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NON-TECHNICAL SUMMARY 

Hoare Lea Acoustics (HLA) have been commissioned by Partnership for Renewables to undertake a 
noise impact assessment for the construction and operation of the proposed Sharpness Wind Turbine. 
Noise will be emitted by equipment and vehicles used during construction and decommissioning of the 
turbine and during operation. The level of noise emitted by the sources and the distance from those 
sources to the receiver locations are the main factors determining levels of noise at receptor locations. 

Construction Noise 

Construction noise, by its very nature, tends to be temporary and highly variable and therefore much less 
likely to cause an adverse impact. In this instance the working distances and the scale of the proposed 
Development (and therefore the limited construction period and associated construction traffic) are such 
that construction noise is not expected to represent a significant impact provided that appropriate working 
methods and hours are adhered to. Various mitigation methods have been suggested to reduce the 
impact of construction noise, the most important of these being suggested restrictions of hours of working 
to 07:00 to 19:00 Monday to Friday and 07:00 to 13:00 on Saturdays.  

Operational Noise 

Operational turbines emit noise from the rotating blades as they pass through the air. This noise can 
sometimes be described as having a regular óswishô. The amount of noise emitted tends to vary 
depending on the wind speed. When there is little wind the turbine rotors will turn slowly and produce 
lower noise levels than during high winds when the turbine reaches its maximum output and maximum 
rotational speed. Background noise levels at nearby properties will also change with wind speed, 
increasing in level as wind speeds rise due to wind in trees and around buildings, etc. 

Noise levels from operation of the turbine have been predicted for those locations around the site most 
likely to be affected by noise. Surveys have been performed to establish existing baseline noise levels at 
a number of these properties located closest to the proposed turbine. Noise limits have been derived from 
data about the existing noise environment following the method stipulated in national planning guidance. 
For properties situated further from the turbine, a simplified assessment method was used. Predicted 
operational noise levels have been compared to stringent limit values to demonstrate that turbine of the 
type and size which would be installed can operate within the limits so derived, at all properties across all 
wind speeds. It is concluded therefore that operational noise levels from the wind turbine will be within 
levels deemed, by national guidance, to be acceptable for wind energy schemes. 

This Non-Technical Summary contains an overview of the noise assessment and its conclusions. 
No reliance should be placed on the content of this Non-Technical Summary until this report has 

been read in its entirety. 
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1 INTRODUCTION 

1.1.1 This report presents an assessment of the potential construction and operational noise impact 
of the Sharpness Wind Turbine on the residents of nearby dwellings. The assessment considers 
both the wind turbineôs construction and its operation and also the likely impact of its 
de-commissioning.  

1.1.2 Noise and vibration which arises from the construction of a wind turbine is a factor which should 
be taken into account when considering the total effect of the Proposed Development. However, 
in assessing the impact of construction noise, it is accepted that the associated works are of a 
temporary nature. In this instance the working distances and the scale of the proposed 
Development (and therefore the limited construction period and associated construction traffic) 
are such that construction noise is not expected to represent a significant impact provided that 
appropriate working methods and hours are adhered to. Accordingly, site specific predictions 
and assessments of construction noise are not warranted in this instance and are not discussed 
in any further detail in this report. Further details of relevant working practices, traffic routes, and 
proposed working hours are described in this report. 

1.1.3 Once constructed and operating, wind turbines may emit two types of noise. Firstly, 
aerodynamic noise is a óbroad bandô noise, sometimes described as having  a characteristic 
modulation, or óswishô, 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. This is a less natural sounding noise which is generally characterised by its tonal 
content. Traditional sources of mechanical noise comprise gearboxes or generators. Due to the 
acknowledged lower acceptability of tonal noise in otherwise ónaturalô noise settings such as 
rural areas, modern turbine designs have evolved to ensure that mechanical noise radiation 
from wind turbine is negligible. 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 is generally masked by the normal sound of wind blowing through 
trees and around buildings. The level of this natural ómaskingô noise relative to the level of wind 
turbine noise determines the subjective audibility of the wind turbine. The primary objective of 
this noise impact assessment is therefore to establish the relationship between wind turbine 
noise and the naturally occurring masking noise at residential dwellings lying around the 
Proposed Development and to assess these levels of noise against accepted standards. 

1.1.4 An overview of environmental noise impact assessment and a glossary of noise terms are 
provided in Appendix A. 

2 POLICY AND GUIDANCE DOCUMENTS 

2.1 General Planning Policy and Advice Relating to Noise  

2.1.1 General guidance and policy concerning noise associated with new developments in England is 
presented in Planning Policy Guidance PPG24: Planning and Noise

1
. The introduction to 

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

óprovide 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.ô 

2.1.2 This 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: 
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óMuch of the development which is necessary for theé 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.ô 

2.1.3 Whilst PPG24 presents general considerations relating to planning and noise issues it contains 
no specific references to noise from wind turbines. 

2.2 Specific Planning Policy and Advice Relating to Construction Noise  

2.2.1 In England and Wales there are two legislative instruments which address the effects of 
environmental noise with regard to construction noise and vibration, and nuisance. The 
Environmental Protection Act 1990

2
 (EPA) and the Control of Pollution Act 1974

3
 (CoPA). The 

CoPA provides two means of controlling construction noise and vibration. Section 60 provides 
the Local Authority with the power to impose at any time operating conditions on the 
development site. Section 61 allows the developer to negotiate a set of operating procedures 
with the Local Authority prior to commencement of site works. 

2.2.2 To assess construction noise and vibration, PPG24 refers to BS 5228
4
 óNoise control on 

construction and open sitesô, Parts 1 to 4, as the appropriate source of guidance. This standard 
has been updated since PPG24 was published. The most recent update was published in 
January 2009 and consolidates all previous parts of the standard into BS 5228-1:2009

5
 

(BS 5228-1) for airborne noise and BS 5228-2:2009
6
 (BS 5228-2) for ground borne vibration. 

These updated standards supersede all previous versions, and have therefore been adopted as 
the relevant versions upon which to base this assessment. 

2.2.3 BS 5228-1 provides guidance on a range of considerations relating to construction noise 
including the legislative framework, general control measures, example methods for estimating 
construction noise levels and example criteria which may be considered when assessing impact 
significance. Similarly, BS 5228-2 provides general guidance on legislation, prediction, control 
and assessment criteria for construction vibration. 

2.3 Specific Planning Policy and Advice Relating to Operational Wind Farm or Wind turbine 
Noise  

2.3.1 Advice specific to noise emanating from wind energy developments may be found in Planning 
Policy Statement PPS22 óRenewable Energyô

7
. 

2.3.2 The relevant paragraph 22 of PPS22 states: 

óRenewable technologies may generate small increases in noise levels (whether from 
machinery or from associated sources ï for example, traffic). Local planning authorities 
should ensure that renewable energy developments have been located and designed in 
such a way as 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.ô 

2.3.3 The Companion Guide
8
 to PPS22 contains a technical annex specific to wind energy which 

states:- 

óWell-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.ô 
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óThe report, óThe Assessment and Rating of Noise from Wind Farmsô (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 the 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 windfarms, and should be used by planning authorities when assessing 
and rating noise from wind energy developments.ô 

2.3.4 The use of the ETSU-R-97 methodology is therefore Government policy and has been 
confirmed as such on a number of occasions. The DCLG letter to all of Englandôs Local 
Planning Authorities and the Planning Inspectorate in November 2006 confirms that the advice 
contained within PPS22 (and its Companion Guide), which states that ETSU-R-97 should be 
used for the assessment and rating of noise from wind farms, remains Government policy and 
should continue to be followed.  This was reiterated most recently in parliament by the 
Secretary of State for Energy and Climate Change, in written response

9
 to a query on the 

subject, who stated that: 

óThere is no reason to believe that the protection from noise provided for by the 
ETSU-R-97 guidance does not remain acceptable, and we have no plans to change this.ô 

2.3.5 The basic aim of the ETSU Report, ETSU-R-97 'The Assessment and Rating of Noise from 
Wind Farms'

10
, is to provide: 

óIndicative noise levels thought 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 local 
authoritiesô. 

2.3.6 The report 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 national and 
global benefits which would arise through the development of renewable energy sources, 
stating: 

óThe planning system must therefore seek to control the environmental impacts from a 
wind farm 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 
wind farm development is unduly stifled.ô 

2.3.7 The recommendations contained in ETSU-R-97 provide a robust basis for assessing the noise 
implications of a wind farm. ETSU-R-97 has become the accepted standard for such 
developments within the UK and is commended in PPS22. This methodology has therefore 
been adopted for the present assessment and is described in greater detail below. 

 

3 SCOPE AND METHODOLOGY 

3.1 General Methodology for Assessing Wind Farm Operational Noise Impact  

3.1.1 The ETSU-R-97 assessment procedure specifies that noise limits should be set relative to 
existing background noise levels at the nearest properties and that these limits should reflect 
the variation in both turbine source noise and background noise with wind speed. The wind 
speed range which should be considered is between the cut-in speed (the speed at which the 
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turbines begin to operate) for the turbines and 12 m/s (43.2 km/h), where all wind speeds are 
referenced to a ten metre measurement height. 

3.1.2 Separate noise limits apply for the daytime and night-time. Daytime limits are chosen to protect 
a propertyôs external amenity and night-time limits are chosen to prevent sleep disturbance 
indoors. Absolute lower limits, different for daytime and night-time, are applied where the line of 
best-fit representation of the measured background noise levels equates to very low levels 
(< 30 dB(A) to 35 dB(A) for daytime, and < 38 dB(A) during the night). 

3.1.3 The daytime noise limit is derived from background noise data measured during so-called óquiet 
periods of the dayô, comprising 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 ten minute background noise levels using the LA90,10min measurement index are 
measured contiguously over a wide range of wind speed conditions (a definition of the LA90,10min 
index is given in Appendix A). The measured noise levels are then plotted against the 
simultaneously measured wind speed data and a óbest-fitô curve is fitted to the data to establish 
the background noise level as a function of wind speed. The ETSU-R-97 day-time noise limit, or 
ócriterion curveô, is then set at a level 5 dB(A) above the best-fit curve to the background noise 
data over a 0-12 m/s wind speed range. For wind speeds where the best-fit curve to the 
background noise data lies below a level of 30 dB(A) to 35 dB(A) the criterion curve is set at a 
fixed level in the range 35 dB(A) to 40 dB(A). The precise choice of criterion curve level within 
the range 35 dB(A) to 40 dB(A) depends on a number of factors: the number of noise affected 
properties, the likely duration and level of exposure and the potential impact on the power 
output of the wind farm. The 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. 

3.1.4 ETSU-R-97 clearly indicates that the day-time limit is intended to lie within the range from 
35 dB(A) to 40 dB(A). Therefore one can conclude that there must be projects where 35 dB(A) 
is appropriate and conversely, projects where 40 dB(A) is appropriate. Within ETSU-R-97 there 
is a specific example: "A single wind turbine causing noise levels of 40 dB(A) at several nearby 
residences would have less planning merit (...) than 30 wind turbines also causing the same 
amount of noise at several nearby residences". Therefore, where a project offers relatively low 
power generating potential, the day-time limit should naturally tend towards the lower end of the 
range, unless the number of noise affected properties and the extent to which those properties 
would be affected by the higher noise levels is sufficiently low to justify noise limits tending 
towards the upper end of the range. Conversely, sites with relatively large power generating 
capacity should naturally justify limits towards the upper end of the range. Given the relative 
energy generating potential of the Proposed Development, the limit should tend towards the 
lower end of the 35 dB(A) to 40 dB(A) range. The appropriate choice of value is considered 
subsequently in this report.  

