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14.0 Noise and Vibration

14.1 Introduction
This chapter presents a noise and vibration assessment of the Coopers Gap Wind Farm project, based on
background noise monitoring at residential locations around the study area.

Background noise measurements were undertaken at ten locations near the proposed wind farm. This chapter
presents the analysis of these measurements with respect to wind speeds measured around the site, to determine
environmental noise criteria at the nearest residences to the proposed turbines.

Wind speed data measured at the meteorological masts on the site for the duration of the noise monitoring period
has been provided by AGL.

The environmental noise model has been used to predict noise levels from the wind farm to the nearest noise
sensitive receivers. The environmental noise level predictions using the model have been compared to the
relevant South Australian environmental noise criteria for wind farms.

Acoustic terminology used in this report is summarised in Appendix K.

14.2 Approach and Methodology
14.2.1 Existing Acoustic Environment

The existing acoustic environment in the surrounding area was quantified by undertaking a background noise
monitoring program within the study area.  The measurement locations were scattered across the study area and
are shown in Map 14.1, Appendix A.  Monitoring locations were chosen in areas that are expected to have the
greatest noise impact from the wind farm.  All locations were situated away from existing noise sources in an
attempt to gain a true indication of the existing acoustic environment. Section 14.3 details the background noise
monitoring results.

14.2.2 Operational Noise Assessment

There is no specific legislation or guidance related to noise emission from wind farms in Queensland.  Previously
the South Australian (SA) Guidelines 2003 have been used to assess other wind farms in Queensland.  The
original noise assessment for the Coopers Gap Wind Farm (Marshall Day Acoustics, 2008) utilised the SA
Guidelines 2003.  These have since been superseded by the 2009 version of these guidelines.  Accordingly the
SA Guidelines 2009 have been used for the assessment of noise emission from the Coopers Gap Wind Farm.

Wind Farms Environmental Noise Guidelines – SA 2009

The Wind Farms Environmental Noise Guidelines state that:

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

- 35 dB(A) at relevant receivers in localities which are primarily intended for rural living, or

- 40 dB(A) at relevant receivers in localities in other zones, or

- The background noise (LA90,10) by more than 5 dB(A),

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

The Coopers Gap Wind Farm is located within the Rural zone of the Wambo and Kingaroy Shire Planning
Schemes. Intended outcomes of the Rural Zone Code are discussed in Chapter 12 of this IAR.
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Key themes for the Rural Zone Codes within the planning schemes include retaining viability as an area of
primary production.  As such, it appears that the zone is not primarily intended for rural living, so a base noise
criterion of 40 dB(A) is applicable to this site.

Section 2.3 of the Wind Farms Environmental Noise Guidelines explains that the guidelines have been developed
with the aim of minimising the impact on the amenity of premises that do not have an agreement with wind farm
developers. In situations where landholders have a financial agreement with the wind farm proponent (i.e. wind
turbines on their property), the guidelines state that a base noise limit of 45 dB(A) outdoors (rather than the base
noise limit of 40 dB(A)) is considered acceptable.

We understand that there are 11 separate landowners entered into financial agreements with AGL for the
Coopers Gap Wind Farm.

Low Frequency Noise and Infrasound

The Wind Farms Environmental Noise Guidelines state:

Infrasound was a characteristic of some wind turbine models that has been attributed to early designs in
which turbine blades were downwind of the main tower. The effect was generated as the blades cut through
the turbulence generated around the downwind side of the tower.

Modern designs generally have the blades upwind of the tower. Wind conditions around the blades and
improved blade design minimise the generation of the effect. The EPA has consulted the working group and
completed an extensive literature search but is not aware of infrasound being present at any modern wind
farm site.

Additionally, the Draft NWFD Guidelines state:

There have also been concerns raised about possible health impacts associated with low frequency noise
(rumbling, thumping) and infrasound (noise below the normal frequency range of human hearing) from wind
farms.  Low frequency noise and infrasound levels generated by wind farms are normally at levels that are
well below the uppermost levels required to cause any health effects.  As a result, these Guidelines do not
require specific assessment of low frequency noise and infrasound, but do present guidance on their
assessment in response to complaints.

