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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 Cullerin Range wind farm located

approximately 30km south-west of Goulburn 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

Cullerin Range 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.

The scope of works includes the following:

a) Review the noise compliance assessment reports provided to the Department by the

proponent of the Cullerin Range wind farm;

b) Comment on the adequacy of the information provided for making findings on compliance;

c) Using the information provided, make a preliminary finding on compliance;

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

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

e) 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 Cullerin Range wind farm comprises 15 wind turbines located on

the ridge of the Cullerin Range (which forms part of the Great Dividing Range and rises

approximately 100m above the surrounding landscape) running north-south between Cullerin

Road (the Old Hume Highway) to the north and the Hume Highway (Highway 31) to the south.

The distance between the northern-most and southern-most turbines is approximately 3.5km

and the total generating power is 30.75MW.

The wind turbines installed at the facility are eight RePower MM82 and seven RePower MM92

having a hub height of 80m above ground level and a rotor diameter of 82m and 92.5m

respectively. The following table shows relevant details for each turbine type:

Table 1 Technical Data for RePower Turbine Type

RePower
Model

MW Hub Height m
Rotor Dia m Cut-in Speed

m/sec

Rated Speed

m/sec

Cut-out
Speed

m/sec

MM82 2.05 80 82 3.5 14.5 25.0

MM92 2.05 80 92.5 3.0 12.5 24.0

The following table and Figure 1 show the physical location of each turbine and the location of

the 10m meteorological mast.

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

Turbine Easting Northing RePower Model

R1 719424.000 6147191.000 MM92

R2 719548.000 6146849.000 MM92

R3 719501.000 6146626.000 MM92

R4 719453.000 6146397.000 MM82

R5 719408.000 6146163.000 MM82

R6 719512.000 6145924.000 MM92

R7 719128.000 6145680.000 MM82

R8 719629.000 6145676.000 MM82

R9 719596.000 6145437.000 MM82

R10 719565.000 6145212.000 MM82

R11 719248.000 6145112.000 MM82

R12 719611.000 6144907.000 MM82

R13 719548.000 6144668.000 MM92

R14 719636.000 6144510.000 MM92

R15 719013.000 6144645.000 MM92

Met Tower 719519.031 6145637.838
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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.

Table 3 Distance of Residential Dwellings to Nearest Turbine (m)

Residence Involved with Wind Farm Nearest turbine
Distance to nearest

turbine (m)

C01 Fairview Yes R1 1,583

C04 Illawambra R1 1,618

C06 Lerida Outstation Yes R2 1,572

C33 Ponderosa R1 2,328

C35 Edwards R1 2,517

C37 Faybri R1 1,360

C47 Wandella 2 R1 1,163

Properties that are involved with the wind farm, namely Fairview and Lerida Outstation, would

not have been considered for assessment in this report because the project approval excludes

these properties from compliance with the specified noise limits.1

However, as permission to undertake noise measurements could not obtained from the owners

of the Ponderosa and Edwards properties, the involved properties were substituted instead.

We are instructed that the property Wandella was initially considered as an involved property

and is in fact referred to in the project consent as one, however, it now remains uninvolved and

is therefore assessed as such.

1 Clause 44 Project Approval March 2007
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3 CONDITIONS OF APPROVAL

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

specific clauses relating to operational noise are numbered 35 to 46.

3.1 Condition 35

35. Subject to Condition No 36, the Proponent must design, operate and maintain the project

to ensure that the equivalent noise level (LAeq (10 minute)) from the project at each of the

residential receiver locations identified in Section 5 of the Noise Impact Assessment prepared

by Heggies Australia, dated 30 May 2006 (Section 3.2 of EA Attachments) does not exceed:

a) 35 dB(A); or

b) the existing background noise level (LA90, (10 minute)) correlated to the integer wind

speed at 10 metres height at the wind farm site by more than 5 dB(A),

whichever is the greater, for each integer wind speed (measured at 10m height) from cut-in to

rated power of the wind turbine generator.

For the purpose of this condition, the background noise levels are to be based on the levels

derived in accordance with Condition No 38.