3.1.5 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 ten minute LA90,10min noise levels measured over these night-time periods are 
again plotted against the concurrent wind speed data and a óbest-fitô correlation is established. 
As with the day-time limit, the night-time noise limit is also based on a level 5 dB(A) above the 
best-fit curve over the 0-12 m/s wind speed range. Where the night-time criterion curve is found 
to be below 43 dB(A) it is fixed at 43 dB(A). This night-time limit in ETSU-R-97 was set on the 
basis of World Health Organization (WHO) guidance

11
 for the noise inside a bedroom and an 

assumed difference between outdoor and indoor noise levels with windows open. In the time 
since ETSU-R-97 was released, the WHO guidelines were revised to suggest a lower internal 
noise level, but conversely, a higher assumed difference between outdoor and indoor noise 
levels. Notwithstanding the WHO guideline revisions, the ETSU-R-97 limit remains consistent 
with current national planning policy guidance with respect to night-time noise levels. In 
addition, following revision of the night-time WHO criteria, ETSU-R-97 has been incorporated 
into planning guidance for Wales, England and Scotland and at no point during this process was 
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it felt necessary to revise the guidance within ETSU-R-97 to reflect the change in the WHO 
guideline internal levels. The advice contained within ETSU-R-97 remains a valid reference on 
which to continue to base the fixed limit at night. 

3.1.6 The exception to the setting of both the daytime and night-time lower limits on the criterion 
curves occurs where a property occupier has a financial involvement in the wind farm 
development. Where this is the case then, if the derived criterion curve based on 5 dB(A) above 
the measured background noise level falls below 45 dB(A), the lower noise limit at that property 
may be set to 45 dB(A) during both the daytime and the night-time periods alike. 

3.1.7 ETSU-R-97 offers an alternative simplified assessment methodology:- 

óFor single turbines or wind farms with very large separation distances between the 
turbines and the nearest properties a simplified noise condition may be suitable. We are 
of the opinion that, if the noise is limited to an LA90,10min 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. We feel that, even in sheltered 
areas when the wind speed exceeds 10m/s on the wind farm site, some additional 
background noise will be generated which will increase background levels at the 
property.ô 

3.1.8 At all locations where noise levels fulfil this simplified criterion, background noise surreys are 
not required and the 35 dB LA90 criterion would form the basis for noise limits which would be 
used to control noise from the Proposed Development during operation. 

3.1.9 The noise limits defined in ETSU-R-97 relate to the total noise occurring at a dwelling due to the 
combined noise of all operational wind turbines.  The assessment would therefore need to 
consider the combined operational noise of the Proposed Development with the other wind 
farms in the area to ensure that the combined cumulative noise levels are within the relevant 
ETSU-R-97 Criterion. However, as they are no other wind farms present within 5 km from the 
proposed Development, it is considered that any cumulative effects would be negligible and 
they are not considered further in this report. 

3.1.10 To undertake the assessment of noise impact in accordance with the foregoing methodology 
the following steps are required: 

Á specify the location of the wind turbine; 

Á identify the locations of the nearest, or most noise sensitive, neighbours; 

Á measure the background noise levels as a function of site wind speed at the nearest 
neighbours, or at least at a representative sample of the nearest neighbours; 

Á determine the day-time and night-time criterion curves from the measured background 
noise levels at the nearest neighbours; 

Á specify the type and noise emission characteristics of the wind turbine; 

Á calculate the noise immission levels due to the operation of the wind turbine as a function 
of site wind speed at the nearest neighbours; 

Á compare the calculated wind turbine noise immission levels with the derived criterion 
curves and assess in the light of planning requirements. 

3.1.11 Note that in the above, and subsequently in this assessment, the term ónoise emissionô relates 
to the sound power level actually radiated from each wind turbine (at source), whereas the term 
ónoise immissionô relates to the sound pressure level (the perceived noise) at any receptor 
location due to the combined operation of the wind turbine. 
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3.2 Site-specific methodology  

3.2.1 The foregoing steps, as applied to the Proposed Development, are set out subsequently in this 
assessment. 

3.2.2 In summary, for the dwellings located on Sharpness Island, noise limits are based on baseline 
noise measurements at a representative sample of the nearest neighbours. At other, more 
distant locations, the simplified assessment method of ETSU-R-97 is applied and a fixed 35 dB 
LA90 criterion is used. This is illustrated in Figure B2 of Appendix B.  

3.3 Operational Noise Impact Criteria 

3.3.1 The acceptable limits for wind turbine operational noise are clearly defined in the ETSU-R-97 
document and these limits should not be breached. Consequently, the test applied to 
operational noise is whether or not the calculated wind turbine noise immission levels at nearby 
noise sensitive properties lie below the noise limits derived in accordance with ETSU-R-97. 
Depending on the levels of background noise the satisfaction of the ETSU-R-97 derived limits 
can lead to a situation whereby, at some locations under some wind conditions and for a certain 
proportion of the time, the wind turbine noise may be audible. However, noise levels at the 
properties in the vicinity of the Proposed Development will still be within levels considered 
acceptable under the ETSU-R-97 assessment method. 

3.4 Consultation 

3.4.1 Prior to undertaking the background surveys a summary of the proposed monitoring locations 
was forwarded to the Environmental Health Department of Stroud District Council  for comment, 
and were subsequently discussed in a meeting and agreed to be representative for the purpose 
of an ETSU-R-97 assessment. The noise monitoring locations are shown on the plan in 
Appendix B. Further information about the equipment used and pictures of the survey locations 
are presented in Appendix C. A draft version of this report was issued to Stroud District Council, 
and discussed in a meeting with a representative of the Environmental Health Department on 
11/08/2011, and subsequently amended based on the comments received. 
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4 BASELINE 

4.1 General Description 

4.1.1 The Proposed Development is located on Sharpness Island, in a generally industrial Docks area 
of relatively low population density. The noise environment in the surrounding area is influenced 
by industrial/commercial sources, particularly during the day-time, but the influence of ónaturalô 
sources was also notable: wind disturbed vegetation, birds and, to the west of the site, 
occasional coastal water movements. Other sources of noise include intermittent local road 
movements in the area. We understand that the dwellings on Sharpness Island are owned by 
British Waterways, and leased out to residents. 

4.2 Details of the Baseline Background Noise Survey 

4.2.1 A total of two noise monitoring locations were agreed with the Local Authority as being 
representative of the background noise environment around the wind turbine site. These 
locations were selected as being representative of the noise environment for the nearest 
residences to the proposal. The two locations are shown on the plan in Appendix B and listed in 
Table 1. A measurement location further east along Dock Road had initially been proposed but 
following discussions with the residents, the location at Severn Bank House was selected. 

Table 1  Background Noise Monitoring Locations (approximate Easting / Northing) 

No. Property Easting Northing 

1 Marina Cottage 367076   202997 

2 Severn Bank House (#3 Dock Road) 366843  202449 

4.2.2 The assessment has considered the impact of the wind turbine at the monitoring locations noted 
above as well as other residential properties located further away from the proposal. The range 
of assessment locations are listed in Table 2. The list of receptor locations is not intended to be 
exhaustive but sufficient to be representative of noise levels typical of those receptors closest to 
the Proposed Development. These properties are also shown on the plan of Appendix B. 

Table 2  Assessment Properties in the Vicinity of the Wind Turbine 

Property Easting Northing Approximate 
Distance to 
Proposed 

Turbine (m) 

Survey 
Location 
(Table 1) 

Dock Road (1) 367027 202522 338 2 

Dock Road (2) 366939 202489 333 2 

Dock Road (3) 366849 202460 349 2 

Sharpness Club 367146 202925 330 1 

Marina Cottage 367083 202980 304 1 

Tintagel 367121 202976 332 1 

Bridge Road 367185 202177 711 2 

Great Western Road 366827 202050 755 n/a 

Sunny Brook Farm 367716 202924 878 n/a 

Oldminster Road (1) 367611 202635 783 n/a 

Oldminster Road (2) 367558 202433 801 n/a 

Oldminster Road (3) 367479 202241 845 n/a 

4.2.3 In some instances the results obtained from the two survey positions have been used to 
represent the background environment expected to occur at other nearby assessment locations. 
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The use of the data in this way is justified by the nature of the area and the noise sources 
affecting background noise levels at the relevant locations. This approach is consistent with the 
guidance provided by ETSU-R-97. Locations where such representations have been made, and 
the source of the representations, are represented in Table 2. It is noted that where such 
representations have been made, the distance between the assessment location and nearest 
turbine is comparable to, if not greater than, the distance between the reference monitoring 
location and the nearest turbine. At other locations, identified in Figure B2 of Appendix B, the 
simplified criteria of ETSU-R-97 will be considered. 

4.2.4 The background noise monitoring exercise was first conducted over a period of just over three 
weeks, from the 07

th
 April to the 1

st
 May 2011. However, the equipment installed Severn Bank 

House stopped monitoring on the 25
th
 April, and a supplementary survey was therefore 

undertaken at this location for a further period of approximately one week between the 17
th
 and 

the 25
th
 May 2011 in order to capture a wider range of weather conditions. 

4.2.5 The equipment used for the survey comprised two Rion NL-31 logging sound level meters. All 
meters were enclosed in environmental cases with battery power to enable more than twenty 
days continuous logging at the required ten minute averaging periods. Outdoor windshield 
systems were used to reduce wind induced noise on the microphones and provide protection 
from rain. These windshield systems were supplied by the sound level meter manufacturer and 
maintain the required performance of the whole measurement system when fitted. The 
environmental enclosures provided an installed microphone height of approximately 1.2 m to 
1.5 m above ground level, consistent with the requirements of ETSU-R-97. 

4.2.6 The sound level meters were located on the wind turbine side of the property in question where 
possible, never closer than 3.5 m from the façade of the property and as far away as was 
practical from obvious atypical localised sources of noise such as running water, trees or boiler 
flues. Details and photographs of the measurement locations are presented in Appendix C. 

4.2.7 All measurement systems were calibrated on their deployment on and upon collection of the 
equipment. No significant (>0.5 dB(A)) drifts in calibration were found to have occurred on any 
of the systems. This equates to a total ETSU-R-97 analysis period of at least 23 days for each 
location. 

4.2.8 All measurement systems were set to log the LA90,10min and LAeq,10min noise levels continuously 
over the deployment period. The start of the measurement periods on the sound level meters 
were all synchronized with Greenwich Mean Time (GMT) by the use of a Global Positioning 
System (GPS) receiver. The clock on the met mast from which wind data was subsequently 
collected for the analysis of the measured background noise as function of wind speed was also 
set to GMT. 