Ground-borne vibration

In our experience, ground-borne vibration is not perceptible at the base of a wind turbine, so therefore is
extremely unlikely be perceptible at surrounding residences. The Draft NWFD Guidelines state:

Ground-borne vibration from wind turbines is not likely to be perceptible to humans outside the wind farm
site boundary and so has not been specifically addressed in these Guidelines.

A detailed assessment of ground borne vibration has therefore not been undertaken for this IAR.

Summary of Environmental Noise Modelling Criteria

Table 38 presents the base environmental noise criteria that the predicted LAeq,10 noise level is not to exceed at
each residential receiver adjacent to the proposed wind farm.

Table 38: Environmental noise criteria

Description Descriptor Criterion
Residential Owner (or leasee) LAeq,10, dB(A) 40 or background noise (LA90,10) +

5, whichever is greater
Residential Owner and Stakeholder  LAeq,10, dB(A) 45 or background noise (LA90,10) +

5, whichever is greater
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14.2.3 Construction Noise and Vibration Assessment

An assessment of noise and vibration impacts related to the construction of the Coopers Gap Wind Farm has
been conducted. This assessment is based on best practice methods of qualifying and assessing construction
impacts.

14.3 Background Noise Assessment
14.3.1 Monitoring Locations

The residences at which background noise levels were monitored, and the wind mast locations used for each site,
are listed in Table 39.  Appendix L includes photographs of each of the monitoring sites.

Table 39: Background noise monitoring locations

Location GPS coordinates
(UTM coordinate system)
Easting Northing

CG1 347122 7042866
1. Sinnamon 346205 7042906
2. Lyons 343380 7043809

CG2 345634 7039537
3. McQuaker 339757 7041616
4. Glode 345865 7038516

CG4 348402 7039566
5. Maher 350475 7038587

CG5 336703 7048697
6. Bice 336802 7049669
7. Stewart 341674 7047086
8. Hoare 341089 7045504
9. Sparkes 340109 7046343
10. Gooderham 340438 7049413

The monitoring was carried out from 18th October to 24th November 2010 at each of the locations. Both wind
speed and noise data was averaged across 10 minute measurement periods throughout the monitoring. In all
cases, the microphone was located a minimum 1.2m above the ground and at least 5m from any reflecting
surface or significant vegetation.

The background noise data collected at the site was correlated with 84m wind speed data, which has been
extrapolated from wind speed data measured at various heights on each meteorological mast. Mast CG1 was
used to assess locations 1 and 2, while mast CG2 was used to assess locations 3 and 4. Mast CG4 was used to
assess location 5 and mast CG5 was used to measure locations 6-10.

The approximate worst-case direction (receiver to wind turbine) for each of the monitoring locations, as well as the
overall number of valid data points and valid data points within 45° of the worst-case direction, are summarised in
Table 40.
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Table 40: Valid collected data at each of the background noise monitoring locations

Monitor name Total number of
valid data points

Worst case direction
(° clockwise from N)

Valid data points in
worst case direction

1. Sinnamon 4804 5 843

2. Lyons 3785 240 81

3. McQuaker 3854 105 777

4. Glode 3507 325 47

5. Maher 2895 300 56

6. Bice 2719 75 2009

7. Stewart 3334 225 378
8. Hoare 4256 120 784
9. Sparkes 4569 25 2542
10. Gooderham 4529 270 200

At five of the locations (locations 2, 4, 5, 7 and 10 in bold and red) less than 500 data points have been collected
for the worst-case wind direction. Those locations where worst-case wind direction was from the east or north-
east achieved the minimum data points, whereas those locations where worst-case wind direction was from other
directions did not. This is due to the dominant wind direction at the site being from the east and north-east.  An
additional month of background noise measurements has been undertaken at these properties in an attempt to
meet the minimum required number of data points from worst-case wind directions.  Access restrictions to some
properties have prevented the study team from seeking the minimum 500 data points at all of these monitoring
locations.

