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Executive Summary

TNEI Services Ltd were commissioned by Galliford Try Renewables Limited on behalf of
Severn Trent Water Limited to undertake predictions of the wind turbine noise that
would be emitted by a proposed wind turbine at Severn Trent Water’s Curborough
Sewage Treatment Works. The noise predictions were used to assess the potential
impact of operational noise from the proposed installation of a wind turbine on the
nearest noise sensitive receptors.

Planning Policy Statement 22: Renewable Energy (PPS22) issued in August 2004 states
that the 1997 report by ETSU for the Department of Trade and Industry, ETSU-R-97 ‘The
Assessment and Rating of Noise from Wind Farms’ should be used to assess and rate
noise from wind energy developments, therefore guidance contained within ETSU-R-97
has been used to assess the potential noise impact of the proposed development.

Four residential properties neighbouring the proposed wind turbine development were
selected as being representative of the properties located closest to the proposed wind
turbine. Access could not be gained to one property therefore following discussions with
the Environmental Health Officer at Lichfield District Council it was agreed that
background noise data from another property would be used as a proxy to determine
noise limits at that location. Analysis of the measured data was undertaken in
accordance with ETSU-R-97 to determine the pre-existing background noise
environment at these locations and the resulting quiet day time and night time ETSU-R-
97 Noise Criterion.

Predictions of wind turbine noise were made, based upon the sound power level data
for a candidate turbine, the Vestas V80 and a noise prediction model procedure that
was considered to be worst-case.

Predicted wind turbine noise levels and measured background noise levels indicate that
for dwellings neighbouring the proposed turbine, wind turbine noise will meet the quiet
daytime and night-time Noise Criteria defined in ETSU-R-97.

Tesco Plc are proposing to install a wind turbine at their depot approximately
1.8km east of the site. Initial noise modelling has shown that the two schemes
will be able to operate concurrently without breaching the Noise Criteria
defined under ETSU-R-97.
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1.1
1.1.1

1.1.2

1.2

1.2.1

1.2.2

1.3

1.3.1

INTRODUCTION

Brief

To undertake predictions of the operational wind turbine noise that will be
emitted by the proposed installation of a wind turbine at Severn Trent Water’s
Curborough Sewage Treatment Works, that will be incident at neighbouring
receptors.

To present the noise data and assess the impact of noise from the proposed
development with reference to existing Government Guidance and the
Recommendations of the DTI Noise Working Group on Noise from Wind Turbines
which are contained within ETSU-R-97 ‘The Assessment and Rating of Noise
from Wind Farms.’

Background

The proposed wind turbine development is located immediately to the north of
Curborough and to the east of the Sewage Treatment Works. The National Grid
Reference for the proposed wind turbine is 412803, 312690. The proposal is for
the installation of one wind turbine and ancillary infrastructure.

The turbine will have a design envelope of a maximum height to blade tip of
126.25m. Depending on the final choice of turbine for the site, the turbine will
have an installed capacity of up to 2.5 MW. In the absence of a confirmed
turbine model, the noise assessment models a candidate turbine, the Vestas
V80'. This turbine has been selected as it is one of the loudest turbines of its
size.

Structure of Report
This Report is divided into ten sections, as described below.
e Section 1 - provides a description of the brief and the background to the

wind turbine development at Curborough.

e Section 2 - presents an overview of the relevant noise planning policy and
guidance applicable to wind turbine noise assessments.

e Section 3 - provides information on the potential noise impacts from the
installation of a wind turbine at Curborough .

e Section 4 - details the methodology used to assess the operational noise
impacts of the proposed wind turbine. This section also contains details of
consultation that took place with the Local Planning Authority regarding the
noise assessment.

e Section 5 - details the background noise survey.

» Section 6 - presents details and results of the noise modelling exercise that
determined the predicted wind turbine noise levels of noise experienced at

' Data provided by Vestas Report 944406.V17 (06-01-2005) and Windtest Report 944427.R1 as detailed in Appendix 1
3 The Working Group on Noise from Wind Turbines, (1996) ETSU-R-97 -The Assessment and Rating of Noise from Wind
Farms’, ETSU for the DTl (Department of Trade and Industry)

5581-01-04-N-030 1
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surrounding receptors. This section includes detailed information on the
noise emissions from the candidate turbine.