Note: The noise limits in this condition do not apply to project-involved receivers, as specified

in Condition No 44.

The reference to residential receiver locations in Section 5 of the Heggies Australia noise impact

assessment report dated 30 May 2006 (“NIA Report”) is a reference to Table 5 of that

document. With the exception of other involved receivers, the residential receivers listed in

Table 3 above represent the closest residential dwellings to any turbine.

It is not possible to directly measure the LAeq(10min) from the project and instead the

compliance assessment method used is that recommended in the SA Guideline in accordance

with condition 41.

3.2 Condition 36

36. Where the noise modelling undertaken by the Proponent in accordance with Condition No

39 predicts that the equivalent noise level from the project at the receiver locations specified in

Condition No 35 would be below the limit specified in Condition No 35(b), the equivalent noise

level must not exceed:

(a) the predicted equivalent noise level at the relevant receiver location; or

(b) 35 dB(A),

whichever is the greater.
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Note: The background noise levels correlated to integer wind speeds shall be derived using the

regression analysis methods in the SA Guidelines

The reference to condition 39 requires the proponent to prepare a revised noise assessment for

the final turbine model and turbine layout selected. The report prepared by Heggies Pty Ltd

pursuant to that condition is Report No 40-1143-R4 “Cullerin Range Wind Farm Noise

Compliance Assessment” dated 16th November 2009 (“2009 Noise Compliance

Assessment”) which incorporates the results of noise measurements conducted in August and

September 2009. In that report there are predictions of final noise levels “as built” which we

assume is a reference to the predicted noise levels for the final turbine model and turbine

layout selected.

Effectively, condition 36 imposes a noise limit on the LAeq(10min) produced by the wind

turbines which is the higher of 35dB(A) or the predicted noise level at each residential receiver,

that is, the predicted noise levels in the 2009 Noise Compliance Assessment report. In respect

of the residential receivers listed in Table 3 above (including for informative purposes the

involved properties for which this condition does not apply), the predicted noise levels are as

follows:

Table 4 Predicted LAeq(10min) Noise Level for Integer Wind Speeds

Residential
Receiver

10m wind speed m/sec

5 6 7 8 9 10 11 12

C01 Fairview 33.6 36.0 36.6 36.9 36.9 36.9 36.9 36.9

C04 Illawambra 33.4 35.8 36.5 36.8 36.8 36.8 36.8 36.8

C06 Lerida
Outstation

34.7 37.3 37.9 38.1 38.1 38.1 38.1 38.1

C33 Ponderosa 30.2 32.6 33.3 33.6 33.6 33.6 33.6 33.6

C35 Edwards 28.3 30.7 31.4 31.7 31.7 31.7 31.7 31.7

C37 Faybri 34.4 36.7 37.4 37.7 37.7 37.7 37.7 37.7

C47 Wandella 2 35.6 37.9 38.6 39.0 39.0 39.0 39.0 39.0

We are informed that all noise modelling was undertaken using SoundPLAN software

implementing the ISO 9613 algorithm with a hard ground coefficient of G=0 and one third

octave band calculations for air absorption, ground attenuation and topographic shielding

Condition 36 requires that where the LAeq(10min) predicted noise level from the project (i.e.

the levels in Table 4 above) is less than the limit specified in condition 35(b), then the limit

shall be the higher of the predicted level or 35dB(A).

Taking C35 Edwards as an example, Figure 2 below (taken from Figure 22 of the 2009 Noise

Compliance Assessment report) shows as a green dotted line the limit specified in condition

35(b). At 8m/sec, for example, that limit is approximately 40dB(A). The predicted level is

approximately 32dB(A) which is less than 40dB(A). Therefore, the condition 36 limit is the

higher of 32dB(A) and 35dB(A), that is 35dB(A).
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This does not imply, however, that the green dotted line should now be reduced to 35dB(A) at

8m/sec. The green dotted line relates to the limit for the combined noise level from wind and

project noise. The condition 36 limit of 35dB(A) is in respect of project noise only. The “as

built” curve shown as a black line with triangles in the figure is the predicted project noise only.

