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1 INTRODUCTION

Regulation 131D of the Environment Protection Regulations 2021 (the Regulations), as reproduced below,
requires a post-construction noise assessment for the facility to be conducted in accordance with the New

Zealand Standard 6808:2010, Acoustics — Wind Farm Noise (the Standard).

131D Post-construction noise assessment
(1) An operator of a wind energy facility that commences operation on or after 1 November 2021 must
ensure that a post-construction noise assessment for the facility is conducted —
(a) within 12 months of the commencement of operation of the facility; or
(b) in the case of a facility that commences operation in stages as set out in the authorising document
for that facility, within 12 months of each stage being completed.
(2) A post-construction noise assessment must—
(a) be conducted in accordance with NZS 6808:2010 by a suitably qualified and experienced
acoustician; and
(b) demonstrate whether or not the wind energy facility complies with the noise limit for that facility.
(3) The operator must—
(a) ensure that a report of the post-construction noise assessment is prepared; and
(b) engage an environmental auditor to prepare a report under regulation 164(ca)(i) in relation to the
post-construction noise assessment.
(4) The operator must give a copy of each report referred to in subregulation (3) to the Authority within 10

business days of the completion of the auditor's report.

Sonus has been engaged by Goldwind Australia Pty Ltd to conduct the post-construction testing in accordance
with the Regulations to determine compliance for the Stockyard Hill Wind Farm (the Wind Farm), comprised

of 149 Goldwind GW3S turbines.

This report, prepared in accordance with the Regulations and Section 8.3 of the Standard, summarises the
assessment of operational noise levels at nine residences selected in accordance with sections 7.1.3, 7.2.6, and
7.5.1 of the Standard. Appendix A outlines where the information required in accordance with Section 8.3 of
the Standard can be located in this report. The assessment includes analysis of noise monitoring at the
residential locations, intermediate locations between the residences and Wind Farm, and nearfield locations
around six nominated turbines, consisting of one of each configuration of turbine installed at the Wind Farm.
The assessment also includes an assessment of the special audible characteristics of tonality and amplitude

modulation in accordance with the Standard.
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2 TEST METHODOLOGY

Subregulation 2 of regulation 131D states that a post-construction assessment must:

(a) be conducted in accordance with NZS 6808:2010 by a suitable qualified and experienced acoustician; and

(b) demonstrate whether or not the wind energy facility complies with the noise limit for that facility.

Nine residential logging locations were identified where noise levels from operation of the Wind Farm are to
be measured to determine compliance with the Regulations. There were two of the nominated residential
logging locations where access was not granted (B029 and B121), therefore the noise monitoring was
conducted at backup locations (B328 and B118, respectively). The coordinates shown are those of where each
logger was placed at the testing location. Where the Wind Farm is shown to be compliant with the noise limit
at the test locations, the Wind Farm is considered to be compliant with the Regulations. The nine locations are
shown in Table 1 and graphically in Figure 1 and Figure 2. All locations except B061 are neighbour dwellings
that are owned by non-participant landowners not on the wind farm site and, in accordance with the Standard,

are noise sensitive locations.

Table 1: Testing Locations

Nominated Backup Actual Monitoring Coordinates (WGS 84 Zone 54)
Location Location Location Easting Northing
B0OO6 B113 BOO6 706600 5851418
B029 B328 B328 712410 5850536
B061(S) BO60 B061(S) 711425 5846996
B065 B099 BO65 710655 5841001
B083 BO79 BO83 712071 5835637
B111 BO06 B111 706546 5850423
B114 B113 B114 703299 5849525
B121 B118 B118 698301 5850411
B171 B167 B171 697410 5837887

(S) — This location is understood to be a stakeholder owned by Goldwind
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Figure 1: Monitoring Points and Noise Sensitive Locations (North Section)
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Figure 2: Monitoring Points and Noise Sensitive Locations (South Section)
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The noise limit for the facility is determined by the Regulations with reference to the relevant noise standard
for the facility. The relevant noise standard for a wind energy facility that is the subject of an authorising

document can be determined with reference to the below table, reproduced from the Regulations.

Table—Relevant noise standard for wind energy facilities

Column 1 Column 2 Column 3
Authorising document applying to Relevant noise
Item the wind energy facility standard
1 An authorising document issued NZS 6808:1998
before 1 January 2011, unless
item 2(b) applies
2 (a) An authorising document issued  NZS 6808:2010
on or after 1 January 2011; or
(b) Any authorising document that
has been amended to require
compliance with NZS 6808:2010
3 An authorising document that sets Either

out conditions to modify or replace
either NZS 6808:1998 or

NZS 6808:2010 in relation to wind
turbine noise

NZS 6808:1998
or

NZS 6808:2010
as specified in

items 1 and 2,
as modified or
replaced by the
authorising
document

The authorising document for the Wind Farm, in this case the planning permit, was originally issued prior to 1
January 2011 but was amended to require (amongst other things) compliance with NZS 6808:2010 in 2017. In
addition, the authorising document sets out conditions to modify NZS 6808:2010 in relation to wind turbine
noise. Therefore, as per the Regulations, Item 3 will apply, meaning the relevant noise standard for the facility
is NZS 6808:2010, as modified by the planning permit, Planning Permit No. PL-SP/05/0548/D (the Planning
Permit). It is noted that the noise limits for non-participant dwellings as outlined in the Planning Permit are in
accordance with the Standard. The noise limits for participant dwelling represents a modification of the

Standard, as the Standard does not differentiate between participant and non-participant dwellings.
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Sonus conducted a pre-construction noise assessment! of the Wind Farm that included determining the criteria
which apply at residences in the vicinity of the Wind Farm. Table 2 is from the pre-construction noise
assessment and summarises the criteria for the compliance monitoring locations. It is noted that the criteria

in this table have been determined in accordance with the Standard, as modified by the Planning Permit.

Table 2: Criteria

Residential Criteria dB(A), at Integer Hub Height Wind Speed, m/s

Logging

location | 3 | 4| 5|6 | 7 |8 |9 |10]|11|12|13] 14
B0O06 40 | 40 | 40 | 40 40 40 40 40 40 | 40 | 40 40

B0O61(S) 45 45 45 45 45 45 45 45 45 45 48 51
B0O65 40 | 40 | 40 | 40 40 40 40 42 44 | 45 47 49
B083 40 | 40 | 40 | 40 40 40 40 40 41 44 | 46 49
B111 40 | 40 | 40 | 40 40 40 40 40 40 | 40 | 42 44
B114 40 | 40 | 40 | 40 40 40 40 40 41 43 45 46
B118 40 40 40 40 40 40 40 40 40 40 43 46
B171 40 40 40 40 40 40 40 40 42 45 47 49
B328 40 40 40 40 40 40 41 42 43 44 45 46

(S) — This location is understood to be a stakeholder owned by Goldwind

To assist with demonstrating whether or not the Wind Farm complies with the noise limit for the facility,
additional monitoring was conducted at nearfield and intermediate locations. This was for the purpose of
determining the character of noise (tonality and amplitude modulation) from the turbines and enabling
extraneous noise from other sources to be excluded from the data analysis (in accordance with Section 7.2.4
of the Standard). The testing was conducted at locations where the noise from other sources in the
environment is minimised (in comparison to the noise level from wind turbines) and therefore the results can
assist in determining compliance at the residential logging locations, when the noise from turbines is masked

by other extraneous sources.

1 Summarised in the Sonus report with reference $3425.2C3, dated October 2017.
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3 NEARFIELD AND INTERMEDIATE MEASUREMENTS

Nearfield and intermediate testing has been conducted for the purpose of determining the character of the
noise from the turbines and enabling noise from other sources to be excluded from the noise at residential

logging locations.

The results of the nearfield measurements and analysis for each integer wind speed from cut-in to the wind
speed at rated power include:

e The apparent sound power level;

e The tonal adjustment and tonal frequency for any tones present;

e Anindication of the possible presence of amplitude modulation.

The apparent sound power levels were used to determine the wind speed at which the highest sound power
level was emitted from the turbines. If the noise at residential logging locations were to continue to increase
at wind speeds above the wind speed of highest noise emission, this would indicate that the noise is from

sources other than the turbines (most commonly wind in trees for high wind speed conditions).

The tonal adjustment and tonal frequency were used to assist in determining the wind speeds and frequencies

of potential tones at residential logging locations that would require further analysis.

The assessment for amplitude modulation was used to determine whether such a characteristic would be
present at the residential logging locations. If the data were to indicate a measurable modulation trace at the
blade pass frequency that exceeds the objective criteria in Section B3.2 of the Standard for the overall

A-weighted noise level, longer term testing at the residential logging locations would be required.

The results of the intermediate testing, which occurred concurrently with the residential logging, have been

used to assist in determining the contribution of noise from the Wind Farm.
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3.1 NEARFIELD MEASUREMENTS

Nearfield testing has been conducted at six turbines, understood to comprise one of each configuration of
turbine installed at the site. The testing was done for the purpose of determining the apparent sound power
level of the turbines and the presence of tonality or amplitude modulation in the noise profile of the turbine.
The table below indicates the turbines tested, the dates the testing was conducted, the configuration of the
turbines, the highest sound power level measured, and the report where the results are summarised. The
location of the tested turbines, as well as the configuration of the turbines on the site can be seen in Figure 3

below. The nearfield reports have been included as Appendix G of this report.

Table 3: Nearfield Testing Locations

Testing Dates (inclusive) Maximum Sound Power Level
Turbine Turbine Configuration Report Reference
Start End Sound Power | Wind Speed
18 10/01/2022 | 12/01/2022 GW140/3570 V5 111 dB(A) 10m/s $3425.2C17
22 27/08/2022 | 29/08/2022 GW140/3570 Only 3/4/5 111 dB(A) 12m/s $3425.2C25
83 27/08/2022 | 29/08/2022 GW140/3000 V5 112 dB(A) 14m/s $3425.2C26
93 07/07/2022 | 09/07/2022 GW140/3400 V5 111 dB(A) 12m/s $3425.2C24
141 21/07/2022 22/07/2022 GW140/3570 V4 114 dB(A) 15m/s $3425.2C21
149 18/07/2022 21/07/2022 | GW140/3570 Clean Blades 111 dB(A) 9m/s $3425.2C23
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Figure 3: Near Field Test Locations

The near field testing was conducted in general accordance with the procedure outlined in the International
Standard IEC 61400-11: 2012 Wind turbines — Part 11: Acoustic noise measurements techniques (IEC 61400).
While it is noted that IEC 61400 requires the sound power level to be determined for every integer and
half-integer wind speed, the compliance assessment in accordance with the Standard only requires the integer

wind speeds to be considered. As such, the near field analysis was only conducted for the integer wind speeds.

The results of the nearfield special audible characteristics testing, conducted in accordance with Appendix B
of the Standard, have been used to inform the post-construction analysis summarised in this report. The
apparent sound power levels indicate that there is no clear wind speed at which the noise from the turbines
reaches a maximum. As a result, the assessment in this report includes all data at high wind speeds. No tonality

was identified at any of the nearfield locations, based on the conducted analysis. Likewise, no regular
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amplitude modulation was found in the overall A-weighted levels. In addition to the objective testing, tonality
and amplitude modulation were subjectively assessed close to turbines and at residential locations. The
subjective assessments confirmed that the conclusions of the near field special audible characteristic testing

were representative of the wind farm overall.

The near field test locations are spread throughout the wind farm, covering all turbine configurations and
providing a range of different conditions based on the topography of the area. As the tested turbines represent
each of the turbine configurations, are from a variety of locations around the Wind Farm, and do not exhibit
any characteristics different from other turbines, it is considered that the six measured turbines are

demonstrative of the noise produced at the other turbines not tested.

The sound power level results have been used to update the noise model used for the initial compliance
assessment in order to revise the predicted noise levels for locations surrounding the wind farm. It is noted
that these predictions do not demonstrate either compliance or non-compliance. They have simply been
provided, upon request, for comparison with those produced for the initial compliance report. Figure 4 below
shows the predicted noise level contours for the Wind Farm, for a wind speed of 11m/s. It is also noted that
the predictions below consider only the noise from the wind farm, which is not the case in practice, where

other sources of noise can influence measured results.
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3.2 INTERMEDIATE MEASUREMENTS
The noise level from the Wind Farm was measured simultaneously at the residential logging locations as well
at intermediate locations. The intermediate locations were chosen because they:

e were between the Wind Farm and the residence being assessed; and,

¢ had a higher predicted Wind Farm noise level to background noise level ratio (the noise level from the

Wind Farm is more likely to be measurable above the level of background noise).

Data filtering has been used to remove time periods where noise data collected at an intermediate position
confirms that the source of the noise at a residential logging location is not the wind turbines, and is further
outlined in Section 4.1. For example, noise data collected in a particular 10-minute interval at a residential
logging location may be removed:
e if the noise measured in the same period at the intermediate position (closer to the turbines) is at a
lower level; or
e if the frequency content of the noise at the receptor is not consistent with the frequency content at

the intermediate position.

The intermediate measurement equipment was located between the residential logging locations and the
Wind Farm, in open spaces away from structures and trees. They have also been located such that they can be

used as an alternative monitoring point, if required, for future assessments against the Regulations.

The noise level was measured at the intermediate locations using NATA calibrated Rion NL-21 and Rion NL-22
Class 2 sound level meters, in compliance with Section 7.2.2 of the Standard. The coordinates of the
intermediate locations and the serial numbers of the sound level meters used are provided in Table 4 and the

calibration certificates are attached in Appendix B.
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Table 4: Intermediate Logging Locations

Intermediate Logging Coordinates Sound Level Meter Serial

Location Easting Northing Number
B006-B111 Intermediate A 706879 5850046 00354109
B006-B111 Intermediate B 705793 5850868 01298933
B061(S) Intermediate 711443 5847469 00709523
BO65 Intermediate A 710654 5841416 00877043
BO65 Intermediate B 710161 5840479 00683866
B083 Intermediate 711948 5835259 00709526
B114 Intermediate 703294 5849702 01298930
B118 Intermediate 698442 5850531 01298931
B171 Intermediate 697992 5838288 01298928
B328 Intermediate 710988 5849917 01298929

(S) — This location is understood to be a stakeholder owned by Goldwind

An aerial photograph showing the residential logging locations, the turbine layout, meteorological masts, and

the intermediate locations is provided below:
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Figure 5: Aerial View of the Site

The use of the intermediate location measurements is discussed further in Section 4.
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4  RESIDENTIAL LOGGING

The A-weighted noise levels (Lago) at each of the residential logging locations were measured continuously in
10-minute intervals over a number of periods between 6 July and 8 September 2022, summarised in Table 5,

which resulted in at least 6 weeks of data not affected by operational constraints of the Wind Farm.

Table 5: Sound Level Meter Serial Numbers

Residential Logging Noise Monitoring Period Sound Level Meter
Location Start Date End Date Serial Number
BOO6 07/07/2022 25/08/2022 00320657

B061(S) 06/07/2022 25/08/2022 00710394
BO65 06/07/2022 24/08/2022 00710391
BO83 07/07/2022 25/08/2022 00220543
B111 07/07/2022 25/08/2022 00320648
B114 07/07/2022 25/08/2022 00320647
B118 07/07/2022 25/08/2022 00320649
B171 07/07/2022 08/09/2022 00710393
B328 06/07/2022 25/08/2022 00710427

(S) — This location is understood to be a stakeholder owned by Goldwind

At each of the monitoring locations, Rion NL-52 or NL-42, NATA calibrated, Class 1 or 2 sound level meters with
a noise floor of less than 20 dB(A) were deployed, in compliance with Section 7.2.2 of the Standard. The serial
numbers of the sound level meters are provided in Table 5 and the calibration certificates are provided in

Appendix B.

The sound level meters were calibrated before and after the background noise monitoring regime with either
a Class 1 Rion NC-74 calibrator or a Class 1 Rion NC-75 calibrator (with serial numbers 35094478 and 34913547,

respectively) and the microphones were fitted with Rion WS-15 all-weather wind shields.

The position of noise loggers, in all instances, were on the Wind Farm side of the dwelling and at least 5m from
the building facade, to remove the effects of reflecting surfaces, in accordance with Section 7.1.6 of the
Standard. A photograph of the noise logging equipment at each residential logging location is provided in

Appendix C.
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At each of the residential logging locations, noise monitoring equipment was placed at the equivalent position
to the background noise monitoring location, prior to construction of the Wind Farm, with the exception of
B114, as required by Section 7.5.1 of the Standard. An air-conditioning unit had been installed near this
location since the pre-construction assessment was completed, so the noise monitoring equipment was

located away from this unit, while still fulfilling the positioning requirements noted above.

In addition to the noise logging, local wind speed logging was conducted at 3 locations (B061, B114 and B171)
using Rainwise wind data loggers. Local rainfall data were collected using a combination of Rainwise and Hobo
rain loggers at 2 locations (B114 and B171). The local weather loggers were at B061 and B114 for the duration
of the noise logging period and at B171 from 25 August until the end of the monitoring period. The rainfall
data and the measured wind speed at the microphone height were used to identify periods when data might
have been adversely affected by weather. For locations where the local weather logging equipment was not
deployed, data from the closest weather logger has been used in the analysis. A measurable amount of rain
was recorded on a number of days, including: 07/07/2022 - 09/07/2022, 11/07/2022 - 13/07/2022,
17/07/2022, 18/07/2022, 23/07/2022, 25/07/2022 — 28/07/2022, 31/07/2022 — 03/08/2022, 06/08/2022,
07/08/2022,11/08/2022—-20/08/2022, 22/08/2022 — 27/08/2022, 29/08/2022, 02/09/2022, 04/09/2022, and
07/09/2022 —09/09/2022, all inclusive.

During the noise monitoring regime, wind speed and direction were monitored at three meteorological masts
located around the Wind Farm (Operational Masts). The wind speed data were then referenced back to the
additional three locations where masts were previously located during the pre-construction noise monitoring
(Development Masts). This was conducted based on correlations between the wind masts when all masts were
operating, prior to the operation of the Wind Farm and was completed by GHD. The details of analysis are
summarised in the technical memorandum prepared by GHD and titled “Derivation of Wind Reference Data”,
dated 7 September 2022. This has been used to provide a hub height (108.5m) data set in 10-minute intervals,
free of wake effects at each of the six masts used for the pre-construction noise monitoring. A hub height of
108.5m is the same as that used for the pre-construction assessment. The locations of the meteorological
masts are provided in Table 6. It is noted that the location for WF3 in the technical memorandum is incorrect
and has been corrected for this report. A wind rose has been prepared for both the noise monitoring period
as well as a long-term period preceding the post-construction monitoring. These can be seen in Appendix D
and show that the most and least frequent wind directions remain the same between these two periods. This
indicates that the wind conditions experienced during the monitoring period are representative of all

conditions experienced on the site.
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Table 6: Meteorological Mast Locations

Coordinates (WGS 84 Zone 54) Anemometer
Mast Location .
Easting Northing Height

WF1 701402 5839204 82m

Development WF2 711017 5848595 82m
Masts

WF3 712188 5832983 82m

EXT1 711003 5846520 80m

Operational EXT2 707804 5836241 80m
Masts

EXT3 701085 5851932 80m

4.1 DATA ANALYSIS

Section 7.2.4 of the Standard allows extraneous noise sources to be removed. This has been implemented as

follows:
e Filtering out time periods:

o affected by rain, hail or wind based on a weather logger placed at an equivalent location to
one of the noise loggers. Data is adversely affected where precipitation occurs in a 10-minute
period, or the period either side, or where a wind speed greater than 5 m/s is exceeded for
90% of a 10-minute period (conducted at all locations);

o when sufficient WTGs are not operational to influence the measured level during the current
10-minute period (conducted at all locations);

o where the wind speed is below the cut-in wind speed (conducted at all locations); and

o considered abnormal, such as during local construction or maintenance activities, or during
the setup or collection of equipment (conducted at all locations).

e The subtraction of the background noise levels from the compliance noise measurements (conducted
at all locations, except B111).
e Filtering out time periods where noise data collected at an intermediate location confirms that the

source of the noise at a receptor is not the wind turbines (conducted at B111).
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It is noted that:

The wind farm was shut down for select periods during the noise monitoring period. The dates of these
periods, as well as the monitoring locations impacted can be seen in Table 7. Data points during these
periods have been removed from the analysis. For periods where only some of the wind turbines were
off, the predictions have been consulted to determine the contribution that these turbines would have
had on the locations used for the compliance assessment. At these locations, the contribution of the
off turbines was no more than 11 dB(A), which is at least 20 dB(A) below the total predicted noise level
at these locations, thus indicating that these turbines do not influence the noise level at these
locations. Therefore, the wind farm operating at less than full capacity had no impact on the
compliance assessment. It is noted that it is common for one or more turbines to be taken off-line

periodically to allow routine servicing or in response to non-scheduled maintenance requirements.

Table 7: Wind Farm Shut Down Periods

Start Time End Time Shutdown Reason Affected Locations
22/07/2022 9:30am 03/08/2022 4:30pm AEMO B0OO6, BO61(S), B111, B114, B118, B328
25/07/2022 6:40am 30/07/2022 4:30pm AEMO B065, B171, BO83

05/09/2022 4:30am

08/09/2022 12:00pm

HV Maintenance

B171

(S) — This location is understood to be a stakeholder owned by Goldwind

Section 7.5.3 of the Standard requires that the contribution of the background sound be removed from
the analysis. It notes that this can be achieved by logarithmically subtracting the background noise
level from the residential logging results. This has been done at all locations except for B111, where
the intermediate data was used to filter noise from other sources, as this method is no longer valid in
this case. It is noted that the subtraction of background noise has been limited such that the measured
noise level is reduced by no more than 3 dB.

As noted above, data filtering was conducted at B111 based on the results at the intermediate
locations. Time periods where the noise level at both intermediate locations was lower than the
measured level at B111 have been filtered out. A series of audio recordings made during the
monitoring period at B111 were reviewed to identify the cause of the higher noise level and it was

determined that the noise from frogs and insects was the predominant contributor.

Following the data removal process, the remaining noise data were correlated with the hub height referenced

wind speed data for each residential logging location, in line with Section 7.5.2 and the procedure outlined in

Section 7.4 of the Standard. The hub height wind speed used for the correlation was taken from the same
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meteorological mast location as the pre-construction background noise assessments. The following table
provides the number of valid data points following the filtering of data and identifies the wind mast location

which has been used for the correlations at each residential logging location.

Table 8: Number of Valid Data Pairs and Relevant Wind Mast

Testing Location Valid Data Points Relevant Mast
BO06 4507 EXT3
B061(S) 5585 WF2
B065 5427 EXT2
B083 5579 WF3
B111 3355 WF2
B114 4516 EXT3
B118 4466 EXT3
B171 5901 WF1
B328 4731 WF2

(S) — This location is understood to be a stakeholder owned by Goldwind

A third order polynomial regression analysis was performed on the correlations to determine the noise levels

for comparison with the criteria.

4.2 SPECIAL AUDIBLE CHARACTERISTICS

4.2.1 Tonality Adjustments

As noted in the nearfield measurement section, conducted in accordance with Section B2 of the Standard, no
excessive tonality was identified in close proximity to the turbines. Therefore, excessive tonality, as a result of
the wind farm, is highly unlikely to be present at the residential logging locations, requiring no further
assessment. Nonetheless, a subjective assessment for tonality was also conducted at each residence while
placing and collecting the noise monitoring equipment. Excessive tonality was not identified on any of these

occasions. No adjustments are therefore made for the special audible characteristic of tonality.

4.2.2 Modulation Adjustments

The nearfield section of this report indicated that no regular amplitude modulation of the overall A-weighted
level is present in the noise profile of the turbines. Therefore, excessive amplitude modulation, due to the wind
farm, is highly unlikely to be present at the residential logging locations, requiring no further assessment.

Nonetheless, a subjective assessment for amplitude modulation was also conducted at each residence while
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placing and collecting the noise monitoring equipment. Excessive amplitude modulation was not identified on
any of these occasions. For completeness, an additional assessment has been conducted at each

non-associated monitoring site in accordance with the Standard.

As per the Standard, the special audible characteristic of amplitude modulation is present when the measured
A-weighted peak to trough levels exceed 5 dB on a regularly varying basis or when the one-third octave band

peak to trough levels exceed 6 dB on a regular basis in respect of the blade pass frequency.

The overall noise levels at each non-associated residential logging location were analysed for a number of
periods covering a large wind speed range. The selected periods to be analysed were based upon the following
criteria:

e The residential logging location was downwind of the closest turbine during the period;

e Local weather did not affect the measurement period; and

e The measurement period was generally at night.

A one-third octave band analysis was conducted for one measurement period during the night period for each
residence. The measurement period which showed the highest overall A-weighted variation at a regular

interval was selected.

The figures in Appendix F show the results for:
e the overall A-weighted level for a range of wind speeds, with horizontal lines at 5 dB(A) intervals for
ease of modulation identification; and
e the variation in noise level for each one-third octave band for one example, with horizontal lines at

6 dB(A) intervals for ease of modulation identification.
The analysis found variation greater than 6 dB(A) at low frequencies (25Hz — 63Hz) in almost all cases, as well
as variation in some cases in the higher frequency bands. The analysis findings are discussed further in the

following sections.

