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1 INTRODUCTION

Renzo Tonin & Associates was engaged by the Department of Planning & Infrastructure to

conduct a specialist, independent acoustic compliance audit of Woodlawn Wind Farm located

approximately 7km to the west of Tarago and approximately 10km to the east of Lake George

in the State of New South Wales.

1.1 Objective and Scope of Works

The objective of the study is to conduct an independent compliance audit of noise from the

Woodlawn Wind Farm. The audit is to be undertaken by reference to and in accordance with

the noise related conditions of approval issued by the Minister for Planning. Included is a full

and detailed noise measurement program and assessment at the residential dwellings specified

in the conditions of approval.

As of the date of this report, whilst a noise compliance assessment plan has been submitted to

the Department of Planning, a noise compliance assessment has not been undertaken.

The scope of works includes the following:

a) Conduct a comprehensive noise monitoring program and analyse the data in accordance

with the requirements stipulated in the noise-related conditions of approval; and,

b) Determine compliance with the noise-related conditions of approval.

1.2 Conflict of Interest

The company Renzo Tonin & Associates (NSW) Pty Ltd and the author of this report declare

they have no actual, perceived, potential, pecuniary or non-pecuniary interest in the wind farm

operator or any of its associated companies or employees or the Department of Planning &

Infrastructure or any member of staff of the Department which give rise to, or could be seen as

giving rise to, a conflict of interest in relation to performing the scope of works defined above in

an impartial manner and in the public interest. A signed statement to this effect has been

submitted to the Department.

1.3 Relevant Quality Standards

The work documented in this report was carried out in accordance with the Renzo Tonin &

Associates Quality Assurance System, which is based on Australian Standard / NZS ISO 9001.

Appendix A contains a description of the some of the technical terms used in this report.
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2 DESCRIPTION OF THE SITE AND SURROUNDING RESIDENTIAL

DWELLINGS

The approved development at Woodlawn Wind Farm comprises 23 wind turbines located on a

visually prominent north-south ridgeline elevated above the adjacent rural lands (rising

approximately 100-200m above the surrounding landscape). Bungendore Road is situated to

the east of the project site and carries a relatively low volume of vehicular traffic. The total

generating power of the wind farm is 48.3MW.

To the south and west of the project site at a distance of approximately 5-10km is situated the

Capital Wind Farm development comprising 67 turbines with a generating power of 140.7MW.

To various degrees, three of the four residential properties studied in this report are influenced

by cumulative noise from Capital Wind Farm.

The wind turbines installed at the facility are Suzlon Model S88 with a hub height of 80m above

ground level and a rotor diameter of 88m. The following table shows other relevant details

(wind speeds specified at hub height).

Table 1 Technical Data for Suzlon S88 Turbine

Suzlon Model MW Hub Height m
Rotor Dia m Cut-in Speed

m/sec

Rated Speed

m/sec

Cut-out
Speed

m/sec

S88 2.1 80 88 4 14 25

The following table and Figure 1 show the physical location of the turbines.

Table 2 Locations of Wind Turbines and Meteorological Tower at Cullerin Wind Farm

Turbine Easting Northing

WTG01 734514 6116326

WTG02 734291 6116112

WTG03 734271 6115971

WTG04 733986 6115820

WTG05 733971 6115671

WTG06 733958 6115455

WTG07 733943 6115224

WTG08 733985 6115046

WTG09 734168 6114817

WTG10 734384 6114333

WTG11 734662 6114029

WTG12 735108 6113301

WTG13 735029 6113162

WTG14 735022 6112988

WTG15 735067 6112779
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Turbine Easting Northing

WTG16 734932 6112573

WTG17 734908 6112401

WTG18 734726 6112227

WTG19 734544 6111966

WTG20 734501 6111725

WTG21 734494 6111459

WTG22 734237 6111326

WTG23 734088 6111055
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The location of the meteorological mast requires some explanation. Background noise levels

were measured by Wilkinson Murray from 19th April to 3rd May 2004 (the “WM Report”).1

According to that report, wind data at 50m and 30m AGL was obtained from the wind mast “on

the site” and extrapolated to 10m AGL as required in the South Australian Environmental

Protection Authority’s Wind farms: Environmental Noise Guidelines (2003) (the “SA

Guidelines”).