The problem is that one is not usually able to measure project noise in isolation (unless of

course the measurement location is very close to the turbines). This therefore leads to the

predicament of how one should determine compliance with condition 36 in circumstances where

the “equivalent noise level from the project” cannot be measured reliably.

One possibility is to refer only to the predicted noise level for wind speeds that are very low and

do not contribute significantly (for example, the predicted noise level at 5m/sec). In the case

of the figure above at 5m/sec;

i) the predicted value is approximately 28dB(A) (the black curve with triangles);

ii) this is less than the condition 35(b) limit of approximately 33dB(A) (which is derived by

extrapolating the sloping green dotted line downwards to 5m/sec;

iii) the limit pursuant to condition 36 is the higher of 28 and 35 which is 35dB(A);

iv) the measured regression value at 5m/sec with turbines operating is 30dB(A) (the pink

curve which is assumed in the SA Guidelines to represent the LAeq(10min)) and this

value is less than the 35dB(A) limit;

v) this would therefore demonstrate compliance in this case.

Figure 2 C35 Edwards (alternative) Compliance Assessment
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The other alternative would involve validating the noise model, that is, taking noise

measurements close to the turbines and using these measurements to calibrate the noise

model and therefore the predicted values at the residential receivers. However, we interpret

condition 36 as involving a noise measurement “at the receiver locations” to demonstrate

compliance with that condition.

There is a note at the end of condition 36 relating to the regression analysis specified in the SA

Guidelines which, even though it is meaningless in the context used, implies a measurement of

some kind is intended.

There is also a note at the end of condition 41 that “other predictive compliance assessment

techniques, where these techniques can be justified, may be considered”, however, this would

involve an application to and consideration by the Department which is an exercise beyond the

scope of this study.

For the reasons specified above, we will therefore check compliance with condition 36 at a wind

speed of 5m/sec.

3.3 Condition 37

37. At all other residential receiver locations, noise from the project, at any given integer wind

speed, must not exceed a level of LAeq,(10 minute) 35dB(A).

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

3.4 Condition 38

38. The Proponent must prepare a Background Noise Measurement Plan which must be

submitted to the Director-General prior to commissioning of the wind turbines. The Background

Noise Measurement Plan must outline the procedure to collect additional background noise level

data and coincident wind speed measured at 10 metres height at the wind farm site.

The existing and additional measurements should together provide representative coverage of

seasonal (spring, autumn, summer and winter) noise variations. For the purposes of this

condition, additional monitoring is required to cover the summer, autumn and winter seasons.

All background noise data measured as a result of the Background Noise Measurement Plan

must be supplied to the Director-General on request.

Note: For the background noise data to be a robust statistical sample, sufficient noise data is

required. The Proponent should aim to capture in the order of 2000 data points for each

season.

However, it is acknowledged that the extent of typical noise logging equipment is

approximately two weeks which may limit the available data to less than 2000 points.

Deployment of loggers for a single two week period per season is considered adequate to

provide sufficient noise data for this analysis.
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Also note that adequate spring background surveys have been carried out for the purposes of

Environmental Assessment, and no further surveys are therefore required for this season.

The seasonal background noise level measurements were conducted in 2005 and 2007 and

reported in Heggies Pty Ltd Report No 40-1143 Revision 0 “Cullerin Range Wind Farm Baseline

Noise Measurement Plan” dated 14th February 2008 (“2008 Baseline”). We have used this

data to determine the consent limits referred to in condition 35.

3.5 Condition 39

39. The Proponent must prepare a revised Noise Assessment for the final turbine model and

turbine layout selected which must be submitted to the Director-General prior to commissioning

of the wind turbines. The revised Noise Assessment must demonstrate consistency with the EA

and the ability of the proposed turbine model and layout to meet the requirements of Condition

Nos 35 and 37, and include:

(a) the noise predictions of the final turbine model and layout selected at each of the receiver

locations identified in Condition No 35; and

(b) the revised noise criteria developed in accordance with Condition No 35

The noise criteria for the project are to be developed using background noise data required

under Condition No 38.

This condition was complied with in the 2009 Noise Compliance Assessment previously referred

to.