» Section 7 - provides an initial assessment of the potential cumulative noise
from the combined operation of the proposed turbine with another turbine
proposed at Fradley Park (Tescos Depot)

e Section 8 - draws together the conclusions from the assessment.
* Section 9 - details the reference material used in the assessment.
» Section 10 - contains a glossary of terms.
1.3.2 Appendices are included after Section 9 and contain the following information:
 Appendix 1 Extracts from the Noise Test Data Sheets for the Vestas V80.

 Appendix 2 Correspondence with Lichfield District Council’s
Environmental Health Department

 Appendix 3 Calibration/Conformance Certificates for the Sound Level
Meters and Calibrator.

 Appendix 4 Calculation of Site Specific Wind Shear - Figures and
Calibration Certificates

* Appendix 5 Noise Monitoring Locations Details.

5581-01-04-N-030 2
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2 NOISE PLANNING POLICY AND GUIDANCE

2.1 Overview of Noise Planning Policy and Guidance

2.1.1 In assessing the potential noise effects of the proposed wind farm development
the following guidance and policy documents have been considered:

« ETSU-R-97 ‘The Assessment and Rating of Noise from Wind Farms’?

* 1S09613: 1996 ‘Acoustics - Attenuation of sound during propagation outdoors
- Part 2: General method of calculation’®

« Planning Policy Guidance (PPG) 24 ‘Planning and Noise”

« Planning Policy Statement (PPS) 22 ‘Renewable Energy’®

+ Planning for Renewable Energy: A Companion Guide to PPS22’

» Institute of Acoustics Bulletin March/April 2009 ‘Prediction and assessment
of wind turbine noise’®

e Regional or Local Planning Policies

2.2 General Planning Policy and Advice Relating to Noise

2.2.1 The introduction to PPG24 sets out the importance of appropriately considering
noise in planning applications. The ultimate aim of the guidance is to:

‘provide advice on how the planning system can be used to minimise the
adverse impact of noise without placing unreasonable restrictions on
development or adding unduly to the costs and administrative burdens of
business.’

2.2.2 The need to balance essential development against potential adverse noise
impact is reiterated in Section 10 of PPG24, where the issue of Development
Control is discussed:

‘Much of the development which is necessary for the ... improvement of
essential infrastructure will generate noise. The planning system should not
place unjustifiable obstacles in the way of such development. Nevertheless,
local planning authorities must ensure that development does not cause an
unacceptable degree of disturbance.’

2.2.3 Whilst PPG24 presents general considerations relating to planning and noise
issues, it contains no specific references to noise from wind farms.
2.3  Planning Policy Statement 22: Renewable Energy

2.3.1 Advice specific to noise emanating from wind energy developments can be
found in Planning Policy Statement PPS22: Renewable Energy.

2.3.2 Planning Policy Statement 22: Renewable Energy (PPS22) issued in August 2004
states that the 1997 report by ETSU for the Department of Trade and Industry
should be used to assess and rate noise from wind energy developments.

4 International Standards Organisation, 1S09613: 1996 ‘Acoustics - Attenuation of sound during propagation outdoors’ -
Part 2: General method of calculation

> Department for Communities and Local Government (1994) ‘Planning Policy Guidance 24 Planning and Noise’
6 Department for Communities and Local Government (2004) ‘Planning Policy Statement 22 Renewable Energy’

Department for Communities and Local Government (2004) ‘Planning for Renewable Energy: A Companion Guide to
PPS22’

8 Institute of Acoustic Bulletin March/April 2009 - ‘Prediction and assessment of wind turbine noise’

5581-01-04-N-030 3
September 2009
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2.3.3

2.4

2.4.1

2.4.2

2.4.3

Paragraph 22 of PPS22 states the following with respect to noise:

‘Renewable technologies may generate small increases in noise levels (whether
from machinery such as aerodynamic noise from wind turbines, or from
associated sources - for example, traffic). Local planning authorities should
ensure that renewable energy developments have been located and designed in
such a way to minimise increases in ambient noise levels. Plans may include
criteria that set out the minimum separation distances between different types
of renewable energy projects and existing developments. The 1997 report by
ETSU for the Department of Trade and Industry should be used to assess and
rate noise from wind energy development.’