Background noise criteria for the site can still be determined in accordance with the Wind Farms Environmental
Noise Guidelines without the minimum data requirements for worst case wind directions, as the data for from the
worst-case direction is only used for background correction during compliance measurements. However, all
additional background noise data gathered will be added to the existing data to further refine the criteria presented
in this report. It is noted that it may not be possible to collect the minimum number of data points in the worst-case
wind direction at all locations due to the prevalent wind direction at the site. This would preclude corrections for
background noise at some locations during compliance noise measurements, making it slightly more difficult for
the site to demonstrate compliance with the environmental noise criteria.

A wind speed range of 4 to 25 m/s at the turbine hub height (84m) was considered for the assessment as it
represents the operational wind speed range of the proposed turbines.

14.3.2 Noise Criteria

From the monitored noise and wind speed data, regression curves were plotted and used to determine LAeq,10

noise criteria for the wind farm at the residential receivers. The correlation between wind speed and background
noise level were calculated by a least-squares regression formula. Data periods where the wind speed was below
the cut-in speed (4 m/s), where rain was recorded or where the measurements appear to have been affected by
extraneous noise sources have been excluded from the assessment. The regression curves and their equations
are included in Appendix M.

For all sites, linear equations, second-order and third-order polynomial equations for regression lines were
calculated. The coefficients of determination (R2) for each order of polynomial for each of the residential
monitoring locations are included in Table 41.
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Table 41: Coefficients of determination for polynomial regression lines

Location Coefficient of determination (R2)
Linear Polynomial order 2 Polynomial order 3

1. Sinnamon 0.6408 0.6540 0.6660
2. Lyons 0.2440 0.2545 0.2564
3. McQuaker 0.4029 0.4253 0.4256
4. Glode 0.3450 0.3558 0.3570
5. Maher 0.2786 0.2809 0.2911
6. Bice 0.2889 0.3203 0.3204
7. Stewart 0.2240 0.2259 0.2259
8. Hoare 0.0738 0.0767 0.0779
9. Sparkes 0.4378 0.4535 0.4554
10. Gooderham 0.8790 0.9340 0.0938

The coefficients in bold indicate those that provided the “best fit” curve for the polynomial regression lines. The
curve selected as providing the best fit of the data was that which provided the highest coefficient of
determination; except where two curves provided a very similar coefficient and the lowest order curve was
typically selected (as being the most sensible fit of the data).

The noise criteria determined using the curve of best fit are summarised in Table 42.
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Table 42: LAeq,10 noise criteria based on wind speed at turbine hub height (84 metres) in dB(A)

1 – Mast CG1 was used to assess Locations 1 and 2, while mast CG2 was used to assess Locations 3 and 4. Mast CG4 was used to assess Location 5 and mast CG5 was
used to measure Locations 6-10.