4.3 Measured Background Noise Levels 

4.3.1 The ETSU-R-97 assessment method requires noise data to be related to wind speed data at a 
standardised height of ten metres, with wind speeds either directly measured at a height of ten 
metres or by calculation from measurement at other heights, the appropriate choice being 
determined by practitioner judgement and the available data sources. Since the publication of 
ETSU-R-97, the change in wind speed with increasing height above ground level has been 
identified as a potential source of variability when carrying out wind farm noise assessments. 
The effect of site specific wind shear can be appropriately addressed by implementing the 
ETSU-R-97 option of deriving ten metre height reference data from measurements made at 
taller heights. It is this method that has been used in the noise assessment for the Proposed 
Development to account for the potential effect of site specific wind shear. This method is 
consistent with the provisions of ETSU-R-97 and a recent article in a UK Institute of Acoustics 
Bulletin

12
 which provided recommendations on a range of subjects relating to wind farm noise 

assessment including wind shear.  Wind speeds were measured on a 70 m high meteorological 
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mast located within the boundary of the development site (approximate easting and northing 

366853, 202609). Values of wind speed at a standardised height of ten metres were calculated 
from those measured on the tall mast.  Full details of the calculation method are given in 
Appendix F. 

4.3.2 Figures D1 and D2 reproduced at Appendix D show the range of wind conditions experienced 
during the noise survey period. During the quiet day-time and night-time periods wind speeds 
were typically less than 10 or 12 m/s. The wind was observed to be directed from the south 
west for the majority of the survey period, consistent with the typical prevailing wind direction for 
the UK, with some periods of north-easterly winds observed as well. 

4.3.3 Figures E1 to E4 of Appendix E show the results of the background noise measurements at 
each of the two locations. The background noise data are presented in terms of LA90,10min 
background noise levels plotted as a function of ten metre height wind speed. Two plots are 
shown for each location, one for quiet day-time periods and the other for night-time periods, 
both derived in accordance with ETSU-R-97.  

4.3.4 Data from all survey locations were inspected to identify periods which may have been 
influenced by extraneous noise sources, giving rise to atypical and elevated levels. ETSU-R-97 
suggests that any data that may have been affected by rainfall be excluded from the analysis. A 
rain gauge was installed on site during the noise survey period; data from this gauge were 
therefore used to exclude those periods where rain was indicated.  

4.3.5 In addition to the impact noise on surrounding vegetation and the sound level meter itself, in 
some environments rainfall can result in appreciable changes in background sound levels, for 
example as a result of wet roads which increase tyre noise emissions or dissipating flow noise 
in water courses and drainage systems. Observations whilst on-site indicated traffic noise to be 
a negligible influence on background sound levels, and thus the possible effect of increased tyre 
nose from wet roads is not considered relevant to this site. In terms of water flow noise, the site 
is generally flat and there were no small water courses in the vicinity of the monitoring locations. 
The monitoring locations were also positioned as far as practically possible from any residential 
drainage systems to minimise any associated noise influence. Based on the above, rainfall is 
considered to have a limited effect on background sound levels. Inspection of the data generally 
tends to support this, given the absence of any identifiable clear data trends that are normally 
characteristic of a site affected by rain related background sound levels (such as flat clusters of 
data on the noise versus wind plot, or sharp increases in noise followed by a progressive 
decrease with time).  

4.3.6 Notwithstanding this, the possibility exists that some of the measured background noise data at 
low wind speeds may have been increased by extraneous or rain related influences. 
Time-histories of the noise levels at each survey location were inspected to look for any atypical 
relationships when compared to the wind speeds present during that time. Any elevated levels 
found in this way were excluded. The influence of industrial activity at the nearby docks was 
considered, but the review undertaken showed that the associated noise levels decreased 
significantly during the evening and most of the night, which are the periods considered in 
accordance with ETSU-R-97. Early morning periods were excluded, as they experienced a 
sharp rise in noise levels: this may be due to a combination of distant road traffic, commercial 
activity or bird ñdawn chorusò, and may therefore not be representative of other times of the 
year. The trend of the data when plotted against wind speed was also inspected to look for 
atypical relationships or outliers within the data-set which were excluded. Any data removed 
from the analysis for these reasons was indicated on the charts as red circles, as detailed in 
Appendix C.  

4.3.7 Following removal of these data points, best-fit lines were generated using a polynomial fit of a 
maximum of 4

th
 order. These lines of best-fit were then used to derive the noise limits required 

by ETSU-R-97 that apply during the day-time and night-time periods up to 12 m/s. The 
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corresponding ETSU-R-97 noise limits are summarised in Table 3 and Table 4. The noise limits 
have been set either at the prevailing measured background level plus 5 dB, or at the relevant 
fixed lower limit, whichever is the greater. The derivation of the relevant fixed lower limit value 
used for day-time periods (35 dB(A)) is described in paragraph 5.4.6.  

 

Table 3 Day-time LA90,T Noise Limits Derived from the Baseline Noise Survey According to ETSU-R-97 

Property Standardised Wind Speed, m/s 

4 5 6 7 8 9 10 11 12 

Dock Road (1) 42 43 46 50 54 58 62 64 64 

Dock Road (2) 42 43 46 50 54 58 62 64 64 

Dock Road (3) 42 43 46 50 54 58 62 64 64 

Sharpness Club 42 43 44 48 51 54 55 55 55 

Marina Cottage 42 43 44 48 51 54 55 55 55 

Tintagel 42 43 44 48 51 54 55 55 55 

Bridge Road 42 43 46 50 54 58 62 64 64 

Table 4 Night-time LA90,T Noise Limits Derived from the Baseline Noise Survey According to ETSU-R-97 

Property Standardised Wind Speed, m/s 

4 5 6 7 8 9 10 11 12 

Dock Road (1) 43 43 44 47 50 53 55 56 56 

Dock Road (2) 43 43 44 47 50 53 55 56 56 

Dock Road (3) 43 43 44 47 50 53 55 56 56 

Sharpness Club 43 43 44 47 51 54 55 55 55 

Marina Cottage 43 43 44 47 51 54 55 55 55 

Tintagel 43 43 44 47 51 54 55 55 55 

Bridge Road 43 43 44 47 50 53 55 56 56 

4.3.8 At other locations not listed in Tables 4 or 5, the simplified ETSU-R-97 criteria of LA90 35 dB(A) 
will be used. 

5 PREDICTED NOISE IMPACTS AND EFFECTS 

5.1 Wind Turbine Emissions Data 

5.1.1 The exact model of turbine to be used at the site will be the result of a future tendering process 
and therefore an indicative turbine model has been assumed for this noise assessment. This 
operational noise assessment is based upon the noise specification of the GE 1.5xle wind 
turbine. One turbine was modelled at the location indicated on the map at Appendix B. The 
candidate turbine is a variable speed, pitch regulated machine with a rotor diameter of 82.5 m 
and a hub height of 80 m. Due to its variable speed operation the sound power output of the 
turbine varies considerably with wind speed, being quieter at the lower wind speeds when the 
blades are rotating more slowly. 

5.1.2 GE have supplied noise emission data for the GE 1.5 xle turbine which has been derived from 
various sound power tests, and to which a 1.5dB margin was added to account for typical 
measurement uncertainties, in accordance with current best practice

15
. The sound power data 

has been made available for ten metre height reference wind speeds of 3 m/s to 12 m/s 
inclusive. In addition to the overall sound power data, reference has been made to GE 
specification documents for a representative sound spectrum for the turbine. The overall sound 
power and spectral data are presented in Table 5 and Table 6.   
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Table 5 GE 1.5xle Wind Turbine Sound Power Levels for an 80 m Hub Height 

Wind Speed at Ten Metre Height (m/s) Sound Power Level (dB LAeq) 

3 97.5 

4 99.1 

5 103.6 

6 105.5 

7 105.5 

8 105.5 

9 105.5 

10 105.5 

Table 6 Octave Band Sound Power Spectrum (dB LAeq) for the GE1.5xle Operating in Reference Wind Speed 
Conditions (v10 = 10 m/s) 

Octave Band Centre Frequency (Hz) A-Weighted Sound Power Level (dB(A)) 

63 83.4 

125 92.2 

250 97.8 

500 99.4 

1000 97.7 

2000 93.4 

4000 86.6 

8000 84.8 

5.2 Choice of Wind Turbine Operational Noise Propagation Model 

5.2.1 Whilst there are several noise propagation models available, here the ISO 9613-2 model
13

 has 
been used to calculate the noise immission levels at the selected nearest residential 
neighbours. This model has been identified as most appropriate for use in predicting far-field 
noise radiation from wind turbines in such rural sites.  

5.2.2 The model accounts for the attenuation due to geometric spreading, atmospheric absorption, 
and barrier and ground effects. All attenuation calculations have been made on an octave band 
basis and therefore account for the sound frequency characteristics of the turbine. The 
ISO 9613-2 algorithm has been chosen as being the most robust prediction method based on 
the findings of a joint European Commission research project into wind farm noise propagation 
over large distances. The title of the research project was óDevelopment of a wind farm Noise 
Prediction Modelô

14
. 

5.2.3 Whilst it is impossible to specify exact error bands on noise predictions, the ISO 9613-2 model 
was found to be the best available both in flat and complex terrain. This model, like all the 
others, tends to over-estimate the noise at nearby dwellings rather than under-estimate it. The 
only exception to this finding was the general tendency for the ISO 9613-2 model to over predict 
the excess attenuation due to screening by ground features. With this limitation applied to the 
ISO 9613-2 model the over-riding conclusion of the work undertaken as part of the EC research 
study was that the ISO 9613-2 model tended to predict noise levels which would generally occur 
under downwind propagation conditions. The probability of non-exceedence of the levels 
predicted by the ISO 9613-2 model was around 85%. The other important outcome of the 
research was to clearly demonstrate that under upwind propagation conditions between a given 
receiver and a wind turbine, the noise immission level at that receiver will be as much as 
10 dB(A) to 15 dB(A) lower than the level predicted using the ISO 9613-2 model. 
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5.2.4 For the purposes of the present assessment, all noise level predictions have been undertaken 
using a receiver height of four metres above local ground level, mixed ground (g=0.5) and an air 
absorption based on a temperature of 10°C and 70% relative humidity. A receiver height of four 
metres will be typical of first floor windows and result in slightly higher predicted noise levels 
than if a 1.2 m to 1.5 m receiver height were chosen in the ISO 9613 algorithm. There are no 
screening effects found at the site and therefore this element was excluded from the model. 
This method is consistent with the recommendations of an article in a UK Institute of Acoustics 
Bulletin

15
 which provides agreement on the appropriate approach when predicting wind turbine 

noise levels. 

5.2.5 The general prediction methodology defined in ISO 9613-2 suggests that the accuracy of the 
method is ±3 dB(A). The prediction methodology within the standard allows various parameters 
to be used, one of the most significant of which is the effect of the ground-type between the 
source and the receiver. The Standard allows ground types between hard ground and porous 
(or soft) ground. At the Sharpness site it would be within the scope of ISO 9613-2 to predict 
wind farm noise levels assuming conditions of óporous groundô (g=1) and for a receiver height of 
1.5 m. These are valid assumptions, the ground between the turbine and the closest receptors 
is mostly grass-land and therefore óporousô according to the definitions given, a height of 1.5 m 
is a standard height for use in environmental assessment. There is also no suggestion in the 
standard that the reported uncertainty in the sound power tests should be added to the model 
inputs, resulting in emission values 1.5 dB(A) lower than those of Table 5. Such assumptions 
would typically yield predicted noise levels 6 dB(A) lower than those shown below. The use of 
such assumptions (g=1; receiver height of 1.5m) in combination with the upper bound of the 
stated uncertainty given in ISO 9613-2 of ±3 dB(A) would give values around 3 dB(A) lower than 
those using the parameters described in detail above and used for this assessment (g=0.5; 
receiver height of 4m and test uncertainty value added to sound power levels).   