Low frequency Modulation

Although the analysis found variations in noise level greater than 6 dB(A) at low frequencies (25Hz — 63Hz) in

almost all cases, none of these were on a regular basis in respect of the blade pass frequency.
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Although the low frequency variation is not on a regular basis at the blade pass frequency, a comparison has
been made with the variation in low frequency time traces with the Wind Farm shut off. The comparison is
shown in Figure 6 below. The figure shows no significant difference in the low frequency variation with the
Wind Farm on or off. This confirms that the Wind Farm did not result in low frequency one-third octave band

peak to trough levels exceeding 6 dB on a regular basis in respect of the blade pass frequency.

High Frequency Modulation

Digital audio files have been analysed to understand the noise sources for the higher frequency variation.
Where appropriate, the sources of the noise identified have been labelled on the figures. The presence of noise
from insects, frogs, birds, and dogs explains the high frequency variation in one-third octave bands greater

than 6 dB.

Periods of variation from the turbines

The analysis found some periods of variation in the one-third octave band levels which were attributable to
the Wind Farm. The Standard states that for measured one-third octave band results, the peak to trough levels
must “exceed 6 dB on a regular basis in respect of the blade pass frequency” to be considered a special audible
characteristic. The periods identified did not exceed 6 dB on a regular basis in respect of the blade pass

frequency, and therefore have not been considered special audible characteristics.
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Figure 6: BOO6 Amplitude Modulation On and Off Comparison
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4.3 RESIDENTIAL LOGGING RESULTS
The correlation graphs with the regression curve and criteria are provided in Figure 7 to Figure 15. The
measured noise levels and criteria for each integer hub height wind speed from 3m/s to 14m/s have also been

tabulated in Table 9.

The results indicate that the noise from the Wind Farm is less than the noise limit specified in the Regulations,
determined in accordance with the Standard as modified by the Planning Permit, at all integer wind speeds.
The criteria for non-participant dwellings are defined as 40 dB(A), except where the background sound level is
greater than 35 dB(A), in which case the criteria will be the background sound level plus 5 dB. For example, for
B065, where the background sound level at an integer wind speed of 13m/s is 42 dB(A), the criterion for this
wind speed will therefore be 47 dB(A), indicating that a measured sound level of 42 dB(A) will be in compliance
for this location at this integer wind speed. This has been determined through the subtraction of the pre-
construction background noise levels for most locations and the filtering of data points based on the
intermediate noise measurements for B111. The correlation graphs for each background noise monitoring
location can be seen in Appendix E. As no penalties were required for special audible characteristics, the Wind

Farm is therefore compliant with the noise criteria.
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Table 9: Resultant Wind Farm Noise Levels (dB(A))

3m/s am/s 5m/s 6m/s 7m/s 8m/s 9m/s 10m/s 11m/s 12m/s 13m/s 14m/s
S
©
S el 52| s5|®|s|®|s|¢|s|®2|5|¢2|s5|%|s5|®|s|¢E|s|®|5|%¢ |5
o0 S = S = S = S = S = S = S = S = S = S = S = S =
£ © 2 @ 2 @ 2 @ 2 @ 2 @ 2 © 3 o 3 © 3 o 2 o 2 o 2
':;,' (7] fe (7] ‘= (7] ‘= (V] ‘= () ‘= (] ‘= (] ‘= (] ‘= (] ‘= (] ‘= (] ‘= (] [
R = O S O S O = O = O = O S O = O S O = O | = O = O

BOO6 19 40 21 40 22 40 24 40 26 40 28 40 30 40 31 40 33 40 34 40 35 40 36 40

B061(S) 25 | 45 26 | 45 29 45 31 45 34 | 45 36 | 45 39 [ 45 41 | 45 43 45 45 | 45 | 46 | 48 | 47 51

BO65 25 | 40 26 | 40 27 40 29 40 | 31 | 40 33 40 35 40 37 | 42 39 | 44 | 41 | 45 | 42 47 | 44 | 49
B0O83 24 | 40 25 40 26 | 40 28 | 40 | 30 | 40 32 | 40 33 40 34 | 40 36 | 41 37 | 44 | 39 46 | 41 49
B111 26 | 40 27 40 29 40 31 40 | 32 | 40 34 | 40 36 | 40 37 | 40 38 | 40 39 | 40 | 40 | 42 41 44
B114 28 | 40 29 40 31 40 32 40 | 34 | 40 36 | 40 37 | 40 39 | 40 | 40 | 41 | 42 | 43 | 43 45 45 46
B118 21 | 40 23 40 26 | 40 28 | 40 | 30 | 40 32 | 40 33 40 35 40 36 | 40 36 | 40 | 37 | 43 38 | 46
B171 25 | 40 27 40 30 | 40 32 40 | 34 | 40 36 | 40 37 | 40 39 | 40 | 40 | 42 | 41 | 45 | 42 47 | 43 49
B328 25 | 40 26 | 40 27 40 29 40 | 31 | 40 32 | 40 34 | 41 35 42 37 | 43 38 | 44 | 39 45 39 46

(S) — This location is understood to be a stakeholder owned by Goldwind
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Figure 7: Correlation Between Noise Level and Wind Speed at BO06
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B061 Post Construction Correlation
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Figure 8: Correlation Between Noise Level and Wind Speed at B061(S)
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B065 Post Construction Correlation
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Figure 9: Correlation Between Noise Level and Wind Speed at BO65
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B083 Post Construction Correlation
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Figure 10: Correlation Between Noise Level and Wind Speed at BO83
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B111 Post Construction Correlation
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Figure 11: Correlation Between Noise Level and Wind Speed at B111
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B114 Post Construction Correlation
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Figure 12: Correlation Between Noise Level and Wind Speed at B114
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B118 Post Construction Correlation
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Figure 13: Correlation Between Noise Level and Wind Speed at B118
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B171 Post Construction Correlation
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Figure 14: Correlation Between Noise Level and Wind Speed at B171
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B328 Post Construction Correlation
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Figure 15: Correlation Between Noise Level and Wind Speed
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5 CONCLUSION

Post construction noise testing has been conducted for the Stockyard Hill Wind Farm in accordance with the

requirements of Regulation 131D.

The testing included noise measurements at nine residential logging locations in the vicinity of the Wind Farm,
intermediate locations between these locations and the Wind Farm, and in the nearfield of representative turbines
for each or the six turbine configurations. The results of these measurements have been used to confirm that the
noise from operation of the Wind Farm does not exceed the noise criteria, established in accordance with the
Standard and Regulations, at all surrounding dwellings. No penalties were found to be warranted for the special

audible characteristics of tonality or amplitude modulation.

The Project therefore complies with the noise limits determined in accordance with Regulation 131BA, with reference

to the Standard and the Planning Permit, as required.
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6  APPENDIX A: SECTION 8.3 REQUIREMENTS

Section 8.3 of the Standard provides the following requirements for the report:

Any report of wind farm post-installation sound level measurements and compliance assessment, other than
on/off tests, made in accordance with this Standard shall refer to this Standard and provide the following:
(a) Description of the sound monitoring equipment including any ancillary equipment;
(b) A statement confirming the use of A-frequency-weighting;
(c) The location of sound monitoring positions;
(d) Description of the anemometry equipment including the height AGL of the anemometer;
(e) Position of wind speed measurements;
(f) Make and model of the wind turbines;
(g) Number of operational wind turbines;
(h) Time and duration of monitoring period;
(i) Averaging period for both sound and wind speed measurements;
(j) Atmospheric conditions: the wind speed and direction at the wind farm position and rainfall shall be
recorded;
(k) Number of data pairs measured (wind speed in m/s, sound in L90);
(I) Description of the regression analysis;
(m) Graphical plots showing the data scatter and the regression lines;
(n) Graphical plots showing the data scatter and the regression lines for both the background and the wind
farm in operation;
(o) Assessment of special audible characteristics; and
(p) A statement that the wind farm complies with relevant noise limits — or not — as determined from the

results of the measurements.

The location in the report where each of the above points have been addressed can be seen in the below table:
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Table 10: Location Where Section 8.3 Requirements are Addressed

Requirement Section Numbers
(a) 4
(b) 4
() 2,32,8
(d) 4
(e) 3.2,4
(f) 1
(8) 1
(h) 4
(i) 4
0) 4,9
(k) 4.1
(1) 4.1
(m) 4.2
(n) 4.2
(o) 3.1,43,10
(p) 42,5
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7  APPENDIX B: CALIBRATION CERTIFICATES
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RION CO,, LTD.

3-20-41 Higashimotomachi Kokubunji Tokyo 185-8533
Phone:042({359)7888, Facsimile:042(359)7442

Certificate of Calibration

Name : Sound Level Meter, Class 1
Model : NL-52 S/No. : 00710394

Date of Calibration : August, 20, 2021

We hereby certify that the above product was tested and calibrated according to the prescribed Rion
procedures, and that it fulfills specification requiremeants.

The measuring equipment and reference devices used for testing and calibrating this umit are managed
under the Rion traceability system and are traceable according to official Japanese standards and
official standards of countries belonging to the International Committee of Weights and Measures.

RION CO,, LTD.

D,

Mamager, Quality Control Department
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RION CO., LTD.

3-20-41 Higashimeotomachi Kokubunji Tokyo 185-8533
Phone:042(35%3) 7888, Facsimile:042(359)7442

Certificate of Calibration

Name : Sound Level Meter, Class 1
Model : NL-52 S/No. : 00710391

Date of Calibration : August, 25, 2021

We hersby certify that the above product was tested and calibrated according to the prescribed Rion
procedures, and that it fulfilis specification requirements.

The measuring equipment and reference devices used for testing and calibrating this unit are managed
under the Rion traceabllity system and are traceable according to official Japanese standards and
official standards of countries belenging to the International Committes of Weights and Measures.

RION CO,, LTD.

St

Manager, Quality Control Department
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RION CO,, LTD.

3-20-41 Higashimotomachi Kokubunji Tokyo 185-8533
Phone:042(359)7888, Facsimile:042(359)7442

Certificate of Calibration

Name : Sound Level Meter, Class 1

Model : NL-52 S/No. : 00710393

Date of Calibration : August, 20, 2021

We heraby certify that the above product was tested and calibrated according to the prescribed Rion
procedures, and that it fulfills specification requirements,

The measuring equipment and reference devices usad for testing and calibrating this unit are managed
under the Rion traceability system and are traceable according to official Japanese standards and
afficial standards of countries belonging to the International Committes of Weights and Measures.

RION CO., LTD.

D,

Manager, Quality Control Department
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RION CO,, LTD.

3-20-41 Higashimotomachi Kokubunji Tokyo 185-8533
Phone:042 (3597888, Facsimile:042(359)7442

Certificate of Calibration

Name : Sound Level Meter, Class 1

Model : NL-52 S/No. : 00710427

Date of Calibration : September, 01, 2021

We hereby certify that the above product was tested and calibrated according to the prescribed Rion
procedures, and that it fulfills specification reguirements.,

The measuring equipment and reference devices used for testing and calibrating this unit are managed
under the Rion traceability system and are traceable according to official Japanese standards and
official standards of countries belonging to the International Committes of Weights and Measures.

RION CO., LTD.

Do

Manager, Quality Control Department
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8 APPENDIX C: LOGGER LOCATION PHOTOS

Figure 16: BOO6 — First View

Figure 17: BO06 — Second View
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Figure 18: BO06 — Third View

Figure 19: BO0O6 — Fourth View
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Figure 20: BO61(S) — First View

Figure 21: BO61(S) — Second View
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Figure 22: BO61(S) — Third View

Figure 23: BO61(S) — Fourth View
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Figure 24: BO65 — First View

Figure 25: BO65 — Second View
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Figure 26: BO65 — Third View

Figure 27: BO65 — Fourth View
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Figure 28: BO83 — First View

Figure 29: BO83 — Second View
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Figure 30: BO83 — Third View

Figure 31: BO83 — Fourth View
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Figure 32: B111 — First View

Figure 33: B111 — Second View
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Figure 34: B111 — Third View

Figure 35: B111 — Fourth View
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Figure 36: B114 — First View

Figure 37: B114 — Second View
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Figure 38: B114 — Third View

Figure 39: B114 — Fourth View
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Figure 40: B118 — First View

Figure 41: B118 — Second View
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Figure 42: B118 — Third View

Figure 43: B118 — Fourth View
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Figure 44: B171 — First View

Figure 45: B171 — Second View
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Figure 46: B171 — Third View

Figure 47: B171 — Fourth View
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Figure 48: B328 — First View

Figure 49: B328 — Second View
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Figure 50: B328 — Third View

Figure 51: B328 — Fourth View
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9 APPENDIX D: WIND ROSES

Figure 52: EXT1 — Hub Height Monitoring Period Wind Rose

Figure 53: EXT1 — Hub Height Long Term Wind Rose

Page 79



Stockyard Hill Wind Farm

Post-Construction Noise Assessment
$3425.2C30
July 2023

Figure 54: EXT2 — Hub Height Monitoring Period Wind Rose

Figure 55: EXT2 — Hub Height Long Term Wind Rose
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Figure 56: EXT3 — Hub Height Monitoring Period Wind Rose

Figure 57: EXT3 — Hub Height Long Term Wind Rose
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10 APPENDIX E: BACKGROUND NOISE CORRELATIONS
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Figure 58: BO06 Background Noise Correlation Graph
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Figure 59: BO61 Background Noise Correlation Graph
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Location BO83
70
60
~~ % °
8 50 - -
-
N—r
Q
2
o 40
Z
©
c
=} i
) 30
S L[]
(@]
X
3
o 20 +
10
@ Background Moise Level Data Point
|y =-0.0172x3 + 0.6278x2 - 4.7486x + 34.9015 | _
R2 = 0.4828 === Background Moise Regression Line
0 T T T T T T T T ]
2 4 6 8 10 12 14 16 18 20
108.5m AGL Wind Speed (m/s)

Figure 61: BO83 Background Noise Correlation Graph
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Figure 62: B111 Background Noise Correlation Graph
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Figure 63: B114 Background Noise Correlation Graph
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Figure 64: B118 Background Noise Correlation Graph
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Figure 65: B171 Background Noise Correlation Graph
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11 APPENDIX F: AMPLITUDE MODULATION GRAPHS
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Figure 67: BO06 Overall Amplitude Modulation
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Figure 68: BO06 8m/s Amplitude Modulation
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Figure 69: BO65 Overall Amplitude Modulation
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Figure 70: BO65 15m/s Amplitude Modulation
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Figure 71: BO83 Overall Amplitude Modulation
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Figure 72: BO83 4m/s Amplitude Modulation
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Figure 73: B111 Overall Amplitude Modulation
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Figure 74: B111 8m/s Amplitude Modulation
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Figure 75: B114 Overall Amplitude Modulation
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Figure 76: B114 5m/s Amplitude Modulation

Page 96



Stockyard Hill Wind Farm

Post-Construction Noise Assessment
$3425.2C30
July 2023

P aashe UM I 1YY
g .
n —
MA Mol | o MA l\v Aoror f\v.‘]\ »IV\erN\“M \Aw IVHA 'r—_“
R SV A S A TR A s :
NI, 20 7Y WY AN L.'mf\ . JN\A A .A_AAJN\/W\“"}\VN
104 SR T AT T 1of
m N“*\/”\ N
MM%WW\MN T RN ™ N
MMWWMWMMWWWM
R : y S
CATWN ARG v v AW R AT A A A TN A A e ] 5
<+ y.a o}
£
/| £
PN LN nvr\..vf" M\WI\ ) T e W W W4 SN VA_V/’\/\ /\.‘A/\\..,\ /\'N-\‘\I" P

P T AT e

.
:

Lia V\‘ R IRV NN N4 .—J\'VA'V'”A‘A /\.J\\I\J\{ \I\\\/'\,. N\ r\ /JJ\ A .

=
b T
Sheep

Birds

T O NN Y| I _
I g T e

Yo

5 dB(A)
—

i i A T
A A L S P TGS i b VI

’[V' v W \V | "\V *J wr A 1
o) Q Q o) Q Q o) Q o) o) Q o) O,
0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. <.
% k3 ~o s 0 =% R RS ) 5 ) R %
——3m/s 5m/s 6m/s 7m/s 7m/s 9m/s 10 m/s
——11m/s 11 m/s 14 m/s 14 m/s 14 m/s 17 m/s

Figure 77: B118 Overall Amplitude Modulation
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Figure 78: B118 9m/s Amplitude Modulation
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1 INTRODUCTION

Sonus has been engaged by Goldwind Australia Pty Ltd to conduct noise testing of wind turbine generator 18

(WTG18) at the Stockyard Hill Wind Farm, Victoria.

The purpose of the testing was to determine the apparent sound power levels, tonality, and amplitude modulation

of the installed wind turbine generator 18, type GW3S.

Noise measurements of WTG18 were conducted on 10 January 2022 to 12 January 2022. The data acquisition and

subsequent analyses were conducted in general accordance with the approach of the following:

e the International Standard IEC 61400-11: 2012 Wind turbines — Part 11: Acoustic noise measurements

techniques (IEC 61400-11:2012) - to derive the overall sound power levels;

e the New Zealand Standard NZS 6808:2010 Acoustics — Wind Farm Noise (NZS 6808:2010) - to determine

the presence of excessive tonality and amplitude modulation; and,

e the International Standard /SO 1996-2:2007 Acoustics — Description, measurement and assessment of
environmental noise — Part 2: Determination of environmental noise levels (ISO 1996-2:2007) — as

referenced by NZS 6808:2010 to assist in determining the presence of excessive tonality.

This report provides a summary of the noise testing and presents the results of the analyses.
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2 TEST SITE DESCRIPTION

The Stockyard Hill Wind Farm is located approximately 35km west of Ballarat. The location of the tested wind

turbine is shown on Figure 1.

The ground surface on the wind farm site in the area of the noise measurements is generally grazed pasture. There

are no significant reflecting structures at the wind farm or surrounding areas.

i

LEGEND
@®  Wind turbine

Figure 1: Tested wind turbine location.
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3  WIND TURBINE DETAILS

Table 1 provides the configuration of the tested wind turbine, WTG18.

Table 1: Details of WTG18.

Wind Turbine Details

Manufacturer Goldwind
Model GWs3S
Turbine ID WTG18

Coordinates

703600 E 5840550 N

Operating Details

Axis type Horizontal

Rotor location Upwind

Rotor diameter 140.2 m

Hub height 109 m (above ground level)
Tower type Steel Tubular

Turbine speed 12 rpm

Rated power output 3570

Rated wind speed 11 m/s

Cut-in/cut-out wind speed 2.5m/s 20m/s

Control type Blade Pitch

Rotor Details

Blade manufacturer

Sinoma (Goldwind)

Blade type

Single piece fiberglass, with V5 TES

Number of blades

3

Gearbox Details

Type

None

Generator Details

Manufacturer

CRRC (Goldwind)

Type

Permanent Magnet Direct Drive

Maximum speed

12 + 10% rpm
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4 INSTRUMENTATION

4.1 Noise Measurement

Noise measurements were made using two Type 1 Rion NL-52 sound level meters equipped with one-third octave
band analysers. The sound level meters were calibrated before and after the measurements using a Type 1 Rion

NC-74 calibrator, with negligible drift observed.

A secondary wind screen was used for each sound level meter and was positioned over the microphone on the

measurement board. Figure 2 shows a typical example of the setup used to conduct the monitoring.

Secondary windshield tied
down over microphone

Measurement /
board

Cable —»

Weather-proof case with /

sound level meter inside

Figure 2: Microphone on the measurement board position with secondary screen.
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The insertion loss of the secondary wind screen has been measured and is summarised in Table 2.

Table 2: Secondary wind screen insertion loss.

Frequency 1/3-

octave band (Hz) 20 22 i 40 50 63 80 100 125 160

Insertion loss (dB) -0.2 -0.2 -0.2 -0.2 -0.2 -0.5 -0.3 -0.6 -0.2 -0.3

Frequency 1/3-

200 250 315 400 500 630 800 1000 | 1250 | 1600
octave band (Hz)

Insertion loss (dB) -0.3 0.1 0.3 1.2 2.0 2.7 1.9 0.9 11 2.1

Frequency 1/3-

2000 | 2500 | 3150 | 4000 | 5000 | 6300 | 8000 | 10000
octave band (Hz)

Insertion loss (dB) 1.5 2.1 2.5 2.3 2.5 2.7 3.1 3.6
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Figure 3 shows the location of the noise measurement instrumentation, positioned in relation to WTG18.

Figure 3: Photograph of the tested wind turbine, WTG18.
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4.2 Wind Data

Wind speed data during the testing period were obtained from the nacelle wind measurement instrumentation at
WTG18. Wind direction data were obtained from the nacelle angle position instrumentation at WTG18. All sets of

data were adjusted to match the 10 second period required by IEC 61400-11:2012.

4.3 Other Instrumentation

The operational status of the turbine was determined using the average generator speed. Goldwind indicated that
whern the generator speed was less than 1 rpm, it can be considered to be off. As a check, the operational status
was compared to the noise measurements. The results were as to be expected, with the noise level dropping while
the turbine was not in operation and rising again once operation starts. It was therefore determined that this
adjustment was sufficient to provide a good representation of the actual turbine status. Once again, the provided

data was adjusted to match the 10 second period required by IEC 61400-11:2012.

Temperature and pressure data during the testing period were obtained from the Bureau of Meteorology website,

for the weather station at the Ballarat Aerodrome. Rainfall data for the testing period were also obtained from the

Bureau of Meteorology website, again for the weather station at the Ballarat Aerodrome.
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5 ACOUSTIC DATA ACQUISITION

5.1 Measurement Position

Two sound level meters were placed simultaneously around the tested wind turbine, and spaced apart in an arc

with respect to the wind turbine. The sound level meters were positioned in such a way that at least one was

within 15° of the downwind position for the majority of the measurement period. The measurement positions are

summarised in Table 3. The direction relative to the turbine corresponds to the degrees from north the

measurement equipment is located at when observed from the turbine. As sufficient data were collected at

Location 2, the measurements taken at this location have been used for this analysis.

Table 3: Microphone positions during the noise measurements.

. Coordinates Slant Distance | Direction Relative to
Location . o
Easting Northing (m) Turbine (%)
1 703484 5840668 200 315 (NW)
2 703444 5840608 201 290 (WNW)

5.2 Sound Pressure Level Data

The equivalent A-weighted sound pressure levels were measured continuously at the measurement positions

during the measurement period. Each measurement was averaged over a period of 10 seconds.

During the measurement period, WTG18 was switched ‘off’ on several occasions to allow for background noise

measurements to be conducted.

Prior to analysis, the following data were discarded:

e measurements with intruding intermittent background noise or activity such as when apparatus was being

set-up;

e measurements within a period where rain was identified;

e measurements during start-up or shut-down of WTG18; and,

e measurements corresponding to non-downwind conditions.

Following data discard, the resultant number of sound pressure level data points in each wind speed bin

(£0.25 m/s wide centred at integer hub height wind speed), for the wind speed range between 6m/s and 12m/s,

are summarised in Table 4.
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Table 4: Resultant number of noise data points.

Number of Noise Data Points

Wind speed,
Vi (m/s) WTG18 ON WTG18 OFF

6 132 72

7 401 100
8 1109 137
9 1133 135
10 884 124
11 542 74
12 225 19
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6 NON-ACOUSTIC DATA ACQUISITION

6.1 Wind Data

6.1.1 Wind Speed Data

The wind speed during the measurement period was determined from the nacelle anemometer. The SCADA
system recorded 3 second average wind speeds, approximately every 7 seconds. The first available 3 second
average wind speed recorded within the 10 second noise average has been used for the correlations. The wind
speed data was provided to Sonus by Goldwind and is understood to be comprised of measurements from the

nacelle anemometer.

6.1.2 Wind Direction Data

IEC 61400-11:2012 requires the microphone measurement position to be within £ 15° of the nacelle direction. The
nacelle direction data was recorded and provided by the SCADA computer program of the wind turbine. Noise
measurements recorded when the measurement position was greater than + 15° of the nacelle direction, were
discarded. It is understood that the nacelle direction was not properly calibrated when installed and therefore the
changes in nacelle direction are accurately recorded but the absolute nacelle direction is not. To provide the
calibration, a photo was taken directly downwind of the turbine at the start of the monitoring period with the GPS
coordinates and the time recorded. This indicated that an adjustment of 65° was required to the reported wind
direction. At the end of the monitoring period, a second photo was taken, which confirmed that a 65° adjustment
was required. The reported wind direction has therefore been adjusted by this amount. It is noted that any minor

inaccuracies associated with this methodology is unlikely to change the measured levels in any material way.

6.2 Other Measurements and Non-acoustic Data

6.2.1 Meteorological Conditions

The prevailing meteorological conditions during the noise measurements are summarised in Table 5. The
temperature and pressure observations were taken at 9am. Where rain was identified during the testing period,
30 minute observations recorded at the Ballarat Aerodrome were used to remove periods which were affected by

rain noise.
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Table 5: Prevailing meteorological conditions during the measurements.

Measurement Date Observation Prevailing Condition
Barometric pressure 101.66kPA
10 January 2022 Air temperature 23.8°C
Precipitation Omm
Barometric pressure 101.92kPA
11 January 2022 Air temperature 18.5°C
Precipitation 0.4mm
Barometric pressure 102.13kPA
12 January 2022 Air temperature 18.8°C
Precipitation Omm

6.2.2 Roughness Length

The test site is farmland generally covered with grass and some vegetation. The surface roughness for this site is
taken to be 0.05 m, which has been used to derive the standardised wind speed, referenced at 10m above ground

level.
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7  ANALYSIS

7.1 Apparent Sound Power Level

The apparent sound power level at each integer wind speed has been derived using the general procedure

outlined in Section 9 of the IEC 61400-11:2012.