Wind speed (m/s) at Hub height1, 84 m

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Location 1
Sinnamon

Noise level, LA90,10 28 29 30 31 32 34 35 37 38 40 42 44 46 48 50 52 55

Criterion, LAeq,10 40 40 40 40 40 40 42 42 43 45 47 49 51 53 55 57 60

Location 2
Lyons

Noise level, LA90,10 33 33 33 34 35 36 37 39 40 42 45 47 - - - - -

Criterion, LAeq,10 40 40 40 40 40 41 42 44 45 47 50 52 - - - - -

Location 3
McQuaker

Noise level, LA90,10 29 30 30 31 32 33 34 36 37 39 40 42 44 - - - -

Criterion, LAeq,10 40 40 40 40 40 40 40 41 42 44 45 47 49 - - - -

Location 4
Glode

Noise level, LA90,10 33 33 34 35 35 36 37 38 39 40 41 42 - - - - -

Criterion, LAeq,10 40 40 40 40 40 41 42 43 44 45 46 47 - - - - -

Location 5
Maher

Noise level, LA90,10 32 33 33 34 34 35 36 37 38 38 39 40 41 42 43 44 45

Criterion, LAeq,10 40 40 40 40 40 40 41 42 43 43 44 45 46 47 48 49 50

Location 6
Bice

Noise level, LA90,10 33 34 34 35 35 36 37 38 39 40 42 43 45 46 - - -

Criterion, LAeq,10 40 40 40 40 40 41 42 43 44 45 47 48 50 51 - - -

Location 7
Stewart

Noise level, LA90,10 28 29 30 31 32 32 33 34 34 35 35 36 36 37 - - -

Criterion, LAeq,10 40 40 40 40 40 40 40 40 40 40 40 41 41 42 - - -

Location 8
Hoare

Noise level, LA90,10 34 34 35 35 35 36 36 37 37 38 39 40 42 43 - - -

Criterion, LAeq,10 40 40 40 40 40 41 41 42 42 43 44 45 47 48 - - -

Location 9
Sparkes

Noise level, LA90,10 31 32 33 35 36 37 38 39 39 40 41 41 41 41 - - -

Criterion, LAeq,10 40 40 40 40 41 42 43 44 44 45 46 46 46 46 - - -

Location 10
Gooderham

Noise level, LA90,10 33 33 33 34 34 34 35 35 35 35 36 36 36 37 - - -

Criterion, LAeq,10 40 40 40 40 40 40 40 40 40 40 41 41 41 42 - - -
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14.3.3 Instrumentation

Details

The details of the noise loggers and equipment used to record noise levels at the ten residential locations are
summarised in Table 43.

Table 43: Measurement equipment

Location Equipment make &
model Serial number Calibration

date Windscreen

1. Sinnamon Rion NL-21 276273 17/03/2009 Rion 90 mm

2. Lyons Rion NL-21 365350 26/02/2010 Rion 90 mm

3. McQuaker Rion NL-21 598492 26/05/2009 Rion 90 mm

4. Glode Rion NL-21 1277353 22/03/2010 Rion 90 mm

5. Maher Rion NL-21 676782 21/10/2010 Rion 90 mm

6. Bice Rion NL-21 187446 16/04/2010 Rion 90 mm

7. Stewart Rion NL-21 276274 17/03/2009 Rion 90 mm

8. Hoare Rion NL-21 487669 07/07/2010 Rion 90 mm

9. Sparkes Rion NL-21 487697 07/07/2010 Rion 90 mm

10. Gooderham Rion NL-21 776886 10/08/2009 Rion 90 mm
Calibrator Rion NC-74 34483785 15/04/2010 -

The Rion NL-21s are Type 2 instruments suitable for background noise measurements in accordance with the
Wind Farms Environmental Noise Guidelines. All noise loggers were field calibrated at the start and finish of the
measurement periods using a NC-74 calibrator and no significant drift in calibration was observed.

All items of equipment used carry a current calibration certificate from a National Association of Testing
Authorities (NATA) accredited laboratory, with the exception of logger 598492, which held a manufacturers
calibration certificate at the time of the measurements.  Copies of the calibration certificates are attached in
Appendix N.

For the wind speed measurements at microphone height conducted at location 3 (McQuaker), a WindSonic
ultrasonic anemometer was used.  The anemometer has a reported accuracy of 0.1 m/s for wind speeds from 5
m/s to 25 m/s.

Wind speed at microphone

The wind speed was measured at the microphone height at location 3 (McQuaker) which was considered to be
one of the most exposed monitoring location and therefore most likely to have results influenced by high wind
speeds at the microphone. During the measurement period, the maximum wind speed that was exceeded at the
microphone location for 90% of any 10-minute period was 5.5 m/s.

The level of wind induced background noise on a microphone fitted with a 90 mm wind shield can be predicted
from wind speed measured at the microphone using the following equation[1]:

= 10 × log(v ) 7.6

Where v is the wind speed exceeded for 90 % of the time in m/s.

The predicted wind-induced noise level at the microphone was compared to the measured noise level for each
10-minute period for location 3. The measured L90 level exceeded the predicted wind-induced L90 level by
10 dB(A) or more for all but two of the measurement periods, with the smallest difference between measured and
predicted level being 9.1 dB(A). The two data points where wind-induced noise was within 10 dB(A) of the

[1] J. Cooper, D. Leclercq, and M. Stead. ‘Wind induced aerodynamic noise on microphones from atmospheric measurements’.
International Congress on Acoustics 2010, Sydney, August 23-27 2010.
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measured level were corrected for induced noise in accordance with the requirements of the Wind Farms
Environmental Noise Guidelines. Correcting the two data points for wind induced noise made no difference to the
calculated noise criteria, due to the low number of affected data points and small correction applied to those
points. On this basis, it is considered that wind-induced noise has not influenced the background noise
measurements.