According to Section 3.3 of the Operational Noise Compliance Assessment Plan prepared by

Vipac Engineers and Scientists pursuant to condition 53 of the Minister’s Consent (the “NCAP”)

2, that met mast was known as “Woodlawn 2” which is located approximately 7m from WTG17

(see Figure 1). Woodlawn 2 mast was eventually removed during the construction phase and

replaced with a new met mast referred to as MET17 which now operates at the site. MET17

has anemometers at 80m and 36m. The locations of the met masts are shown in the following

table:

Table 3 Meteorological Mast Locations

Met Mast Name Easting m Northing m
Altitude m ASL Anemometer

Heights m AGL

Woodlawn 2 734901 6112401 857 50m and 30m

MET17 734730 6112587 842 80m and 36m

MET17 met mast is situated approximately 250m from Woodlawn 2 met mast. Condition 54(c)

of the Minister’s Consent requires:

54 (c) a demonstration that wind measurements at the proposed wind monitoring station

Woodlawn 15 is consistent with the Woodlawn 2 wind monitoring station.

We understand that the met mast referred to as Woodlawn 15 was never constructed and

instead MET17 replaced it.3 Presumably the condition would require a demonstration that wind

measurements at MET17 are consistent with Woodlawn 2. It is not within our expertise to

comment on whether or not Section 3.3 of the NCAP fulfils that requirement. We have

therefore proceeded on the assumption that MET17 and Woodlawn 2 wind measurements are

consistent.

The locations of the nearest potentially affected residential dwellings are shown in Figure 1 and

in the following table the distance of those dwellings to the nearest turbine are shown.

1 Woodlawn Wind Farm Noise Assessment Report No 04098 Version B. Wilkinson Murray Pty Ltd. Sept
2004
2 Operational Noise Compliance Assessment Plan (NCAP) Woodlawn Wind Farm Document No 50B-08-0138-
TPL-775057-0. Vipac Engineers & Scientists Ltd. 26 Aug 2011
3 Email Infigen Energy to Planning NSW dated 5th Aug 2011
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Table 4 Distance of Residential Dwellings to Nearest Turbine (m)

Residence Involved with Wind Farm Nearest turbine
Distance to nearest

turbine (m)

Kildare No WTG17 2,792

Glendale No WTG23 2,290

Bonnie Doon No WTG23 2,493

Torokina No WTG07 2,649

However, as is clear from Figure 1, wind turbines associated with the Capital Wind Farm are

just as close or closer to Bonnie Doon and Torokina residences. Therefore, cumulative noise

impacts are relevant in assessing noise from Woodlawn Wind Farm.
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3 CONDITIONS OF APPROVAL

The conditions of approval for the Woodlawn Wind Farm are annexed hereto in Appendix B.

The specific clauses relating to operational noise are numbered 49 to 56.

3.1 Condition 49

49 Noise generated from the Development must not exceed at the identified properties the

equivalent noise level (LAeq,10) adjusted for any tonality as presented in the table below.

10m (height)

wind speed

(m/s)

Noise Level LAeq(10 minute) – 24 hours a day

Property described

in the EIS as

Kildare

Property described

in the EIS as

Glendale

Property described

in the EIS as

Bonnie Doon

Property described

in the EIS as

Torokina

2 35 35 35 35

3 35 35 35 35

4 35 35 35 35

5 35 35 35 35

6 35 35 35 35

7 35 35 35 36

8 36 35 35 37

9 36 35 35 38

10 37 36 35 39

11 38 36 35 39

12 38 37 35 40

13 39 37 35 41

14 39 38 35 41

15 40 39 36 42

It is not possible to directly measure the LAeq(10min) from the development because the total

noise level includes noise from other sources, particularly noise from vegetation (or wind noise

as it is commonly referred to). As previously stated, there will also be a noise contribution at

three of the sites (namely Glendale, Bonnie Doon and Torokina) from Capital Wind Farm.

Condition 55 requires that the noise compliance assessment must be undertaken in accordance

with the procedures presented in the SA Guidelines. Those procedures do not require the level

of wind farm noise to be determined as an absolute level as required in the table above. The

SA Guidelines assume that the total noise level measured comprises a contribution from wind

noise and from the development and the adopted criterion there-in does not require noise from

the development to be separated from the total noise level.