5.2.6 Indeed, considerable work
16

 has been done to validate actual operating wind farm noise levels 
with those predicted assuming various assumptions within the ISO 9613-2 model. Such 
predictions have therefore benefitted from direct validation, which has shown that adequate 
predictions result in noise levels that lie at the upper end, and more often than not above, the 
noise immission levels measured in practice around similar large wind farms. This has led to 
agreement

15
 of the parameters which give predictions most closely related to those measured. 

The predicted noise levels provided are therefore appropriate and are realistic likely effects 
during enhanced propagation conditions and the addition of a further 3 dB(A) error margin is not 
warranted. This is illustrated below and in Appendix E using alternative prediction parameters. 

5.3 Predicted Wind turbine Operational Noise Immission Levels 

5.3.1 Table 7 shows predicted noise immission levels, Lp, at each of the selected assessment 
locations for each ten metre height wind speed from 4 m/s to 12 m/s inclusive. All wind turbine 
noise immission levels in this report are presented in terms of the LA90,T noise indicator in 
accordance with the recommendations of the ETSU-R-97 report, obtained by subtracting 
2 dB(A) from the calculated LAeq,T noise levels based on the turbine sound power levels 
presented in Table 5 and Table 6. 
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Table 7 Predicted LA90,T Wind turbine Noise Immission Levels at Each of the Noise Assessment Locations as a 
Function of Ten Metre Height Wind Speed 

Property Standardised Wind Speed, m/s 

4 5 6 7 8 9 10 11 12 

Dock Road (1) 37 41 43 43 43 43 43 43 43 

Dock Road (2) 37 41 43 43 43 43 43 43 43 

Dock Road (3) 36 41 42 42 42 42 42 42 42 

Sharpness Club 36 41 43 43 43 43 43 43 43 

Marina Cottage 37 41 43 43 43 43 43 43 43 

Tintagel 36 41 43 43 43 43 43 43 43 

Bridge Road 29 33 35 35 35 35 35 35 35 

Great Western Road 28 33 34 34 34 34 34 34 34 

Sunny Brook Farm 26 31 33 33 33 33 33 33 33 

Oldminster Road (1) 28 32 34 34 34 34 34 34 34 

Oldminster Road (2) 28 32 34 34 34 34 34 34 34 

Oldminster Road (3) 27 32 33 33 33 33 33 33 33 

5.4 Residual Wind Turbine Operational Noise Impacts 

5.4.1 Figures E1 to E4 (Appendix E) show, for both measurement locations, the calculated wind 
turbine noise immission levels at the relevant noise impact assessment locations and 
correspond to those already presented in Table 7, plotted as a function of ten metre height wind 
speed. The calculated noise immission levels are shown, in blue, overlaid on the day time and 
night time noise limit criterion curves. These criterion curves have been derived by calculating 
best fit regression lines through the measured background noise data to give the prevailing 
background noise curve required by ETSU R 97. The noise limits have then been set either at 
the prevailing measured background level plus 5 dB or at the relevant fixed lower limit 
whichever is the greater. 

5.4.2 In addition to the predictions of Table 7, shown in blue, predictions are also shown, for 
illustrative purposes, on the graphs of Appendix E, for the following parameters: 

¶ Soft ground (g=1) and a receiver height of 1.5 m, no addition of measurement uncertainties: 
in green, see discussion above. The stated uncertainty of +/-3dB described in the 
ISO 9613-2 standard is illustrated by error bars. This clearly shows that, using these 
assumptions (even with the addition of a +3dB ñuncertaintyò value), these predicted levels 
are significantly below those obtained with the more conservative method used in the 
assessment (g=0.5; receiver height of 4m and test uncertainty value added to sound power 
levels).   

¶ Hard ground (g=0), and a receiver height of 4 m, no addition of measurement uncertainties: 
in red. These parameters are also consistent with the Institute of Acoustics Bulletin article

15
 

referenced above, and result in similar predictions to those used in the assessment.  

5.4.3 The ETSU-R-97 noise limits assume that the wind turbine noise contains no audible tones. 
Where tones are present a correction is added to the measured or predicted noise level before 
comparison with the recommended limits. The audibility of any tones can be assessed by 
comparing the narrow band level of such tones with the masking level contained in a band of 
frequencies around the tone called the critical band. The ETSU-R-97 recommendations suggest 
a tone correction which depends on the amount by which the tone exceeds the audibility 
threshold. This penalty mechanism should be included in operational noise conditions for the 
scheme, and similar clauses are often included in turbine tender and warranty agreements. 
Therefore no corrections for tones have been included in this assessment. 
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5.4.4 The assessment (shown in tabular form in Table 8 & Table 9) shows that the predicted wind 
turbine noise immission levels at all locations on Sharpness Island meet the ETSU-R-97 derived 
noise limits under all wind speeds and at all locations, based on a lower day-time limit of 35dB. 
For the 2 locations which are illustrated in Appendix E, this assessment is set out in more detail 
in Tables 10 and 11. 

5.4.5 The predictions of Table 7 show that the predicted wind turbine noise immission levels at all the 
other, more distant locations, meet the simplified ETSU-R-97 noise criterion of 35 dB(A) under 
all wind speeds. 

Table 8 Comparison of the ETSU-R-97 Derived Day-time Criterion Curves with the Predicted LA90,T Wind 
Turbine Noise Immission Levels at the Noise Assessment Location for Sharpness Island locations. 
Based on 35dB lower day-time limit and negative values indicate the immission level is below the limit. 

Property Standardised Wind Speed, m/s 

4 5 6 7 8 9 10 11 12 

Dock Road (1) -5 -2 -3 -7 -11 -15 -18 -20 -21 

Dock Road (2) -5 -2 -3 -7 -11 -15 -18 -20 -21 

Dock Road (3) -5 -3 -4 -7 -11 -16 -19 -21 -21 

Sharpness Club -6 -2 -2 -5 -8 -11 -12 -12 -12 

Marina Cottage -5 -1 -1 -4 -8 -11 -11 -11 -11 

Tintagel -6 -2 -2 -5 -9 -12 -12 -12 -12 

Bridge Road -13 -10 -11 -14 -19 -23 -26 -28 -28 

 

Table 9 Comparison of the ETSU-R-97 Derived Night-time Criterion Curves with the Predicted LA90,T Wind 
turbine Noise Immission Levels at Each Noise Assessment Location for Sharpness Island locations. 
Negative values indicate the immission level is below the limit 

Property Standardised Wind Speed, m/s 

4 5 6 7 8 9 10 11 12 

Dock Road (1) -6 -2 -1 -4 -7 -10 -12 -13 -13 

Dock Road (2) -6 -2 -1 -4 -7 -10 -12 -13 -13 

Dock Road (3) -7 -2 -2 -5 -8 -10 -12 -13 -13 

Sharpness Club -7 -2 -1 -5 -9 -12 -12 -12 -12 

Marina Cottage -6 -2 0 -4 -8 -11 -11 -11 -11 

Tintagel -7 -2 -1 -5 -9 -12 -12 -12 -12 

Bridge Road -14 -10 -9 -12 -15 -17 -19 -21 -21 

  

5.4.6 The ETSU-R-97 fixed part of the limit during the day-time should lie within the range from 
35 dB(A) to 40 dB(A). The factors to be used to determine where in this range have been 
discussed above. Given the scale and environs of this scheme, it is considered appropriate to 
set the limit at the lower end of the range.  
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Table 10 Dock Road (2) - Predicted Wind Farm Noise Immission Levels, ETSU-R-97 Day-time and Night time 
Limits Derived from Severn Bank House, and the Associated Immission and Limit Margins (negative 
margins indicate the immission level is below the limit). All levels LA90 (dB). 

 Standardised Wind Speed, m/s 

4 5 6 7 8 9 10 11 12 

Predicted Noise 37 41 43 43 43 43 43 43 43 

Day-time background 37 38 41 45 49 53 57 59 58 

Day-time limit
a
 42 43 46 50 54 58 62 64 64 

Night-time background 34 36 39 42 45 48 50 51 51 

Night-time limit
b
 43 43 44 47 50 53 55 56 56 

Day-time limit margin -5 -2 -3 -7 -11 -15 -18 -20 -21 

Night-time limit margin -6 -2 -1 -4 -7 -10 -12 -13 -13 

 

Table 11 Marina Cottage - Predicted Wind Farm Noise Immission Levels, ETSU-R-97 Day-time and Night time 
Limits Derived from Marina Cottage, and the Associated Immission and Limit Margins (negative 
margins indicate the immission level is below the limit). All levels LA90 (dB). 

 Standardised Wind Speed, m/s 

4 5 6 7 8 9 10 11 12 

Predicted Noise 37 41 43 43 43 43 43 43 43 

Day-time background 37 38 39 43 46 49 n/a n/a n/a 

Day-time limit
a
 42 43 44 48 51 54 55 55 55 

Night-time background 35 36 39 42 46 49 n/a n/a n/a 

Night-time limit
b
 43 43 44 47 51 54 55 55 55 

Day-time limit margin -5 -1 -1 -4 -8 -11 -11 -11 -11 

Night-time limit margin -6 -2 0 -4 -8 -11 -11 -11 -11 

5.5 Low Frequency Noise and Vibration 

5.5.1 Low frequency noise and vibration resulting from the operation of wind farms, together with the 
often associated subject of blade swish, are all issues that have been attracting an increasing 
amount of attention over recent years. Consequently Appendix A includes a detailed discussion 
of these topics. In summary of the information provided therein, the current recommendation is 
that ETSU-R-97 should continue to be used in its present form for the assessment and rating of 
operational noise from wind turbines. 

5.6 Evaluation of Effects 

Table 12 Summary Table of Effects 

Potential Effect Evaluation of Effect 

Operational Noise Noise criteria have been established in accordance with ETSU-R-97. It has also been 
shown that these criteria are achievable with a commercially available turbine suitable for 
the site. The basis of the ETSU-R-97 method is to define acceptable noise limits thought 
to offer reasonable protection to residents in areas around wind farm developments. 
Operational noise immission levels are acceptable in terms of the guidance commended 
by planning policy for the assessment of wind farm noise, and therefore considered not 
significant in EIA terms. 

                                                      
a
 Measured background levels + 5dB 

b
 Measured background levels + 5dB or 43dB fixed limit, whichever is greater 
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6 MITIGATION, OFFSETTING AND ENHANCEMENT MEASURES 

6.1 Proposed Construction Noise Mitigation Measures 

6.1.1 To reduce the potential impact of construction noise, the following types of mitigation measures 
are proposed: 

Á Those activities that may give rise to audible noise at the surrounding properties and 
heavy goods vehicle deliveries to the site would be limited to the hours 07:00 to 19:00 
Monday to Friday and 07:00 to 13:00 on Saturdays. Turbine deliveries may take place 
outside these times, with the prior consent of the local authority, as they will be 
dependent on route timings being approved by highways authorities and the Police, and 
depend on weather conditions. Those activities that are unlikely to give rise to noise 
audible at the site boundary will continue outside of the stated hours. 