Planning for Renewable Energy: A Companion Guide to PPS22

The companion guide to PPS22 addresses wind energy within Chapter 8 of the
Technical Annex and specifically the issue of noise from wind turbines within
paragraphs 41 - 46. Paragraph 41 states the following:

41.Well specified and well designed wind farms should be located so that
increases in ambient noise levels around noise sensitive developments are kept
to acceptable levels with relation to existing background noise. This would
normally be achieved through good design of the turbines and through allowing
sufficient distance between the turbines and any existing noise sensitive
development so that noise from the turbines would not normally be significant.
Noise levels from turbines are generally low and, under most operating
conditions, it is likely that turbine noise would be completely masked by wind-
generated background noise.

Paragraph 41 then goes on to compare noise levels from wind turbines with
other everyday activities, as shown in Table 2.1.

Table 2.1 Comparison of noise levels from a wind farm with other everyday
activities °
Source/Activity Indicative Noise Level, dB(A)
Threshold of pain 140
Jet aircraft at 250m 105
Pneumatic drill at 7m 95
Truck at 30mph at 100m 65
Busy general office 60
Car at 40mph at 100m 55
Wind Farm at 350m 35-45
Quiet bedroom 35
Rural night-time background 20-40
Threshold of hearing 0

Paragraph 42 describes the types of noise that wind turbines generate,
essentially mechanical noise is generated by the gearbox, generator and other
parts of the drive train which can be radiated as noise through the nacelle, gear

o Source: PPS22 Companion Guide

5581-01-04-N-030 4
September 2009
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2.4.4

2.4.5

2.5
2.5.1

2.5.2

2.5.3

2.5.4

2.5.5

box and tower supporting structures together with aerodynamic noise generated
by the action of the blades rotating through the air.

Paragraph 42 states:

Since the early 1990’s there has been a significant reduction in the mechanical
noise generated by wind turbines and it is now usually less than, or of a similar
level to, the aerodynamic noise. Aerodynamic noise from wind turbines is
generally unobtrusive - it is broad band in nature and in this respect is similar
to, for example, the noise of wind in trees.

Paragraph 44 refers to a source of detailed information on wind turbine noise
which is contained within the document ETSU-R-97 ‘The Assessment and Rating
of Noise from Wind Farms’ and states:

43. The report, ‘The Assessment and Rating of Noise from Wind Farms’ (ETSU-
R-97), describes a framework for the measurement of wind farm noise and
gives indicative noise levels calculated to offer a reasonable degree of
protection to wind farm neighbours, without placing unreasonable restrictions
on wind farm development or adding unduly to the costs and administrative
burdens on wind farm developers or planning authorities. The report presents
findings of a cross-interest Noise Working Group and makes a series of
recommendations that can be regarded as relevant guidance on good practice.
This methodology overcomes some of the disadvantages of BS 4142 when
assessing the noise effects of wind farms, and should be used by planning
authorities when assessing and rating noise from wind energy developments.

ETSU-R-97 The Assessment and Rating of Noise from Wind Farms

As wind farms started to be developed in the UK about eighteen years ago, it
became apparent that existing noise standards did not fully address the issues
associated with the unique characteristics of wind farm developments and there
was a need for an agreed methodology for defining acceptable noise limits for
wind farm developments. This methodology was developed for the former
Department of Trade and Industry (DTI) by the Working Group on Noise from
Wind Turbines (WGNWT).

The WGNWT comprised a number of interested parties including, amongst
others, Environmental Health Officers, wind farm operators, independent
acoustic consultants and legal experts who:

‘...between them have a breadth and depth of experience in assessing and
controlling the environmental impact of noise from windfarms’

In this way it represented the views of all the stakeholders that are involved in
noise impacts of wind farm developments. The recommendations of the WGNWT
are presented in the DTI Report - ETSU-R-97 The Assessment and Rating of Noise
from Wind Farms (1996).