3.6 Condition 40

40. The Proponent must prepare a Noise Compliance Assessment Plan which must be submitted

to the Director-General prior to commissioning of the wind turbines. The Noise Compliance Plan

must outline how the Noise Compliance Assessment, as described in Condition No 41 will be

achieved.

A Noise Compliance Assessment Plan was submitted by Heggies Pty Ltd dated 24th April 2009

outlining the methodology for noise monitoring in August and September 2009 (“Noise

Compliance Assessment Plan”).

3.7 Condition 41

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

a) an assessment of the performance of the project against the noise predictions contained in

Condition No 39;

b) 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 Director-General

must be notified and an extension of time may be sought; and
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c) 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 specified timeframe.

The Noise Compliance Assessment must be undertaken generally 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. Other

predictive compliance assessment techniques, where these techniques can be justified, may be

considered. Whilst not directly applicable to wind farms, the NSW Industrial Noise Policy (INP)

may provide additional guidance on predictive compliance assessment techniques.

As previously noted, the noise compliance assessment was conducted in August and September

2009 and the results documented in the 2009 Noise Compliance Assessment. We note, unlike

condition 38, there is no requirement to do compliance monitoring in all seasons of the year.

A reference to the SA Guidelines is a reference to the 2003 version of the guidelines as defined

in Schedule 2 of the project approval.

3.8 Condition 42

42. In the event that the Noise Compliance Assessment indicates that noise from the wind

turbines exceeds the noise limits contained in Condition No 35 and/or Condition Nos 36 and 39

as relevant, the Proponent must investigate and propose the mitigation and management

measures that are available to achieve compliance with the noise limits.

Details of the remedial measures and a timetable for implementation must be submitted to the

Director-General for approval within such period as the Director-General may require.

Remedial measures should include, in the first instance, all reasonable and feasible measures to

reduce noise from the project. Once all reasonable and feasible source controls are exhausted,

remedial measures may include offering building acoustic treatments and/or noise screening to

affected residents, but may only be used to address noise limit exceedances at the absolute

discretion of the relevant landowner/resident. The Proponent must also demonstrate that the

relevant landowner/resident has been made fully aware of the noise and other implications of

making any agreement.

Note: If the wind turbine exceeds the noise limits, the Proponent must immediately reduce

noise levels through a sector management approach. Further or alternative noise mitigation can

then be investigated and incorporated as a project remedial measure.

The 2009 Noise Compliance Assessment reported no non-compliances.
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3.9 Condition 43

43. Noise from the from the project is to be measured at the most affected point within the

residential boundary, or at the most affected point within 20 metres of the dwelling, where the

dwelling is more than 20 metres from the boundary, to determine compliance with the noise

level limits in Condition Nos 35 and 36.

3.10 Condition 44

44. The noise limits specified in Condition Nos 35 and 36 do not apply to on-site residences

C01, C02, C03, C06, C47, C48, or any neighbouring residence whilst noise agreements are in

place between the Proponent and the respective owners of the residences. For this condition to

take effect, the noise agreements must satisfy the requirements of Section 2.3 of the SA

Guidelines.

This clause refers to the involved residential receivers, however, C03 Wandella and C47

Wandella 2 are no longer involved properties. It is not a requirement of this study to assess

compliance with this condition.

3.11 Condition 45

45. 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:
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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

3.12 Condition 46

46. Where reasonable and feasible, noise mitigation measures are to be provided by the

Proponent for no more than one new dwelling, built on any vacant parcel of land legally existing

at the date of this approval, upon which a residential dwelling would be permissible at the same

date. Noise mitigation is to be provided if the noise level from the project at the approved

location of the new residential dwelling is found to exceed the noise limits recommended in the
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SA Guidelines. The mitigation measures must ensure that the criteria specified in the SA

Guidelines are met.

This condition only applies to new dwellings for which a development application is lodged with

the consent authority within five years of the date of commencement of operation.

Note: The Proponent should liaise with the Council regularly to check the status of development

applications that may be lodged involving new residential dwellings in the locality of the project

site.