14.4 Potential Impacts and Mitigation – Operational Noise
14.4.1 Noise model

Overview

A three-dimensional noise model of the proposed wind farm site was created in SoundPLAN Version 7.0
environmental noise modelling software. Environmental noise predictions were carried out using CONCAWE3

algorithms, implemented in the SoundPLAN software.  SoundPLAN is a modelling package that is accepted and
endorsed Australia-wide, including by DERM.  The package is also accepted and endorsed by numerous
agencies worldwide.

Model inputs

The noise model includes the following inputs:

 Topographical ground contours for the wind farm site and surrounding area, received from AGL on
7 December 2010;

 Proposed wind turbine locations for the site (rev V with some turbines removed), received from AGL on 7
December 2010;

 Vestas V112 wind turbine with hub height of 84 metres above ground level;
 Receiver height of 1.8m above ground level;
 Receiver locations based on an aerial photograph and cadastral data overlaid on the ground contours;
 CONCAWE noise modelling methodology with soft, absorptive ground (ground attenuation factor of 1.0) for

the terrain around the wind farm site.  It is noted that the Wind Farms Environmental Noise Guidelines
recommends ISO9613 with fully hard ground as a modelling methodology, however it has been found that
utilizing the CONCAWE methodology with fully soft ground generally provides more conservative results (i.e.
forecasts higher noise levels) than the ISO9613 and hard ground methodology;

 Worst-case meteorological conditions for the propagation of sound from source to receiver (CONCAWE
Weather Category 6); and

 Temperature of 10°C and humidity of 80% as recommended in the Wind Farms Environmental Noise
Guidelines.

The wind turbine and receiver locations are included in Appendix O.

Table 44 outlines the sound power levels at various wind speeds as provided by the manufacturer. Table 45
presents the octave band sound power level used for the environmental noise modelling.

3 CONCAWE Report 4/81. “The propagation of noise from petroleum and petrochemical complexes to
neighbouring communities”. This is a noise propagation model for the prediction of industrial noise recommended
by the South Australian Wind Farms Environmental Noise Guidelines.
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Table 44 - Sound power level of Vestas 112 3.0 MW turbines at various wind speeds (at hub height)

Wind Speed (Hub Height) Sound Power Level - dB(A)
4.3 95.0
5.7 97.7
7.2 102.5
8.6 105.7
10 and above 106.5

Table 45: Octave band sound power level used for noise modelling.

Wind
speed,
m/s

Sound power level in dB(A) at octave band centre frequency in Hz Overall,
dB(A)

84 m
AGL 31.5 63 125 250 500 1k 2k 4k 8k

10 74.2 85.8 94.8 101.5 102.1 98.5 94.5 89.7 84.9 106.5

14.4.2 Predicted noise levels

Testing of the ‘Rev V’ wind turbine layout determined that it was not a noise-compliant layout.  A new noise-
compliant wind turbine layout was generated using the modelling software.  This resulted in the wind turbine
layout ‘Rev AA’, which informed the CID corridor, and is the basis of this CID application.  Any alterations to this
‘Rev AA’ layout within the CID corridor must be tested for noise compliance (and compliance with Shadow Flicker
criteria) prior to detailed design and construction.

Appendix P presents the predicted noise levels at the residential receivers adjacent to the Coopers Gap Wind
Farm for various hub height wind speeds for the ‘Rev AA’ wind turbine layout.  The results indicate that the noise
levels due to the proposed wind farm will comply with the relevant criteria at each sensitive location for all
operational wind speeds.  The noise modelling is undertaken for ‘worst case’ conditions, which occur when the
wind blows from the turbines towards each residence.  Noise levels will be lower at the residences when the
residence is upwind of the nearest turbines.  These predicted noise levels are also illustrated in Map 14.2
(Appendix A).

It should be noted that for the CID process, a corridor for the construction and operation of the wind farm has
been selected. The final make and model of the wind turbine used at the site is also not yet confirmed. Whilst
wind turbine sound power levels and locations are not forecast to significantly change within this corridor, the final
the turbine layout will be modelled prior to construction commencing to ensure that compliance with the
environmental noise criteria will be achieved. Additionally, compliance noise measurements will be undertaken at
a number of the sensitive receivers adjacent the site at completion of the project, to demonstrate that compliance
with the Wind Farms Environmental Noise Guidelines is achieved.