The basic aim of the WGNWT in arriving at the recommendations was the
intention to provide:

‘Indicative noise levels thought to offer a reasonable degree of protection
to windfarm neighbours, without placing unreasonable restrictions on
windfarm development or adding to the costs and administrative burdens on
windfarm developers or local authorities.’

ETSU-R-97 makes it clear from the outset that any noise restrictions placed on a
wind farm must balance the environmental impact of the wind farm against the

5581-01-04-N-030 5
September 2009
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2.5.6

2.5.7

2.5.8

2.5.9

national and global benefits that would arise through the development of
renewable energy sources.

‘The planning system must therefore seek to control the environmental
impacts from a windfarm whilst at the same time recognising the national and
global benefits that would arise through the development of renewable energy
sources and not be so severe that windfarm development is unduly stifled.’

The ETSU-R-97 assessment procedure specifies that noise limits should be set
relative to existing background noise levels at the nearest receptors and that
these limits should reflect the variation in both turbine source noise and
background noise with wind speed. Absolute lower limits, different for quiet
daytime and night-time, are applied where low levels of background noise are
measured. The wind speed range that should be considered ranges between the
cut-in wind speed for the turbines (usually about 4 ms”) and 12 ms™ (27 mph),
where all wind speeds are referenced to a 10 metre measurement height.

Separate noise limits apply for quiet daytime and for night-time. Quiet daytime
limits are chosen to protect a property’s external amenity, and night time limits
are chosen to prevent sleep disturbance indoors.

The quiet daytime noise limit is derived from background noise data measured
during so-called ‘quiet periods of the day’, which comprise weekday evenings
(18:00 to 23:00), Saturday afternoons and evenings (13:00 to 23:00) and all day
and evening on Sundays (07:00 to 23:00). Multiple samples of 10 minute
background noise levels using the Lagp 1omin Measurement index are logged
continuously over a range of wind speed conditions. These measured noise
levels are then plotted against simultaneously measured wind speed data and a
‘best fit’ curve is fitted to the data to establish the background noise level as a
function of wind speed. The ETSU-R-97 quiet daytime noise limit, or ‘criterion
curve’, is then set at a level 5dB(A) above the best fit curve to the background
noise data over a 0-12 ms™' wind speed range.

For wind speeds where the best fit curve to the background noise data lies
below a level of 30-35dB(A) the criterion curve is set at a fixed level in the
range 35-40dB(A). The precise choice of criterion curve level within the range
35-40dB(A) depends on a number of factors: the number of noise affected
properties, the likely duration, the level of exposure and the potential impact
on the power output of the wind farm. The quiet daytime limits have been set
in ETSU-R-97 on the basis of protecting the amenity of residents whilst outside
their dwellings in garden areas.

2.5.10 The night time noise criterion curve is derived from background noise data

measured during the night time periods (23:00 to 07:00), with no differentiation
being made between weekdays and weekends. The 10 minute Ly noise levels
measured over the night time periods are plotted against concurrent wind speed
data and a ‘best fit’ correlation is established. The night time noise limit is also
based on a level 5dB(A) above the best fit curve over the 0-12 ms™ wind speed
range. Where the night time criterion curve is found to be below 43dB(A), it is
fixed at 43dB(A). This night-time absolute lower limit is based on guidance
contained within PPG24 which is in turn based on the World Health Organisation
guidelines' for the protection of sleep indoors with windows open.

2.5.11 The exception to the setting of both the quiet daytime and night time lower

19 ‘Guidelines for Community Noise’ edited by Birgitta Berglund , Thomas Lindvall, Dietrich H Schwela © World Health
Organization 1999 available at http://www.who.int/docstore/peh/noise/guidelines2.html (last accessed 08/06/2009)

5581-01-04-N-030 6
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limits on the criterion curves occurs where a property occupier has a financial
involvement in the wind farm development. Paragraph 24 of ETSU states:

‘The Noise Working Group recommends that both day and night-time lower
fixed limits can be increased to 45dB(A) and that consideration should be given
to increasing the permissible margin above background where the occupier of
the property has some financial involvement in the wind farm.’