There is, therefore, a disparity between the requirement to adopt the procedures in the SA

Guidelines and the requirement to extract the noise from the development so as to compare it

with the limits stipulated in the table above.
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As a consequence, any methodology adopted for the purpose of noise compliance assessment

in accordance with Condition 49 will have limitations. This could not be averted by turning the

turbines on and off for a brief period of time because that result would only apply for the

weather conditions applicable at the time. In this report, we therefore adopt a methodology in

Section 4 which we believe to be reasonable in order to overcome the difficulties noted above.

There may be other methodologies which may also be reasonable. We do not imply our

methodology is exclusive.

We note that Condition 49 references the noise limits to a 10m height integer wind speed,

however, there is no requirement for the proponent to measure the wind speed at 10m height.

The MET17 meteorological mast has anemometers at 80m and 36m heights but not at 10m.

The wind speed at 10m height must therefore be extrapolated and at best the result will be

approximate only.

Unfortunately, this introduces another variable in determining compliance which, as explained

above, is already made difficult by the requirement to determine the LAeq(10minute)

contribution from the development on its own.

3.2 Condition 49A

49A The Applicant shall design, construction, operate and maintain the substation for the

development (to also service the Capital Wind Farm) so that the operation of the substation

does not exceed a noise contribution of 35 dB(A) (measured as an LAeq(15-minute)) at any

residential receiver.

The substation is located at the southern extremity of the Capital Wind Farm and is therefore

assessed in that report.

3.3 Condition 50

50 The noise limits applied to the four properties identified in Condition No. 49 must be applied

to all residences that were identified as being ‘representative’ as described in Section 2, Volume

2 of the EIS.

This study is concerned with only the closest residential receivers to the project site. If noise

levels comply at those residences they will also comply at other residences located further from

the development.

3.4 Condition 51

51 Noise from the Premises is to be measured at the most affected point within the residential

boundary, or at the most affected point within 30 metres of the dwelling where the dwelling is

more than 30 metres from the boundary, to determine compliance with the noise level limits

set out in the table at Condition No. 49.
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All of the dwellings are located further than 30 metres from the boundary of their lots and

therefore the noise assessment location is within 30 metres of the dwelling. A distance of 30m

is used in this report unless there is an impediment requiring a shorter distance to be used.

3.5 Condition 52

52 The modification factors presented in Section 4 of the New South Wales Industrial Noise

Policy (NSW EPA, January, 2000), must be applied to the measured noise level where

applicable.

This clause refers to the modifying factors defined in Section 4 of the EPA’s NSW Industrial

Noise Policy (“INP”). The modifying factors are penalties applied for a noise deemed to be

tonal, low frequency, impulsive or intermittent in accordance with the following table:



© Renzo Tonin & Associates (NSW) Pty Ltd Specialist Noise Component of Compliance Audit

Environmental Acoustics Team Woodlawn Wind Farm

TF694-01F06 (rev 8) Woodlawn Wind Farm Compliance
Assessment Report

NSW Department of Planning and Infrastructure

25 October 2012 Page 14

Table 5 Modifying Factor Corrections (Table 4.1 NSW INP)

Factor
Assessment/
measurement

When to apply Correction1 Comments

Tonal noise One-third octave or
narrow band analysis

Level of one-third octave band
exceeds the level of the adjacent

bands on both sides by:

 5 dB or more if the centre
frequency of the band containing
the tone is above 400 Hz

 8 dB or more if the centre
frequency of the band containing
the tone is 160 to 400 Hz inclusive

 15 dB or more if the centre
frequency of the band containing
the tone is below 160 Hz

5 dB2 Narrow-band
frequency analysis
may be required to

precisely detect
occurrence

Low
frequency

noise

Measurement of
C-weighted and
A-weighted level

Measure/assess C- and A- weighted
levels over same time period.
Correction to be applied if the

difference between the two levels is 15
dB or more

5 dB2 C-weighting is
designed to be more
responsive to low-
frequency noise

Impulsive
noise

A-weighted fast
response and

impulse response

If difference in A-weighted maximum
noise levels between fast response and
impulse response is greater than 2 dB

Apply difference
in measured
levels as the

correction, up to
a maximum of 5

dB.

Characterised by a
short rise time of 35
milliseconds (ms)
and decay time of

1.5 s

Intermittent
noise

Subjectively
assessed

Level varies by more than 5 dB 5 dB Adjustment to be
applied for nighttime

only.