7.1.1  Analysis Procedure

The steps taken to derive the apparent sound power level at each integer wind speed for WTG18 are provided

below:

1. All measured equivalent sound pressure levels at each 1/3 octave band between 20 Hz to 10 kHz are
normalised to the measured overall equivalent sound pressure level. The 1/3 octave band levels between
20Hz and 10kHz are logarithmically summed and its difference with the measured overall level is

arithmetically added to each 1/3 octave band levels.

2. The 1/3 octave band equivalent sound pressure levels are corrected for the influence of the secondary
wind screen. The secondary wind screen insertion losses provided in Section 4.1 are arithmetically added
to the 1/3 octave band levels. The resultant overall sound pressure level is obtained by logarithmically

summing the corrected one third octave sound pressure levels.

3. The 1/3 octave band equivalent sound pressure levels are sorted into wind speed bins, each +0.25 m/s
wide, centred at integer wind speeds. The total noise and background noise data are segregated into

separate data sets.

4. The average 1/3 octave band equivalent sound pressure levels for each wind speed bin are determined
logarithmically. The 1/3 octave band equivalent sound pressure levels at the bin centres are then

calculated using linear interpolation between the bin average sound pressure level and wind speed values.

5. The background corrected wind turbine sound pressure levels are derived using the 1/3 octave band

equivalent sound pressure levels (referenced to the bin centre) as follows:

e “turbine off” sound levels are logarithmically subtracted from the “turbine on” sound levels where the
“turbine off” level is at least 3 dB(A) below the “turbine on” 1/3 octave band equivalent sound

pressure level.
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e In the case where the “turbine off” sound level is within 3 dB(A) of the 1/3 octave band “turbine on”
sound pressure level, 3 dB(A) has been subtracted from the 1/3 octave band “turbine on” equivalent

sound pressure level. These values have been noted as being affected by background noise.

e  Where the logarithmic sum of each 1/3 octave band sound pressure level for the “turbine on” noise
levels is within 3 dB(A) of the logarithmic sum of each 1/3 octave band sound pressure level for the

“turbine off” sound levels, the data has not been reported, in accordance with IEC 61400-11:2012.

6. The background corrected wind turbine sound pressure levels at each 1/3 octave band are used to
calculate the apparent sound power levels at each integer wind speed using Equation (26) in the

IEC 61400-11:2012. The slant distance for each measurement location is presented in Table 3.

7. The overall apparent sound power level at each integer wind speed is determined by logarithmically

summing the 1/3 octave band apparent sound power levels.

7.1.2 Analysed Data Points

The data points (overall equivalent sound pressure levels) included in the analysis are shown in Figure 4.

Figure 4: Analysed data points.
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7.1.3  Analysis Results

The derived apparent sound power levels are summarised in Table 6.

Table 6: Derived apparent sound power levels.

Vi Vio o Sound Power Level (dB(A)) at each 1/3 Octave Band (Hz)
(m/s) | (m/s) | (dB(A)) | 20 25 | 315 | 40 50 63 80 100 | 125 | 160 | 200 | 250 | 315 | 400 | 500 | 630 | 800 | 1000 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000 | 6300 | 8000 | 10000
6 41 101.6 | 53.9 | 59.1 | 65.1 | 68.7 | 724 | 77.0 | 79.7 |[79.8] | 83.2 | 858 | 857 | 88.2 | 893 | 91.1 | 91.7 | 929 | 924 | 91.7 | 90.3 | 91.0 | 8.1 | 86.2 |[82.0] | # # # # #
7 4.8 1056 | 56.3 | 61.4 | 66.2 | 705 | 743 | 775 | 81.6 | 83.4 | 86.7 | 888 | 89.6 | 91.1 | 923 | 944 | 953 | 969 | 96.8 | 96.3 | 950 | 956 | 92.5 | 90.7 | 87.5 |[[83.5] | # # # #
8 5.5 1093 | 57.1 | 623 | 669 | 715 | 76.4 | 789 | 824 | 853 | 89.0 | 91.2 | 92.4 | 939 | 954 | 974 | 98.2 | 100.2 | 100.6 | 100.5 | 99.4 | 100.0 | 96.8 | 94.8 | 91.8 # # # # #
9 6.2 110.7 | 59.1 | 64.2 | 68.7 | 729 | 770 | 80.4 | 841 | 87.2 | 90.6 | 92.7 | 939 | 954 | 96.8 | 98.7 | 99.5 | 101.5 | 102.0 | 101.9 | 100.9 | 101.5 | 98.3 | 96.4 | 93.6 | 89.0 |[83.5] | [78.8] | # #
10 6.9 1109 | 59.7 | 649 | 69.2 | 735 | 775 | 81.0 | 849 | 882 | 91.5 | 932 | 944 | 957 | 97.0 | 989 | 99.6 | 1015 |102.1 | 102.1 | 101.1 | 101.6 | 98.4 | 96.5 | 93.9 | 89.7 | 85.0 |[80.0] |[78.4] | #
11 7.6 1105 | 59.4 | 64.7 | 69.1 | 73.3 | 773 | 80.5 | 84.3 | 875 | 90.8 | 926 | 93.7 | 953 | 96.6 | 985 | 98.6 | 100.4 |101.3 | 101.7 | 101.1 | 101.9 | 98.9 | 97.1 | 942 | 89.3 |[83.6] |[79.8] | # #
12 8.3 1103 | 58.9 | 645 | 689 | 732 | 774 | 80.7 | 847 | 876 | 91.3 | 93.0 | 941 | 956 | 969 | 98.8 | 96.4 | 100.0 | 100.5 | 100.9 | 100.5 | 101.6 | 99.1 | 98.1 | 95.7 | 89.7 # # # #

# - The background noise is higher than the total noise.

[1 - The background noise is within 3 dB of the total noise.

Vuu is the hub height (109m) wind speed.

Viois the standardised wind speed, referenced at 10m above ground level.
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7.2 Tonality

The results of the testing period have been analysed to determine any presence of excessive tonality, in

accordance with Annex C of ISO 1996-2:2007.

ISO 1996-2:2007 provides the following method, generally summarised into three steps:
1. Narrow-band frequency analysis (preferably FFT-analysis);

2. Determination of the average sound pressure level of the tone(s) and of the masking noise within the

critical band around the tone(s);

3. Calculation of the tonal audibility and the adjustment.

Audio recordings were made continuously during the testing period, with each recording being one minute long. A
selection of these audio recordings that best represent the noise at each integer wind speed were chosen, such
that they were not influenced by extraneous noise sources such as birds or insects and were as close as possible to

the integer wind speed for the full minute period.

Based on the approach provided in I1SO 1996-2:2007, the selected audio recordings were analysed using an
automated program for the presence of excessive tonality. This program has been designed to determine whether
a character penalty is warranted in accordance with the method outlined in ISO 1996-2:2007. This method
considers the audibility of any potential tones with respect to any masking noise and determines their impact
through the use of a character penalty. The program reports any frequencies at which a character penalty is
warranted. After running the program, no character penalties were reported at any wind speed or frequency and

as such, no tones are considered to be present. It can therefore be determined that tonality was not present.
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7.3 Amplitude Modulation

The results of the testing period have been analysed to determine any presence of excessive amplitude

modulation, in general accordance with the interim test method presented in NZS 6808:2010.

NZS 6808:2010 states the following:
No objective test for amplitude modulation has been standardised. If a local authority enforcement officer
or an acoustics advisor to a local authority considers that a wind farm creates sound with a clearly audible
amplitude modulation at a noise sensitive location, an adjustment of +5 dB shall be applied to the wind

farm sound level at that location for the wind conditions under which the modulation occurs.

In making an assessment under B3.1 [the above], modulation special audible characteristics are deemed to
exist if the measured A-weighted peak to trough levels exceed 5 dB on a regularly varying basis, or if the
measured third-octave band peak to trough levels exceed 6 dB on a regular basis in respect of the blade

pass frequency.

As for the tonality assessment, a representative period for each integer wind speed has been analysed for
excessive amplitude modulation. The graphs below show an example of the results of this analysis for each integer
wind speed. It is noted that these graphs have generally been limited in scale to 5 dB to illustrate compliance with
the requirements of NZS 6808:2010 for the overall A-weighted level. As the total modulation, not just the regular
peak to trough level, is contained within this scale, no amplitude modulation is considered to be present. It is
noted that while the graph for 10m/s uses a 6 dB scale, the peak to trough level does not exceed 5 dB in any case,
thus ensuring compliance with the requirements. As such, it can be determined that excessive amplitude

modulation is not present in the noise profile of the wind turbine.
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Figure 5: Amplitude modulation analysis — 6 m/s.

Figure 6: Amplitude modulation analysis — 7 m/s.
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Figure 7: Amplitude modulation analysis — 8 m/s.

Figure 8: Amplitude modulation analysis — 9 m/s.
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Figure 9: Amplitude modulation analysis — 10 m/s.

Figure 10: Amplitude modulation analysis — 11 m/s.
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Figure 11: Amplitude modulation analysis — 12 m/s.
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1 INTRODUCTION

Sonus has been engaged by Goldwind Australia Pty Ltd to conduct noise testing of wind turbine generator 22

(WTG22) at the Stockyard Hill Wind Farm, Victoria.

The purpose of the testing was to determine the apparent sound power levels, tonality, and amplitude modulation

of the installed wind turbine generator 22, type GW3S.

Noise measurements of WTG22 were conducted on 27 August 2022 to 29 August 2022. The data acquisition and

subsequent analyses were conducted in general accordance with the approach of the following:

e the International Standard IEC 61400-11: 2012 Wind turbines — Part 11: Acoustic noise measurements

techniques (IEC 61400-11:2012) - to derive the overall sound power levels;

e the New Zealand Standard NZS 6808:2010 Acoustics — Wind Farm Noise (NZS 6808:2010)) — to determine

the presence of excessive tonality and amplitude modulation; and,

e the International Standard /SO 1996-2:2007 Acoustics — Description, measurement and assessment of
environmental noise — Part 2: Determination of environmental noise levels (ISO 1996-2:2007) — as

referenced by NZS 6808:2010 to assist in determining the presence of excessive tonality.

This report provides a summary of the noise testing and presents the results of the analyses.
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2 TEST SITE DESCRIPTION

The Stockyard Hill Wind Farm is located approximately 35km west of Ballarat. The location of the tested wind

turbine is shown on Figure 1.

The ground surface on the wind farm site in the area of the noise measurements is generally cropped. There are

no significant reflecting structures at the wind farm or surrounding areas.

i

LEGEND
@®  Wind turbine

Figure 1: Tested wind turbine location.
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3  WIND TURBINE DETAILS

Table 1 provides the configuration of the tested wind turbine, WTG22.

Table 1: Details of WTG22.

Wind Turbine Details

Manufacturer Goldwind
Model GWS3S
Turbine ID WTG22

Coordinates

703420 E 5841212 N

Operating Details

Axis type Horizontal

Rotor location Upwind

Rotor diameter 140.2 m

Hub height 109 m (above ground level)
Tower type Steel Tubular

Turbine speed 12 rpm

Rated power output 3570

Rated wind speed 11 m/s

Cut-in/cut-out wind speed 2.5m/s 20m/s

Control type Blade Pitch

Rotor Details

Blade manufacturer

Sinoma (Goldwind)

Blade type

Single piece fiberglass, with Only 3/4/5 TES

Number of blades

3

Gearbox Details

Type

None

Generator Details

Manufacturer

CRRC (Goldwind)

Type

Permanent Magnet Direct Drive

Maximum speed

12 + 10% rpm
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4 INSTRUMENTATION

4.1 Noise Measurement

Noise measurements were made using two Type 1 Rion NL-52 sound level meters, both equipped with one-third
octave band analysers. The sound level meters were calibrated before and after the measurements using a Type 1

Rion NC-74 calibrator, with negligible drift observed.

A secondary wind screen was used for each sound level meter and was positioned over the microphone on the

measurement board. Figure 2 shows a typical example of the setup used to conduct the monitoring.

Secondary windshield tied
down over microphone

Measurement /
board

Cable —»

Weather-proof case with /

sound level meter inside

Figure 2: Microphone on the measurement board position with secondary screen.
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The insertion loss of the secondary wind screen has been measured and is summarised in Table 2.

Table 2: Secondary wind screen insertion loss.

Page 9

izemaney 1k 20 25 | 315 | 40 50 63 80 100 | 125 | 160
octave band (Hz)
Insertion loss (dB) | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Frequency 1/3- | 00 | 250 | 315 | 400 | 500 | 630 | 800 | 1000 | 1250 | 1600
octave band (Hz)
Insertion loss (dB) | 0.0 0.0 0.0 13 3.1 55 5.1 1.4 3.1 41
Frequency 1/3- | 5500 | 2500 | 3150 | 4000 | 5000 | 6300 | 8000 | 10000
octave band (Hz)
Insertion loss (dB) 33 3.8 3.7 5.6 8.6 12.7 12.1 13.0
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Figure 3 shows the location of the noise measurement instrumentation, positioned in relation to WTG22.

Figure 3: Photograph of the tested wind turbine, WTG22.
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4.2 Wind Data

Wind speed data during the testing period were obtained from the nacelle wind measurement instrumentation at
WTG22. Wind direction data were obtained from the nacelle angle position instrumentation at WTG22. All sets of

data were adjusted to match the 10 second period required by IEC 61400-11:2012.

4.3 Other Instrumentation

The operational status of the turbine was determined using the “W.T.G. Operation Status” identifier, as reported
by the SCADA system for the turbine. It is understood from previous analysis that a value of “5” indicates that the
turbine is operating and a value of “2” indicates that it is not operating. It is noted that the turbine was considered
to be not operating for some additional periods where the turbine was ramping up or down from or to an ‘off’

state. Once again, the provided data were adjusted to match the 10 second period required by IEC 61400-11:2012.

Temperature, pressure, and rainfall data during the testing period were obtained from the Bureau of Meteorology

website, for the weather station at the Ballarat Aerodrome.
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5 ACOUSTIC DATA ACQUISITION

5.1 Measurement Position

Two sound level meters were placed simultaneously around the tested wind turbine, and spaced apart in an arc

with respect to the wind turbine. The sound level meters were positioned in such a way that at least one was

within 15° of the downwind position for the majority of the measurement period. The measurement positions are

summarised in Table 3. The direction relative to the turbine corresponds to the degrees from north the

measurement equipment is located at when observed from the turbine. As sufficient data were collected at

Location 2, the measurements taken at this location have been used for this analysis.

Table 3: Microphone positions during the noise measurements.

. Coordinates Slant Distance | Direction Relative to
Location . o
Easting Northing (m) Turbine (%)
1 703294 5841108 197 230 (SW)
2 703359 5841063 194 202 (SSW)

5.2 Sound Pressure Level Data

The equivalent A-weighted sound pressure levels were measured continuously at the measurement positions

during the measurement period. Each measurement was averaged over a period of 10 seconds.

During the measurement period, WTG22 was switched ‘off’ on several occasions to allow for background noise

measurements to be conducted.

Prior to analysis, the following data were discarded:

e measurements with intruding intermittent background noise or activity such as when apparatus was being

set-up, or when rain occurred;

e measurements where other nearby turbines were on;

e measurements during start-up or shut-down of WTG22; and,

e measurements corresponding to non-downwind conditions.

Following data discard, the resultant number of sound pressure level data points in each wind speed bin

(£0.25 m/s wide centred at integer hub height wind speed), for the wind speed range between 6m/s and 12m/s,

are summarised in Table 4.
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Table 4: Resultant number of noise data points.

Wind speed, Number of Noise Data Points
Vi (m/s) WTG22 ON WTG22 OFF

6 23 50
7 71 70
8 80 42
9 80 28
10 50 12
11 11 -

12 37 -
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6 NON-ACOUSTIC DATA ACQUISITION

6.1 Wind Data

6.1.1 Wind Speed Data

The wind speed during the measurement period was determined from the nacelle anemometer. The SCADA
system recorded 3 second average wind speeds, approximately every 6 seconds. The first available 3 second
average wind speed recorded within the 10 second noise average has been used for the correlations. The wind
speed data was provided to Sonus by Goldwind and is understood to be comprised of measurements from the

nacelle anemometer.

6.1.2 Wind Direction Data

IEC 61400-11:2012 requires the microphone measurement position to be within £ 15° of the nacelle direction. The
nacelle direction data was recorded and provided by the SCADA computer program of the wind turbine. In order to
check the accuracy of the wind direction measurements, they were compared against the wind direction
measured at the nearest meteorological mast. Based on this, the field labelled “Angle Difference between Nacelle
and North Direction” has been taken to be an accurate measure of the wind direction and has been used for the
purpose of this analysis. Noise measurements recorded when the measurement position was greater than + 15° of

the nacelle direction, were discarded.

6.2 Other Measurements and Non-acoustic Data

6.2.1 Meteorological Conditions

The prevailing meteorological conditions during the noise measurements are summarised in Table 5. The
temperature and pressure observations were taken at 9am. Where rain was identified during the testing period,
30-minute observations recorded at the Ballarat Aerodrome were used to remove periods which were potentially

affected by rain noise.
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Table 5: Prevailing meteorological conditions during the measurements.

Measurement Date Observation Prevailing Condition
Barometric pressure 102.91kPA
27 August 2022 Air temperature 8.7°C
Precipitation 0.2mm
Barometric pressure 102.46kPA
28 August 2022 Air temperature 11.1°C
Precipitation Omm
Barometric pressure 101.76kPA
29 August 2022 Air temperature 11.8°C
Precipitation 0.8mm

6.2.2 Roughness Length

The test site is farmland generally covered with grass and some vegetation. The surface roughness for this site is
taken to be 0.05 m, which has been used to derive the standardised wind speed, referenced at 10m above ground

level.
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7  ANALYSIS

7.1 Apparent Sound Power Level

The apparent sound power level at each integer wind speed has been derived using the general procedure

outlined in Section 9 of the IEC 61400-11:2012.

7.1.1  Analysis Procedure

The steps taken to derive the apparent sound power level at each integer wind speed for WTG22 are provided

below:

1. All measured equivalent sound pressure levels at each 1/3 octave band between 20 Hz to 10 kHz are
normalised to the measured overall equivalent sound pressure level. The 1/3 octave band levels between
20Hz and 10kHz are logarithmically summed and its difference with the measured overall level is

arithmetically added to each 1/3 octave band levels.

2. The 1/3 octave band equivalent sound pressure levels are corrected for the influence of the secondary
wind screen. The secondary wind screen insertion losses provided in Section 4.1 are arithmetically added
to the 1/3 octave band levels. The resultant overall sound pressure level is obtained by logarithmically

summing the corrected one third octave sound pressure levels.

3. The 1/3 octave band equivalent sound pressure levels are sorted into wind speed bins, each +0.25 m/s
wide, centred at integer wind speeds. The total noise and background noise data are segregated into

separate data sets.

4. The average 1/3 octave band equivalent sound pressure levels for each wind speed bin are determined
logarithmically. The 1/3 octave band equivalent sound pressure levels at the bin centres are then

calculated using linear interpolation between the bin average sound pressure level and wind speed values.

5. The background corrected wind turbine sound pressure levels are derived using the 1/3 octave band

equivalent sound pressure levels (referenced to the bin centre) as follows:

o “turbine off” sound levels are logarithmically subtracted from the “turbine on” sound levels where the
“turbine off” level is at least 3 dB(A) below the “turbine on” 1/3 octave band equivalent sound

pressure level.
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e In the case where the “turbine off” sound level is within 3 dB(A) of the 1/3 octave band “turbine on”
sound pressure level, 3 dB(A) has been subtracted from the 1/3 octave band “turbine on” equivalent

sound pressure level. These values have been noted as being affected by background noise.

e  Where the logarithmic sum of each 1/3 octave band sound pressure level for the “turbine on” noise
levels is within 3 dB(A) of the logarithmic sum of each 1/3 octave band sound pressure level for the

“turbine off” sound levels, the data has not been reported, in accordance with IEC 61400-11:2012.

e Where no “turbine off” sound level data was available, the “turbine on” sound levels were used with

no adjustment.

6. The background corrected wind turbine sound pressure levels at each 1/3 octave band are used to
calculate the apparent sound power levels at each integer wind speed using Equation (26) in the

IEC 61400-11:2012. The slant distance for each measurement location is presented in Table 3.

7. The overall apparent sound power level at each integer wind speed is determined by logarithmically

summing the 1/3 octave band apparent sound power levels.
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7.1.2  Analysed Data Points

The data points (overall equivalent sound pressure levels) included in the analysis are shown in Figure 4.
WTG22 Measured Data
70

60

50

40

30

Overall Sound Pressure Level, dB(A)

20

10

® Turbine On
® Turbine Off

0 2 4 6 8 10 12 14 16 18
Hub Height Wind Speed, m/s

Figure 4: Analysed data points.

Page 18



Stockyard Hill Wind Farm

Acoustic Noise Test of Wind Turbine Generator 22
$3425.2C25
October 2022

7.1.3  Analysis Results

The derived apparent sound power levels are summarised in Table 6.

Table 6: Derived apparent sound power levels.

Vi Vio e Sound Power Level (dB(A)) at each 1/3 Octave Band (Hz)
(m/s) | (m/s) | (dB(A)) 20 25 315 40 50 63 80 100 125 160 200 250 315 400 500 630 800 1000 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000 | 6300 ( 8000 | 10000
6 4.1 102.3 | [55.3] | 61.1 66.0 70.4 74.5 78.4 82.0 83.9 85.5 86.8 87.0 89.7 91.0 89.2 89.1 92.5 93.8 93.1 91.0 92.9 88.5 87.4 84.3 |[[85.4] | [83.6] | 77.2 | [69.1] | [66.7]
7 4.8 105.0 60.1 65.2 69.8 73.9 77.7 81.2 84.3 86.7 88.3 89.7 89.6 92.4 93.3 91.7 91.7 95.1 96.4 95.9 94.0 95.8 91.4 90.4 86.6 | [85.6] | [83.9] | 79.0 | [69.7] | [66.7]
8 5.5 108.2 63.6 68.7 72.9 76.8 80.7 84.2 86.8 89.2 91.0 92.5 92.4 95.3 96.2 94.7 94.9 98.3 99.5 99.1 97.3 99.2 94.8 93.9 90.4 | [87.4] | [85.3] | 81.4 71.3 | [66.9]
9 6.2 109.6 64.1 69.1 73.5 77.3 81.0 84.4 87.3 89.8 91.9 93.3 93.5 96.6 97.6 96.1 96.3 99.8 | 101.2 | 100.7 | 98.9 | 100.7 | 96.2 95.2 92.2 |([89.6] | [87.1] | 82.3 73.4 | [67.2]
10 6.9 109.2 63.8 68.6 72.8 76.6 80.4 83.7 86.8 89.3 91.5 93.1 93.2 96.1 97.2 95.6 95.8 99.4 | 100.8 | 100.4 | 98.6 | 100.5 | 96.1 95.1 91.7 | [88.2] | [85.6] | 82.0 729 |[67.1]
11 7.6 110.5 63.8 69.3 735 77.2 81.0 84.2 87.6 90.1 92.5 94.7 94.7 97.7 98.3 96.9 97.0 | 100.5 | 101.8 | 101.4 | 999 | 1019 | 973 96.2 92.7 91.4 88.1 82.5 74.6 70.1
12 8.3 110.7 63.7 69.1 73.5 77.4 81.2 84.4 87.9 90.6 93.1 94.8 95.1 98.0 98.6 97.1 97.4 | 100.7 | 101.8 | 101.4 | 100.0 | 102.1 | 97.9 97.0 93.1 91.3 87.8 82.3 74.1 70.0

[1 - The background noise is within 3 dB of the total noise.
Vuu is the hub height (109m) wind speed.
Viois the standardised wind speed, referenced at 10m above ground level.
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7.2 Tonality

The results of the testing period have been analysed to determine any presence of excessive tonality, in
accordance with NZS 6808:2010. NZS 6808:2010 provides two methods to objectively assess the presence of
excessive tonality, the simplified test method and the reference test method, outlined in sections B2.2 and B2.3,

respectively.

7.2.1 Reference Test Method

NZS 6808:2010 does not provide specific instructions for the reference test method, but instead references the
method outlined in Annex C of ISO 1996-2:2007, or another similar method. As such, ISO 1996-2:2007 has been

used to inform this assessment.

Annex C of ISO 1996-2:2007 provides the following method, generally summarised into three steps:
1. Narrow-band frequency analysis (preferably FFT-analysis);

2. Determination of the average sound pressure level of the tone(s) and of the masking noise within the

critical band around the tone(s);

3. Calculation of the tonal audibility and the adjustment.

Audio recordings were made continuously during the testing period. A selection of these audio recordings, each
one minute long, that best represent the noise at each integer wind speed were chosen, such that they were not
influenced by extraneous noise sources such as birds or insects and were as close as possible to the integer wind

speed for the full minute period.