2.5.12 Where noise at the nearest properties is limited to an Lago, 1omin Of 35dB(A) up to
windspeeds of 10ms™” at 10m, then it does not need to be considered in the
noise assessment, as protection of the amenity of these properties can be
controlled through a simplified noise condition as detailed in ETSU-R-97. ETSU-
R-97 states that:

‘For single turbines or wind farms with very large separation distances
between the turbines and the nearest properties, a simplified noise condition
may be suitable. If the noise is limited to an Lag,1omin Of 35dB(A) up to wind
speeds of 10m/s at 10m height, then this condition alone would offer sufficient
protection of amenity, and background noise surveys would be unnecessary.’

2.5.13 ETSU-R-97 provides a robust basis for determining the noise limits for wind
turbine(s) and since it’s introduction has become the accepted standard for
such developments within the UK. In 2007, the Department for Business,
Enterprise and Regulatory Reform (BERR) (now the Department for Business,
Innovation and Skills (BIS)) issued the following statement in support of the
continued use of ETSU-R-97 for assessing the potential noise impacts from wind
turbine(s):

‘Government continues to support the approach set out in Planning Policy
Statement (PPS) 22 - Renewable Energy. This approach is for local planning
authorities to “ensure that renewable energy developments have been located
and designed in such a way to minimise increases in ambient noise levels”,
through the use of the 1997 report by ETSU to assess and rate noise from wind
energy developments.’

2.5.14 The ETSU-R-97 methodology, together with enhanced consideration of wind
shear as described in Section 2.6.2 has therefore been adopted for this
assessment.

2.6 Institute of Acoustics Technical Note

2.6.1 The March/April 2009 edition of the Acoustics Bulletin contained a specific
article on the ‘Prediction and assessment of wind turbine noise’. The article
was written collaboratively by a number of independent noise consultants and
discusses in depth the acquisition and analysis of background noise data:

The procedures set out in ETSU-R-97 are universally adopted. A data set of
L490,10m background noise levels is acquired at each survey location, correlated
with simultaneous measurements of '10 metres height' mean wind speeds on
the wind turbine site (existing or proposed). A subsequent stage of the noise
assessment involves comparing the predicted wind turbine noise immission
levels with the background noise levels at local receptors (most commonly
dwellings). The wind turbine noise immission levels at the receptors are
predicted based on standardised data provided for wind turbine source sound
power levels for a range of '10 metres height wind speeds’. This 10 metres is
the reference wind speed measurement height when wind turbine sound power
levels are measured in accordance with the current Second Edition of (EC
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2.6.2

2.6.3

2.6.4

2.7
2.7.1

61400-11. Thus both the background noise levels and the wind turbine noise
immission levels are referenced to the '10 metres height wind speed'.

Due to the difference in height between the reference windspeed used for
baseline noise assessments and wind turbine ‘source’ noise levels, there is
potential for disparity in the data, as it does not take account of site specific
wind shear. Wind shear is defined as ‘the change in the relationship between
wind speed at different heights’. It is recommended that to overcome this
problem on sites where a large mast is located, the background noise levels
should be correlated with derived (not measured) 10 metre height wind speeds.
This means that the noise levels are referenced to turbine hub height but are
still reported at 10m height to correspond with information contained in ETSU-
R-97 and IEC 61400-11.

To take account of site specific effects of wind shear in situations where large
mast data is available, the article in the Acoustics Bulletin suggests that the
10m data is derived using the following procedure:

‘For the duration of baseline surveys wind speeds should be measured on the
wind farm site at two heights H; and H,, H, being not less than 60% of the
proposed turbine hub height and H, being between 40% and 50% of proposed
hub height. Generally, this would require the installation of a meteorological
mast approximately 50 metres in height based on current typical hub heights.
For each ten minute period the mean wind speed measured at height H; should
be corrected to hub height using the wind shear exponent 'm’ derived from the
mean wind speeds U; and U, at heights H; and H, using the following standard
equation:

m = Ln(U;/Uy) / Ln(Hy/Hs)

Where:-

m The shear exponent to be calculated

U; The wind speed measured at the upper height

U, The wind speed measured at the lower height

H; The height of the upper wind speed measurement
H, The height of the lower wind speed measurement

The mean hub height wind speed (Uhh) calculated as above should then be
corrected to 10 metres height using the standard reference ground roughness
length of 0.05 metres.’