14.5 Potential Impacts and Mitigation: Construction Noise and Vibration
14.5.1 Construction Impact Assessment

AECOM has conducted a general assessment of construction noise and vibration related to the construction of
the Coopers Gap wind farm. A more detailed construction noise and vibration assessment may be required by the
contractor when construction methods are finalised.

14.5.2 Construction Activities

This report addresses construction noise and vibration in general terms.  Specific details of the construction
methodology and equipment are not known at this early stage of the project.
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It is anticipated that the construction work may include excavation, rock hammering, drilling and bulldozing. Noise
will be generated by mobile plant such as excavators, bulldozers, mobile cranes and semi-trailers delivering or
removing material from construction sites. It is expected that the following typical equipment will be used:

 excavators;
 tracked bulldozers;
 semi-trailers;
 tractors;
 mobile cranes; and
 concrete trucks.

It is recommended that construction plant be selected on the basis of low noise emission. Noise emissions from
construction plant can be reduced by fitting exhaust mufflers, using reversing alarms that emit a broadband noise
(e.g. white noise) rather than a beep, maintaining plant in good working order and following best practice
construction methodologies. The Construction Environment Management Plan (CEMP) will be developed to
manage possible noise and vibration impacts from construction, including implementing plant selection based on
acoustic issues.

14.5.3 Construction Phase Noise Criteria

Currently there is no legislation in Queensland regarding construction noise limits; however the EPA 1994 states
that:

“A person must not carry out building work in a way that makes an audible noise –

(a) On a business day or Saturday, before 6:30am or after 6:30pm; or

(b) On any other day, at any time.”

Thus construction activity between the hours of 6.30am to 6.30pm Monday to Saturday, excluding public holidays
is not normally subject to a numerical noise limit.  Nevertheless, it is recommended that the mitigation measures
outlined in section 14.5.5 are adopted to reduce noise and vibration impacts associated with construction of the
wind farm and to minimise the likelihood of adverse comment from nearby residents.  Construction outside of the
hours listed above typically requires permission from a governing authority (e.g. DERM) and advanced warning to
nearby locations.

The CEMP will outline the recommended hours of work and mitigation measures to be implemented.

14.5.4 Construction Vibration Guidelines

Human Response to Vibration

To assess perceptible vibration to humans, AECOM recommends the use of vibration criteria from the Australian
Standard AS 2670.2 - 1990 Evaluation of human exposure to whole-body vibration - Part 2: Continuous and
shock induced vibration in buildings (1 to 80Hz).

These criteria are summarised in Table 46.  Both continuous and intermittent vibrations are assessed.
Earthmoving construction equipment will typically operate between 6:30am and 6:30pm, Monday to Saturday.
Accordingly only daytime criteria have been shown. Where night-time construction is proposed, consultation with
surrounding residences will need to be undertaken.
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Table 46: AS2670 Extract - Human Comfort Vibration Limits (8Hz to 80Hz)

Space
Occupancy

Time
of Day

Peak Vibration Levels in mm/s over the frequency range 8 Hz to 80Hz
likely to cause “adverse comment”
Continuous Vibration Intermittent Vibration and

Impulsive Vibration excitation
with several occurrences per day

Vertical Horizontal Vertical Horizontal
Residential Day 0.6 mm/s 1.6 mm/s 12.6 mm/s 36 mm/s
Workshops Day 1.2 mm/s 3.2 mm/s 18 mm/s 51 mm/s

Structural Response to Vibration

No Australian standards or legislation in Queensland recommend limits for vibration-induced damage to
structures. International standards exist and can provide guidance.

The German standard DIN 4150 Part 3, and British Standards BS 5228 Part 4 and BS 7385 Part 2 recommend
vibration criteria relating to structural damage of buildings. These standards are considered to be best practice in
Australia. The criteria from the standards are summarised in Table 47 and Table 48.