Based on the approach provided in ISO 1996-2:2007, the selected audio recordings were analysed using an
automated program for the presence of excessive tonality. This program has been designed to determine whether
a character penalty is warranted in accordance with the method outlined in ISO 1996-2:2007. This method
considers the audibility of any potential tones with respect to any masking noise and determines their impact
through the use of a character penalty. For a potential tone to be audible, the tonal audibility must be greater than
or equal to 4 dB. After running the program, no potential tones were identified at any wind speed and therefore
no character penalties were applicable. The results of this program can be seen in the below table. As no character

penalties were reported at any wind speed or frequency, no tones are considered to be present.
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Table 7: Tonality analysis results.

Wind speed (m/s) | Tonal Audibility (dB) | Frequency (Hz) | Tonal Adjustment (dB)
6 - - 0
7 - -
8 - -
9 - -
10 - -
11 - -
12 - -

olo|o|jOo|O|O

7.2.2 Simplified Test Method

Section B2.2 of NZS 6808:2010 provides an alternate method for determining the presence of tonality. This
method has been used as an additional check for the presence of excessive tonality and was conducted for all

“Turbine On” data points, the points shown in blue in Figure 4.

Section B2.2 of NZS 6808:2010 provides the following method, reproduced below:
A test for the presence of a prominent discrete-frequency spectral component (tonality) can be made by
comparing the levels of neighbouring one-third octave-bands in the Z-frequency-weighted sound spectrum.
An adjustment for tonality shall be applied if the sound level in a Z-frequency-weighted one-third
octave-band exceeds the arithmetic mean of the sound levels in both adjacent bands by more than the
values given in table B1. For the purposes of this method linear, zero, or flat frequency-weighting shall be

equivalent to Z-frequency-weighting.

Table B1 — One-third octave-band level differences

One-third octave-band Level difference
25-125Hz 15dB
160 —400 Hz 8dB
500 - 10000 Hz 5dB

NOTE - At frequencies below 500 Hz the level difference could be too severe and
tones might be identified when none is actually audible. For complex spectra the
method is often inadequate and the reference method should be used (see B2.3).

The results of this additional check indicate that no tonal penalty is required. This is consistent with the outcome of

the reference test method, indicating that the operation of the turbine does not exhibit excessive tonality.
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7.3 Amplitude Modulation

The results of the testing period have been analysed to determine any presence of excessive amplitude

modulation, in general accordance with the interim test method presented in NZS 6808:2010.

NZS 6808:2010 states the following:
No objective test for amplitude modulation has been standardised. If a local authority enforcement officer
or an acoustics advisor to a local authority considers that a wind farm creates sound with a clearly audible
amplitude modulation at a noise sensitive location, an adjustment of +5 dB shall be applied to the wind

farm sound level at that location for the wind conditions under which the modulation occurs.

In making an assessment under B3.1 [the above], modulation special audible characteristics are deemed to
exist if the measured A-weighted peak to trough levels exceed 5 dB on a regularly varying basis, or if the
measured third-octave band peak to trough levels exceed 6 dB on a regular basis in respect of the blade

pass frequency.

As for the tonality assessment, a representative period for each integer wind speed has been analysed for
excessive amplitude modulation. The graphs below show an example of the results of this analysis for each integer
wind speed. It is noted that the horizontal lines are spaced 5 dB apart to illustrate compliance with the
requirements of NZS 6808:2010 for the overall A-weighted level. As the regular peak to trough level does not
exceed 5 dB for any integer wind speed, it can be determined that excessive amplitude modulation is not present

in the noise profile of the wind turbine.
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Figure 5: Amplitude modulation graphs.
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1 INTRODUCTION

Sonus has been engaged by Goldwind Australia Pty Ltd to conduct noise testing of wind turbine generator 83

(WTGS83) at the Stockyard Hill Wind Farm, Victoria.

The purpose of the testing was to determine the apparent sound power levels, tonality, and amplitude modulation

of the installed wind turbine generator 83, type GW3S.

Noise measurements of WTG83 were conducted on 27 August 2022 to 29 August 2022. The data acquisition and

subsequent analyses were conducted in general accordance with the approach of the following:

e the International Standard IEC 61400-11: 2012 Wind turbines — Part 11: Acoustic noise measurements

techniques (IEC 61400-11:2012) - to derive the overall sound power levels;

e the New Zealand Standard NZS 6808:2010 Acoustics — Wind Farm Noise (NZS 6808:2010)) — to determine

the presence of excessive tonality and amplitude modulation; and,

e the International Standard /SO 1996-2:2007 Acoustics — Description, measurement and assessment of
environmental noise — Part 2: Determination of environmental noise levels (ISO 1996-2:2007) — as

referenced by NZS 6808:2010 to assist in determining the presence of excessive tonality.

This report provides a summary of the noise testing and presents the results of the analyses.
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2 TEST SITE DESCRIPTION

The Stockyard Hill Wind Farm is located approximately 35km west of Ballarat. The location of the tested wind

turbine is shown on Figure 1.

The ground surface on the wind farm site in the area of the noise measurements is generally cropped. There are

no significant reflecting structures at the wind farm or surrounding areas.

i

LEGEND
@®  Wind turbine

Figure 1: Tested wind turbine location.
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3  WIND TURBINE DETAILS

Table 1 provides the configuration of the tested wind turbine, WTG83.

Table 1: Details of WTGS83.

Wind Turbine Details

Manufacturer Goldwind
Model GWS3S
Turbine ID WTGS83

Coordinates

708058 E 5849561 N

Operating Details

Axis type Horizontal

Rotor location Upwind

Rotor diameter 140.2 m

Hub height 109 m (above ground level)
Tower type Steel Tubular

Turbine speed 12 rpm

Rated power output 3000

Rated wind speed 11 m/s

Cut-in/cut-out wind speed 2.5m/s 20m/s

Control type Blade Pitch

Rotor Details

Blade manufacturer

Sinoma (Goldwind)

Blade type

Single piece fiberglass, with V5 TES

Number of blades

3

Gearbox Details

Type

None

Generator Details

Manufacturer

CRRC (Goldwind)

Type

Permanent Magnet Direct Drive

Maximum speed

12 + 10% rpm
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4 INSTRUMENTATION

4.1 Noise Measurement

Noise measurements were made using a Type 1 Rion NL-52 sound level meter and a Type 1 Rion NA-28 sound level
meter, both equipped with one-third octave band analysers. The sound level meters were calibrated before and

after the measurements using a Type 1 Rion NC-74 calibrator, with negligible drift observed.

A secondary wind screen was used for each sound level meter and was positioned over the microphone on the

measurement board. Figure 2 shows a typical example of the setup used to conduct the monitoring.

Secondary windshield tied
down over microphone

Measurement /
board

Cable —»

Weather-proof case with /

sound level meter inside

Figure 2: Microphone on the measurement board position with secondary screen.
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The insertion loss of the secondary wind screen has been measured and is summarised in Table 2.

Table 2: Secondary wind screen insertion loss.

Page 9

izemaney 1k 20 25 | 315 | 40 50 63 80 100 | 125 | 160
octave band (Hz)
Insertion loss (dB) | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Frequency 1/3- | 00 | 250 | 315 | 400 | 500 | 630 | 800 | 1000 | 1250 | 1600
octave band (Hz)
Insertion loss (dB) | 0.0 0.0 0.0 13 3.1 55 5.1 1.4 3.1 41
Frequency 1/3- | 5500 | 2500 | 3150 | 4000 | 5000 | 6300 | 8000 | 10000
octave band (Hz)
Insertion loss (dB) 33 3.8 3.7 5.6 8.6 12.7 12.1 13.0
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Figure 3 shows the location of the noise measurement instrumentation, positioned in relation to WTGS83.

Figure 3: Photograph of the tested wind turbine, WTG83.

Page 10



Stockyard Hill Wind Farm

Acoustic Noise Test of Wind Turbine Generator 83
$3425.2C26
October 2022

4.2 Wind Data

Wind speed data during the testing period were obtained from the nacelle wind measurement instrumentation at
WTG83. Wind direction data were obtained from the nacelle angle position instrumentation at WTG83. All sets of

data were adjusted to match the 10 second period required by IEC 61400-11:2012.

4.3 Other Instrumentation

The operational status of the turbine was determined using the “W.T.G. Operation Status” identifier, as reported
by the SCADA system for the turbine. It is understood from previous analysis that a value of “5” indicates that the
turbine is operating and a value of “2” indicates that it is not operating. It is noted that the turbine was considered
to be not operating for some additional periods where the turbine was ramping up or down from or to an ‘off’

state. Once again, the provided data were adjusted to match the 10 second period required by IEC 61400-11:2012.

Temperature, pressure, and rainfall data during the testing period were obtained from the Bureau of Meteorology

website, for the weather station at the Ballarat Aerodrome.
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5 ACOUSTIC DATA ACQUISITION

5.1 Measurement Position

Two sound level meters were placed simultaneously around the tested wind turbine, and spaced apart in an arc

with respect to the wind turbine. The sound level meters were positioned in such a way that at least one was

within 15° of the downwind position for the majority of the measurement period. The measurement positions are

summarised in Table 3. The direction relative to the turbine corresponds to the degrees from north the

measurement equipment is located at when observed from the turbine. As sufficient data were collected at

Location 2, the measurements taken at this location have been used for this analysis.

Table 3: Microphone positions during the noise measurements.

. Coordinates Slant Distance | Direction Relative to
Location . o
Easting Northing (m) Turbine (%)
1 707940 5849431 210 221 (SW)
2 708028 5849402 206 190 (S)

5.2 Sound Pressure Level Data

The equivalent A-weighted sound pressure levels were measured continuously at the measurement positions

during the measurement period. Each measurement was averaged over a period of 10 seconds.

During the measurement period, WTG83 was switched ‘off’ on several occasions to allow for background noise

measurements to be conducted.

Prior to analysis, the following data were discarded:

e measurements with intruding intermittent background noise or activity such as when apparatus was being

set-up, or when rain occurred;

e measurements where other nearby turbines were on;

e measurements during start-up or shut-down of WTG83; and,

e measurements corresponding to non-downwind conditions.

Following data discard, the resultant number of sound pressure level data points in each wind speed bin

(£0.25 m/s wide centred at integer hub height wind speed), for the wind speed range between 9m/s and 14m/s,

are summarised in Table 4.
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Table 4: Resultant number of noise data points.

Wind speed, Number of Noise Data Points
Vi (m/s) WTG83 ON WTG83 OFF
9 14 90
10 95 37
11 129 49
12 25 -
13 58 -
14 29 -
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6 NON-ACOUSTIC DATA ACQUISITION

6.1 Wind Data

6.1.1 Wind Speed Data

The wind speed during the measurement period was determined from the nacelle anemometer. The SCADA
system recorded 3 second average wind speeds, approximately every 6 seconds. The first available 3 second
average wind speed recorded within the 10 second noise average has been used for the correlations. The wind
speed data was provided to Sonus by Goldwind and is understood to be comprised of measurements from the

nacelle anemometer.

6.1.2 Wind Direction Data

IEC 61400-11:2012 requires the microphone measurement position to be within £ 15° of the nacelle direction. The
nacelle direction data was recorded and provided by the SCADA computer program of the wind turbine. In order to
check the accuracy of the wind direction measurements, they were compared against the wind direction
measured at the nearest meteorological mast. Based on this, the field labelled “Angle Difference between Nacelle
and North Direction” has been taken to be an accurate measure of the wind direction and has been used for the
purpose of this analysis. Noise measurements recorded when the measurement position was greater than + 15° of

the nacelle direction, were discarded.

6.2 Other Measurements and Non-acoustic Data

6.2.1 Meteorological Conditions

The prevailing meteorological conditions during the noise measurements are summarised in Table 5. The
temperature and pressure observations were taken at 9am. Where rain was identified during the testing period,
30-minute observations recorded at the Ballarat Aerodrome were used to remove periods which were potentially

affected by rain noise.
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Table 5: Prevailing meteorological conditions during the measurements.

Measurement Date Observation Prevailing Condition
Barometric pressure 102.91kPA
27 August 2022 Air temperature 8.7°C
Precipitation 0.2mm
Barometric pressure 102.46kPA
28 August 2022 Air temperature 11.1°C
Precipitation Omm
Barometric pressure 101.76kPA
29 August 2022 Air temperature 11.8°C
Precipitation 0.8mm

6.2.2 Roughness Length

The test site is farmland generally covered with grass and some vegetation. The surface roughness for this site is
taken to be 0.05 m, which has been used to derive the standardised wind speed, referenced at 10m above ground

level.
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7  ANALYSIS

7.1 Apparent Sound Power Level

The apparent sound power level at each integer wind speed has been derived using the general procedure

outlined in Section 9 of the IEC 61400-11:2012.

7.1.1  Analysis Procedure

The steps taken to derive the apparent sound power level at each integer wind speed for WTG83 are provided

below:

1. All measured equivalent sound pressure levels at each 1/3 octave band between 20 Hz to 10 kHz are
normalised to the measured overall equivalent sound pressure level. The 1/3 octave band levels between
20Hz and 10kHz are logarithmically summed and its difference with the measured overall level is

arithmetically added to each 1/3 octave band levels.

2. The 1/3 octave band equivalent sound pressure levels are corrected for the influence of the secondary
wind screen. The secondary wind screen insertion losses provided in Section 4.1 are arithmetically added
to the 1/3 octave band levels. The resultant overall sound pressure level is obtained by logarithmically

summing the corrected one third octave sound pressure levels.

3. The 1/3 octave band equivalent sound pressure levels are sorted into wind speed bins, each +0.25 m/s
wide, centred at integer wind speeds. The total noise and background noise data are segregated into

separate data sets.

4. The average 1/3 octave band equivalent sound pressure levels for each wind speed bin are determined
logarithmically. The 1/3 octave band equivalent sound pressure levels at the bin centres are then

calculated using linear interpolation between the bin average sound pressure level and wind speed values.

5. The background corrected wind turbine sound pressure levels are derived using the 1/3 octave band

equivalent sound pressure levels (referenced to the bin centre) as follows:

o “turbine off” sound levels are logarithmically subtracted from the “turbine on” sound levels where the
“turbine off” level is at least 3 dB(A) below the “turbine on” 1/3 octave band equivalent sound

pressure level.
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e In the case where the “turbine off” sound level is within 3 dB(A) of the 1/3 octave band “turbine on”
sound pressure level, 3 dB(A) has been subtracted from the 1/3 octave band “turbine on” equivalent

sound pressure level. These values have been noted as being affected by background noise.

e  Where the logarithmic sum of each 1/3 octave band sound pressure level for the “turbine on” noise
levels is within 3 dB(A) of the logarithmic sum of each 1/3 octave band sound pressure level for the

“turbine off” sound levels, the data has not been reported, in accordance with IEC 61400-11:2012.

e Where no “turbine off” sound level data was available, the “turbine on” sound levels were used with

no adjustment.

6. The background corrected wind turbine sound pressure levels at each 1/3 octave band are used to
calculate the apparent sound power levels at each integer wind speed using Equation (26) in the

IEC 61400-11:2012. The slant distance for each measurement location is presented in Table 3.

7. The overall apparent sound power level at each integer wind speed is determined by logarithmically

summing the 1/3 octave band apparent sound power levels.
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7.1.2  Analysed Data Points

The data points (overall equivalent sound pressure levels) included in the analysis are shown in Figure 4.
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Figure 4: Analysed data points.
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7.1.3  Analysis Results

The derived apparent sound power levels are summarised in Table 6.

Table 6: Derived apparent sound power levels.

Vi Vio e Sound Power Level (dB(A)) at each 1/3 Octave Band (Hz)

(m/s) | (m/s) | (dB(A)) 20 25 315 40 50 63 80 100 125 160 200 250 315 400 500 630 800 1000 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000 | 6300 ( 8000 | 10000
9 6.2 108.4 58.2 62.7 67.9 71.7 75.8 79.9 84.1 86.9 89.1 91.1 92.1 93.7 93.7 93.1 96.7 | 100.2 | 101.1 | 98.5 98.2 98.3 95.5 93.4 90.3 88.9 87.2 84.5 74.2 | [67.8]
10 6.9 107.7 59.5 64.5 68.8 73.1 76.6 80.4 84.0 87.0 89.0 90.9 92.0 93.3 92.8 91.8 95.4 99.0 | 100.2 | 97.5 97.7 98.1 95.5 93.4 90.3 88.6 86.8 83.4 72.7 | [67.9]
11 7.6 108.0 59.4 64.6 69.1 73.6 77.6 81.7 85.3 88.2 90.1 91.9 93.0 94.3 93.6 92.3 95.6 99.2 | 100.3 | 97.7 98.0 98.2 95.7 93.8 90.6 89.0 86.4 82.5 | [71.2] | [67.7]
12 8.3 109.9 62.9 68.0 72.5 76.5 80.5 84.4 88.0 91.2 93.2 94.8 95.3 96.6 95.7 94.8 98.0 | 1014 | 102.2 | 99.1 99.2 99.5 97.3 95.1 91.9 90.8 88.7 84.8 76.1 71.2
13 9.0 110.8 63.1 68.7 73.3 77.6 81.6 85.7 89.5 92.7 94.6 96.1 96.4 97.6 96.9 96.0 99.2 | 102.4 | 103.2 | 100.0 | 100.0 | 100.3 | 98.0 96.1 92.8 91.6 88.6 85.2 76.0 70.9
14 9.6 111.5 63.5 69.0 73.6 78.3 82.7 87.1 90.6 93.8 95.5 96.7 97.1 98.4 97.7 96.9 | 100.1 | 103.2 | 103.9 | 100.6 | 100.5 | 100.8 | 98.5 96.7 93.5 92.2 89.1 85.7 76.3 70.9

[1 - The background noise is within 3 dB of the total noise.
Vuu is the hub height (109m) wind speed.
Viois the standardised wind speed, referenced at 10m above ground level.
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7.2 Tonality

The results of the testing period have been analysed to determine any presence of excessive tonality, in
accordance with NZS 6808:2010. NZS 6808:2010 provides two methods to objectively assess the presence of
excessive tonality, the simplified test method and the reference test method, outlined in sections B2.2 and B2.3,

respectively.

7.2.1 Reference Test Method

NZS 6808:2010 does not provide specific instructions for the reference test method, but instead references the
method outlined in Annex C of ISO 1996-2:2007, or another similar method. As such, ISO 1996-2:2007 has been

used to inform this assessment.

Annex C of ISO 1996-2:2007 provides the following method, generally summarised into three steps:
1. Narrow-band frequency analysis (preferably FFT-analysis);

2. Determination of the average sound pressure level of the tone(s) and of the masking noise within the

critical band around the tone(s);

3. Calculation of the tonal audibility and the adjustment.

Audio recordings were made continuously during the testing period. A selection of these audio recordings, each
one minute long, that best represent the noise at each integer wind speed were chosen, such that they were not
influenced by extraneous noise sources such as birds or insects and were as close as possible to the integer wind

speed for the full minute period.

Based on the approach provided in ISO 1996-2:2007, the selected audio recordings were analysed using an
automated program for the presence of excessive tonality. This program has been designed to determine whether
a character penalty is warranted in accordance with the method outlined in ISO 1996-2:2007. This method
considers the audibility of any potential tones with respect to any masking noise and determines their impact
through the use of a character penalty. For a potential tone to be audible, the tonal audibility must be greater than
or equal to 4 dB. After running the program, no potential tones were identified at any wind speed and therefore
no character penalties were applicable. The results of this program can be seen in the below table. As no character

penalties were reported at any wind speed or frequency, no tones are considered to be present.

Page 20



Stockyard Hill Wind Farm

Acoustic Noise Test of Wind Turbine Generator 83
$3425.2C26
October 2022

Table 7: Tonality analysis results.

Wind speed (m/s) | Tonal Audibility (dB) | Frequency (Hz) | Tonal Adjustment (dB)
9 - - 0
10 - -
11 - -
12 - -
13 - -
14 - -

o|jo|o|O|O

7.2.2 Simplified Test Method

Section B2.2 of NZS 6808:2010 provides an alternate method for determining the presence of tonality. This
method has been used as an additional check for the presence of excessive tonality and was conducted for all

“Turbine On” data points, the points shown in blue as identified in Figure 4.

Section B2.2 of NZS 6808:2010 provides the following method, reproduced below:
A test for the presence of a prominent discrete-frequency spectral component (tonality) can be made by
comparing the levels of neighbouring one-third octave-bands in the Z-frequency-weighted sound spectrum.
An adjustment for tonality shall be applied if the sound level in a Z-frequency-weighted one-third
octave-band exceeds the arithmetic mean of the sound levels in both adjacent bands by more than the
values given in table B1. For the purposes of this method linear, zero, or flat frequency-weighting shall be

equivalent to Z-frequency-weighting.

Table B1 - One-third octave-band level differences

One-third octave-band Level difference
25-125Hz 15dB
160 —400 Hz 8dB
500 - 10000 Hz 5dB

NOTE — At frequencies below 500 Hz the level difference could be too severe and
tones might be identified when none is actually audible. For complex spectra the
method is often inadequate and the reference method should be used (see B2.3).

The results of this additional check indicate that no tonal penalty is required. This is consistent with the outcome of

the reference test method, indicating that the operation of the turbine does not exhibit excessive tonality.
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7.3 Amplitude Modulation

The results of the testing period have been analysed to determine any presence of excessive amplitude

modulation, in general accordance with the interim test method presented in NZS 6808:2010.

NZS 6808:2010 states the following:
No objective test for amplitude modulation has been standardised. If a local authority enforcement officer
or an acoustics advisor to a local authority considers that a wind farm creates sound with a clearly audible
amplitude modulation at a noise sensitive location, an adjustment of +5 dB shall be applied to the wind

farm sound level at that location for the wind conditions under which the modulation occurs.

In making an assessment under B3.1 [the above], modulation special audible characteristics are deemed to
exist if the measured A-weighted peak to trough levels exceed 5 dB on a regularly varying basis, or if the
measured third-octave band peak to trough levels exceed 6 dB on a regular basis in respect of the blade

pass frequency.

As for the tonality assessment, a representative period for each integer wind speed has been analysed for
excessive amplitude modulation. The graphs below show an example of the results of this analysis for each integer
wind speed. It is noted that the horizontal lines are spaced 5 dB apart to illustrate compliance with the
requirements of NZS 6808:2010 for the overall A-weighted level. As the regular peak to trough level does not
exceed 5 dB for any integer wind speed, it can be determined that excessive amplitude modulation is not present

in the noise profile of the wind turbine.

Page 22



Stockyard Hill Wind Farm

Acoustic Noise Test of Wind Turbine Generator 83
$3425.2C26
October 2022

5 dB(A)

ORI TN WA RO LD A PP R W

TR T T P ey e oy TR S

WJW‘\/MWJWAU WWMWWWMV WNJM

e A sl o b

=

=

s L

n
Q @) o Q Q @) (@) Q Q O (@) Q 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. <.
% % o s ~0 =% R RS % 5 2 S %

—9m/s 10m/s 11m/s 12m/s 13m/s 14m/s

Figure 5: Amplitude modulation graphs.
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1 INTRODUCTION

Sonus has been engaged by Goldwind Australia Pty Ltd to conduct noise testing of wind turbine generator 93

(WTG93) at the Stockyard Hill Wind Farm, Victoria.

The purpose of the testing was to determine the apparent sound power levels, tonality, and amplitude modulation

of the installed wind turbine generator 93, type GW3S.

Noise measurements of WTG93 were conducted on 7 July 2022 to 9 July 2022. The data acquisition and

subsequent analyses were conducted in general accordance with the approach of the following:

e the International Standard IEC 61400-11: 2012 Wind turbines — Part 11: Acoustic noise measurements

techniques (IEC 61400-11:2012) - to derive the overall sound power levels;

e the New Zealand Standard NZS 6808:2010 Acoustics — Wind Farm Noise (NZS 6808:2010)) — to determine

the presence of excessive tonality and amplitude modulation; and,

e the International Standard /SO 1996-2:2007 Acoustics — Description, measurement and assessment of
environmental noise — Part 2: Determination of environmental noise levels (ISO 1996-2:2007) — as

referenced by NZS 6808:2010 to assist in determining the presence of excessive tonality.

This report provides a summary of the noise testing and presents the results of the analyses.
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2 TEST SITE DESCRIPTION

The Stockyard Hill Wind Farm is located approximately 35km west of Ballarat. The location of the tested wind

turbine is shown on Figure 1.

The ground surface on the wind farm site in the area of the noise measurements is generally cropped. There are

no significant reflecting structures at the wind farm or surrounding areas.

i

LEGEND
@®  Wind turbine

Figure 1: Tested wind turbine location.
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3  WIND TURBINE DETAILS

Table 1 provides the configuration of the tested wind turbine, WTG93.

Table 1: Details of WTG93.

Wind Turbine Details

Manufacturer Goldwind
Model GWs3S
Turbine ID WTG93

Coordinates

711186 E 5849226 N

Operating Details

Axis type Horizontal

Rotor location Upwind

Rotor diameter 140.2 m

Hub height 109 m (above ground level)
Tower type Steel Tubular

Turbine speed 12 rpm

Rated power output 3400

Rated wind speed 11 m/s

Cut-in/cut-out wind speed 2.5m/sto 20 m/s

Control type Blade Pitch

Rotor Details

Blade manufacturer

Sinoma (Goldwind)

Blade type

Single piece fiberglass, with V5 TES

Number of blades

3

Gearbox Details

Type

None

Generator Details

Manufacturer

CRRC (Goldwind)

Type

Permanent Magnet Direct Drive

Maximum speed

12 + 10% rpm
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4 INSTRUMENTATION

4.1 Noise Measurement

Noise measurements were made using two Type 1 Rion NL-52 sound level meters, both equipped with one-third
octave band analysers. The sound level meters were calibrated before and after the measurements using a Type 1

Rion NC-74 calibrator, with negligible drift observed.