On sites where windspeeds can only be measured at 10 metres height wind
shear should be accounted for in the assessment using a clearly defined method
(see Section 4.4). The Acoustics Bulletin article also provides information on
Low Frequency noise and vibration, together with recommendations on choice
of propogation model and calculation parameters. These are discussed further
in Sections 3 and 6.

Regional or Local Policies

The West Midlands Regional Spatial Strategy (RSS) was adopted in June 2004 and
sets out the framework for development in the region. The RSS has a specific
policy for energy generation but does not contain any specific policies on noise
from wind farms/ turbines. Policy EN1: Energy Generation states that Local
Authorities in their development plans should:

5581-01-04-N-030 8
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‘iii) identify the environmental and other criteria that will be applied to
determining the acceptability of such proposals including:
.....b) impact on surrounding residents and other occupiers;’

2.7.2 The Local Development Framework is currently being drafted and to date no
relevant development plan policies are available.

5581-01-04-N-030
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3 POTENTIAL IMPACTS

3.1  Operational Noise Sources

3.1.1 Wind turbines may emit two types of noise. Firstly, aerodynamic noise is a
more natural sounding ‘broad band’ noise, albeit with a characteristic
modulation, or ‘swish’, which is produced by the movement of the rotating
blades through the air. Secondly, mechanical noise may emanate from
components within the nacelle of a wind turbine. Traditional sources of
mechanical noise comprise gearboxes or generators. Modern turbine designs
have evolved to ensure that mechanical noise radiation from wind turbines is
negligible.

3.1.2 Aerodynamic noise is usually only perceived when the wind speeds are fairly
low, although at very low wind speeds the blades do not rotate, or rotate very
slowly, and so at these wind speeds negligible aerodynamic noise is generated.
In higher winds aerodynamic noise may be masked by the normal sound of wind
blowing through trees and around buildings. The level of this natural ‘masking’
noise relative to the level of wind turbine noise is one of several factors that
determine the subjective audibility of the wind turbine'".

3.2 Infrasound, Low Frequency Noise and Vibration

3.2.1 The term infrasound is usually defined as the frequency range below 20Hz and
low frequency noise is defined by the frequency range 20-200Hz. An average
young healthy adult has an audible range from 20Hz to 20,000Hz, although the
sensitivity of the ear varies with frequency and is most sensitive to sounds with
frequencies between 500Hz and 4,000Hz. Due to the typical separation
distances between wind turbines and residential receptors the levels of
infrasound from wind turbines are well below the human perception level.
Infrasound from wind turbines is often at levels below that of noise generated
by wind around buildings and other obstacles.

3.2.2 Chapter 8, Paragraphs 45 - 46 of the Companion Guide to PPS22 address the
issue of Low Frequency Noise (Infrasound) and vibration. It may, therefore, be
appropriate to consider what the Guide indicates with respect to this potential
noise.

45. There is no evidence that ground transmitted low frequency noise from
wind turbines is at a sufficient level to be harmful to human health. A
comprehensive study of vibration measurements in the vicinity of a modern
wind farm was undertaken in the UK in 1997 by ETSU for the DTI (ETSU
W/13/00392/REP). Measurements were made on site and up to 1km away - in a
wide range of wind speeds and direction.

46. The study found that:

. Vibration levels 100m from the nearest turbine were a factor of 10 less
than those recommended for human exposure in critical buildings (i.e.
laboratories for precision measurement).

" visual and acoustic impact ofwind turbine farms on residents Final report, Frits van den Berg et al, June 3, 2008 FP6-
2005-Science-and-Society-20 Specific Support Action
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o Tones above 3.0 Hz were found to attenuate rapidly with distance - the
higher frequencies attenuating at a progressively increasing rate.