Table 47: DIN 4150 Vibration Criteria, in PPV (mm/s)

Line Structure Type Guideline vibration values
Vibration at foundation
1 Hz to 10
Hz

10 Hz to 50
Hz

50 Hz to 100
Hz

Vibration at
horizontal
plane of
highest floor
at all
frequencies

1 Buildings used for commercial
purposes, industrial buildings, and
buildings of similar design

20 20 to 40 40 to 50 40

2 Dwellings and buildings of similar
design or occupancy

5 5 to 15 15 to 20 15

3 Structures that, because of their
particular sensitivity to vibration,
cannot be classified under lines 1
or 2 and are of great intrinsic value
(e.g. listed buildings under
preservation order)

3 3 to 8 8 to 10 8

Table 48: BS 5228-4 Criteria, in PPV (mm/s)

Structure Intermittent Continuous
<10 Hz 10-50

Hz
> 50 Hz <10 Hz 10-50

Hz
> 50 Hz

Soundly constructed
residential properties

5 10 20 2.5 5 10

Industrial and
commercial – light

10 20 40 5 10 20

Industrial and
commercial – heavy

15 30 60 7.5 15 30

The criteria in BS 5228-4 are generally more stringent than those in DIN 4150. It is recommended that the project
adopts an objective of complying with the intermittent vibration levels specified in BS 5228-4 (i.e. Table 48), with
the levels specified in DIN 4150 (i.e. Table 47) as an upper limit.
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Recommended vibration criteria are discussed in Section 14.5.4. The BS 5228-4 criteria for intermittent vibration
in “Soundly constructed residential properties” apply to the construction area and will be used as the construction
vibration guideline for this project.

Table 49: BS 5228-4 Criteria, in PPV (mm/s)

Structure
Intermittent
<10 Hz 10-50 Hz > 50 Hz

Soundly constructed residential properties 5 10 20

A summary of the vibration criterion in relation to human comfort is given below in Table 50.

Table 50: Vibration criteria for human comfort

Space Occupancy

Peak Vibration Levels in mm/s over the frequency range 8 Hz
to 80Hz likely to cause “adverse comment”

Time
of
Day

Continuous Vibration Intermittent Vibration and
Impulsive Vibration excitation
with several occurrences per
day

Vertical Horizontal Vertical Horizontal
Residential Day 0.6 mm/s 1.6 mm/s 12.6 mm/s 36 mm/s
Workshops Day 1.2 mm/s 3.2 mm/s 18 mm/s 51 mm/s

14.5.5 Proposed Mitigation Options: Construction Noise and Vibration

It is noted that there exists the potential for noise impacts to surrounding residents during the construction of the
Coopers Gap Wind Farm. Best practice techniques need to be implemented to ensure that these impacts are
minimised. The CEMP will outline these measures.

Noise Mitigation Measures

As part of the CEMP, the EPC Contractor shall prepare a Construction Noise and Vibration Management Plan
which outlines the proposed methodology and monitoring procedures to be put in place for the duration of the
works, incorporating the following issues as a minimum:

 Community Noise Consultation
- Regular consultation with noise sensitive receivers to provide details of the construction plan and

duration of predicted construction noise.  For example advising noise sensitive receivers of the duration
and activities they can expect (e.g. which turbine locations in their vicinities are having the concrete
pads laid, expected time until the construction crews will return to commence installing towers, etc.);

- Advanced notice of road works signs;
- Advise local councils of planned construction works to assist in complaint management;
- Preparation of a noise complaints procedure and register; and
- Letterbox drops.

 Site Management – the following recommendations are provided to minimise construction noise levels and
manage the impact of construction noise from the project:
- Limit construction hours to Monday to Saturday, 6.30am to 6.30pm, where it is practicable to do so.