A secondary wind screen was used for each sound level meter and was positioned over the microphone on the

measurement board. Figure 2 shows a typical example of the setup used to conduct the monitoring.

Secondary windshield tied
down over microphone

Measurement /
board

Cable —»

Weather-proof case with /

sound level meter inside

Figure 2: Microphone on the measurement board position with secondary screen.
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The insertion loss of the secondary wind screen has been measured and is summarised in Table 2.

Table 2: Secondary wind screen insertion loss.

Frequency 1/3-

octave band (Hz) 20 22 i 40 50 63 80 100 125 160

Insertion loss (dB) -0.2 -0.2 -0.2 -0.2 -0.2 -0.5 -0.3 -0.6 -0.2 -0.3

Frequency 1/3-

200 250 315 400 500 630 800 1000 | 1250 | 1600
octave band (Hz)

Insertion loss (dB) -0.3 0.1 0.3 1.2 2.0 2.7 1.9 0.9 11 2.1

Frequency 1/3-

2000 | 2500 | 3150 | 4000 | 5000 | 6300 | 8000 | 10000
octave band (Hz)

Insertion loss (dB) 1.5 2.1 2.5 2.3 2.5 2.7 3.1 3.6
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Figure 3 shows the location of the noise measurement instrumentation, positioned in relation to WTG93.

Figure 3: Photograph of the tested wind turbine, WTG93.
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4.2 Wind Data

Wind speed data during the testing period were obtained from the nacelle wind measurement instrumentation at
WTG93. Wind direction data were obtained from the nacelle angle position instrumentation at WTG93. All sets of

data were adjusted to match the 10 second period required by IEC 61400-11:2012.

4.3 Other Instrumentation

The operational status of the turbine was determined using the “W.T.G. Operation Status” identifier, as reported
by the SCADA system for the turbine. It is understood from previous analysis that a value of “5” indicates that the
turbine is operating and a value of “2” indicates that it is not operating. For periods where the “W.T.G. Operation
Status” is not provided, operational status has been determined from the grid-side active power as reported by the
SCADA system. For the purpose of this assessment, it has been assumed that the turbine is not operating where
the grid-side active power is negative. It is noted that the turbine was considered to be not operating for some
additional periods where the power data indicated that the turbine was ramping up or down from or to an ‘off’

state. Once again, the provided data were adjusted to match the 10 second period required by IEC 61400-11:2012.

Temperature, pressure, and rainfall data during the testing period were obtained from the Bureau of Meteorology

website, for the weather station at the Ballarat Aerodrome.
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5 ACOUSTIC DATA ACQUISITION

5.1 Measurement Position

Two sound level meters were placed simultaneously around the tested wind turbine, and spaced apart in an arc

with respect to the wind turbine. The sound level meters were positioned in such a way that at least one was

within 15° of the downwind position for the majority of the measurement period. The measurement positions are

summarised in Table 3. The direction relative to the turbine corresponds to the degrees from north the

measurement equipment is located at when observed from the turbine. As sufficient data were collected at

Location 2, the measurements taken at this location have been used for this analysis.

Table 3: Microphone positions during the noise measurements.

. Coordinates Slant Distance | Direction Relative to
Location . o
Easting Northing (m) Turbine (%)
1 711274 5849358 194 32 (NNE)
2 711326 5849302 194 60 (ENE)

5.2 Sound Pressure Level Data

The equivalent A-weighted sound pressure levels were measured continuously at the measurement positions

during the measurement period. Each measurement was averaged over a period of 10 seconds.

During the measurement period, WTG93 was switched ‘off’ on several occasions to allow for background noise

measurements to be conducted.

Prior to analysis, the following data were discarded:

e measurements with intruding intermittent background noise or activity such as when apparatus was being

set-up, or when rain occurred;

e measurements where other nearby turbines were on;

e measurements during start-up or shut-down of WTG93; and,

e measurements corresponding to non-downwind conditions.

Following data discard, the resultant number of sound pressure level data points in each wind speed bin

(£0.25 m/s wide centred at integer hub height wind speed), for the wind speed range between 4m/s and 16m/s,

are summarised in Table 4.
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Table 4: Resultant number of noise data points.

Wind speed, Number of Noise Data Points
Vi (m/s) WTG93 ON WTG93 OFF
4 930 82
5 931 110
6 963 109
7 1045 102
8 1055 72
9 639 54
10 416 39
11 155 27
12 48 10
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6 NON-ACOUSTIC DATA ACQUISITION

6.1 Wind Data

6.1.1 Wind Speed Data

The wind speed during the measurement period was determined from the nacelle anemometer. The SCADA
system recorded 3 second average wind speeds, approximately every 7 seconds. The first available 3 second
average wind speed recorded within the 10 second noise average has been used for the correlations. The wind
speed data was provided to Sonus by Goldwind and is understood to be comprised of measurements from the

nacelle anemometer.

6.1.2 Wind Direction Data

IEC 61400-11:2012 requires the microphone measurement position to be within £ 15° of the nacelle direction. The
nacelle direction data was recorded and provided by the SCADA computer program of the wind turbine. Noise
measurements recorded when the measurement position was greater than * 15° of the nacelle direction, were
discarded. While it is understood that the nacelle direction has previously been inaccurate, based on observations
made on site while placing the monitoring equipment, it appears that the wind direction measured was accurate

during this testing period. As such, no adjustment has been made to the measured data for this assessment.

6.2 Other Measurements and Non-acoustic Data

6.2.1 Meteorological Conditions

The prevailing meteorological conditions during the noise measurements are summarised in Table 5. The
temperature and pressure observations were taken at 9am. Where rain was identified during the testing period,
30-minute observations recorded at the Ballarat Aerodrome were used to remove periods which were affected by

rain noise.
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Table 5: Prevailing meteorological conditions during the measurements.

Measurement Date Observation Prevailing Condition
Barometric pressure 101.93kPA
7 July 2022 Air temperature 6°C
Precipitation 0.4mm
Barometric pressure 101.74kPA
8 July 2022 Air temperature 6.8°C
Precipitation 1.2mm
Barometric pressure 102.26kPA
9 July 2022 Air temperature 5.3°C
Precipitation 4mm

6.2.2 Roughness Length

The test site is farmland generally covered with grass and some vegetation. The surface roughness for this site is
taken to be 0.05 m, which has been used to derive the standardised wind speed, referenced at 10m above ground

level.
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7  ANALYSIS

7.1 Apparent Sound Power Level

The apparent sound power level at each integer wind speed has been derived using the general procedure

outlined in Section 9 of the IEC 61400-11:2012.

7.1.1  Analysis Procedure

The steps taken to derive the apparent sound power level at each integer wind speed for WTG93 are provided

below:

1. All measured equivalent sound pressure levels at each 1/3 octave band between 20 Hz to 10 kHz are
normalised to the measured overall equivalent sound pressure level. The 1/3 octave band levels between
20Hz and 10kHz are logarithmically summed and its difference with the measured overall level is

arithmetically added to each 1/3 octave band levels.

2. The 1/3 octave band equivalent sound pressure levels are corrected for the influence of the secondary
wind screen. The secondary wind screen insertion losses provided in Section 4.1 are arithmetically added
to the 1/3 octave band levels. The resultant overall sound pressure level is obtained by logarithmically

summing the corrected one third octave sound pressure levels.

3. The 1/3 octave band equivalent sound pressure levels are sorted into wind speed bins, each +0.25 m/s
wide, centred at integer wind speeds. The total noise and background noise data are segregated into

separate data sets.

4. The average 1/3 octave band equivalent sound pressure levels for each wind speed bin are determined
logarithmically. The 1/3 octave band equivalent sound pressure levels at the bin centres are then

calculated using linear interpolation between the bin average sound pressure level and wind speed values.

5. The background corrected wind turbine sound pressure levels are derived using the 1/3 octave band

equivalent sound pressure levels (referenced to the bin centre) as follows:

o “turbine off” sound levels are logarithmically subtracted from the “turbine on” sound levels where the
“turbine off” level is at least 3 dB(A) below the “turbine on” 1/3 octave band equivalent sound

pressure level.
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e In the case where the “turbine off” sound level is within 3 dB(A) of the 1/3 octave band “turbine on”
sound pressure level, 3 dB(A) has been subtracted from the 1/3 octave band “turbine on” equivalent

sound pressure level. These values have been noted as being affected by background noise.

e Where the logarithmic sum of each 1/3 octave band sound pressure level for the “turbine on” noise
levels is within 3 dB(A) of the logarithmic sum of each 1/3 octave band sound pressure level for the

“turbine off” sound levels, the data has not been reported, in accordance with IEC 61400-11:2012.

e Where no “turbine off” sound level data was available, the “turbine on” sound levels were used with

no adjustment.

6. The background corrected wind turbine sound pressure levels at each 1/3 octave band are used to
calculate the apparent sound power levels at each integer wind speed using Equation (26) in the

IEC 61400-11:2012. The slant distance for each measurement location is presented in Table 3.

7. The overall apparent sound power level at each integer wind speed is determined by logarithmically

summing the 1/3 octave band apparent sound power levels.
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7.1.2  Analysed Data Points

The data points (overall equivalent sound pressure levels) included in the analysis are shown in Figure 4.
WTG93 Measured Data
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60

50

40

30

Overall Sound Pressure Level, dB(A)

20

10

® Turbine ON

e Turbine OFF

0 2 4 6 8 10 12 14 16
Hub Height Wind Speed, m/s

Figure 4: Analysed data points.
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7.1.3  Analysis Results

The derived apparent sound power levels are summarised in Table 6.

Table 6: Derived apparent sound power levels.

Vi Vio e Sound Power Level (dB(A)) at each 1/3 Octave Band (Hz)

(m/s) | (m/s) | (dB(A)) 20 25 315 40 50 63 80 100 125 160 200 250 315 400 500 630 800 1000 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000 | 6300 ( 8000 | 10000
4 2.8 92.8* | [48.6] | 63.5 | 63.0 |[62.6] | [66.8] | [69.0] | [71.7] | [73.2] | [75.6] | [76.0] | 77.0 | 79.2 | 80.5 | 80.9 | 82.0 | 84.1 | 83.8 | 84.2 | 809 | 81.6 | 79.0 | 783 | 759 | 73.0 | 68.8 |[64.1] | # #
5 3.4 97.6 52.9 61.0 66.9 66.5 71.1 74.8 77.0 78.0 80.3 80.4 79.9 83.2 84.4 84.2 84.8 89.5 89.6 90.1 86.7 86.4 83.5 82.5 79.6 76.2 | [71.8] | [66.3] # #
6 4.1 103.4 58.8 64.0 69.3 72.4 75.8 79.0 81.8 83.0 84.8 85.1 85.4 88.0 89.7 89.7 91.2 94.3 94.5 95.3 93.8 94.1 90.8 89.4 86.2 82.4 77.6 70.6 # #
7 4.8 106.7 62.1 67.1 71.6 75.6 79.0 81.8 84.9 86.4 88.1 88.2 88.3 90.9 924 92.4 93.9 97.3 97.9 98.8 97.4 97.7 94.4 92.9 89.6 85.8 80.7 74.2 # #
8 5.5 108.5 63.5 68.6 73.1 77.1 80.6 83.5 86.6 88.3 90.0 90.0 90.0 92.5 93.9 93.8 95.3 98.8 99.5 | 100.6 | 99.3 99.6 96.3 94.9 91.6 87.6 82.3 75.2 # #
9 6.2 109.4 64.5 69.5 74.0 78.0 81.6 84.5 87.6 89.4 91.1 91.1 91.1 93.6 94.9 94.8 96.1 99.7 | 1004 | 101.6 | 100.3 | 100.6 | 97.4 96.0 92.7 88.5 83.1 75.6 # #
10 6.9 109.5 64.6 69.8 74.2 78.1 81.7 84.7 87.9 89.8 91.4 91.4 91.4 94.0 95.2 94.9 96.2 99.7 | 100.5 | 101.6 | 100.5 | 100.7 | 97.4 96.0 92.3 87.7 82.1 | [74.3] # #
11 7.6 109.8 64.0 69.2 73.7 77.7 81.5 84.7 88.2 90.3 92.0 91.9 92.0 94.6 95.7 95.2 96.2 99.7 | 100.5 | 101.7 | 100.6 | 101.0 | 98.1 97.1 94.1 89.1 83.1 75.4 # #
12 8.3 110.6 65.1 70.0 74.5 78.4 82.2 85.4 88.8 90.8 92.7 92.7 92.8 95.5 96.7 96.2 97.1 | 100.5 | 101.2 | 102.4 | 101.2 | 101.7 | 98.7 97.9 95.2 90.5 84.1 76.6 # #

# - The background noise is higher than the total noise.

[1 - The background noise is within 3 dB of the total noise.

* - The difference between the sum of the 1/3-octave bands of the total noise and the sum of the 1/3-octave bands of the background noise is between 3 and 6 dB.
Vun is the hub height (109m) wind speed.

Viois the standardised wind speed, referenced at 10m above ground level.
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7.2 Tonality

The results of the testing period have been analysed to determine any presence of excessive tonality, in
accordance with NZS 6808:2010. NZS 6808:2010 provides two methods to objectively assess the presence of
excessive tonality, the simplified test method and the reference test method, outlined in sections B2.2 and B2.3,

respectively.

7.2.1 Reference Test Method

NZS 6808:2010 does not provide specific instructions for the reference test method, but instead references the
method outlined in Annex C of ISO 1996-2:2007, or another similar method. As such, ISO 1996-2:2007 has been

used to inform this assessment.

Annex C of ISO 1996-2:2007 provides the following method, generally summarised into three steps:
1. Narrow-band frequency analysis (preferably FFT-analysis);

2. Determination of the average sound pressure level of the tone(s) and of the masking noise within the

critical band around the tone(s);

3. Calculation of the tonal audibility and the adjustment.

Audio recordings were made continuously during the testing period. A selection of these audio recordings, each
one minute long, that best represent the noise at each integer wind speed were chosen, such that they were not
influenced by extraneous noise sources such as birds or insects and were as close as possible to the integer wind

speed for the full minute period.

Based on the approach provided in ISO 1996-2:2007, the selected audio recordings were analysed using an
automated program for the presence of excessive tonality. This program has been designed to determine whether
a character penalty is warranted in accordance with the method outlined in ISO 1996-2:2007. This method
considers the audibility of any potential tones with respect to any masking noise and determines their impact
through the use of a character penalty. For a potential tone to be audible, the tonal audibility must be greater than
or equal to 4 dB. After running the program, no potential tones were identified at any wind speed and therefore
no character penalties were applicable. The results of this program can be seen in the below table. As no character

penalties were reported at any wind speed or frequency, no tones are considered to be present.
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Table 7: Tonality analysis results.

Wind speed (m/s) | Tonal Audibility (dB) | Frequency (Hz) | Tonal Adjustment (dB)
4 - - 0
5 - - 0
6 - - 0
7 - - 0
8 - - 0
9 - - 0
10 - - 0
11 - - 0
12 - - 0

7.2.2 Simplified Test Method

Section B2.2 of NZS 6808:2010 provides an alternate method for determining the presence of tonality. This
method has been used as an additional check for the presence of excessive tonality and was conducted for all

“Turbine On” data points, the points shown in blue in Figure 4.

Section B2.2 of NZS 6808:2010 provides the following method, reproduced below:
A test for the presence of a prominent discrete-frequency spectral component (tonality) can be made by
comparing the levels of neighbouring one-third octave-bands in the Z-frequency-weighted sound spectrum.
An adjustment for tonality shall be applied if the sound level in a Z-frequency-weighted one-third
octave-band exceeds the arithmetic mean of the sound levels in both adjacent bands by more than the
values given in table B1. For the purposes of this method linear, zero, or flat frequency-weighting shall be

equivalent to Z-frequency-weighting.

Table B1 - One-third octave-band level differences

One-third octave-band Level difference
25-125Hz 15dB
160 —400 Hz 8dB
500 - 10000 Hz 5dB

NOTE — At frequencies below 500 Hz the level difference could be too severe and
tones might be identified when none is actually audible. For complex spectra the
method is often inadequate and the reference method should be used (see B2.3).
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The results of this additional check indicate that no tonal penalty is required. This is consistent with the outcome of

the reference test method, indicating that the operation of the turbine does not exhibit excessive tonality.

7.3 Amplitude Modulation

The results of the testing period have been analysed to determine any presence of excessive amplitude

modulation, in general accordance with the interim test method presented in NZS 6808:2010.

NZS 6808:2010 states the following:
No objective test for amplitude modulation has been standardised. If a local authority enforcement officer
or an acoustics advisor to a local authority considers that a wind farm creates sound with a clearly audible
amplitude modulation at a noise sensitive location, an adjustment of +5 dB shall be applied to the wind

farm sound level at that location for the wind conditions under which the modulation occurs.

In making an assessment under B3.1 [the above], modulation special audible characteristics are deemed to
exist if the measured A-weighted peak to trough levels exceed 5 dB on a regularly varying basis, or if the
measured third-octave band peak to trough levels exceed 6 dB on a regular basis in respect of the blade

pass frequency.

As for the tonality assessment, a representative period for each integer wind speed has been analysed for
excessive amplitude modulation. The graphs below show an example of the results of this analysis for each integer
wind speed. It is noted that the horizontal lines are spaced 5 dB apart to illustrate compliance with the
requirements of NZS 6808:2010 for the overall A-weighted level. As the regular peak to trough level does not
exceed 5 dB for any integer wind speed, it can be determined that excessive amplitude modulation is not present

in the noise profile of the wind turbine.
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Figure 5: Amplitude modulation graphs.
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1 INTRODUCTION

Sonus has been engaged by Goldwind Australia Pty Ltd to conduct noise testing of wind turbine generator 141

(WTG141) at the Stockyard Hill Wind Farm, Victoria.

The purpose of the testing was to determine the apparent sound power levels, tonality, and amplitude modulation

of the installed wind turbine generator 141, type GW3S.

Noise measurements of WTG141 were conducted on 21 July 2022 to 22 July 2022. The data acquisition and

subsequent analyses were conducted in general accordance with the approach of the following:

e the International Standard IEC 61400-11: 2012 Wind turbines — Part 11: Acoustic noise measurements

techniques (IEC 61400-11:2012) - to derive the overall sound power levels;

e the New Zealand Standard NZS 6808:2010 Acoustics — Wind Farm Noise (NZS 6808:2010)) — to determine

the presence of excessive tonality and amplitude modulation; and,

e the International Standard /SO 1996-2:2007 Acoustics — Description, measurement and assessment of
environmental noise — Part 2: Determination of environmental noise levels (ISO 1996-2:2007) — as

referenced by NZS 6808:2010 to assist in determining the presence of excessive tonality.

This report provides a summary of the noise testing and presents the results of the analyses.
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2 TEST SITE DESCRIPTION

The Stockyard Hill Wind Farm is located approximately 35km west of Ballarat. The location of the tested wind

turbine is shown on Figure 1.

The ground surface on the wind farm site in the area of the noise measurements is generally cropped. There are

no significant reflecting structures at the wind farm or surrounding areas.

i

LEGEND
@®  Wind turbine

Figure 1: Tested wind turbine location.
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3  WIND TURBINE DETAILS

Table 1 provides the configuration of the tested wind turbine, WTG141.

Table 1: Details of WTG141.

Wind Turbine Details

Manufacturer Goldwind
Model GWs3S
Turbine ID WTG141

Coordinates

711401 E 5831093 N

Operating Details

Axis type Horizontal

Rotor location Upwind

Rotor diameter 140.2 m

Hub height 109 m (above ground level)
Tower type Steel Tubular

Turbine speed 12 rpm

Rated power output 3570

Rated wind speed 11 m/s

Cut-in/cut-out wind speed 2.5m/sto 20 m/s

Control type Blade Pitch

Rotor Details

Blade manufacturer

Sinoma (Goldwind)

Blade type

Single piece fiberglass, with V4 TES

Number of blades

3

Gearbox Details

Type

None

Generator Details

Manufacturer

CRRC (Goldwind)

Type

Permanent Magnet Direct Drive

Maximum speed

12 + 10% rpm
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4 INSTRUMENTATION

4.1 Noise Measurement

Noise measurements were made using two Type 1 Rion sound level meters, a NL-52 and a NA-28, both equipped
with one-third octave band analysers. The sound level meters were calibrated before and after the measurements

using a Type 1 Rion NC-74 calibrator, with negligible drift observed.

A secondary wind screen was used for each sound level meter and was positioned over the microphone on the

measurement board. Figure 2 shows a typical example of the setup used to conduct the monitoring.

Secondary windshield tied
down over microphone

Measurement /
board

Cable —»

Weather-proof case with /

sound level meter inside

Figure 2: Microphone on the measurement board position with secondary screen.
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The insertion loss of the secondary wind screen has been measured and is summarised in Table 2.

Table 2: Secondary wind screen insertion loss.

Page 9

izemaney 1k 20 25 | 315 | 40 50 63 80 100 | 125 | 160

octave band (Hz)

Insertion loss (dB) -0.2 -0.2 -0.2 -0.2 -0.2 -0.5 -0.3 -0.6 -0.2 -0.3
Frequency 1/3- | 00 | 250 | 315 | 400 | 500 | 630 | 800 | 1000 | 1250 | 1600

octave band (Hz)

Insertion loss (dB) | -03 | 0.1 03 1.2 2.0 2.7 1.9 0.9 1.1 2.1
Frequency 1/3- | 5500 | 2500 | 3150 | 4000 | 5000 | 6300 | 8000 | 10000

octave band (Hz)

Insertion loss (dB) 1.5 2.1 2.5 2.3 2.5 2.7 3.1 3.6
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Figure 3 shows the location of the noise measurement instrumentation, positioned in relation to WTG141.

Figure 3: Photograph of the tested wind turbine, WTG141.
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4.2 Wind Data

Wind speed data during the testing period were obtained from the nacelle wind measurement instrumentation at
WTG141. Wind direction data were obtained from the nacelle angle position instrumentation at WTG141. All sets

of data were adjusted to match the 10 second period required by IEC 61400-11:2012.

4.3 Other Instrumentation

The operational status of the turbine was determined using the grid-side active power as reported by the SCADA
system for the turbine. For the purpose of this assessment, it has been assumed that the turbine is not operating
where the grid-side active power is negative. It is noted that the turbine was considered to be not operating for
some additional periods where the power data indicated that the turbine was ramping up or down from or to an
‘off’ state. Once again, the provided data were adjusted to match the 10 second period required by IEC 61400-
11:2012.

Temperature, pressure and rainfall data during the testing period were obtained from the Bureau of Meteorology

website, for the weather station at the Ballarat Aerodrome.
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5 ACOUSTIC DATA ACQUISITION

5.1 Measurement Position

Two sound level meters were placed simultaneously around the tested wind turbine, and spaced apart in an arc
with respect to the wind turbine. The sound level meters were positioned in such a way that at least one was
within 15° of the downwind position for the majority of the measurement period. The measurement positions are
summarised in Table 3. The direction relative to the turbine corresponds to the degrees from north the
measurement equipment is located at when observed from the turbine. As sufficient data were collected at

Location 2, the measurements taken at this location have been used for this analysis.

Table 3: Microphone positions during the noise measurements.

. Coordinates Slant Distance | Direction Relative to
Location . o
Easting Northing (m) Turbine (°)
1 711275 5830976 194 225 (SW)
2 711341 5830935 194 197 (SSW)

5.2 Sound Pressure Level Data

The equivalent A-weighted sound pressure levels were measured continuously at the measurement positions

during the measurement period. Each measurement was averaged over a period of 10 seconds.

During the measurement period, WTG141 was switched ‘off’ on several occasions to allow for background noise

measurements to be conducted.

Prior to analysis, the following data were discarded:
e measurements with intruding intermittent background noise or activity such as when apparatus was being
set-up;
e measurements during start-up or shut-down of WTG141; and,

e measurements corresponding to non-downwind conditions.
Following data discard, the resultant number of sound pressure level data points in each wind speed bin

(£0.25 m/s wide centred at integer hub height wind speed), for the wind speed range between 4m/s and 15m/s,

are summarised in Table 4.
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Table 4: Resultant number of noise data points.

Wind speed, Number of Noise Data Points
Vin (m/s) WTG141 ON WTG141 OFF

4 53 -

5 246 -

6 403 18
7 314 44
8 139 81
9 80 70
10 70 55
11 68 53
12 54 26
13 56 36
14 54 23
15 23 -
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6 NON-ACOUSTIC DATA ACQUISITION

6.1 Wind Data

6.1.1 Wind Speed Data

The wind speed during the measurement period was determined from the nacelle anemometer. The SCADA
system recorded 3 second average wind speeds, approximately every 7 seconds. The first available 3 second
average wind speed recorded within the 10 second noise average has been used for the correlations. The wind
speed data was provided to Sonus by Goldwind and is understood to be comprised of measurements from the

nacelle anemometer.