3.2.3 Measurements included within the report detail levels of low frequency acoustic
energy which fall below recognised perception thresholds for such a noise
source. Despite the reference to ground borne noise, the conclusions apply
equally to airborne noise.

3.2.4 Furthermore, in 2004 the former DTl commissioned Hayes McKenzie to report on
claims that infrasound or low frequency noise (LFN) emitted by wind turbine
generators (WTGs) were causing health effects. Of the 126 wind turbines
operating in the UK, five have reported low frequency noise problems,
therefore, such complaints are the exception rather than a general problem
which exists for all wind farms. Hayes McKenzie investigated the effects of
infrasound and LFN at three wind farms for which complaints had been
received, the results were reported in May 2006'>. The report concluded that:

o infrasound associated with modern wind turbines is not a source which will
result in noise levels which may be injurious to the health of a wind farm
neighbour;

« low frequency noise was measurable on a few occasions but below the
existing permitted Night Time Noise Criterion. Wind turbine noise may
result in internal noise levels within a dwelling that is just above the
threshold of audibility, however at all sites it was always lower that that
of local road traffic noise;

o that the common cause of complaint was not associated with LFN, but the
occasional audible modulation of aerodynamic noise especially at night.
Data collected showed that the internal noise levels were insufficient to
wake up residents at these three sites. However once awoken, this noise
can result in difficulties in returning to sleep.

3.2.5 The IOA bulletin concluded that there is no robust evidence that low frequency
noise (including ‘infrasound’) or ground-borne vibration from wind farms,
generally has adverse effects on wind farm neighbours.

3.3 Amplitude Modulation of Aerodynamic Noise (AM)

3.3.1 Following on from the report by the Hayes McKenzie Partnership on Low
frequency noise, DEFRA commissioned the University of Salford to conduct
research in Aerodynamic Modulation of Wind Turbine Noise'. The final report
was published in July 2007. The report concluded:

‘The term AM indicates aerodynamic noise from wind turbines, but with a
greater than normal degree of regular fluctuation at blade passing frequency,
typically once per second which makes it more noticeable. The aim of the study
was to ascertain the prevalence of AM on UK wind farm sites, to try to gain a
better understanding of the likely causes, and to establish whether further
research into AM is required.

The results showed that 27 of the 133 windfarm sites operational across the UK
at the time of the survey had attracted noise complaints at some point. An

2 The Measurement of LFN at three UK Wind Farms (2006), Department of Trade and Industry.

'3 Department for Business Enterprise and Regulatory Reform (2007) Government statement regarding the findings of the
Salford University report into Aerodynamic Modulation of Wind Turbine Noise.
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3.3.2

3.4
3.4.1

estimated total of 239 formal complaints have been received about UK
windfarm sites since 1991, 152 of which were from a single site. The estimated
total number of complainants is 81 over the same sixteen year period. This
shows that in terms of the number of people affected, wind farm noise is a
small-scale problem compared with other types of noise; for example the
number of complaints about industrial noise exceeds those about windfarms by
around three orders of magnitude. In only one case was the windfarm
considered by the local authority to be causing a statutory nuisance. Again, this
indicates that, despite press articles to the contrary, the incidence of
windfarm noise and AM in the UK is low.

AM was considered to be a factor in four of the sites, and a possible factor in
another eight. Regarding the four sites, analysis of meteorological data
suggests that the conditions for AM would prevail between about 7% and 15% of
the time. AM would not therefore be present most days, although it could
occur for several days running over some periods. Complaints have subsided for
three out of these four sites, in one case as a result of remedial treatment in
the form of a wind turbine control system. In the remaining case, which is a
recent installation, investigations are ongoing.

The literature review indicated that, although there has been much research
into the general area of aerodynamic noise it is a highly complex field, and
whilst general principles are understood there are still unanswered questions.
Regarding the specific phenomenon of AM there has been little research and
the causes are still the subject of debate. AM is not fully predictable at current
state of the art. The survey of wind turbine manufacturers revealed that,
although there was considerable interest, few have any experience of AM.

