damage o buildings wse measurements of vibration
velocity.  These may be expressed in terms of “peak”™ velocity or
Uroms” velociiy .

The former i3 the maximum instantanecus velocity, withoul any
averaging, and is sometimes reformed (o as “poeak particle velociy™,
or FPV. The latter incorposates “rood mean squared” averaging over
soimee delined time period.

Vibiation measureinents ey be camied oul in oo single axis or
alternatively  as  riaxial  measunenents. Where  triaxial
mmeasurements are wsed, the axes are comimonly designated vertical,
lomgitudinal (aligned toward the source) and transverse.

The cormmon units For velocily are millimetees per second (mimds).
As with noise, decibel units can alzo be used, in which case the
reference level should always be stated. A vibration level W,
expressed in omm's can be converted o decibels by othe formula
20 logz (W Vo), where Ve iz the reference level (1E-6 mm's). Care is
required in this regard, as ether reference levels ane used by some
organizations.
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9 Human Perception of Vibration

People are able to “feel” vibration at levels lower than those requined
o cause oven superlicial damage to the most susseptible classes of
hawilding {even though they may nod be disturbed by the motion). An
individual's perception of motion oF response 1o vibration depends
wvery strongly on provieus expenence and expectations, and on other
conmotations asseciated with the perceived source of the vibmiion
For example, the vibration that a person respoids (0 as “normal” inoa
car, bus or rain i3 considerably higher than what s perceived as
“normal™ i a shop, office or dwelling.

10 Ovwer-Pressure

The terin “over-pressure” 18 wed to describe the air pressure pulse
cimitted during blasting o similar events.  The peak level of an
cvent is normally messured using a imicrophone in the same mannes
as lisear nodse (e wnweighied), at fequencies both in and baelow the
adible range.

11 Regenerated Noise

Modse that propagates thiough a strecture as vibration and 2 radiated
by vibrating wall and Floor surfaces i8 termed “rogencrated noise”,
“airpcture-borme nedse”,  or  semetimes Cground-bome  noise”.
Fegonerated noise orginates as vibration and peopagates betweon the
source and receiver through the ground andfor building  strectural
clerents, rather than throwgh the air.

Typical sources of regenerated noise include twnnelling works,
underground  milways,  excavation  plant  {og rockbreakers),  and
bwilding services plant Jeg fans, compresaors and generators).

The fallowing fgure prosents the various paths by which vibeation and
regenerated moise may be transmitied between a sourse and recoiver
for construction activities securing within a tunmel.

A STRUCTURAL WRAATR
= RALINTTOACUHD

TR T

RERLATION Ry W

The term “regenerated noise” s alse wsed (o describe other tvpes of
moise that are entted from the primary souree as a different form of
energy. Une example would be a fan with a silencer, where the fan
ia the energy source and primary nodse sourse. The silencer may
effectively reduce the fan nodse, bat 2ome additional nodse may be
created by the serodyiamic effect of the silencer in the aipstream
This “secondary™ moise may be referred o as rogenerated noise.
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