6.1.2 Wind Direction Data

IEC 61400-11:2012 requires the microphone measurement position to be within £ 15° of the nacelle direction. The
nacelle direction data was recorded and provided by the SCADA computer program of the wind turbine. Noise
measurements recorded when the measurement position was greater than * 15° of the nacelle direction, were
discarded. While it is understood that the nacelle direction has previously been inaccurate, based on observations
made on site while placing the monitoring equipment, it appears that the wind direction measured was accurate

during this testing period. As such, no adjustment has been made to the measured data for this assessment.

6.2 Other Measurements and Non-acoustic Data

6.2.1 Meteorological Conditions

The prevailing meteorological conditions during the noise measurements are summarised in Table 5. The

temperature and pressure observations were taken at 9am.
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Table 5: Prevailing meteorological conditions during the measurements.

Measurement Date Observation Prevailing Condition
Barometric pressure 103.29kPA
21 July 2022 Air temperature 8.3°C
Precipitation Omm
Barometric pressure 102.92kPA
22 July 2022 Air temperature 8.4°C
Precipitation Omm

6.2.2 Roughness Length

The test site is farmland generally covered with grass and some vegetation. The surface roughness for this site is
taken to be 0.05 m, which has been used to derive the standardised wind speed, referenced at 10m above ground

level.
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7  ANALYSIS

7.1 Apparent Sound Power Level

The apparent sound power level at each integer wind speed has been derived using the general procedure

outlined in Section 9 of the IEC 61400-11:2012.

7.1.1  Analysis Procedure

The steps taken to derive the apparent sound power level at each integer wind speed for WTG141 are provided

below:

1. All measured equivalent sound pressure levels at each 1/3 octave band between 20 Hz to 10 kHz are
normalised to the measured overall equivalent sound pressure level. The 1/3 octave band levels between
20Hz and 10kHz are logarithmically summed and its difference with the measured overall level is

arithmetically added to each 1/3 octave band levels.

2. The 1/3 octave band equivalent sound pressure levels are corrected for the influence of the secondary
wind screen. The secondary wind screen insertion losses provided in Section 4.1 are arithmetically added
to the 1/3 octave band levels. The resultant overall sound pressure level is obtained by logarithmically

summing the corrected one third octave sound pressure levels.

3. The 1/3 octave band equivalent sound pressure levels are sorted into wind speed bins, each +0.25 m/s
wide, centred at integer wind speeds. The total noise and background noise data are segregated into

separate data sets.

4. The average 1/3 octave band equivalent sound pressure levels for each wind speed bin are determined
logarithmically. The 1/3 octave band equivalent sound pressure levels at the bin centres are then

calculated using linear interpolation between the bin average sound pressure level and wind speed values.

5. The background corrected wind turbine sound pressure levels are derived using the 1/3 octave band

equivalent sound pressure levels (referenced to the bin centre) as follows:

o “turbine off” sound levels are logarithmically subtracted from the “turbine on” sound levels where the
“turbine off” level is at least 3 dB(A) below the “turbine on” 1/3 octave band equivalent sound

pressure level.
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e In the case where the “turbine off” sound level is within 3 dB(A) of the 1/3 octave band “turbine on”
sound pressure level, 3 dB(A) has been subtracted from the 1/3 octave band “turbine on” equivalent

sound pressure level. These values have been noted as being affected by background noise.

e  Where the logarithmic sum of each 1/3 octave band sound pressure level for the “turbine on” noise
levels is within 3 dB(A) of the logarithmic sum of each 1/3 octave band sound pressure level for the

“turbine off” sound levels, the data has not been reported, in accordance with IEC 61400-11:2012.

e Where no “turbine off” sound level data was available, the “turbine on” sound levels were used with

no adjustment.

6. The background corrected wind turbine sound pressure levels at each 1/3 octave band are used to
calculate the apparent sound power levels at each integer wind speed using Equation (26) in the

IEC 61400-11:2012. The slant distance for each measurement location is presented in Table 3.

7. The overall apparent sound power level at each integer wind speed is determined by logarithmically

summing the 1/3 octave band apparent sound power levels.
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7.1.2  Analysed Data Points

The data points (overall equivalent sound pressure levels) included in the analysis are shown in Figure 4.

Figure 4: Analysed data points.
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7.1.3  Analysis Results

The derived apparent sound power levels are summarised in Table 6.

Table 6: Derived apparent sound power levels.

Vi Vio e Sound Power Level (dB(A)) at each 1/3 Octave Band (Hz)

(m/s) | (m/s) | (dB(A)) 20 25 315 40 50 63 80 100 125 160 200 250 315 400 500 630 800 1000 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000 | 6300 ( 8000 | 10000
4 2.8 101.1 50.3 61.9 69.6 67.0 71.4 74.7 76.7 78.4 80.7 82.0 83.1 86.3 88.1 88.4 91.2 92.8 92.6 92.0 91.2 90.8 87.6 84.9 81.8 80.0 76.0 66.8 61.5 59.8
5 3.4 104.5 53.7 60.9 68.8 69.3 73.1 77.1 79.9 80.9 83.2 84.5 85.7 88.9 90.7 91.1 94.1 96.0 96.1 95.6 95.0 94.7 91.9 89.2 85.8 83.4 79.3 73.1 69.0 64.7
6 4.1 106.5 55.7 61.4 66.9 70.0 73.9 77.3 81.1 81.8 | [82.0] | 84.5 87.2 90.3 92.2 92.6 95.9 98.0 98.4 98.0 97.3 97.3 94.2 91.6 87.5 82.8 77.9 69.2 # #

7 4.8 108.8 57.1 62.5 67.2 71.2 75.1 78.0 81.7 83.0 85.5 87.0 88.7 92.1 93.7 94.2 97.6 | 100.0 | 100.6 | 100.3 | 99.9 99.9 96.9 94.3 90.2 84.6 |[78.1] | [72.2] | 63.5 #
8 5.5 110.7 61.1 66.2 70.9 75.0 78.8 81.7 84.9 86.7 88.5 89.6 90.9 94.2 95.7 95.8 99.0 | 101.6 | 102.3 | 102.3 | 101.9 | 102.0 | 99.2 97.1 92.8 87.2 81.3 73.8 | [64.6] #
9 6.2 112.2 62.7 68.2 72.6 76.6 80.6 83.6 86.7 88.6 90.6 91.4 92.6 95.8 97.1 97.0 | 100.1 | 102.8 | 103.6 | 103.7 | 103.5 | 103.5 | 100.8 | 99.1 95.1 89.5 83.9 76.4 66.4 #
10 6.9 112.9 63.6 68.8 73.0 77.2 81.2 84.1 87.3 89.4 91.6 92.2 93.5 96.7 97.9 97.8 | 100.8 | 103.5 | 104.2 | 104.4 | 104.2 | 104.1 | 101.7 | 100.2 | 96.2 91.2 87.1 78.2 68.1 | [60.6]
11 7.6 112.4 62.1 67.2 71.6 76.0 80.1 83.2 86.6 89.2 91.4 92.3 93.5 96.7 97.7 97.2 100.0 | 102.8 | 103.4 | 103.6 | 103.5 | 103.5 | 101.8 | 101.1 | 96.3 89.8 84.1 76.9 67.4 | [60.1]
12 8.3 112.6 62.9 67.9 72.7 77.2 81.5 84.6 88.0 90.7 92.8 93.4 94.7 97.6 98.2 97.5 | 100.2 | 102.6 | 103.1 | 103.2 | 103.0 | 103.3 | 102.5 | 102.4 | 96.9 89.7 84.0 76.8 66.8 | [59.8]
13 9.0 112.7 62.4 67.7 72.8 77.4 81.6 85.1 88.7 91.4 93.6 94.2 95.3 98.0 98.5 97.8 | 100.4 | 102.6 | 103.1 | 102.9 | 102.7 | 103.2 | 103.0 | 103.5 | 97.2 89.8 84.0 76.6 66.6 #
14 9.6 113.1 61.6 67.5 72.8 77.7 82.4 86.1 89.7 92.3 94.6 95.2 96.1 98.7 99.1 98.3 | 100.9 | 102.9 | 103.2 | 103.0 | 102.8 | 103.4 | 103.6 | 1043 | 97.5 90.0 84.1 76.6 | [66.7] #

15 103 113.6 61.8 67.5 73.0 78.5 83.3 87.4 91.1 93.7 96.2 96.4 97.3 99.7 99.9 99.1 | 101.6 | 103.4 | 103.5 | 103.1 | 102.9 | 103.6 | 104.0 | 104.8 | 97.7 90.4 84.7 78.5 73.4 68.7

# - The background noise is higher than the total noise.

[1 - The background noise is within 3 dB of the total noise.

Vuu is the hub height (109m) wind speed.

Viois the standardised wind speed, referenced at 10m above ground level.
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7.2 Tonality

The results of the testing period have been analysed to determine any presence of excessive tonality, in
accordance with NZS 6808:2010. NZS 6808:2010 provides two methods to objectively assess the presence of
excessive tonality, the simplified test method and the reference test method, outlined in sections B2.2 and B2.3,

respectively.

7.2.1 Reference Test Method

NZS 6808:2010 does not provide specific instructions for the reference test method, but instead references the
method outlined in Annex C of ISO 1996-2:2007, or another similar method. As such, ISO 1996-2:2007 has been

used to inform this assessment.

Annex C of ISO 1996-2:2007 provides the following method, generally summarised into three steps:
1. Narrow-band frequency analysis (preferably FFT-analysis);

2. Determination of the average sound pressure level of the tone(s) and of the masking noise within the

critical band around the tone(s);

3. Calculation of the tonal audibility and the adjustment.

Audio recordings were made continuously during the testing period. A selection of these audio recordings, each
one minute long, that best represent the noise at each integer wind speed were chosen, such that they were not
influenced by extraneous noise sources such as birds or insects and were as close as possible to the integer wind

speed for the full minute period.

Based on the approach provided in ISO 1996-2:2007, the selected audio recordings were analysed using an
automated program for the presence of excessive tonality. This program has been designed to determine whether
a character penalty is warranted in accordance with the method outlined in ISO 1996-2:2007. This method
considers the audibility of any potential tones with respect to any masking noise and determines their impact
through the use of a character penalty. For a potential tone to be audible, the tonal audibility must be greater than
or equal to 4 dB. After running the program, one potential tone was identified at 9m/s, however, it was not
sufficiently audible and therefore did not attract a character penalty. The results of this program can be seen in the
below table. As no character penalties were reported at any wind speed or frequency, no tones are considered to

be present.
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Table 7: Tonality analysis results.

Wind speed (m/s) | Tonal Audibility (dB) | Frequency (Hz) | Tonal Adjustment (dB)
4 - - 0

[ERy
o
1
1

OO0l 0Ojl0O|0O|jO|O|OC|O

7.2.2 Simplified Test Method

Section B2.2 of NZS 6808:2010 provides an alternate method for determining the presence of tonality. This
method has been used as an additional check for the presence of excessive tonality and was conducted for all

“Turbine On” data points, the points shown in blue in Figure 4.

Section B2.2 of NZS 6808:2010 provides the following method, reproduced below:
A test for the presence of a prominent discrete-frequency spectral component (tonality) can be made by
comparing the levels of neighbouring one-third octave-bands in the Z-frequency-weighted sound spectrum.
An adjustment for tonality shall be applied if the sound level in a Z-frequency-weighted one-third
octave-band exceeds the arithmetic mean of the sound levels in both adjacent bands by more than the
values given in table B1. For the purposes of this method linear, zero, or flat frequency-weighting shall be

equivalent to Z-frequency-weighting.

Table B1 - One-third octave-band level differences

One-third octave-band Level difference
25-125Hz 15dB
160 —400 Hz 8dB
500 - 10000 Hz 5dB

NOTE - At frequencies below 500 Hz the level difference could be too severe and
tones might be identified when none is actually audible. For complex spectra the
method is often inadequate and the reference method should be used (see B2.3).
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The results of this additional check indicate that no tonal penalty is required. This is consistent with the outcome of

the reference test method, indicating that the operation of the turbine does not exhibit excessive tonality.

7.3 Amplitude Modulation

The results of the testing period have been analysed to determine any presence of excessive amplitude

modaulation, in general accordance with the interim test method presented in NZS 6808:2010.

NZS 6808:2010 states the following:
No objective test for amplitude modulation has been standardised. If a local authority enforcement officer
or an acoustics advisor to a local authority considers that a wind farm creates sound with a clearly audible
amplitude modulation at a noise sensitive location, an adjustment of +5 dB shall be applied to the wind

farm sound level at that location for the wind conditions under which the modulation occurs.

In making an assessment under B3.1 [the above], modulation special audible characteristics are deemed to
exist if the measured A-weighted peak to trough levels exceed 5 dB on a regularly varying basis, or if the
measured third-octave band peak to trough levels exceed 6 dB on a regular basis in respect of the blade

pass frequency.

As for the tonality assessment, a representative period for each integer wind speed has been analysed for
excessive amplitude modulation. The graphs below show an example of the results of this analysis for each integer
wind speed. It is noted that the horizontal lines are spaced 5 dB apart to illustrate compliance with the
requirements of NZS 6808:2010 for the overall A-weighted level. As the regular peak to trough level does not
exceed 5 dB for any integer wind speed, it can be determined that excessive amplitude modulation is not present

in the noise profile of the wind turbine.
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Figure 5: Amplitude modulation graphs.
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1 INTRODUCTION

Sonus has been engaged by Goldwind Australia Pty Ltd to conduct noise testing of wind turbine generator 149

(WTG149) at the Stockyard Hill Wind Farm, Victoria.

The purpose of the testing was to determine the apparent sound power levels, tonality, and amplitude modulation

of the installed wind turbine generator 149, type GW3S.

Noise measurements of WTG149 were conducted on 18 July 2022 to 21 July 2022. The data acquisition and

subsequent analyses were conducted in general accordance with the approach of the following:

e the International Standard IEC 61400-11: 2012 Wind turbines — Part 11: Acoustic noise measurements

techniques (IEC 61400-11:2012) - to derive the overall sound power levels;

e the New Zealand Standard NZS 6808:2010 Acoustics — Wind Farm Noise (NZS 6808:2010)) — to determine

the presence of excessive tonality and amplitude modulation; and,

e the International Standard /SO 1996-2:2007 Acoustics — Description, measurement and assessment of
environmental noise — Part 2: Determination of environmental noise levels (ISO 1996-2:2007) — as

referenced by NZS 6808:2010 to assist in determining the presence of excessive tonality.

This report provides a summary of the noise testing and presents the results of the analyses.
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2 TEST SITE DESCRIPTION

The Stockyard Hill Wind Farm is located approximately 35km west of Ballarat. The location of the tested wind

turbine is shown on Figure 1.

The ground surface on the wind farm site in the area of the noise measurements is generally cropped. There are

no significant reflecting structures at the wind farm or surrounding areas.

i

LEGEND
@®  Wind turbine

Figure 1: Tested wind turbine location.
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3  WIND TURBINE DETAILS

Table 1 provides the configuration of the tested wind turbine, WTG149.

Table 1: Details of WTG149.

Wind Turbine Details

Manufacturer Goldwind
Model GWS3S
Turbine ID WTG149

Coordinates

714520 E 5830369 N

Operating Details

Axis type Horizontal

Rotor location Upwind

Rotor diameter 140.2 m

Hub height 109 m (above ground level)
Tower type Steel Tubular

Turbine speed 12 rpm

Rated power output 3570

Rated wind speed 11 m/s

Cut-in/cut-out wind speed 2.5m/s 20m/s

Control type Blade Pitch

Rotor Details

Blade manufacturer

Sinoma (Goldwind)

Blade type

Single piece fiberglass, with clean blades

Number of blades

3

Gearbox Details

Type

None

Generator Details

Manufacturer

CRRC (Goldwind)

Type

Permanent Magnet Direct Drive

Maximum speed

12 + 10% rpm
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4 INSTRUMENTATION

4.1 Noise Measurement

Noise measurements were made using two Type 1 Rion sound level meters, a NL-52 and a NA-28, both equipped
with one-third octave band analysers. The sound level meters were calibrated before and after the measurements

using a Type 1 Rion NC-74 calibrator, with negligible drift observed.

A secondary wind screen was used for each sound level meter and was positioned over the microphone on the

measurement board. Figure 2 shows a typical example of the setup used to conduct the monitoring.

Secondary windshield tied
down over microphone

Measurement /
board

Cable —»

Weather-proof case with /

sound level meter inside

Figure 2: Microphone on the measurement board position with secondary screen.

Page 8



Stockyard Hill Wind Farm

Acoustic Noise Test of Wind Turbine Generator 149

$3425.2C23
October 2022

The insertion loss of the secondary wind screen has been measured and is summarised in Table 2.

Table 2: Secondary wind screen insertion loss.

Page 9

izemaney 1k 20 25 | 315 | 40 50 63 80 100 | 125 | 160

octave band (Hz)

Insertion loss (dB) -0.2 -0.2 -0.2 -0.2 -0.2 -0.5 -0.3 -0.6 -0.2 -0.3
Frequency 1/3- | 00 | 250 | 315 | 400 | 500 | 630 | 800 | 1000 | 1250 | 1600

octave band (Hz)

Insertion loss (dB) | -03 | 0.1 03 1.2 2.0 2.7 1.9 0.9 1.1 2.1
Frequency 1/3- | 5500 | 2500 | 3150 | 4000 | 5000 | 6300 | 8000 | 10000

octave band (Hz)

Insertion loss (dB) 1.5 2.1 2.5 2.3 2.5 2.7 3.1 3.6
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Figure 3 shows the location of the noise measurement instrumentation, positioned in relation to WTG149.

Figure 3: Photograph of the tested wind turbine, WTG149.
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4.2 Wind Data

Wind speed data during the testing period were obtained from the nacelle wind measurement instrumentation at
WTG149. Wind direction data were obtained from the nacelle angle position instrumentation at WTG149. All sets

of data were adjusted to match the 10 second period required by IEC 61400-11:2012.

4.3 Other Instrumentation

The operational status of the turbine was determined using the grid-side active power as reported by the SCADA
system for the turbine. For the purpose of this assessment, it has been assumed that the turbine is not operating
where the grid-side active power is negative. It is noted that the turbine was considered to be not operating for
some additional periods where the power data indicated that the turbine was ramping up or down from or to an
‘off’ state. Once again, the provided data were adjusted to match the 10 second period required by IEC 61400-
11:2012.

Temperature, pressure, and rainfall data during the testing period were obtained from the Bureau of Meteorology

website, for the weather station at the Ballarat Aerodrome.
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5 ACOUSTIC DATA ACQUISITION

5.1 Measurement Position

Two sound level meters were placed simultaneously around the tested wind turbine, and spaced apart in an arc
with respect to the wind turbine. The sound level meters were positioned in such a way that at least one was
within 15° of the downwind position for the majority of the measurement period. The measurement positions are
summarised in Table 3. The direction relative to the turbine corresponds to the degrees from north the
measurement equipment is located at when observed from the turbine. Data from both locations has been used

in the subsequent analysis.

Table 3: Microphone positions during the noise measurements.

. Coordinates Slant Distance | Direction Relative to
Location . o
Easting Northing (m) Turbine (%)
1 714544 5830211 194 170 (S)
2 714621 5830241 195 141 (SW)

5.2 Sound Pressure Level Data

The equivalent A-weighted sound pressure levels were measured continuously at the measurement positions

during the measurement period. Each measurement was averaged over a period of 10 seconds.

During the measurement period, WTG149 was switched ‘off’ on several occasions to allow for background noise
measurements to be conducted. In addition, the surrounding turbines WTG146, WTG147, and WTG148 were

switched off for extended periods to facilitate the testing.

Prior to analysis, the following data were discarded:
e measurements with intruding intermittent background noise or activity such as when apparatus was being
set-up, or when rain occurred;
e measurements where other nearby turbines were on;
e measurements during start-up or shut-down of WTG149; and,

e measurements corresponding to non-downwind conditions.

Following data discard, the resultant number of sound pressure level data points in each wind speed bin
(£0.25 m/s wide centred at integer hub height wind speed), for the wind speed range between 4m/s and 16m/s,

are summarised in Table 4.
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Table 4: Resultant number of noise data points.

Wind speed, Number of Noise Data Points
Vin (m/s) WTG149 ON WTG149 OFF
4 68 36
5 121 33
6 34 31
U 68 44
8 147 40
9 108 29
10 176 21
11 130 16
12 80 -
13 85 -
14 82 -
15 42 -
16 17 -
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6 NON-ACOUSTIC DATA ACQUISITION

6.1 Wind Data

6.1.1 Wind Speed Data

The wind speed during the measurement period was determined from the nacelle anemometer. The SCADA
system recorded 3 second average wind speeds, approximately every 6 seconds. The first available 3 second
average wind speed recorded within the 10 second noise average has been used for the correlations. The wind
speed data was provided to Sonus by Goldwind and is understood to be comprised of measurements from the

nacelle anemometer.

6.1.2 Wind Direction Data

IEC 61400-11:2012 requires the microphone measurement position to be within £ 15° of the nacelle direction. The
nacelle direction data was recorded and provided by the SCADA computer program of the wind turbine. Noise
measurements recorded when the measurement position was greater than = 15° of the nacelle direction, were
discarded. It is understood that the nacelle direction has previously been inaccurate, as such, while on site placing
the monitoring equipment the calibration of the nacelle direction was checked. To this end, a photo was taken
directly downwind of the turbine, and the time and location of this photo noted. This was then compared to the

measured wind direction. The reported wind direction was then adjusted based on this comparison.

6.2 Other Measurements and Non-acoustic Data

6.2.1 Meteorological Conditions

The prevailing meteorological conditions during the noise measurements are summarised in Table 5. The
temperature and pressure observations were taken at 9am. Where rain was identified during the testing period,
30-minute observations recorded at the Ballarat Aerodrome were used to remove periods which were affected by

rain noise.

Page 14



Stockyard Hill Wind Farm

Acoustic Noise Test of Wind Turbine Generator 149

$3425.2C23
October 2022

Table 5: Prevailing meteorological conditions during the measurements.

Measurement Date

Observation

Prevailing Condition

Barometric pressure 100.88kPA
18 August 2022 Air temperature 8.8°C
Precipitation 3mm
Barometric pressure 101.58kPA
19 August 2022 Air temperature 6.5°C
Precipitation 8mm
Barometric pressure 102.09kPA
20 August 2022 Air temperature 7.8°C
Precipitation 7.2mm
Barometric pressure 102.62kPA
21 August 2022 Air temperature 6.5°C
Precipitation 0.2mm

6.2.2 Roughness Length

The test site is farmland generally covered with grass and some vegetation. The surface roughness for this site is

taken to be 0.05 m, which has been used to derive the standardised wind speed, referenced at 10m above ground

level.
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7  ANALYSIS

7.1 Apparent Sound Power Level

The apparent sound power level at each integer wind speed has been derived using the general procedure

outlined in Section 9 of the IEC 61400-11:2012.

7.1.1  Analysis Procedure

The steps taken to derive the apparent sound power level at each integer wind speed for WTG149 are provided

below:

1. All measured equivalent sound pressure levels at each 1/3 octave band between 20 Hz to 10 kHz are
normalised to the measured overall equivalent sound pressure level. The 1/3 octave band levels between
20Hz and 10kHz are logarithmically summed and its difference with the measured overall level is

arithmetically added to each 1/3 octave band levels.

2. The 1/3 octave band equivalent sound pressure levels are corrected for the influence of the secondary
wind screen. The secondary wind screen insertion losses provided in Section 4.1 are arithmetically added
to the 1/3 octave band levelst. The resultant overall sound pressure level is obtained by logarithmically

summing the corrected one third octave sound pressure levels.

3. The 1/3 octave band equivalent sound pressure levels are sorted into wind speed bins, each +0.25 m/s
wide, centred at integer wind speeds. The total noise and background noise data are segregated into

separate data sets.

4. The average 1/3 octave band equivalent sound pressure levels for each wind speed bin are determined
logarithmically. The 1/3 octave band equivalent sound pressure levels at the bin centres are then

calculated using linear interpolation between the bin average sound pressure level and wind speed values.

5. The background corrected wind turbine sound pressure levels are derived using the 1/3 octave band

equivalent sound pressure levels (referenced to the bin centre) as follows:

o “turbine off” sound levels are logarithmically subtracted from the “turbine on” sound levels where the
“turbine off” level is at least 3 dB(A) below the “turbine on” 1/3 octave band equivalent sound

pressure level.

L1t is noted that the secondary wind shield was lost during the measurement period. For times after this occurred the measured noise
levels have not been corrected for the presence of the secondary wind shield.
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e In the case where the “turbine off” sound level is within 3 dB(A) of the 1/3 octave band “turbine on”
sound pressure level, 3 dB(A) has been subtracted from the 1/3 octave band “turbine on” equivalent

sound pressure level. These values have been noted as being affected by background noise.

e  Where the logarithmic sum of each 1/3 octave band sound pressure level for the “turbine on” noise
levels is within 3 dB(A) of the logarithmic sum of each 1/3 octave band sound pressure level for the

“turbine off” sound levels, the data has not been reported, in accordance with IEC 61400-11:2012.

e Where no “turbine off” sound level data was available, the “turbine on” sound levels were used with

no adjustment.

6. The background corrected wind turbine sound pressure levels at each 1/3 octave band are used to
calculate the apparent sound power levels at each integer wind speed using Equation (26) in the

IEC 61400-11:2012. The slant distance for each measurement location is presented in Table 3.