This condition does not relate to the scope of this study.
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4 REVIEW OF EXISTING NOISE COMPLIANCE ASSESSMENT REPORTS

The project approval requires the following reports to be submitted:

Table 6 Reporting Required by Conditions of Approval

Condition Report Submitted

38 Background Noise Measurement Plan 2008 Baseline

39 Revised Noise Assessment for the Final
Turbine Model and Layout

2009 Noise Compliance Assessment

40 Noise Compliance Assessment Plan Noise Compliance Assessment Plan

41 Noise Compliance Assessment 2009 Noise Compliance Assessment

In this section we will:

a) comment on the adequacy of the information provided for making findings on compliance;

and,

b) make a preliminary finding on compliance based on the information provided.

4.1 2008 Baseline

Background noise levels were measured at the closest residential receivers namely, C01

Fairview, C02 Springvale, C03 Wandella, C04 Illawambra, C06 Lerida Outstation, C33

Ponderosa, C35 Edwards (equivalent location) and C37 Faybri. The baseline noise levels were

measured prior to the turbines becoming operational.

The initial data from the 2005 noise impact assessment was included in the compendium of

measurements as well as new data collected over four seasons during 2007. The data was

accumulated over all seasons as there is no requirement in the SA Guidelines to otherwise

dichotomise the data.

The unattended noise logging equipment used is not described in the report, however, from the

photographs it appears evident that the equipment comprises ARL Type 1 loggers as described

in the NIA Report. A weather station is used at some locations to monitor wind speed at

microphone height. As stated in the report, data is excluded if the wind speed exceeds 5m/sec

at microphone height.

We note that from the photographs that the logging equipment utilises standard 90mm

windscreens which are documented to produce a noise level of 38dB(A) for a 5m/sec wind

speed.2 However, this is for a fixed wind speed which does not realistically occur in practice.

The variation in wind speed will cause the noise on the windshield to vary and therefore when

2 Experimental study to determine wind-induced noise and windscreen attenuation effects on microphone
response for environmental wind turbine and other applications Noise Control Eng. J. 56 (4), July-Aug 2008
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measuring the LA90 for an average wind speed of 5m/sec, the windshield noise will be less

than 38dB(A). There is no data that we are aware of relating to this issue. Therefore, we

assume a deduction of 5dB(A) when measuring the LA90. This implies the windscreen noise

affecting the LA90 is (38-5=) 33dB(A) for a 90mm windscreen at an average wind speed of

5m/sec. This is to be compared with a 175mm wind screen used in this study which produces

a noise level of (29-5=) 24dB(A) at 5m/sec.3 Therefore there is the potential for the regression

curves in the 2008 Heggies report to be at a higher level than they would otherwise be.

The data regression analysis is in accordance with the SA Guidelines. We note a few

typographical errors in the report but they have no significance.

With the exception of C03 Wandella, the location of the measuring equipment complies with the

SA Guidelines. In respect of C03 Wandella, we note that the measurement location is on the

side of the house shielding the turbines rather than the other side facing the turbines. This is

unlikely to significantly affect the baseline data, however, it may affect the noise compliance

assessment.

4.2 2009 Noise Compliance Assessment

A noise survey was conducted in two periods spanning August and September 2009 when the

turbines were operational. The unattended noise surveys were conducted using ARL type 1

noise loggers which are suitable for use with the reservation discussed above in respect of the

microphone wind shield.

The 2008 Baseline report shows that the predominant winds are from the west and from the

east. The wind direction during the 2009 surveys was generally from the west which would not

be representative of worst case noise conditions and this is in fact stated in the report with a

recommendation that further monitoring be conducted.

The identical survey locations were selected for noise monitoring as in the 2008 Baseline

report. For each residential receiver, graphs are produced in Section 5 of the baseline

regression curve (from the 2008 Baseline report), the corresponding limit pursuant to condition

35 of the project approval and the regression curve for the operational phase (from the 2009

Noise Compliance Assessment report).

An analysis at C03 Wandella was not undertaken because of apparent contamination of the

data.4 In any case, for the reasons stated in the previous section, the location is not an

appropriate one and therefore this would have remained a contention.