Á All construction activities shall adhere to good practice as set out in BS 5228. 

Á All equipment will be maintained in good working order and any associated noise 
attenuation such as engine casing and exhaust silencers shall remain fitted at all times. 

Á Where flexibility exists, activities will be separated from residential neighbours by the 
maximum possible distances. 

Á A site management regime will be developed to control the movement of vehicles to and 
from the Proposed Development site. 

Á Construction plant capable of generating significant noise and vibration levels will be 
operated in a manner to restrict the duration of the higher magnitude levels. 

6.2 Proposed Operational Noise Mitigation Measures 

6.2.1 The selection of the final turbine to be installed at the site would be made on the basis of 
enabling the relevant ETSU-R-97 noise limits to be achieved at the surrounding properties.  

7 MONITORING 

7.1.1 It is proposed that if planning consent is granted for the Proposed Development, conditions 
attached to the planning consent should include the requirement that, in the event of a noise 
complaint, noise levels resulting from the operation of the wind turbine are measured in order to 
demonstrate compliance with the conditioned noise limits. Such monitoring should be done in 
full accordance with ETSU-R-97 and include penalties for any tonal characteristics of the noise. 

8 SUMMARY OF KEY FINDINGS AND CONCLUSIONS 

8.1.1 This report has presented an assessment of the impact of construction and operational noise 
from the Proposed Development on the residents of nearby dwellings. 

8.1.2 A number of residential properties lying around the proposed turbine have been selected as 
being representative of the closest located properties to the wind turbine. The minimum 
separation distance between the nearest turbine and the closest located property is 
approximately 300m. Noise impact assessments have been undertaken at these properties by 
comparing predicted operational noise levels with relevant impact assessment criteria. In 
relation to operational noise, the limits have been derived from the existing background noise 
levels at two surrounding properties, as derived from measurements made over approximately 
two weeks at each location. 
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8.1.3 The working distances and the scale of the proposed Development (and therefore the limited 
construction period and associated construction traffic) are such that construction noise is not 
expected to represent a significant impact provided that appropriate working methods and hours 
are adhered to. 

8.1.4 Operational noise from the wind farm has been assessed in accordance with the methodology 
set out in the 1996 DTI Report ETSU-R-97, óThe Assessment and Rating of Noise from Wind 
farmsô. This document provides a robust basis for assessing the operational noise impact of a 
wind turbine as recommended by PPS22. 

8.1.5 To undertake the assessment of noise impact in accordance with the foregoing methodology 
the following steps have been undertaken: 

Á measure the existing background noise levels at the nearest neighbours as a function of 
site wind speed (derived from measurements on a 70 m meteorological mast); 

Á determine the day-time and night-time criterion curves from the measured background 
noise levels at the nearest neighbours; 

Á specify the type and noise emission (the sound power actually emitted by the turbine) 
characteristics of the wind turbine; 

Á specify the number and locations of the wind turbine; 

Á identify the locations of the nearest, or most noise sensitive, neighbours; 

Á calculate the noise immission levels (the noise levels resulting at a particular location 
some distance away from the source of noise) due to the operation of the wind turbine as 
a function of site wind speed at the nearest neighbours; 

Á compare the calculated wind turbine noise immission levels with the derived criterion 
curves. 

8.1.6 The above steps have been applied to the Proposed Development with the noise impact 
assessment being undertaken at a total of 12 locations comprising residential properties lying in 
the vicinity of the background noise monitoring locations. 

8.1.7 Applying the ETSU-R-97 derived noise limits at the assessment locations it has been 
demonstrated that both the day-time and night-time noise criterion limits can be satisfied at all 
properties across all wind speeds. Specifically, this assessment has determined that the most 
stringent noise limits of ETSU-R-97 are achieved. This assessment has been based on the use 
of the manufacturerôs warranted sound power data for the GE 1.5MW wind turbine which is 
typical of the type and size of turbine which may be considered for this site, and assuming worst 
case downwind propagation. 

8.1.8 In summary, operational noise immission levels are acceptable in terms of the guidance 
commended by planning policy for the assessment of wind turbine noise. 
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A.1 Some sound, such as speech or music, is desirable. However, desirable sound can turn into 
unwanted noise when it interferes with a desired activity or when it is perceived as inappropriate 
in a particular environment. 

A.2 When assessing the impact of sound on humans there are two equally important components 
that must both be considered: the physical sound itself, and the psychological response of 
people to that sound. It is this psychological component which results in those exposed 
differentiating between desirable sound and unwanted noise. Any assessment of the impact of 
sound relies on a basic appreciation of both these components. This Appendix provides an 
overview of these topics. A glossary of acoustic terminology is included at the end of this 
Appendix. 

A.3 The assessment of environmental noise can be best understood by considering physical sound 
levels separately from the likely effects that these physical sound levels have on people, and on 
the environment in general. 

A.4 Physical sound is a vibration of air molecules that propagates away from the source. As 
acoustic energy (carried by the vibration back and forth of the air molecules) travels away from 
the source of the acoustic disturbance it creates fluctuating positive and negative acoustic 
pressures in the atmosphere above and below the standing atmospheric pressure. For most 
types of sound normally encountered in the environment these acoustic pressures are 
extremely small compared to the atmospheric pressure. When acoustic pressure acts on any 
solid object it causes microscopic deflections in the surface. For most types of sound normally 
encountered in the environment these deflections are so small they cannot physically damage 
the material. It is only for the very highest energy sounds, such as those experienced close to a 
jet engine for example, that any risk of physical damage exists. For these reasons, most sound 
is essentially neutral and has no cumulative damaging physical effect on the environment. The 
impact of environmental sound is therefore limited to its effects on people or animals. 

A.5 Before reviewing the potential effects of environmental sound on people, it is useful first to 
consider the means by which physical sound can be quantified. 

Indicators of Physical Sound Levels 

A.6 Physical sound is measured using a sound level meter. A sound level meter comprises two 
basic elements: a microphone which responds in sympathy with the acoustic pressure 
fluctuations and produces an electrical signal that is directly related to the incident pressure 
fluctuations, and a meter which converts the electrical signal generated by the microphone into 
a decibel reading. Figure A1 shows an example of the time history of the decibel readout from a 
sound level meter located approximately 50 m from a road. The plot covers a total time period 
of approximately 2 hours. The peaks in the sound pressure level trace correspond to the 
passage of individual vehicles past the measurement location. 

A.7 Assigning a single value to the time varying sound pressure level presented in Figure A1 is 
clearly not straightforward, as the sound pressure level varies by over 50 dB with time. To 
overcome this, the measurement characteristics of sound level meters can be varied to 
emphasise different features of the sound that are thought to be most relevant to the effect 
under consideration. 
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Figure A1 Sample plot of the sound pressure level measured close to a road over a period of 
approximately two hours. 
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Objective measures of noise 

A.8 The primary purpose of measuring environmental noise is to assess its impact on people. 
Consequently, any sound measuring device employed for the task should provide a simple 
readout that relates the objectively measured sound to human subjective response. To achieve 
this, the instrument must, as a minimum, be capable of measuring sound over the full range 
detectable by the human ear. 

A.9 Perceived sound arises from the response of the ear to sound waves travelling through the air. 
Sound waves comprise air molecules oscillating in a regular and ordered manner about their 
equilibrium position. The speed of the oscillations determines the frequency, or pitch, of the 
sound, whilst the amplitude of oscillations governs the loudness of the sound. A healthy human 
ear is capable of detecting sounds at all frequencies from around 20 Hz to 20 kHz over an 
amplitude range of approximately 1,000,000 to 1. Even relatively modest sound level meters are 
capable of detecting sounds over this range of amplitudes and frequencies, although the 
accuracy limits of sound level meters vary depending on the quality of the unit. When 
undertaking measurements of wind turbine noise, as with all other noise measurements, it is 
important to select a measurement system that possesses the relevant accuracy tolerances and 
is calibrated to a matching standard. 

A.10 Whilst measurement systems exist that are capable of detecting the range of sounds detected 
by the human ear, the complexities of human response to sound make the derivation of a likely 
subjective response from a simple objective measure a non-trivial problem. Not only does 
human response to sound vary from person to person, but it can also depend as much on the 
activity and state of mind of an individual at the time of the assessment, and on the ócharacterô 
of the sound, as it can on the actual level of the sound. In practice, a complete range of 
responses to any given sound may be observed. Thus, any objective measure of noise can, at 
best, be used to infer the average subjective response over a sample population. 
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Sound Levels and Decibels 

A.11 Because of the broad amplitude range covered by the human ear, it is usual to quantify the 
magnitude of sound using the decibel scale. When the amplitude of sound pressure is 
expressed using decibels (dB) the resultant quantity is termed the sound pressure level. Sound 
pressure levels are denoted by a capital óLô, as in L dB. The conversion of sound pressure from 
the physical quantity of Newton per square metre, or Nm

-2
, to sound pressure level in dB 

reduces the range from 0 dB at the threshold of hearing to 120 dB at the onset of pain. Both of 
these values are derived with respect to the hearing of the average healthy young person. 

A.12 Being represented on a logarithmic amplitude scale, the addition and subtraction of decibel 
quantities does not follow the normal rules of linear arithmetic. For example, two equal sources 
acting together produce a sound level 3 dB higher than either source acting individually, so 
40 dB + 40 dB = 43 dB and 50 dB + 50 dB = 53 dB. Ten equal sound sources acting together 
will be 10 dB louder than each source operating in isolation. Also, if one of a pair of sources is 
at least 10 dB quieter than the other, then it will contribute negligibly to the combined noise 
level. So, for example, 40 dB + 50 dB = 50 dB. 

A.13 An increase in sound pressure level of 3 dB is commonly accepted as the smallest change of 
any subjective significance. An increase of 10 dB is often claimed to result in a perceived 
doubling in loudness, although the basis for this claim is not well founded. An increase of 3 dB 
is equivalent to a doubling in sound energy, which is the same as doubling the number of similar 
sources. An increase of 10 dB is equivalent to increasing the number of similar sources tenfold, 
whilst an increase of 20 dB requires a hundredfold increase in the number of similar sources 
and an increase of 30 dB requires a thousand times increase in the number of sources. 

Frequency Selectivity of Human Hearing and A-weighting 

A.14 Whilst the hearing of a healthy young individual may detect sounds over a frequency range 
extending from less than 20 Hz to greater than 20 kHz, the ear is not equally sensitive at all 
frequencies. Human hearing is most sensitive to sounds containing frequency components lying 
within the range of predominant speech frequencies from around 500 Hz to 4000 Hz. Therefore, 
when relating an objectively measured sound pressure level to subjective loudness, the 
frequency content of the sound must be accounted for. 