Duration Single-event noise
duration may range
from 1.5min to 2.5hr

One event in any 24-hour period 0 to –20 dB(A) The acceptable noise
level may be

increased by an
adjustment

depending on
duration of noise.
(See Table 4.2)

Maximum
adjustment

Refer to individual
modifying factors

Where two or more modifying factors
are indicated

Maximum
correction of 10

dB(A)2

(excluding
duration

correction)

Notes:

1.Corrections to be added to the measured or predicted levels.

2.Where a source emits tonal and low-frequency noise, only one 5-dB correction should be applied if the tone is in the low-frequency
range.

See definitions in Section 4.2 NSW INP
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3.6 Condition 53

53 Prior to the commissioning of wind turbines as part of the development, the Applicant shall

prepare and submit for the approval of the Director-General a Noise Compliance Assessment

Plan. The Noise Compliance Assessment Plan shall outline how the Noise Compliance

Assessment, as described in conditions 54 and 55, will be undertaken.

This condition was complied with by submission of the NCAP previously referred to.

3.7 Condition 54

54 The Noise Compliance Assessment must include, but not be limited to:

(a) a commitment that noise compliance monitoring must be undertaken within three calendar

months of the commissioning of the wind turbines. If prevailing meteorological conditions

do not allow the required monitoring to be undertaken in this period, the DEC must be

notified and an extension of time may be sought;

(b) a requirement that all noise compliance monitoring results are to be submitted to the

Director-General within one month of completion of the monitoring. The Director-General

may request that additional noise compliance monitoring be undertaken and completed

within a timeframe defined by the Director-General;

(c) a demonstration that wind measurements at the proposed wind monitoring station

Woodlawn 15 is consistent with the Woodlawn 2 wind monitoring station; and

(d) an assessment of the performance of the wind farm against the noise limits contained in

Condition No. 49.

Condition 54(c) was dealt with earlier in this report.

At the time of writing, a Noise Compliance Assessment has not been submitted to the

Department of Planning.

3.8 Condition 55

55 In the event that the Noise Compliance Assessment indicates that noise from the wind

turbines exceeds the noise limits contained in Condition No. 49, the Applicant must investigate

and propose the mitigation and management measures that are available to achieve

compliance with the noise limits. The Noise Compliance Assessment must be undertaken in

accordance with the procedures presented in the SA Guidelines.

Note: The data obtained using the compliance assessment procedures outlined in the SA

Guidelines should be used to establish the noise levels contributed by the wind farm. The DEC

will also consider other predictive compliance assessment techniques where these techniques

can be justified. Although not directly applicable to wind farms, the NSW Industrial Noise Policy

(INP) may provide additional guidance on predictive compliance assessment techniques.

At the time of writing, a Noise Compliance Assessment has not been submitted to the

Department of Planning.
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3.9 Condition 56

56 Reasonable and Feasible noise mitigation measures are to be provided by the Applicant for

no more than one new dwelling, built on any vacant lot legally existing at the date of this

Consent, upon which a residential dwelling would be permissible at the same date. Noise

mitigation is to be provided if the noise levels from the Development at the approved location

of the new residential dwelling would exceed the SA Guidelines.

Note: The intention is that this Condition of Consent does not apply to any potential future

subdivision(s) that may be approved after the date of this Consent.

This condition does not relate to the scope of this study.



© Renzo Tonin & Associates (NSW) Pty Ltd Specialist Noise Component of Compliance Audit

Environmental Acoustics Team Woodlawn Wind Farm

TF694-01F06 (rev 8) Woodlawn Wind Farm Compliance
Assessment Report

NSW Department of Planning and Infrastructure

25 October 2012 Page 17

4 MEASUREMENT PROGRAM AND METHODOLOGY

A noise measurement survey was undertaken from Monday 18th June to Monday 16th July

2012. The following non-involved residential premises were surveyed:

 Kildare

 Glendale

 Bonnie Doon

 Torokina

Unattended noise surveys were conducted using RTA Technology type RTA05 and RTA06 noise

loggers which incorporate NTi XL2 sound level meters. The loggers are a class 1 instrument

having an accuracy suitable for field and laboratory use and incorporate 1/3 Octave band filters

and continuous audio recording. The lower limiting frequency of the XL2 is flat to 5Hz and the

residual noise floor is 19dB(A).