Construction activities undertaken outside of these hours will be minimised, particularly those that are
likely to have some noise impact, such as earthworks activities;

- Particularly noisy operations should be confined to periods of the day where residents are likely to be at
work or not at home e.g. between 11 am and 2 pm;

- The contractor should keep residents informed of when any noisy construction works will occur;
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- Upgrade local roads where required both before and after the construction of the wind farm to minimise
the effect of heavy vehicle movements;

- Selection and location of site access roads as far away from noise-sensitive receptors as possible.
The contractor shall work closely with landowners who are affected by site roads and ensure minimal
disruption to their operations;

- Careful selection of the main site office and turbine component stockpile to ensure minimal disruption
to sensitive receivers;

- Vehicles and plant should not be left idling unnecessarily;
- All engine exhausts should be fitted with suitable and well maintained mufflers / silencers;
- Any noisy fixed plant should be located in a suitable acoustic enclosure away from residential locations;
- Care should be taken not to drop materials to cause peak noise events, including materials from a

height into a truck;
- Machines that are used intermittently should be shut down in the intervening periods between works, or

throttled down to a minimum;
- It is noted that the construction of the wind farm will involve progressively moving through the area as

various construction activities are undertaken. Regularly moving particularly noisy pieces of equipment
through the area during construction where practical can reduce the noise impact duration on
surrounding residences;

- The reversing of vehicles should be minimised to reduce the noise from reversing signals;
- Truck operators should ensure that tailgates are cleared and locked at the point of unloading;
- Vehicle warning devices such as horns should not be used as signalling devices;
- Worksite induction training should be implemented, educating staff on noise sensitive issues and the

need to make as little noise as possible;
- Workers should avoid shouting and whistling; and
- When work is complete, the noise of packing up plant and equipment and departing from the site

should be minimised.
 Equipment management – equipment management should include the following:

- Selection of low noise plant and equipment;
- Equipment should be well maintained and fitted with adequately maintained silencers which meet the

design specifications;
- Silencers and enclosures should be kept intact, rotating plants should be balanced, loose bolts

tightened, frictional noise reduced through lubrication and cutting noise reduced by keeping equipment
sharp;

- Only necessary power should be used to complete the task;
- Only necessary equipment should be on site;
- Loaders and bobcats fitted with articulated buckets should be rubber lined at the contact points to

ensure that noise levels are minimised during the release of materials, where practicable;
- Resonance should be avoided where possible e.g. changing the speed of machines; and
- Traffic practice controllers should be used to prevent vehicles and equipment queuing, idling or

reversing near noise sensitive receivers.
 Noise Monitoring – monitoring of construction noise levels should be undertaken in response to complaints

where this is considered an appropriate response. Noise measurements are to be conducted in accordance
with the requirements of the DERM Noise Measurement Manual or other equivalent guideline.

 Vibration Mitigation Measures – based on typical levels of vibration from construction activities, it is expected
that dwelling occupants at distances of 200m and greater from the works area would not be able to perceive
construction vibration; much less the buildings themselves experience vibration levels resulting in damage.
Where adverse comment specifically arising from vibration is received after the commencement of
construction it is recommended that the following measures be considered:
- Vibration levels be established;
- Increasing the distance between offending plant equipment ;
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- Replacing offending plant equipment with equipment that does not produce large levels of vibration;
and

- Building structure surveys.

14.6 Conclusion
This chapter presents the results of the background environmental noise monitoring and environmental noise
modelling conducted for the proposed Coopers Gap Wind Farm.  It is currently proposed that the wind farm will
comprise approximately 115 wind turbines.

Potential acoustic impacts from the Coopers Gap Wind Farm were investigated. The existing acoustic
environment was quantified by a background noise monitoring program. A review of operational noise criteria was
undertaken. The operational noise criteria assessed for this study are those within the Wind Farms Environmental
Noise Guidelines and are listed below in Table 51.

Table 51: Summary of Noise Criteria

Description Descriptor Criterion
Residential Owner (or leasee) LAeq,10, dB(A) 40 or background noise (LA90,10) +

5, whichever is greater
Residential Owner and Stakeholder  LAeq,10, dB(A) 45 or background noise (LA90,10) +

5, whichever is greater

An environmental noise model of the site was created to predict noise levels at the nearest sensitive receiver
locations.  A noise-compliant wind turbine layout (‘Rev AA’) was generated for this CID application, and has
formed the basis of the CID corridor.  The predicted noise levels from the Coopers Gap Wind Farm comply with
the relevant noise criterion at each sensitive receiver, for all wind speeds.

Best practice construction techniques have been recommended to reduce possible impacts during the
construction of the wind farm.  These are to be outlined in the CEMP.