7. The overall apparent sound power level at each integer wind speed is determined by logarithmically

summing the 1/3 octave band apparent sound power levels.
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7.1.2  Analysed Data Points

The data points (overall equivalent sound pressure levels) included in the analysis are shown in Figure 4.
WTG149 Measured Data
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30

Overall Sound Pressure Level, dB(A)
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10

® Turbine On
® Turbine Off

0 2 4 6 8 10 12 14 16 18 20
Hub Height Wind Speed, m/s

Figure 4: Analysed data points.
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7.1.3  Analysis Results

The derived apparent sound power levels are summarised in Table 6.

Table 6: Derived apparent sound power levels.

Vi Vio e Sound Power Level (dB(A)) at each 1/3 Octave Band (Hz)
(m/s) | (m/s) | (dB(A)) 20 25 315 40 50 63 80 100 125 160 200 250 315 400 500 630 800 1000 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000 | 6300 ( 8000 | 10000

4 2.8 92.2* | 487 | 65 |[57.7)| 59.7 | 685 | 66.8 | 69.6 | 73.6 | 76.9 | 80.0 | 816 | 82 | 829 | 83.3 | 825 | 81.4 | 80.8 | 80.3 | 80.1 |[75.9] |[74.2] | # # # # |[60.6] | [58.7] | #

5 3.4 98.0 54.5 62.0 72.0 66.1 69.3 74.1 75.7 79.3 82.6 86.6 87.4 88.3 89.1 89.6 88.9 88.0 86.9 85.0 |[80.8] | 78.1 78.4 75.3 71.8 |[[70.9] | 66.0 # # #

6 4.1 103.5 62.9 68.1 70.3 73.7 76.7 80.5 83.7 85.6 88.0 91.2 93.0 94.3 94.5 94.8 94.0 93.3 92.3 91.3 88.3 84.7 83.0 77.9 74.7 | [73.2] | [68.5] # # #

7 4.8 106.0 63.9 68.3 72.1 74.5 77.5 80.4 83.7 86.5 89.1 934 94.6 96.1 97.4 98.4 97.9 96.0 94.4 93.0 |([89.0] | 87.3 |[85.2] | [82.2] |[78.0] # # # # #

8 5.5 109.4 63.9 68.5 72.3 75.9 79.7 82.7 85.8 89.2 91.9 95.3 97.2 98.9 | 100.1 | 101.5 | 101.2 | 99.5 97.9 98.0 95.8 93.3 91.8 88.9 84.6 80.2 72.9 64.3 # #

9 6.2 110.7 65.3 70.1 743 77.9 81.5 84.7 88.0 90.9 93.7 96.6 98.3 | 100.0 | 101.4 | 102.5 | 102.0 | 100.6 | 98.7 | 100.3 | 97.8 95.7 93.9 91.3 87.3 83.3 78.8 729 |[62.8] #
10 6.9 110.4 64.8 69.9 74.1 77.6 81.3 84.4 87.7 90.7 93.6 96.5 98.1 99.8 | 101.1 | 102.3 | 101.8 | 100.3 | 98.3 99.9 97.4 95.3 93.3 90.8 87.4 83.1 78.4 69.8 # #
11 7.6 109.7 64.6 69.9 73.9 77.7 81.5 84.7 88.0 90.8 93.4 95.9 97.3 99.1 | 100.2 | 101.1 | 100.4 | 99.0 97.4 99.5 97.3 96.0 94.2 93.1 89.8 83.6 76.9 70.3 | [63.1] | [58.4]
12 8.3 109.9 65.3 70.4 74.5 78.4 82.0 85.1 88.5 91.3 94.0 96.5 97.7 99.5 | 100.4 | 100.9 | 100.1 | 98.9 97.3 99.8 97.7 96.2 94.9 94.5 92.5 86.2 79.2 74.1 68.1 62.1
13 9.0 110.0 65.7 70.6 74.8 78.6 82.3 85.4 88.9 91.6 94.3 96.6 97.7 99.6 | 100.4 | 100.5 | 99.2 98.5 97.0 | 100.4 | 98.0 96.6 95.6 96.3 94.4 87.4 79.6 71.6 65.4 61.3
14 9.6 110.5 66.5 713 75.3 79.0 82.6 85.9 89.4 92.1 94.9 97.3 98.4 | 100.3 | 100.9 | 100.7 | 99.2 98.5 97.0 | 100.6 | 98.3 96.9 96.3 98.0 96.3 89.2 81.6 75.1 69.1 63.3
15 10.3 110.7 66.4 711 75.3 79.1 82.7 85.9 89.5 92.3 95.2 97.6 98.6 | 100.5 | 101.0 | 100.8 | 99.1 98.3 96.8 | 100.3 | 98.2 96.9 96.5 99.1 97.4 88.7 80.1 723 65.9 62.2
16 11 110.7 66.7 71.7 75.8 79.5 83.2 86.1 89.6 92.1 95.2 97.5 98.5 | 100.5 | 101.0 | 100.9 | 99.5 98.6 96.8 | 100.3 | 98.4 97.3 96.9 98.9 96.0 88.2 82.2 75.9 70.4 66.6

# - The background noise is higher than the total noise.

[1 - The background noise is within 3 dB of the total noise.

* - The difference between the sum of the 1/3-octave bands of the total noise and the sum of the 1/3-octave bands of the background noise is between 3 and 6 dB.
Vun is the hub height (109m) wind speed.

Viois the standardised wind speed, referenced at 10m above ground level.

Page 19



Stockyard Hill Wind Farm

Acoustic Noise Test of Wind Turbine Generator 149
$3425.2C23
October 2022

7.2 Tonality

The results of the testing period have been analysed to determine any presence of excessive tonality, in
accordance with NZS 6808:2010. NZS 6808:2010 provides two methods to objectively assess the presence of
excessive tonality, the simplified test method and the reference test method, outlined in sections B2.2 and B2.3,

respectively.

7.2.1 Reference Test Method

NZS 6808:2010 does not provide specific instructions for the reference test method, but instead references the
method outlined in Annex C of ISO 1996-2:2007, or another similar method. As such, ISO 1996-2:2007 has been

used to inform this assessment.

Annex C of ISO 1996-2:2007 provides the following method, generally summarised into three steps:
1. Narrow-band frequency analysis (preferably FFT-analysis);

2. Determination of the average sound pressure level of the tone(s) and of the masking noise within the

critical band around the tone(s);

3. Calculation of the tonal audibility and the adjustment.

Audio recordings were made continuously during the testing period. A selection of these audio recordings, each
one minute long, that best represent the noise at each integer wind speed were chosen, such that they were not
influenced by extraneous noise sources such as birds or insects and were as close as possible to the integer wind

speed for the full minute period.

Based on the approach provided in ISO 1996-2:2007, the selected audio recordings were analysed using an
automated program for the presence of excessive tonality. This program has been designed to determine whether
a character penalty is warranted in accordance with the method outlined in ISO 1996-2:2007. This method
considers the audibility of any potential tones with respect to any masking noise and determines their impact
through the use of a character penalty. For a potential tone to be audible, the tonal audibility must be greater than
or equal to 4 dB. After running the program, one potential tone was identified at 8m/s, however, it was not
sufficiently audible and therefore did not attract a character penalty. The results of this program can be seen in the
below table. As no character penalties were reported at any wind speed or frequency, no tones are considered to

be present.
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Table 7: Tonality analysis results.

Wind speed (m/s) | Tonal Audibility (dB) | Frequency (Hz) | Tonal Adjustment (dB)
4 - - 0

oOlo|Oo|lOoO|OjlO|O|O|O|O|O|O

7.2.2 Simplified Test Method

Section B2.2 of NZS 6808:2010 provides an alternate method for determining the presence of tonality. This
method has been used as an additional check for the presence of excessive tonality and was conducted for all

“Turbine On” data points, the points shown in blue in Figure 4.

Section B2.2 of NZS 6808:2010 provides the following method, reproduced below:
A test for the presence of a prominent discrete-frequency spectral component (tonality) can be made by
comparing the levels of neighbouring one-third octave-bands in the Z-frequency-weighted sound spectrum.
An adjustment for tonality shall be applied if the sound level in a Z-frequency-weighted one-third
octave-band exceeds the arithmetic mean of the sound levels in both adjacent bands by more than the
values given in table B1. For the purposes of this method linear, zero, or flat frequency-weighting shall be

equivalent to Z-frequency-weighting.

Table B1 — One-third octave-band level differences

One-third octave-band Level difference
25-125Hz 15dB
160 - 400 Hz 8dB
500 - 10000 H:z 5dB

NOTE — At frequencies below 500 Hz the level difference could be too severe and
tones might be identified when none is actually audible. For complex spectra the
method is often inadequate and the reference method should be used (see B2.3).
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The results of this additional check indicate that no tonal penalty is required. This is consistent with the outcome of

the reference test method, indicating that the operation of the turbine does not exhibit excessive tonality.

7.3 Amplitude Modulation

The results of the testing period have been analysed to determine any presence of excessive amplitude

modulation, in general accordance with the interim test method presented in NZS 6808:2010.

NZS 6808:2010 states the following:
No objective test for amplitude modulation has been standardised. If a local authority enforcement officer
or an acoustics advisor to a local authority considers that a wind farm creates sound with a clearly audible
amplitude modulation at a noise sensitive location, an adjustment of +5 dB shall be applied to the wind

farm sound level at that location for the wind conditions under which the modulation occurs.

In making an assessment under B3.1 [the above], modulation special audible characteristics are deemed to
exist if the measured A-weighted peak to trough levels exceed 5 dB on a regularly varying basis, or if the
measured third-octave band peak to trough levels exceed 6 dB on a regular basis in respect of the blade

pass frequency.

As for the tonality assessment, a representative period for each integer wind speed has been analysed for
excessive amplitude modulation. The graphs below show an example of the results of this analysis for each integer
wind speed. It is noted that the horizontal lines are spaced 5 dB apart to illustrate compliance with the
requirements of NZS 6808:2010 for the overall A-weighted level. As the regular peak to trough level does not
exceed 5 dB for any integer wind speed, it can be determined that excessive amplitude modulation is not present

in the noise profile of the wind turbine.
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Figure 5: Amplitude modulation graphs.
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13 APPENDIX H: ENDORSED NOISE COMPLIANCE TEST PLAN
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MINISTER EOR PLANNING

A weighting
SHEET 3 OF 36

Frequency adjustment representing the response of the human ear.

Background Noise Agsessment

Contained in Sonus Report:
Stockyard Hill Wind Farm
Background Noise Monitoring
$3425.2C3

dB(A)

A weighted noise level measured in decibels.

IEC61400-11

International Electrotechnical Commission Standard IEC61400-11
(Edition 3) 2012
Wind turbines — Part 11: Acoustic noise measurement techniques

Intermediate Position

An additional noise logger location between the wind farm and a
receptor location. The intermediate position will be selected to
minimise noise from sources other than the wind farm (such as wind in
trees and road traffic).

1SO01996.2

International Standards Organisation 1SO01996.2 (2007)

Acoustics — Description, measurement and assessment of
environmental noise — Part 2: Determination of environmental noise
levels

I—A90

The A weighted sound pressure level that is exceeded for 90 per cent of
the time over which a given sound is measured.

The Lago measured over a 10 minute time period is commonly termed
“background sound level” and “post-installation sound level” with
respect to wind farms.

The Permit

Permit Number: PL-SP/05/0548/A

NZS6808:2010

New Zealand Standard NZS 6808:2010 Acoustics — The assessment and
measurement of sound from wind turbine generators

Residential Logging Locations

Locations where noise loggers are placed at residences
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APPHOVES{ ANNING PERMIT CONDITIONS

MINISTER FOR PLANNING

The Permit provides conditions for the operation of the Stockyard Hill Wind Farm. This noise compliance test

SHEET 4 O
plan pro

fn?éBes the procedure for determination of compliance with the operational noise conditions in

accordance with Permit Condition 26. The relevant Permit Conditions are repeated below:

PERFORMANCE REQUIREMENT
21. The operation of the wind energy facility must comply with New Zealand Standard 6808:2010,

Acoustics — Wind Farm Noise (the Standard) or as modified by this condition to the satisfaction of the Minister

for Planning. The following requirements apply:

a)

b)

c)

d)

e)

f)

The operator must ensure that at any hub height integer wind speed, wind farm sound levels
at non-participant dwellings existing on 12 May 2016 do not exceed a noise limit of 40dB
LA90(10 min), provided that where the circumstances specified in Condition 21(b) apply, the
noise limit of 40dB L A90(10 min) will be modified as specified in Condition 21(b).
At the specified non-participant dwelling assessment positions referred to in Condition 28(b),
the noise limit of 40dB LA90(10min) referred to in Condition 21(a) will be modified in the
following way when the following circumstances exist:
i where the background sound level is greater than 35 dB LA90(10 min), the noise limit
will be the background sound level LA90(10 min) plus 5 dB;
ji. where a high amenity noise limit has been found to be justified, as defined by section
5.3 of the Standard, for specific locations determined to be high amenity areas
following procedures outlined in clause C5.3.1 of the Standard.
At the specified non-participant assessment positions referred to in Condition 28(b), the wind
farm sound level at dwellings will be modified in the following way when the following
circumstances exist: i. where special audible characteristics, including tonality, impulsive
sound or amplitude modulation occur, the sound level will be modified by applying a penalty
of up to + 6 dB L90 in accordance with section 5.4 of the Standard;
The operator must ensure that at any hub height integer wind speed, wind farm sound levels
at participant dwellings do not exceed a noise limit of 45dB LA90(10 min), provided that
where the circumstances specified in Condition 21(e) apply, the noise limit of 45dB LA90(10
min) will be modified as specified in 21(e).
At the specified participant dwelling assessment positions referred to in Condition 28(b), the
noise limit of 45dB LA90(10min) referred to in Condition 21(c) will be modified where the
background sound level is greater than 40 dB LA90(10 min), the noise limit will be the
background sound level LA90(10 min) plus 5 dB.
For the purpose of this condition, a participant dwelling means a dwelling on land listed in the
Address of the Land in this permit or where the landowner has a written agreement relating
to a dwelling on their land which addresses noise from the permitted wind turbines. A non-
participant dwelling means any dwelling that is not a participant dwelling. Evidence of the
agreement must be provided to the satisfaction of the Minister for Planning upon request,
and must be in a form that applies to the land for the life of the wind energy facility.
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APPROISECOMPLIANCE TESTING PLAN
MINISTER FOR P%Wy\fﬁe wind energy facility is commissioned, a noise compliance testing plan must be prepared
SHEET 5 Oftecthe satisfaction of the Minister for Planning meeting the following requirements:

a) the noise compliance testing plan must be prepared by a suitably qualified and experienced

acoustics expert;

b) the noise compliance testing plan must include a plan for noise monitoring to assess noise
levels after construction of the wind energy facility and a plan for concurrent assessment of
the presence or otherwise of special audible characteristics;

c) the noise compliance testing plan must include advice on timing of the assessment including
defining when commissioning of the wind energy facility, or an identified stage of it, will
occur, and when the compliance noise monitoring results will be provided to the Minister for
Planning. That time must not be more than 120 days after commissioning unless with the
further consent of the Minister for Planning;

d) if the Wind Energy Facility is to be constructed in stages a noise compliance testing plan may
be prepared for each stage before the development of that stage commences and those plans
submitted to the Minister for Planning for approval provided that where a dwelling might be
affected by noise from more than one stage that is accounted for;

e) the noise compliance testing must be carried out at locations defined in accordance with the
Standard, including consideration for alternative locations for assessment (if locations
become inaccessible in future).

f) When approved, the plan will be endorsed by the Minister for Planning and will then form
part of this permit.

g) The noise compliance testing plan must be accompanied by a report from an environmental
auditor appointed under the Environment Protection Act 1970 with their opinion on the
methodology and contained in the noise compliance testing plan. If a suitable auditor cannot
be engaged, the proponent may seek the written consent of the Minister for Planning to
obtain an independent peer review of the noise compliance testing plan instead.

27. The noise compliance testing shall be carried out by a suitably qualified and experienced acoustics
expert in accordance with the approved testing plan under Condition 26, this testing must be:

. generally in accordance with the Standard with the variations described in this permit; or

o subject to approval by the Minister for Planning by an ‘on/off’ or ‘shutdown’ method as
referred to in sections 7.1.2 and 7.7.1 of the Standard.

If this method is used, it must have been earlier approved by the Minister for Planning as a
part of the noise compliance testing plan and must be designed by a suitably qualified and
experienced acoustics expert;

The presence or otherwise of special audible characteristics must be assessed concurrently at all the

subject dwellings over a range of operational and meteorological conditions.
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IeNfgiur boses of determining compliance, the following requirements apply:

Acoustic compliance reports shall be prepared by a suitably qualified and experienced

independent acoustic engineer to demonstrate compliance with the noise limits specified in

b)

¢

d)

e)
f

a)

the Standard.

Noise assessment positions must be located according to the Standard, and shown on a map.
The map shall clearly identify each noise assessment position as either a participant or non-
participant dwellings.

An initial acoustic compliance report must be submitted within six months of the
commissioning of the first turbine, and at six monthly intervals thereafter until full operation
has commenced (following completion of construction and commissioning).

A final compliance report must be submitted to the Minister for Planning after a 12 month
period following the commencement of full operation of the facility.

Compliance reports must be publicly available.

Following facility commissioning, all complaints shall be managed following procedures set
out in Condition 29 and any plan endorsed under Condition 30.

All noise compliance reports must be accompanied by a report from an environmental auditor
appointed under the Environment Protection Act 1970 with their opinion on the methodology
and results contained in the noise compliance testing. If a suitable auditor cannot be
engaged, the proponent may seek the written consent of the Minister for Planning to obtain
an independent peer review of the noise compliance testing report instead.
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Near field and intermediate testing is proposed for the purpose of determining the character of the noise

From the tlrbines and enabling noise from other sources to be excluded from the noise at Residential
—toggingtocations—The near field testing also provides an opportunity to confirm that the input assumptions
for the pre-construction stage assessment before the total construction and commissioning of the wind farm.

The measurements will be in general accordance with IEC61400-11 Edition 3.0 (2012) including
measurement locations and calculation of sound power level.

The tonality calculation will be conducted in accordance with Appendix C of 1SO01996.2 (2007) for
representative time periods at each integer wind speed.

An objective test for modulation has not been established by NZS6808:2010 or in any Australian jurisdiction.
An “interim test method” was provided in NZS6808:2010 in the absence of a more robust method. The
modulation testing procedure will be based on the interim method in NZS6808:2010 and will be conducted
for representative time periods at each integer wind speed.

The outcome of the measurements and analysis for each integer wind speed from cut-in to the wind speed at
rated power will be:

e The apparent sound power level (IEC61400-11);

e The tonal adjustment K;(1S01996.2) and tonal frequency for any tones present;

e An assessment of amplitude modulation (NZS6808 Interim Test Method)

The apparent sound power levels will be used to determine the wind speed at which the highest sound
power level is emitted from the turbines. If the noise at Residential Logging Locations continues to increase
at wind speeds above the wind speed of highest noise emission, this will indicate that the noise is from
sources other than the turbines (most commonly wind in trees for high wind speed conditions.

The tonal adjustment and tonal frequency is used to assist in determining the wind speeds and frequencies
of potential tones at Residential Logging Locations.

Where the data indicate a measurable modulation trace at the blade pass frequency that exceeds the
objective criteria in Section B3.2 of the NZS6808:2010 for the overall A-weighted noise level, longer term
testing at the Residential Logging Locations will be conducted.

Loggers may be placed at Intermediate Positions between the turbines and receptors. These loggers would

operate at the same time as the residential loggers and would assist in determining the contribution of noise
from the wind farm as well as providing a calibration point for any required noise modelling.
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The near field and intermediate test data will be used to support the following noise compliance testing

Sr}*egr%%,qg%%tisfy the operational noise related Permit Conditions.

3.1 Residential Logging Locations

Compliance testing will be conducted at the locations listed in Table 1 subject to permission for access being
granted. The Residential Logging Locations have been selected using the following rationale:

e The closest non-associated residences have been preferred;

e The locations have been dispersed around the various turbine clusters; and

e Asufficient number of locations have been selected to test the pre-construction noise modelling.

Alternate house locations are also provided in the event that access to the proposed property is not
available. If permission is not granted for access to the alternate house locations, further alternatives will be
considered. These locations have also been overlayed on a map showing the permitted turbine layout in
Figure 1.

Table 1 Residential Logging Locations and Alternate Locations

. . Alternate
House Easting (m) Northing (m) House
B006 706598 5851419 B113
B029 712691 5850227 B328
B061 711425 5846998 B060
B0O65 710659 5841003 B099
B083 712071 5835637 B079
B111 706549 5850422 B006
B114 703278 5849504 B113
B121 699065 5853496 B118
B171 697412 5837902 B167

The location of the equipment will be consistent with the positions documented for the background noise
assessment, subject to any changes to the local conditions that might result in modified results such as the
construction of structures, change in vegetation or the installation of pumps or air conditioning units. The
changes will be documented and the rationale provided for any alternative location.
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{O Background noise location @ Participant dwelling
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Figure 1 Proposed and alternate locations for compliance noise logging
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S?éﬁ?\aqgfe 6meters vith a noise floor no greater than 20 dB(A) will be used. The equipment will be either

Class 1 or Ciass2sound level meters in accordance with the Australian Standard AS 1259-1990 Acoustics —
Sound Level Meters and IEC 61672.1-2004 Electroacoustics — Sound Level Meters as relevant.

A wind shield with a diameter of at least 100mm will be used to minimise noise on the microphone.

A calibrated reference sound source will be used before and after the compliance testing regime.
3.3 Data

The compliance testing will collect Ly, data made continuously over 10 minute intervals.

Data filtering will remove time periods:

(i) affected by rain, hail or wind based on a weather logger placed at an equivalent
location to one of the noise loggers. Data is adversely affected where
precipitation occurs in a 10 minute period or where a wind speed greater than
5 m/s is exceeded for 90% of a 10 minute period;

(ii) when the closest WTGs have not been connected to the grid during the current
10 minute period; and

(iii) considered abnormal, such as during local construction or maintenance
activities.

Further data filtering may remove time periods or frequency content where noise data collected at an
Intermediate Position confirms that the source of the noise at a receptor is not the wind turbines. For
example, noise data collected in a particular 10 minute interval at a receptor may be removed:
e if the noise measured in the same period at the intermediate position (closer to the turbines) is a
lower level; or
e if the frequency content of the noise at the receptor is not consistent with the frequency content at
the intermediate position.

Following removal of the data and application of applicable penalties for special audible characteristics (refer
below), all of the remaining noise data for the full monitoring period will be correlated with the
corresponding hub height wind speed data for each monitored receptor.

If the intermediate position has not been used to remove data points, the wind farm noise contribution at
the Residential Logging Location will be derived by logarithmically subtracting the background noise curve

from the curve generated by the compliance testing data correlation.

An example of a wind farm noise contribution line derived from the post-construction measured noise
regression line and background noise curve is shown in the figure below.
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3.4 Supplementary Testing

The residential logging method of NZS6808:2010 cannot be used in all circumstances to demonstrate

compliance.

This is primarily related to changes in local conditions or extraneous noise sources when

compared to the conditions and noise sources that existed at the time of the original testing regime.

Where the residential logging method of NZS6808:2010 cannot be used to demonstrate compliance, then
the alternate “on/off” compliance testing will be conducted as follows:

Only at Residential Logging Locations where the primary test method cannot be used to
demonstrate compliance;

Only at integer wind speeds where the primary test method cannot be used to demonstrate
compliance

With the noise monitoring equipment at the same position where the primary test had been
conducted, or if that position is considered to be a factor in the inability of the primary test to
demonstrate compliance, at an equivalent position with respect to turbine noise at the
Residential Logging Location, but which has a higher turbine to background noise level ratio;
Conducted under a downwind condition. A downwind condition is defined as the wind direction
at the relevant wind mast being within 45 degrees of the direct line from the closest turbine to
the dwelling;

Over a minimum interval of 2-minutes with the wind farm operational, then a measurement over
the same interval with the wind farm shut off to obtain the background noise level;

monitoring the wind speed and direction over the measurement intervals to identify the
comparable “on” and “off” measurements.

repeating the above “on” and “off” process to collect at least 3 intervals with comparable wind
speed and direction conditions at each integer wind speed of interest.
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As thenoisefrom-wind farms reduces with distance, so too does the audibility of tones. Therefore, testing at
Residential Logging Locations will only be conducted if the tonal adjustment at a near field test was greater
than 0 at any wind speed. The testing will be conducted;
e inaccordance with Appendix D of 1IS01996.2;
e for the specific tonal frequencies identified in the near field tests as having a tonal adjustment
greater than 0 dB;
e for each 10 minute period at the wind speeds where the tonal adjustment was greater than 0 dB in
the near field tests.
For each 10 minute period where tonality is identified (and there is no evidence that the tone is from a
source other than the wind farm), the relevant adjustment K; from the near field tests will be added to the
measured noise level, prior to correlation with wind speed.