The low incidence of AM and the low numbers of people adversely affected
make it difficult to justify further research funding in preference to other
more widespread noise issues. On the other hand, since AM cannot be fully
predicted at present, and its causes are not fully understood we consider that
it might be prudent to carry out further research to improve understanding in
this area.’

Following the release of the report, the Government issued a robust advice note
on this matter in July 2007, which states that the isolated circumstances in
which the effects have been observed to occur were insufficient to change
current noise assessment practices and that ETSU-R-97 should continue to be
followed for the assessment of noise from windfarms.

Vibro-acoustics Disease (VAD)

Research has been undertaken into whether Vibro-acoustics disease is caused by
long term exposure to low frequency noise from wind turbines, however to date
there is no scientific evidence of a link. The Applied and Environmental
Geophysics Research Group at Keele University were commissioned by the MOD,
the DTI and the British Wind Energy Association to undertake microseismic and
infrasound monitoring of low frequency noise and vibrations from windfarms for
the purposes of siting windfarms in the vicinity of Eskdalemuir in Scotland.
Whilst the testing showed that vibration can be detected several kilometres
away from wind turbines, the levels of vibration from wind turbines were so
small that only the most sophisticated instrumentation can reveal their
presence and they are almost impossible to detect. The findings of the study
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were put into context in a rebuttel statement issued by Keele University'* in
August 2005 following the misinterpretation of the results of the study:

‘Vibrations at this level and in this frequency range will be available from all
kinds of sources such as traffic and background noise - they are not confined to
wind turbines. To put the level of vibration into context, they are ground
vibrations with amplitudes of about one millionth of a millimetre. There is no
possibility of humans sensing the vibration and absolutely no risk to human
health.’

14 Keele University Rejects Renewable Energy Foundation’s Low Frequency Noise Research Claims

http:www.bwea.com/ref/lfn_keele.html
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4.4.2

4.4.3

4.4.4

4.4.5

4.4.6

4.4.7

60m Mast Setup

A 60m wind monitoring mast has been installed and operating at the Curborough
site since 16™ July 2008. Anemometers are located on the mast at heights of
60m, 50m, 40m, 30m and 10m. Wind vanes are located on the mast at heights
of 58m, 48m and 10m. All anemometer booms are oriented to the southwest
and wind vane booms are oriented to the North.

Calibration factors applied to the logger and provided in the P51 mast
installation report provided in Appendix 4 agree with calibration certificates.
Calibrations were carried out by Deutsche Windguard, a MEASNET approved
facility. Calibration certificates for all anemometers are provided in
Appendix 4.

Review of 60m Mast Data

Wind data for August 2008 to July 2009 has been used to characterise the wind
climate of the site. Average, maximum, minimum and standard deviation values
for each anemometer are given at 10 minute periods. Average and standard
deviation values for each wind vane are also given at 10 minute periods.

Wind data was supplied directly from the logger and was screened upon reciept
to remove any suspect or erroneous values. The periods when valid data was not
available are summarised below.

e From 1/8/08 to 4/8/08: 60m and 40m anemometer not logging.
e From 29/11/08 to 30/11/08: Icing of wind vanes and anemometers for

approximately 24 hour period

The availability of data was more than 98.9% over the period analysed.
Wind Shear Analysis

Wind shear has been calculated between all anemometer heights using the
power law. The power law is a widely used empirical relation used to represent
the atmospheric boundary layer wind profile and takes the form:

U, _(H,Y
Ul Hl

where m is the wind shear coefficient, U is the horizontal velocity and H is the
height above ground level. This approach has been found to perform well for
fairly flat sites.

Average wind shear between 10m and 60m at Curborough is given in Table 4.1
for the twelve months analysed, which should provide a seasonally balanced
data set. The wind shear coefficient has been averaged using the ETSU-R-97
time periods and is higher than typical for the time of day and the surrounding
semi-rural terrain.

Table 4.1 Average Wind Shear Coefficient for Curborough

Daytime (outside of

ETSU-R-97 ETSU-R-97
the ETSU-R-97 ; . . -
assessment periods) Quiet Daytime Night time
Average 0.23 0.30 0.38
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