A.15 When measuring sound with the aim of assessing subjective response, the frequency selectivity 
of human hearing is accounted for by down-weighting the contributions of lower and higher 
frequency sounds to reduce their influence on the overall reading. This is achieved by using an 
óAô-weighting filter. Over the years, the A-weighting has become internationally standardised 
and is now incorporated into the majority of environmental noise standards and regulations in 
use around the world to best replicate the subjective response of the human ear. A-weighting 
filters are also implemented as standard on virtually all sound measurement systems. 

A.16 Sound pressure levels measured with the A-weighting filter applied are referred to as 
óA-weightedô sound pressure levels. Results from such measurements are denoted with a 
subscripted capital A after the óLô level designation, as in 45 dB LA, or alternatively using a 
bracketed óAô after the ódBô decibel designation, as in 45 dB(A). 

Temporal Variation of Noise and Noise Indices 

A.17 The simple A-weighted sound pressure level provides a snapshot of the sound environment at 
any given moment in time. However, as is adequately demonstrated by Figure A1, this 
instantaneous sound level can vary significantly over even short periods of time. A single 
number indicator is therefore required that best quantifies subjective response to time varying 
environmental noise, such as that shown in Figure A1. The question thus arises as to how 
temporal variations in level should be accounted for.  This is most often achieved in practice by 
selecting a representative time period and calculating either the average noise level over that 
time period or, alternatively, the noise level exceeded for a stated proportion of that time period, 
as discussed below. 
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Equivalent Continuous Sound Level, LAeq,T 

A.18 The equivalent continuous sound level, or LAeq,T averages out any fluctuations in level over time. 
It is formally defined as the level of a steady sound which, in a stated time period óTô and at a 
given location, has the same sound energy as the time varying sound. The LAeq,T is a useful 
ógeneralô noise index that has been found to correlate well with subjective response to most 
types of environmental noise. 

A.19 The equivalent continuous sound level is expressed LAeq,T in dB, where the Aïweighting is 
denoted by the subscripted óAô, the use of the equivalent continuous index is denoted by the 
subscripted óeqô, and the subscripted óTô refers to the time period over which the averaging is 
performed. So, for example, 45 dB LAeq,1hr indicates that A-weighted equivalent continuous noise 
level measured over a one hour period was 45 dB.  

A.20 The disadvantage of the equivalent continuous sound level is that it provides no information as 
to the temporal variation of the sound. For example, an LAeq,1hr of 60 dB could result from a 
sound pressure level of 60 dB(A) continuously present over the whole hourôs measurement 
period, or it could arise from a single event of 96 dB(A) lasting for just 1 second superimposed 
on a continuous level of 30 dB(A) which exists for the remaining 59 minutes and 59 seconds of 
the hour long period. Clearly, the subjective impact of these two apparently identical situations 
(if one were to rely solely on the LAeq index) could be quite different. 

A.21 The aforementioned feature can produce problems where the general ambient noise level is 
relatively low. In such cases the LAeq,T can be easily ócorruptedô by individual noisy events. 
Examples of noisy events that often corrupt LAeq,T noise measurements in situations of low 
ambient noise levels include birdsong or a dog bark local to a noise monitoring point, or an 
occasional overflying aircraft or a sudden gust of wind.  This potential downside to the use of 
LAeq,T as a general measurement index is of particular relevance to the assessment of ambient 
noise in quiet environments, such as those typically found in rural areas where wind farms are 
developed. 

A.22 Despite these shortcomings in low noise environments, the LAeq,T index is increasingly becoming 
adopted as the unit of choice for both UK and European guidance and legislation, although this 
choice is often as much for reasons of commonality between standards as it is for overriding 
technical arguments. In the Governmentôs current planning policy guidance notes the LAeq,T 
noise level is the index of choice for the general assessment of environmental noise. This 
assessment is undertaken separately for daytime (LAeq,16hr 07:00 to 23:00) and night-time 
(LAeq,8hr 23:00 to 07:00) periods. However, it is often the case for quiet environments, or for non-
steady noise environments, that more information than can be gleaned from the LAeq,T index 
may be required to fully assess potential noise impact. 

Maximum, LAmax, and percentile exceeded sound level, LAn,T 

A.23 Figure A1 shows, superimposed on the time varying sound pressure level trace and in addition 
to the LAeq,T noise level, examples of three well established measurement indices that are 
commonly used in the assessment of environmental noise impacts. These are the maximum 
sound pressure level, LAmax, the 90 percentile sound pressure level, LA90,T and the ten percentile 
sound pressure level, LA10,T. 

A.24 The LAmax,F readings is suited to indicating the physical magnitude of the single individual sound 
event that reaches the maximum level over the measurement period, but it gives no indication 
of the number of individual events of a similar level that may have occurred over the time 
period. 

A.25 Unlike the LAeq,T index and the LAmax,F indices, percentile exceeded sound levels, percentage 
exceeded sound levels provide some insight into the temporal distribution of sound level 
throughout the averaging period. Percentage exceeded sound levels are defined as the sound 
level exceeded by a fluctuating sound level for n% of the time over a specified time period, T. 
They are denoted by LAn,T in dB, where ónô can take any value between 0% and 100%. 
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A.26 The LA10,T and LA90,T indices are the most commonly encountered percentile noise indices used 
in the U.K. 

A.27 The 10%ôile index, or LA10,T provides a measure of the sound pressure level that is exceeded for 
10% of the total measurement period. It therefore represents the typical upper level of sound 
associated with specific events, such as the passage of vehicles past the measurement point. It 
is the traditional index adopted for road traffic noise. This index is useful because traffic noise is 
not usually constant, but rather it fluctuates with time as vehicles drive past the receptor 
location. The LA10,T therefore characterises the typical level of peaks in the noise as vehicles 
drive past, rather than the lulls in noise between the vehicles. 

A.28 The LA90,T noise index is the noise level exceeded for 90% of the time period, T. It provides an 
estimate of the level of continuous background noise, in effect performing the inverse task of the 
LA10,T index by detecting the lulls between peaks in the noise. It is for this reason that the LA90,T 
noise index is the favoured unit of measurement for wind farm noise where, for the reasons 
discussed above, the generally low LAeq,T noise levels are easily corrupted by intermittent 
sounds such as those produced by livestock, agricultural vehicles or the occasional passing 
vehicle on local roads. The LA90,T noise level represents the typical lower level of sound that may 
be reasonably expected to be present for the majority (90%) of the time in any given 
environment. This is usually referred to as the óbackgroundô noise level. 

Temporal Variations Outside the Noise Index Averaging Periods, óTô 

A.29 Averaging noise levels over the time period óTô of the LAeq,T and LAn,T  noise indices can 
successfully account for variations in noise over the time period, T. Some variations, however, 
exhibit trends over longer periods. At larger distances from noise sources meteorological factors 
can significantly affect received noise levels. At a few hundred metres from a constant level 
source of noise the potential variation in noise levels may be greater than 15 dB(A). To account 
for this variability consideration must be taken of meteorological conditions, particularly wind 
direction, when measurements and predictions are undertaken. As a general rule, when 
compared with the received noise level under neutral wind conditions, wind blowing from the 
source to the receiver can slightly enhance the noise level at the receiver (typically by no more 
than 3 dB(A)), but wind blowing from the receiver to the source can very significantly reduce the 
noise level at the receiver (typically by 15 dB(A) or more). 

A.30 A similar effect occurs under conditions of temperature inversion, such as may exist after sunset 
when radiative cooling from the ground lowers the temperature of the air lying at low level more 
quickly than the air at higher levels, by loss of temperature through convective effects. This 
results in the air temperature increasing with increasing height above the ground. Depending on 
the source to receiver distance relative to the heights of the source and receiver, this situation 
can lead to sound waves becoming ótrappedô in the layer of air lying closest to the ground. The 
consequence is that noise levels at receptor locations can increase relative to those 
experienced under conditions of a neutral temperature gradient or a temperature lapse. The 
maximum increases compared to neutral conditions are similar to those experienced under 
downwind conditions of no more than around 3 dB(A). It is also worth noting that temperature 
lapse conditions, which is the more usual situation where temperature decreases with 
increasing height, can result in reductions in noise level at receptor locations by 15 dB(A) or 
more compared with the neutral conditions. The similarity between the magnitude of potential 
variations in noise levels for wind induced and temperature induced effects is not surprising, as 
the physical mechanisms behind the variations in level are the same for both situations: both 
variations result from changes in the speed of sound as a function of height above local ground 
level. 

A.31 Temperature inversions on very still days can also affect noise propagation over much larger 
distances of several kilometres. These effects can produce higher than expected noise levels 
even at these very large distances from the source. A classic example that many people have 
experienced is the distant, usually inaudible, railway train that suddenly sounds like it is passing 
within a few hundred metres of a dwelling. However, these situations must generally be 
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considered as rare exceptions to the usually encountered range of noise propagation 
conditions, especially in the case of wind farm noise as they rely on calm wind conditions under 
which wind turbines do not operate. 

Effects of Sound on People 

A.32 Except at very high peak acoustic pressures, the energy levels in most environmental sounds 
are too low to cause any physical disruption in any part of the body, just as they are too low to 
cause any direct physical damage to the environment. The main effects of environmental sound 
on people are therefore limited to possible interference with specific activities or to some kind of 
annoyance response. Some researchers have claimed statistical associations between 
environmental noise and various long term health effects such as clinical hypertension or 
mental health problems, although there is no consensus on possible causative mechanisms. 
Evidence in support of health effects other than annoyance and some indicators of sleep 
disturbance is weak. However, the theory that psychological stress caused by annoyance might 
contribute to adverse health effects in otherwise susceptible individuals seems plausible. Health 
effects in the ómore usualô definition of physiological health therefore remain as a theoretical 
possibility which has neither been proved nor disproved. However, the World Health 
Organisation defines health in the wider context of: 

óa state of complete physical, mental and social well-being and not merely the absence of 
infirmityô. 

And within this wider context potential health effects of environmental noise are summarised by 
the World Health Organisation as: 

Á interference with speech communications; 

Á sleep disturbance; 

Á disturbance of concentration; 

Á annoyance; 

Á social and economic effects; 

Speech Interference 

A.33 The instantaneous masking effects of unwanted noise on speech communication can be 
predicted with some accuracy by using specialist methods of calculation, but the overall effect of 
a small amount of speech interference on everyday life is harder to judge. The significance of 
speech masking depends on the context in which it occurs. For example, isolated noise events 
could interfere with telephone conversations by masking out particular words or parts of words 
but, because of the high redundancy in normal speech, the masking of individual words can 
often have no significant effect on the intelligibility of the overall message. Notwithstanding the 
above, noise levels from wind farms at even the closest located dwellings in otherwise quiet 
environments are usually no more than around 30 dB(A) indoors, even with windows open. This 
internal noise level is 5 dB(A) below the 35 dB(A) suggested by the World Health Organisation 
as the lowest potential cut-on level for issues relating to speech intelligibility. 