For all of the non-involved residential receivers (excluding C03 Wandella), the regression

curves for the operation phase comply with the condition 35 limit. Whilst the project involved

3 Ibid

4 See Section 5.3 of the 2009 Noise Compliance Assessment report
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residential receivers are excluded from having to comply with condition 35 we note that, with

the exception of C02 Springvale, they also comply with condition 35.

We now turn to condition 36. As discussed in Section 3.2 above, the analysis is limited to the

lowest wind speed of 5m/sec in order to avoid the contribution of wind noise. All the non-

involved residential properties comply with condition 36. Taking as an example, C04

Illawambra, we refer to Figure 13 of the 2009 Noise Compliance Assessment report which is

reproduced here:

In the case of the figure above at 5m/sec;

vi) the predicted value is approximately 33dB(A) (the brown curve with circles);

vii) this is less than the condition 35(b) limit of approximately 36dB(A) (the lower sloping

green dotted line at 5m/sec);

viii) the limit pursuant to condition 36 is the higher of 33 and 35 which is 35dB(A);

ix) the measured regression value at 5m/sec with turbines operating is 33dB(A) (the pink

curve which is assumed in the SA Guidelines to represent the LAeq(10min)) and this is

less than the 35dB(A) limit;

x) this would therefore demonstrate compliance.

Condition 45 requires the assessment of modification factors in accordance with Section 4 of

the INP. There is no information provided in the 2009 Noise Compliance Assessment report

demonstrating compliance with that condition.

Figure 3 Illawambra Compliance Assessment
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We therefore conclude in respect of the noise compliance assessment reports provided to the

Department, apart from the exceptions noted above, there is sufficient information for making

a preliminary finding that there is compliance with the consent conditions.
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5 MEASUREMENT PROGRAM AND METHODOLOGY

An independent noise measurement survey was undertaken from Monday 21st May to

Monday 18th June 2012. The following non-involved residential premises were surveyed:

 C04 Illawambra

 C37 Faybri

 C47 Wandella 2

C47 Wandella 2 refers to the new house in the Wandella property located at on the crest of a

rise and is more exposed to the turbines than C03 Wandella the originally built house located

on a slope. Permission was refused from the owners of C33 Ponderosa and C35 Edwards and

therefore the following involved properties were included instead in the survey:

 C01 Fairview

 C06 Lerida Outstation

Nevertheless, attended surveys were undertaken at the entrances of C33 Ponderosa and C35

Edwards and some limited information was obtained.

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 20m 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.
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In respect of the C47 Wandella 2 residence, the unattended noise measurements were

conducted only for the final two weeks because it was not until the commencement of the

survey that we were informed by the resident that the Wandella property was uninvolved.

A Davis Vantage Vue weather logger was placed at Faybri and a second unit at Lerida

Outstation 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 Faybri weather logger wind speed and direction was applied to all receiver locations

except Lerida Outstation which had its own data.

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 wind turbine station (located as shown in Figure 1)

recorded the 10 minute wind speed and direction at 10m 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.

As a result of a malfunction of the direction sensor in the anemometer, the 10 minute wind

direction values are not available and instead approximate values were supplied by the wind

farm operator taken from turbine hub height. Wind direction is not used as a function in the

regression analysis adopted in the SA Guidelines. Wind direction however is of use in

determining whether the adverse winds occur during the survey (that is, winds in a direction

from source to receiver). The information supplied is sufficiently detailed to enable that

determination to be made.

The following figure shows the results obtained:
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The figure shows that the wind directions were predominantly westerly and easterly which

appears to cover the range of wind directions for all seasons as reported in the 2008 Baseline

report.

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 45, particularly tonality and low

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

locations, noise from the Hume Highway was audible particularly the sound of trucks and gear

changes. Whilst sound from the wind turbines was audible, it was only at times when

transportation noise subsided for short periods that it was possible to analyse turbine noise for

modification factors and, even then, this would have included noise from distant traffic as well.

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 transportation noise. These periods are

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

5 Ibid

Figure 4 10m Wind Speed and Direction During the Survey Monitoring Period