3.6 Special Audible Characteristics — Amplitude Modulation

In a similar way as the tonality testing, amplitude modulation testing at Residential Logging Locations will be
conducted if the objective criteria for the overall A-weighted noise level in Section B3.2 of the NZS6808:2010
are exceeded in the near field test.
The testing at Residential Logging Locations will be conducted:
e in accordance with Section B3.2 of the NZS6808:1998;
e for the specific wind speeds identified in the near field tests as having the special audible
characteristic of amplitude modulation;

For each 10 minute period where excessive amplitude modulation is identified (and there is no evidence that
the amplitude modulation is from a source other than the wind farm), an adjustment of 5 dB(A) will be added
to the measured noise level, prior to correlation with wind speed.

It is recognised that the methodology outlined in NZS6808:2010 is an “interim test method”. Should a more
widely accepted methodology become available prior to the above testing period, then subject to approval
by the responsible authority, the framework outlined above might be superseded. For example, the UK
Institute of Acoustics Amplitude Modulation Working Group (AMWG) Hybrid Method (August, 2016) could
be considered.

3.7 Testing Schedule

Based on discussions with SHWF representatives, targeted commissioning dates are currently 15 April 2019
for the first turbine and 15 March 2020 for final turbine; however these dates are subject to change and may
vary by up to 6 weeks either side of the target date.
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STheTneavfield testing at a single turbine will commence within 5 months of the commissioning of the first
turbine. The near field testing at one additional turbine will be repeated every 6 months from the date of the

previous near field test until all turbines are commissioned. A preliminary report will be prepared and
provided to the Minister within 1 month of each of the near field tests. These preliminary reports will
indicate any potential concerns regarding achieving the criteria at residences based on the measured sound
power levels.

Following commissioning of final turbine

Testing at Residential Logging Locations will commence within 1 month of the commissioning of the final
turbine and will collect data for at least 6 weeks at each location. A report will be prepared and provided to
the Minister within 120 days of commissioning of the final turbine.

12 months after final commissioning

A report will be prepared and provided to the Minister after 12 months of the final turbine commissioning.
The report will summarise all noise compliance monitoring including near field testing, testing at Residential

Logging Locations and any testing in the first 12 months following commissioning conducted in accordance
with the Complaint Investigation and Response Plan.
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Auditor’s Declaration

The report attached to this Declaration provides a summary of a peer review of
documentation provided for assessment of compliance of the Stockyard Hill Wind
Farm to be operated by GoldWind Capital (Australia) Pty Ltd (GoldWind) with
the relevant requirements of the Planning Permit (Permit No PL-SP/05/0548/A)
(Planning Permit) issued under the Pyrenees Planning Scheme’ 8/6/2017.

Objective

The Planning Permit requires that an Environmental Auditor appointed under the
Environment Protection Act 1970 (or other appropriately qualified person
approved by the Minister) is to be engaged to undertake a review and provide an
opinion on the methodology and results contained in documentation supplied by
GoldWind for:

« Condition 23 - Noise modelling assessment
« Condition 26 - Noise compliance testing plan

The Declaration and accompanying report has been prepared as specified in the
Policy and Planning Guidelines for Development of Wind Energy Facilities in
Victoria (DELWP, January 2016) (Guideline), for consideration by the Minister
for Planning.

Review Process

The Auditor opinion on each of these conditions was based on the information
provided by Goldwind noted below, with technical assistance provided by Dr
Kym Bergemeister (Audit Specialist Support Team Member, Arup Pty Ltd).

With respect to the Guideline, the audit has been undertaken in a manner and
format consistent with the accepted EPA Auditor requirements®. The report
accompanying the Declaration is consistent with EPA Auditor requirements, and
“thorough but concise” as noted in the Guideline.

Declaration

I, David Spink, declare that | and Dr Kym Bergemeister (Audit Specialist Support
Team Member) have reviewed the following reports:

e Stockyard Hill Wind Farm Background Noise Monitoring, Sonus Report
S3425.2C3, September 2017

! Environmental auditor guidelines for appointment and conduct, Environmental Protection
Authority Victoria, Publication 865.12. December 2016.
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e Stockyard Hill Wind Farm Pre-Development Noise Assessment, Marshall
Day Acoustics Report 001 R01 20170840, 9 October 2017

e Stockyard Hill Wind Farm Pre-Development Noise Assessment, Marshall
Day Acoustics Report 001 R02 20170840, 16 October 2017

e Stockyard Hill Wind Farm Pre-Development Noise Assessment, Marshall
Day Acoustics Report 001 R04 20170840, 20 December 2017

e Stockyard Hill Wind Farm, Draft Noise Compliance Test Plan, Sonus
Report S3425.2C4, September 2017.

e Stockyard Hill Wind Farm, Noise Compliance Test Plan, Sonus Report
S3425.2C5, January 2018.

(Note that the original reference documentation has not been reviewed in detail,
for example, the Turbine sound power reference information provided to MDA by
Goldwind);

and assessed these against the relevant conditions of the Planning Permit Planning
Permit PL-SP/05/0548/A, Pyrenees Planning Scheme, 8/6/2017, and relevant
standards.

| hereby declare that | am of the opinion that the methodologies and findings
contained in these reports comply with the relevant requirements of the Planning
Permit. | found the reports to be comprehensive, complete, and appropriately
applying industry standards, and that the findings can be reasonably relied on for
assessment of the performance of the facility.

This determination comes with the following findings and qualifications provided
in the accompanying report:

e Background noise monitoring

Whilst this component is not strictly a condition of the Planning Permit,
assessment of predicted operational noise levels requires appropriate
confidence in the methodology and outcomes of the background noise
monitoring.

While the methodology used was not strictly in accordance with the
applicable New Zealand standard, it was concluded that the approach
taken was appropriate. Furthermore, the Noise Modelling Assessment
(see below) adopted a conservative approach and only considers the
minimum criteria value at each assessment location. Therefore, the
background noise level data is less critical than it would otherwise be.

¢ Noise modelling assessment (Condition 23)

Marshall Day Acoustics has undertaken the Pre-Development Noise
Assessment. The assessment is generally undertaken in accordance with
NZS 6808-2010 as required by the Victoria Planning Provisions.

RO1 | Issue | 23 March 2018 | Arup Page 2
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It is noted that the adoption of a limit for participating landowners is not
strictly considered under NZS 6808:2010, but is discussed in the Working
Group on Noise from Wind Turbine recommendations (ETSU-R-97)? and
the South Australian wind farm environmental guidelines®. The Auditor
concurs with the audit finding that adopting a 45 dB(A) base noise limit
for participating landowners is reasonable, on the basis of adopting best
practice.

While background noise level measurements have been undertaken for the
Project, the approach used in the assessment is to adopt the ‘Base Limit” at
all receivers regardless of whether higher noise levels might be allowable
at high wind speeds using the ‘background +5° approach. It is agreed that
this is a conservative approach, and is being increasingly adopted in wind
farm noise assessments.

The noise level predictions have been undertaken using the ISO 9613-
2:1996 noise propagation model, which has been shown in national and
international studies*>® to provide reasonable results for wind farm noise
level predictions.

Table 6 of the assessment indicates that the wind farm sound levels are
predicted to comply with the relevant criteria at all of the noise sensitive
receivers. It is suggested that it would be helpful to also explicitly show
the applicable noise criteria at each receiver location in addition to the
highest predicted noise level within the table.

In addition, it is noted that noise level monitoring and noise assessment
have been undertaken by separate independent acoustic consultants. This
is a positive approach, and in line with recent recommendations of the
Office of the National Wind Farm Commissioner!’.

Noise compliance testing plan (Condition 26)

The Noise Compliance Test Plan has been prepared by Sonus.

RO1 | Issue |

The Assessment and Rating of Noise from Wind Farms, The Working Group on Noise
from Wind Turbines, ETSU-R-97, UK Department of Trade and Industry, September
1996.

Wind farms environmental noise guidelines, Environment Protection Authority South
Australia, July 2009.

Bass, J.H., Bullmore, A.J. and Sloth, E. Development of a Wind Farm Noise Propagation
Model, Final Report for European Commission Contract JOR-3-CT95-0051, 1998.
Bullmore, A., Adcock, J., Jiggins, M. and Cand, M., Wind Farm Noise Predictions and
Comparison with Measurements, Wind Turbine Noise 2009, Aalborg, Denmark, 2009.
Delaire, C., Griffin, D. and Walsh, D., Comparison of predicted wind farm noise emission
and measured post-construction noise levels at the Portland Wind Energy Project in
Victoria, Australia, Proc. 4" International Meeting on Wind Turbine Noise, Rome, Italy,
11-14 April 2011.

Evans, T. and Cooper, J., Comparison of predicted and measured wind farm noise levels
and implications for assessments of new wind farms, Proc. Acoustics 2011, Gold Coast,
Australia, 2011.
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The proposed compliance measurements will be undertaken in general
accordance with IEC61400-11 (3), 2012.

The nearfield and intermediate testing (undertaken where necessary) will
assess special audible characteristics, including;

e Tonality, in accordance with Annex C of 1SO1996.2 (2007)
e Amplitude Modulation, using interim test method, of NZS6808:2010.

These tests are acceptable, but it is noted Amplitude Modulation testing could
also be undertaken adopting the more recent UK Institute of Acoustics
Amplitude Modulation Working Group (AMWG) Hybrid Method (August,
2016).

The proposed method for compliance measurement locations is in accordance
with the requirements of NZS6808. Timing of commissioning and associated
reporting comply with the requirements of the Planning Permit.

Comments on specific Planning Permit Conditions are provided in Attachment A
of the report.

DATED: 23 March 2017

Signed:

David Spink
Environmental Auditor (Appointed pursuant to the Environment Protection Act
1970)
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1 Introduction

Goldwind Capital (Australia) Pty Ltd (Goldwind) is proposing to develop the
Stockyard Hill Wind Farm (Project) in western Victoria. It is proposed to install
up to 149 3.0-3.75MW wind turbines. The Project has been subject to an
environmental assessment and approvals process, and been granted a Planning
Permit by the Minister for Planning in June 2017 (Permit No. PL-SP/05/0548/A
issued under the Pyrenees Planning Scheme, 8/6/2017).

Goldwind and their subconsultants, Sonus Pty Ltd (Sonus) and Marshall Day
Acoustics (MDA) have undertaken background noise level measurements, and
prepared the following in accordance with the planning permit conditions:

e Pre-development noise assessment (Condition 23)
¢ Noise compliance test plan (Condition 26)

These documents are required by the Planning Permit to be accompanied by a
report by an environmental auditor appointed under the Environment Protection
Act 1970 with their opinion on the methodology and results.

Arup has been commissioned by Goldwind to undertake the environmental audit
of the noise aspects against the relevant requirements of the Planning Permit, and
to provide a Declaration and supporting documented assessment of compliance.

This audit has been undertaken in accordance with the requirements of the
Planning Permit, and the Policy and Planning Guidelines for Development of
Wind Energy Facilities in Victoria (DELWP, January 2016) (Guideline). The
Guideline (page 30) state that the assessment of compliance is to consist of two
documents;

e A Declaration by the EPA Appointed Environmental Auditor that the
noise assessment meets the requirements of:

0 The appropriate standards;
0 The Guideline (as it relates to noise); and
0 The Planning Permit (or other regulatory instrument).

e A report accompanying the Declaration consistent with EPA Auditor
requirements, and “thorough but concise” as noted in the Guideline.

With respect to the Guideline, the audit has been undertaken in a manner and
format consistent with the accepted EPA Auditor requirements®.

In this report;

e Section 2 provides a summary of the information that has been reviewed.

8 Environmental auditor guidelines for appointment and conduct, Environment Protection
Authority Victoria, Publication 865.12. December 2016.

RO1 | Issue | 23 March 2018 | Arup Page 5

J:\257000\257886-00 NOISE COMPLIANCE AUDITWORK\INTERNAL\IREPORT_FINAL (3).DOCX



APPROVED FOR TH

oldwind Ca&tal /Australia) Pty Ltd Stockyard Hill Wind Farm

Mi N|STER FO R PLAN N N Noise Assessment Peer Review and Compliance Assessment

SHEET 23 OF 36

e Section 3 provides a description of the relevant planning framework and
associated standards and guidelines.

e Section 4 provides a technical review of the three primary noise
measurement, assessment and draft compliance test plan reports.

e Appendix A provides a summary of the Audit of the Planning Condition
Requirements.
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Information Reviewed

The following project documentation has been reviewed;

Planning permit PL-SP/05/0548/A, Pyrenees Planning Scheme, 8/6/2017

Stockyard Hill Wind Farm Background Noise Monitoring, Sonus Report
S3425.2C3, September 2017

Stockyard Hill Wind Farm Pre-Development Noise Assessment, Marshall
Day Acoustics Report 001 R01 20170840, 9 October 2017

Stockyard Hill Wind Farm Pre-Development Noise Assessment, Marshall
Day Acoustics Report 001 R02 20170840, 16 October 2017

Stockyard Hill Wind Farm Pre-Development Noise Assessment, Marshall
Day Acoustics Report 001 R04 20170840, 20 December 2017

Stockyard Hill Wind Farm, Draft Noise Compliance Test Plan, Sonus
Report S3425.2C4, September 2017.

Stockyard Hill Wind Farm, Noise Compliance Test Plan, Sonus Report
S3425.2C5, January 2018.

Note that the original reference documentation has not been reviewed in detail, for
example, the Turbine sound power reference information provided to MDA by
Goldwind.
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3 Planning Requirements

The planning policy for wind farms in Victoria is given in Victoria Planning
Provisions for Wind Energy Facilities Clause 52.32°. The application of the
planning provisions is described in the general Policy and Planning Guidelines
for Development of Wind Energy Facilities in Victoria®®.

For the Stockyard Hill Wind Farm, specific planning conditions are provided in
the Planning Permit (Permit No. PL-SP/05/0548/A) under the Pyrenees Planning
Scheme (8/6/17).

The planning provisions require the noise assessment for wind farm projects to be
undertaken in accordance with NZS 6808:2010 (amendment VC78%, 15 March
2011).

Specific guidelines such as NZS 6808:2010%2 have been developed to address the
unique requirements for the prediction, measurement and assessment of sound
from wind farms because the usual measurement and assessment standards
adopted in Victoria (such as AS 10552 and SEPP N-1%) are unsuitable.

There are other standards and guidelines such as AS 4959, the draft National
Guidelines®®, the UK ETSU-R-97%¢ and the Annual Report of the National Wind
Farm Commissioner! that can provide helpful background information and
secondary guidance that can also assist with the assessment of projects where the
New Zealand Standard does not provide detailed or explicit guidance.

In particular, the New Zealand Standard states that it does not set limits that
provide absolute protection for residents from audible wind farm sound, but rather
provides guidance on noise limits that are considered reasonable for protecting
sleep and amenity from wind farm sound at noise sensitive locations.

Victoria Planning Provisions, Wind Energy Facility, Clause 52.32.

10 Policy and planning guidelines for development of wind energy facilities in Victoria,
Victoria State Government, January 2016.

u Advisory Note 35, Amendment VC 78 Wind energy facility provisions — Clause 52.32,
March 2011.

12 New Zealand Standard 6808:2010 Acoustics — Wind farm noise, Standards New Zealand,
2010.

13 AS 1055.1-1997 Acoustics - Description and measurement of environmental noise -
General procedures, Standards Australia, 1997.

14 State Environment Protection Policy (Control of Noise from Commerce, Industry and

Trade) No. N-1, Victoria Government Gazette No. S31, 1989.
National Wind Farm Development Guidelines — Draft, Environment Protection and
Heritage Council, July 2010.

15

16 The Assessment and Rating of Noise from Wind Farms, UK Department of Trade and
Industry, ETSU-R-97, September 1996.
o Annual Report to the Parliament of Australia, Office of the National Wind Farm

Commissioner, 31 March, 2017.
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4 Technical Review

The technical review that follows addresses the three primary noise measurement,
assessment and compliance test plan reports as required by the Planning Permit
conditions.

4.1 Background Noise Monitoring

This component of the audit is not strictly a condition of the Planning Permit;
however, assessment of predicted operational noise levels requires appropriate
confidence in the methodology and outcomes of the background noise monitoring.

Background noise monitoring has been undertaken by Sonus at 45 locations
between May and November 2012. Of the 45 background noise measurement
locations, 23 are ‘participant dwellings’.

The background noise level data has been undertaken over a 6-week period (over
6,000 data points per location) which is considerably in excess of the minimum
recommended requirement of 2-weeks (1,440 data points). The background
measurements have been undertaken using appropriate equipment (including
windshields) and include a traceable calibration.

Noise level measurement data with a local (ground level) wind speed > 5m/s have
been removed from the analysis. While this is not strictly required by the New
Zealand standard, it will result in a conservative assessment of the background
noise level.

The background noise level data has been referenced to wind speed measurements
undertaken at 6 representative meteorological masts installed on the proposed site.
The correlated meteorological mast for each measurement site is provided in
Table 3 of the report.

The masts provide at least 4 individual anemometer heights between 10-82 m.
While the measurements have not been undertaken directly at the proposed
turbine hub height of 108.5 m, the reference wind speed at this height has been
calculated based on the individual 10-minute wind shear data for each correlated
met-mast. This methodology is appropriate.

The 45 background noise measurement locations are shown on a map in
Appendix A of the report as required. While not strictly required in accordance
with the Standard, it would be helpful if the map also displayed the baseline

35 dB(A) wind farm sound prediction contour, to enable the selection of the
measurement locations to be reviewed in relation to S7.1.4 of NZS6808-2010.

Again, while not strictly required, it would be helpful for the map in Appendix A
to provide a scale reference, and north indication.

The background noise level and wind speed data has been analysed using a 3™
order polynomial regression, which is appropriate.

At this stage, the data has not been subject to any sub-analysis. The report
indicates that splitting the data analysis by day/night periods was considered, but
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not found to provide better correlation. An examination of the measurement and
analysis data shown in Appendix B does not show strong support for day/night
scenario analysis, except perhaps at locations B033, B097.

Although not required by the New Zealand Standard, it could be helpful if a little
more detail was provided about the individual measurement locations. For
example, some other recent noise measurement reports provide photographs of
individual measurement locations or more detailed individual aerial photographs
to show the specific measurement locations.

Finally, it is noted that, notwithstanding the background noise level information
documented in the Background Noise Monitoring report, the Noise Assessment
(see Section 4.2 below) adopts a conservative approach and only considers the
minimum criteria value at each assessment location. Therefore, the background
noise level data is less critical than it would otherwise be.

4.2 Pre-Development Noise Assessment

Marshall Day Acoustics has undertaken the Pre-Development Noise Assessment.
The assessment is generally undertaken in accordance with NZS 6808-2010 as
required by the Victoria Planning Provisions.

Operational noise criteria adopted in the assessment are as required under
Condition 21 a) and b) for non-participant dwellings, and 21 d) and e) for
participant dwellings.

It is noted that the adoption of a limit for participating landowners is not strictly
considered under NZS 6808:2010, but is discussed in the Working Group on
Noise from Wind Turbine recommendations (ETSU-R-97)*® and the South
Australian wind farm environmental guidelines!®. Arup therefore concur that
adopting a 45 dB(A) base noise limit for participating landowners is reasonable,
on the basis of adopting best practice.

While background noise level measurements have been undertaken for the
Project, the approach used in the assessment is to adopt the ‘Base Limit’ at all
receivers regardless of whether higher noise levels might be allowable at high
wind speeds using the ‘background +5” approach. It is agreed that this is a
conservative approach, and is being increasingly adopted in wind farm noise
assessments.

Arup concurs that the more conservative High Amenity Area noise limit
considered in the New Zealand Standard should not apply. It is accepted that
application of the High Amenity Area noise limit in the Victorian context is not
straightforward because the provisions of NZS 6808:2010 are partly dependent on
New Zealand specific planning legislation which separately identifies High
Amenity Areas in their planning controls. Nevertheless, it is our experience that

18 The Assessment and Rating of Noise from Wind Farms, The Working Group on Noise
from Wind Turbines, ETSU-R-97, UK Department of Trade and Industry, September
1996.

10 Wind farms environmental noise guidelines, Environment Protection Authority South

Australia, July 2009.
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the intent of the application of the High Amenity Area limit in NZS 6808:2010 is
that it would only apply to a very small number of areas that have been identified
as requiring additional protection over that which would be applied more
generally — and it is accepted that the current Victorian planning zones in the
region are not comparable to those in the New Zealand planning controls which
would require it.

The noise level predictions have been undertaken using the 1SO 9613-2:1996
noise propagation model, which has been shown in national and international
studies?®21:2223 to provide reasonable results for wind farm noise level predictions.
In our opinion, the calculation parameters that have been adopted for temperature,
humidity and ground absorption are reasonable, and correspond to best practice.

Furthermore, the noise level predictions have adopted the following conservative
assumptions;

e Barrier effect limited to 2 dB
e Screening based on turbine tip height, not hub height
e +3 penalty for ‘concave’ ground topography (‘valley’ effects).

The considerations are not explicitly required by NZS 6808:2010 or implemented
in 1ISO9613, but are commonly adopted as good practice for wind farm noise
assessment.

Section 6.2.1 of NZS6808 recommends that the source sound power level data for
the turbines is based on power levels determined in accordance with IEC 61400-
11. Inthis case, since the IEC data for the proposed turbines is not currently
available, the assessment has been based on turbine sound power data determined
theoretically by the turbine manufacturer.

The spectral (octave band) sound power data for the turbines is also currently
unavailable, and so the spectral information used in the calculations has been
based on the information provided for a Goldwind GW121 adjusted to correspond
to the total sound power levels of the GW140-3000, GW140-3400 and GW140-
3750 turbines.

It would be preferable to base the predictions on measured data for the actual
turbines rather than rely on assumptions about similarities with other turbines.
However, in the context of this assessment, it is considered that the data adopted
by MDA is reasonable because of the similarities between the various turbines,

2 Bass, J.H., Bullmore, A.J. and Sloth, E. Development of a Wind Farm Noise Propagation
Model, Final Report for European Commission Contract JOR-3-CT95-0051, 1998.

2 Bullmore, A., Adcock, J., Jiggins, M. and Cand, M., Wind Farm Noise Predictions and
Comparison with Measurements, Wind Turbine Noise 2009, Aalborg, Denmark, 2009.

2 Delaire, C., Griffin, D. and Walsh, D., Comparison of predicted wind farm noise emission

and measured post-construction noise levels at the Portland Wind Energy Project in
Victoria, Australia, Proc. 4" International Meeting on Wind Turbine Noise, Rome, Italy,
11-14 April 2011.

B Evans, T. and Cooper, J., Comparison of predicted and measured wind farm noise levels
and implications for assessments of new wind farms, Proc. Acoustics 2011, Gold Coast,
Australia, 2011.
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and on the basis that further measurements and modelling will be carried out
during commissioning stage to confirm that the wind farm noise levels meet the
necessary limits.

Our review identified that in the original assessment the hub height used in the
assessment and predictions was 100 m, which was not consistent with the 108.5 m
hub height proposed for the wind farm or adopted in the background noise
monitoring report prepared by Sonus. While this discrepancy was not likely to
result in a significant difference in the predicted noise levels, the assessment has
been updated to reflect the correct hub-height of 108.5 m.

Table 6 of the assessment indicates that the wind farm sound levels are predicted
to comply with the relevant criteria at all of the noise sensitive receivers. It is
suggested that it would be helpful to also explicitly show the applicable noise
criteria at each receiver location in addition to the highest predicted noise level
within the table.

In addition, it is noted that noise level monitoring and noise assessment have been
undertaken by separate independent acoustic consultants. This is a positive
approach, and in line with recent recommendations of the Office of the National
Wind Farm Commissioner?’.

4.3 Noise Compliance Test Plan
The Noise Compliance Test Plan has been prepared by Sonus.

The test plan documents separate near field measurements to confirm the
modelling input assumptions and intermediate testing to determine the character
of the wind farm noise, where necessary.

However, the plan does not explicitly nominate how many turbines would be
subject to nearfield testing.

The proposed compliance measurements will be undertaken in general accordance
with IEC61400-11 (3), 2012.

The nearfield and intermediate testing (undertaken where necessary) will assess
special audible characteristics, including;

e Tonality, in accordance with Annex C of 1SO1996.2 (2007)
e Amplitude Modulation, using interim test method, of NZS6808:2010.

These tests are acceptable, but it is noted Amplitude Modulation testing could also
be undertaken adopting the more recent UK Institute of Acoustics Amplitude
Modulation Working Group (AMWG) Hybrid Method (August, 2016).

Compliance measurements are proposed at 9 locations, shown in Figure 1 of the
report, with measurements undertaken for a minimum of six weeks at each
location. The proposed method is in compliance with the requirements of
NZS6808.

Where compliance cannot be positively demonstrated, it is proposed to adopt ‘on-

off testing’.
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Tonality and AM testing for SACs are proposed only if intermediate screening
test demonstrates tonality or AM. Test methodologies are acceptable.

Timing of commissioning and associated reporting comply with the requirements
of the Planning Permit.
4.4 Planning Permit Conditions

A summary of observations and comments on specific conditions of the Planning
Permit are provided in Appendix A.
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Conclusion

The background noise monitoring, noise assessment and Noise Compliance Test

Plan have

been undertaken in compliance with the requirements of the Victorian

Planning provisions, New Zealand Standard NZS6808-2010 and Conditions 21,
22,23, 24, 25 and 26 of the Planning Permit No. PL-SP/05/0548/A.
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Appendix A
Planning Permit Condition Audit
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