The attended noise surveys were conducted using a Sinus Soundbook sound level meter fitted

with a Bruel & Kjaer 4189 microphone and is a class 1 instrument having an accuracy suitable

for field and laboratory use. The lower limiting frequency of the Soundbook and microphone is

6.3Hz and the residual noise floor is 17dB(A).

The instruments were calibrated prior and subsequent to measurements using a Bruel & Kjaer

Type 4231 calibrator. No significant drift in calibration was observed.

All instrumentation complies with AS IEC 61672.1 2004 “Electroacoustics - Sound Level Meters”

and carries current NATA certification (or if less than 2 years old, manufacturers certification).

The noise measurement methodology involved deployment of the unattended loggers for a total

of four weeks at each residential receiver and in each case located within 30m of the residence

in the direction of the wind farm.

Attended surveys were also conducted on a night during the survey period whenever weather

conditions permitted, particularly when low wind speeds at microphone height prevailed. The

measurement location was as close as possible to the loggers.

A Davis Vantage Vue weather logger was placed at Kildare and a second unit at Torokina at a

height of approximately 1.8m above ground level. The logger enabled wind speed and

direction to be determined at a height just above the standard microphone height of 1.5m.

The Kildare weather logger wind speed and direction was applied to all receiver locations except

Torokina which had its own data. The Kildare measurement site is well shielded from wind

which is not the case for Glendale and Bonnie Doon. Therefore, local wind speeds at those two

sites would have been much higher than Kildare. Local wind speeds are not used in the

analysis, they are used only to exclude data at times of high wind. The use of 175mm
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diameter special purpose wind screens on all loggers would nevertheless have reduced wind

noise on the microphone to acceptable levels.

The unattended noise loggers continuously measured all statistical noise parameters over

contiguous intervals of 10 minutes. In addition, the loggers recorded 1 second over-all noise

parameters and the 1 second Leq 1/3 octave band Leq spectrum from 5Hz to 20kHz as well as

saving a compressed version of the audio file. It is possible using this instrumentation to

interrogate any 10 minute period and replay the 1 second 1/3 octave band spectra in real time

with synchronised audio.

Concurrent with the noise monitoring, the MET17 met mast (located as shown in Figure 1)

recorded the 10 minute wind speed and direction at 80m and 36m height above ground level.

A check was made that the time clock in the wind turbine station anemometer coincided with

that of the noise measurement equipment.

The 10 minute wind speed at 10m was determined as follows: 4

=ߝ ቂ
୪୬(ೋఴబ)ି୪୬�(ೋయల)

୪୬(଼)ି୪୬�(ଷ)
ቃ …(1)

where,

=ߝ power law exponent

଼ܷ= wind speed at height 80m

ܷଷ= wind speed at height 36m

and,

ܷଵ = ܷଷቂ
ଵ

ଷ
ቃ
ఌ

…(2)

In respect of wind direction, there is no simple method of determining the wind direction at a

height of 10m from the other heights. Therefore, the wind direction at 36m is assumed to

apply at 10m. On this basis, the following figure shows the distribution of wind speed and

direction for the survey period.

4 Sources of Wind Turbine Noise and Sound Propagation. Tonin. Acoustics Australia 40(1) 2012
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The figure shows that the wind direction was predominantly ESE for the higher wind speeds.

Low wind speeds below about 5m/sec are more evenly distributed. There is no information

provided in the WM Report in respect of wind directions which occurred during the baseline

noise study.

For each residential receiver, a regression analysis was undertaken in accordance with the SA

Guidelines. Noise samples that exhibited periods of high wind speed at the microphone

(greater than 5m/sec at microphone height) or when rain fell were excluded from the sample.

In addition, two regressions were made, one with all valid data and one excluding periods when

there was no power generated from the project site. According to the SA Guidelines, ambient

noise levels should be taken “with the wind farm operating”.5 Nevertheless, both analyses

were made for the purpose of comparison.

Tests for the modification factors specified in condition 52, particularly tonality and low

frequency noise, were made using the data from the attended noise measurements. At all

locations there were times when wind noise influenced the audibility of the turbines. Therefore,

the approach taken was to select from the attended noise samples periods when the noise level

was for a time at its lowest to minimise wind noise. These periods are denoted between the

two cursors in the graphs shown in the sections to follow.

5 Section 4.1 SA Guidelines

Figure 2 10m Wind Speed and Direction During the Survey Monitoring Period