Sleep Disturbance 

A.34 Although sleep seems to be a fundamental requirement for humans, the most significant effect 
of sleep loss seems to be increased sleepiness the next day. Sleep normally follows a regular 
cyclic pattern from awake through light sleep to deep sleep and back, this cycle repeating 
several times during the night at around 90 minute intervals. Most people wake for short periods 
several times every night as part of the normal sleep cycle without necessarily being aware of 
this the next day. REM, or rapid eye movement, sleep is associated with dreaming and occurs 
several times each night during the lighter sleep stages. 
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A.35 Electroencephalography (EEG) and similar techniques can be used to detect transient 
physiological responses to noise at night. Transient responses can be detected by short bursts 
of activity in the recorded waveforms which often settle back down to the same pattern as 
immediately before the event. Sometimes a transient response will be the precursor of a definite 
lightening of sleep, or even of an awakening, but often no discernible physical event happens at 
all. 

A.36 These results suggest that at least parts of the auditory system remain fully operational even 
while the listener is asleep. The main purpose of this seems to be to arouse the listener in case 
of danger or in case some particular action is required which cannot easily be accomplished 
whilst remaining asleep. On the other hand, the system appears to be designed to filter out 
familiar sounds which experience suggests do not require any action. A very loud sound is likely 
to overcome the filtering mechanism and wake the listener, while intermediate and quieter 
sounds might only wake a listener who has a particular focus on those specific sounds. There is 
no evidence that the transient physiological responses to noise whilst asleep are anything other 
than normal. There is also considerable anecdotal evidence that people habituate to familiar 
noise at night, although some of the research evidence on this point is contradictory. 

A.37 There is no consensus on how much sleep disturbance is significant.  Some authorities take a 
precautionary approach, under which any kind of physiological response to noise is considered 
important, irrespective  of whether there are any next day effects or not.  Other studies suggest 
that transient physiological responses to unfamiliar stimuli at night are merely an indication of 
normal function and do not need to be considered as adverse effects unless they contribute to 
significant next-day effects.  Recent World Health Organisation guidelines based mainly on 
laboratory studies suggest indoor limit values of 30 dB LAeq and 45 dB LAfmax to avoid sleep 
disturbance, while other studies carried out in-situ, where habituation to the noise in question 
may have occurred, have found that much higher levels can be tolerated without any noticeable 
ill-effects. 

Noise Annoyance 

A.38 Noise annoyance describes the degree of óunwantednessô of a particular sound in a particular 
situation. Peopleôs subjective response to noise can vary from not being bothered at all, through 
a state of becoming aware of the noise, right through to the point of becoming annoyed by the 
noise when it reaches a sufficiently high level.  There is no statutory definition of noise 
annoyance. 

A.39 Numerous noise annoyance surveys carried out over the last three decades have attempted to 
establish engineering relationships between the amount of noise measured objectively using 
sound level meters and the amount of community annoyance determined from questionnaires. 
The chief outcome of óreported annoyanceô has been measured using a very large range of 
different ideas. Both the wording of any questionnaire used and the context in which the 
question is put, and the manner in which it is therefore interpreted by respondents, can be very 
important. Some researchers are developing standardised questionnaire formats to encourage 
greater comparability between different studies, but this does not address the possibility of 
different contextual effects. 

A.40 Notwithstanding these problems, there is a general consensus that average reported 
annoyance increases with aggregate noise level in long term static situations. However, there 
has been comparatively little research and consequently no real agreement on the effects of 
change. Some studies have found that even small changes in noise level can have 
unexpectedly large consequences on reported annoyance, while others have found the 
opposite. The most likely explanation for these apparent discrepancies is that underlying or true 
annoyance depends on many non-acoustic factors in addition to noise level alone, and that the 
extent to which reported annoyance actually represents underlying annoyance can be highly 
dependent on context. As a consequence, attempts to find a common relationship across all 
noise sources and listening situations have generally floundered. This task has been 
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complicated by the great range of individual sensitivities to noise observed in the surveys, often 
affected as much by attitude as by noise level. 

A.41 Whether or not an exposed individual has a personal interest in a given sound often has a 
significant bearing on their acceptance of it. For example, if recipients gain benefit from an 
association with the sound producer, or if they accept that the sound is necessary and largely 
unavoidable, then they are likely to be more tolerant of it. This is often the case even if they 
donôt necessarily consider it desirable. A good example of this is road traffic noise which is the 
dominant noise heard by over 90% of the population but results in relatively few complaints. 

A.42 Notwithstanding the fact that attitudes may be as important as overall levels in determining the 
acceptance of a particular noise, there still remains a need to objectively quantify any changes 
in noise level. Whilst it may not be possible to attribute a particular degree of annoyance to a 
given noise level, an objective measure of noise that bears some relationship to annoyance is 
still useful. This objective measure enables an assessment of the effect of changes to be 
assessed on the basis that any reduction in overall noise level must be beneficial. Possible 
noise mitigation measures form a central consideration of any noise impact assessment, so an 
appropriate methodology must be adopted for assessing the effectiveness of any noise 
mitigation measures adopted. 

A.43 When assessing the potential impact of any new source of noise, it is common practice to 
compare the A-weighted óspecificô noise level produced by the new source (usually measured 
using the LAeq,T index) against the existing A-weighted óbackgroundô noise level measured using 
the LA90,T index, as this is the typical level of noise that can be reasonably expected to be 
present the majority of the time to potentially ómaskô the new óspecificô noise. The assessment is 
therefore undertaken within the context of the existing noise environment. In some 
circumstances it may prove equally instructive to compare the absolute level of a new specific 
noise against accepted absolute levels defined in standards or other relevant documents. The 
assessment is therefore undertaken against benchmark values, rather than against the context 
of the existing noise environment. Whatever approach is actually adopted for final assessment 
purposes, and often a combination of the two approaches is appropriate, it is important that the 
relevance of both contextual and benchmark assessments are at least considered in all cases. 

A.44 Table 4.1 of the WHO Guidelines presents guideline benchmark values for environmental noise 
levels in specific environments. The noise levels relevant to residential dwellings are listed here 
in Table A1. 

Table A1 Relevant Extracts from Table 4.1 óGuideline Values for Community Noise in Specific 
Environmentsô. 

Specific Environment Critical Health Effects LAeq,T 

(dB) 

Time 
base 
(hrs) 

LAmax 

(dB) 

Outdoor living area Serious annoyance, daytime and evening 

Moderate annoyance, daytime and evening 

55 

50 

16 

16 

- 

- 

Dwelling, indoors Speech intelligibility and moderate annoyance, daytime 
and evening 

Sleep disturbance, night-time 

35 
 

30 

16 
 

8 

- 
 

45 

Outside bedrooms Sleep disturbance, window open (outdoors) 45 8 60 

School class rooms 
(included for potential 
effects on concentration) 

Speech intelligibility, disturbance of information 
extraction, message communication 

35 - - 

A.45 The text accompanying the Table in the WHO Guidelines explains that the levels given in the 
Table are set at the lowest levels at which the onset of any adverse health due to exposure to 
noise has been identified. The text continues: 

óThese are essentially values for the onset of health effects from noise exposure. It would 
have been preferred to establish guidelines for exposure-response relationships. Such 
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relationships would indicate the effects to be expected if standards were set above the 
WHO guideline values and would facilitate the setting of standards for sound pressure 
levels (noise immission standards)ô. 

A.46 In addition to consideration of the absolute A-weighted level of a new specific source of noise, 
other properties of the noise can heighten its potential impact when introduced into an existing 
background noise environment. Such properties of noise are commonly referred to as óacoustic 
featuresô or the óacoustic characterô. These acoustic features can set apart the new source of 
noise from naturally occurring sounds. Commonly encountered acoustic features associated 
with transport and machinery sources, for example, can include whistles, whines, thumps, 
impulses, regular or irregular modulations, high levels of low frequency sound, rumbling, etc. 

A.47 Due to the potential of acoustic features to increase the impact of a noise over and above the 
impact that would result from an otherwise óblandô broad band noise of the same A-weighted 
noise level, it is common practice to add a ócharacter correctionô to the specific noise level 
before assessing its potential impact. The resulting character corrected specific noise level is 
often referred to as the óratedô noise level. Such character corrections usually take the form of 
adding a number of decibels to the physically measured or calculated noise level of the specific 
source. Typical character corrections are around +5 dB(A), although the actual correction 
depends on the subjective significance of the particular feature being accounted for. 

A.48 The objective identification and rating of acoustic features can introduce a requirement to 
analyse sound in greater detail than has thus far been discussed. To this point all discussion 
has focussed on the use of the overall A-weighted noise level. This single figure value is derived 
by summing together all the acoustic energy present in the signal across the entire audible 
spectrum from around 20 Hz to 20,000 Hz, albeit with the lower and higher frequency 
contributions down-weighted in accordance with the A-weighting filter characteristics to account 
for the reduced sensitivity of the human ear at these frequencies. 

A.49 However, in order to identify the presence of tones (which are concentrations of acoustic energy 
over relatively small bands of frequency), or in order to identify excessive levels of low 
frequency noise, it may be necessary to determine the acoustic energy present in the noise 
signal across much smaller frequency bands. This is where the concept of octave band 
analysis, fractional (e.g. 1/3, 1/12, 1/24) octave band analysis, or even narrow band Fast 
Fourier Transform (FFT) analysis is introduced. The latter enables signals to be resolved in 
frequency bandwidths of down to 1 Hz or even less, thereby enabling tonal content to be more 
easily identified and measured. As standard, noise emission data for wind turbines is supplied 
as octave band data, with narrow band tests also being undertaken to establish the presence of 
any tones in the radiated noise spectrum. 

Effects of Noise on Wildlife 

A.50 There are large numbers of papers in the literature which describe the effects of noise on birds 
and animals, both wild and livestock.  

A.51 Just as noise impact assessment on humans is made difficult by the variability of responses 
between different people and between different situations, noise impact assessment on wildlife 
is even more problematical, not least due to the problem of monitoring the response of wildlife 
to noise. 

A.52 For larger species it may be possible to install telemetry on the body of the animal to relay 
information about its body systems (e.g. heart rate, temperature etc.). However, the minimum 
physical sizes of telemetry systems means this is not an option for smaller species. Also, even 
where it is possible, the fact that the animals must first be captured to have a system installed 
disturbs them, and the results of the subsequent study may be biased. In the absence of such 
telemetric data, researchers must rely on observations such as flight from nests, short term 
departure from usually populated areas and deviations from expected line of travel. However, 
flock and pack instincts often mean that just one animal changing course or taking flight can 
result in all the others doing the same. 
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A.53 The only truly robust determinant to the impact of noise on wildlife is the long term desertion of 
traditionally inhabited areas, or a reduction in breeding numbers. However, even these factors 
can be brought into question when the noise is a result of some other local activity, such as the 
passage of vehicles. In these cases it is often difficult to establish whether the observed effect is 
a consequence of the visual disturbance or the noise. 

A.54 Direct comparisons of results between species, or even between different research findings into 
the same species, are therefore often unclear, and it is difficult to draw firm conclusions as to 
the impact of noise on wildlife, other than in a highly generalised manner. 

A.55 General features apparent from the literature are that the most sensitive time for animals is 
during nesting or breeding seasons. Those that take flight whilst sitting on their eggs or tending 
their young can leave them open to predators, even if they return fairly quickly. However, many 
species have been shown to habituate to noise of all types, including road traffic noise, aircraft 
noise or even the decreasing effectiveness with time of impulsive type bird scarers, such as 
those used around airports. 

Low Frequency Noise and Vibration ï Wind Farms 

A.56 One issue that has increasingly been raised concerning potential noise impact of operational 
wind farms relates not to the overall noise levels, but to the specific issue of low frequency 
sound. However, confusion sometimes arises from the use of the generalised term ólow 
frequency soundô to describe specific effects that may, or sometimes may not, actually relate 
the low frequency character of the sound itself. 

A.57 In this respect there are three distinct characteristics of sound that should be clearly 
differentiated between: 

Á Low frequency sound in the range from around 20 Hz to 200 Hz, which therefore lies 
within the commonly referenced range of human hearing of around 20 Hz to 20,000 Hz; 

Á Very low frequency sound, or infrasound, below 20 Hz, which therefore lies below the 
commonly referenced lower frequency limit of human hearing; 

Á Amplitude modulated sound that characterises the óswish, swishô sound sometimes heard 
from rotating wind turbine blades. 

A.58 Looking at the first two of the three types of sound referred to in the preceding bullet points, a 
distinction is usually made between low frequency sound and very low frequency sound, 
otherwise termed infrasound. This distinction is based on the fact that the frequency range of 
audible noise is generally taken to be from 20 Hz to 20,000 Hz. Therefore, the range of 
frequencies from about 20 Hz to 200 HZ is usually taken to cover audible low frequency sound, 
whereas frequencies below 20 Hz are usually described as infrasound. The implication here is 
that low frequency sound is audible and infrasound is inaudible. However, this relatively 
arbitrary distinction between low frequency sound and infrasound can introduce some confusion 
in that frequencies below 20 Hz can still be heard provided they produce a sound pressure level 
at the ear of the listener that lies above the threshold of audibility of that listener to sound at that 
particular frequency. 

A.59 The fact that low frequency sound and infrasound from wind farms has only relatively recently 
been highlighted as a potential problem by some groups does not mean that that the wind 
energy industry had not previously considered the issue. In fact the issue of low frequency 
sound was one of the predominant technical hurdles associated with the some of the earliest 
larger scale wind turbines installed in the USA. These turbines were of the ódownwindô type, 
ódownwindô referring here to the fact that the rotor blades were located downwind of the turbine 
tower rather than upwind of it, as is the case for current machines. It was found that the 
interruption of wind flow past the tower resulted in a region of lower than average wind speed 
immediately in the wake of the tower. The passage of the blades into this region of lower wind 
speed in the wake of the tower, then back into the higher wind speed as they emerged from the 
wake of the tower back into the main wind stream, resulted in the generation of low frequency 
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sound, often in the subjective form of a distinctive impulse, often referred to as a óthumpô or 
ótower thumpô. It was for this reason that modern day turbine configurations now have the 
blades upwind of the tower, as research and measurements demonstrated that low frequency 
sound radiation is reduced to sub-audible levels once the interaction of downwind tower wake 
effects with the rotating blades are removed from the design. 

A.60 One of the problems inherent in the assessment of both low frequency sound and infrasound is 
the variability of hearing sensitivity across human subjects with otherwise healthy hearing. This 
threshold for sound below 200 Hz varies significantly more between different subjects than does 
the hearing threshold at higher frequencies. However, what is always true is that the perception 
threshold to lower frequency noise is much higher than the perception threshold for speech 
frequencies between around 250 Hz to 4,000 Hz. For example, the average person with healthy 
hearing is some 70 dB less sensitive to sounds at 20 Hz than to sounds that fall within the range 
of speech frequencies. An additional factor relevant to the perception of infrasound is that, 
although audibility remains below 20 Hz, tonality is lost below 16 Hz to 18 Hz, thus losing a key 
element of perception. 

A.61 Both low frequency sound and infrasound are generally present all around us in modern life. 
They may be generated by many natural sources, such as thunder, earthquakes, waves and 
wind. They may also be produced by machinery including household appliances such as 
washing machines and air conditioning units, all forms of transport and by turbulence. The 
presence of low frequency sound and infrasound in our everyday lives is heightened by the fact 
that the attenuation of sound in air is significantly lower at low frequencies than at the mid to 
high frequencies. As a result, noise which has travelled over long distances is normally biased 
towards the low frequencies. However, the fact that human hearing naturally down-weights, or 
filters out, sounds of such low frequencies means we are generally not aware of its presence. It 
is only under circumstances when it reaches a sufficiently high level, for example in the órumbleô 
of distant thunder or the sound of large waves crashing on a shore, that we become aware of its 
presence. 

A-Weighting 

A.62 It is because the human ear increasingly filters out sounds of lower frequencies that 
environmental noise measurements are undertaken as standard using sound level meters that 
apply the A-weighting curve, as it filters out lower frequency sounds to the same degree as the 
hearing of a healthy person with unimpaired hearing. The A-weighted sound level is used as a 
measure of subjective perception of sound unless there exists such a predominance of low 
frequency sound or infrasound relative to the level of sound at higher frequencies that the use of 
the A-weighting curve would down-weight the actual source of the problem to such a degree 
that the resultant objective noise levels do not truly reflect the potential subjective impact of the 
noise. It is for this reason that a number of alternative weighting curves have been developed, 
specifically aimed at better accounting for the assessment of low frequency sound and 
infrasound. 

C-Weighting 

A.63 One such curve is denoted C-weighting, as also described in the Noise Appendix to the full ES. 
Unlike the A-weighting curve, which gradually reduces the significance of frequencies below 
1000 Hz until at 10 Hz the attenuation is 70 dB, the C-weighting curve is flat to within 1 dB down 
to about 50 Hz and then drops by 3 dB at 31.5 Hz and 14 dB at 10 Hz. The C-weighting curve 
was originally developed to reflect the fact that, at higher overall noise levels, low frequencies 
can have a greater subjective impact than at lower overall noise levels. 

A.64 One relatively simple measure of undertaking a first-pass assessment as to whether low 
frequency sound is likely to be an issue is to determine the difference between the overall 
C-weighted noise level and the overall A-weighted noise level. The C-weighted level includes 
contributions from low frequency sound, whereas the A-weighted level filters it out. It has been 
suggested in that a level difference of more than 20 dB indicates that low frequency sound may 
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be subjectively significant, but more detailed investigations are in practice required to determine 
whether or not this is actually the case. 

G-Weighting 

A.65 Another curve, termed the G-weighting curve, has been specifically derived to provide a 
measure of the audibility of infrasound when considered separately from higher frequency 
noise. The G-weighting curve falls off rapidly above 20 Hz and below 20 Hz it follows assumed 
hearing contours with a slope of 12 dB per octave down to 2 Hz. A graphical representation of 
the G-weighting curve is shown below. 

Figure A2 The G-weighting curve used for the assessment of infrasound 

 

A.66 In terms of the threshold of audibility for low frequency sound, different countries generally 
adopt their own criteria. The following table is reproduced from Table 9 of the DEFRA report by 
Leventhall [1] and shows typical examples of audibility thresholds from two different standards, 
showing significant similarity between the two standards. 
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Table A2 Comparison of two different thresholds quoted in reference as being used for the assessment of low 
frequency sound 

  

A.67 As mentioned previously, one of the problems of determining the threshold of audibility to low 
frequency sound when compared with higher frequency sounds is that the variability between 
individual subjects tends to be higher. Because of this spread of data, it is sometimes 
considered prudent to determine the lowest level of audibility as perceived by someone who is 
extremely sensitive to low frequency sound. There are some people who are more sensitive, 
and some who are less sensitive, to low frequency sound. Measurements on groups of subjects 
indicate that the standard deviation of the threshold is around 6 dB. Therefore, allowing two 
standard deviations for variations about the mean sensitivity leaves the potential for only 2.5% 
of the population being more sensitive than 12 dB below the average threshold. 

A.68 It is against these typical threshold criteria, accounting for potential variability in sensitivity 
between different subjects, that assessments of the potential impact of low frequency sound 
and infrasound are undertaken. 

Infrasound 

A.69 Over the past few years there has been considerable attention paid to the possibility that 
operational wind farms may radiate sufficiently high levels of infrasound to cause health 
problems. It has, however, been the case that dedicated research investigations have shown 
this not to be the case. 

A.70 As early as 1997 a report by Snow [2] gave details of a comprehensive study of infrasound and 
low frequency sound (up to around 100 Hz) and vibration measurements made in the vicinity of 
a wind farm. Measurements were made both on the wind farm site, and at distances of up to 
1 km. During the experiments a wide range of wind speeds and directions were recorded. It was 
found that the vibration levels at 100 m from the nearest turbine itself were a factor of 10 lower 
than those recommended for human exposure in the most critical buildings (i.e. laboratories for 
precision measurements), and lower again than the limits specified for residential premises. A 
similar comparison with recognised limits for assessing structural damage showed that the 
measured vibrations were a factor of 100 below the recommended guidelines at 100 m from the 
turbines. 

A.71 Noise and vibration levels were found to comply with recommended residential criteria even on 
the wind turbine site itself. Although low level infrasonic (i.e. below 20 Hz) periodic noise from 
the wind farm was detected by instrumentation at distances up to 1 km, the measuring 
instruments used were much more sensitive than human hearing. Based on his measurements 
Snow concluded that subjective detection of the wind turbines may be apparent at this distance, 
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but if this is the case it will be due to higher frequency components (which are more readily 
masked by general ambient environmental noise) and not the low frequency components which 
lie below the threshold of audibility. 

A.72 More recently, in 2003, findings on both low frequency sound and infrasound have been 
compiled into the previously referenced extensive review report commissioned by DEFRA and 
prepared by Dr G Leventhall [1]. Dr Leventhall notes that despite the numerous published 
studies there is little or no agreement about the biological effects of infrasound or low frequency 
sound on human health. Leventhall notes that direct evidence of adverse effects of exposure to 
low-intensity levels of infrasound (less than 90 dB) is lacking. He goes on to describe the low 
frequency hearing threshold i.e. the lowest levels which are audible to an average person with 
normal hearing. He notes the threshold at 4 Hz is about 107 dB, at 10 Hz it is about 97 dB and 
at 20 Hz it is 79 dB . As such, high levels of infrasound are required to exceed the hearing 
thresholds at such low frequencies. Leventhall therefore concluded that most people can be 
reassured that there will be no serious consequences to peoplesô health from infrasound 
exposure.  

A.73 Indeed, specifically in relation to wind farms and infrasound, Leventhall went further still with his 
statement of reassurance. This additional reassurance followed the voicing of concerns by 
some interested parties that, because infrasound and very low frequency vibrations could be 
measured from wind farms, then it must follow that these were a potential hazard and source of 
annoyance. In fact what those concerned observers failed to account for is that highly sensitive 
electronic measuring equipment designed solely to detect such infrasonic sounds and vibrations 
is orders of magnitude more sensitive than even the most sensitive human. Thus, whilst such 
measurement systems may be able to detect such low level phenomena, the same stimuli can 
have no effect on humans. In the light of this, Leventhall issued an open statement: 

óI can state quite categorically that there is no significant infrasound from current designs 
of wind turbines. To say that there is an infrasound problem is one of the hares which 
objectors to wind farms like to run. There will not be any effects from infrasound from the 
turbines.ô 

A.74 In 2004/2005 researchers from Keele University investigated the effects of the extremely low 
levels of vibration resulting from wind farms on the operation of a seismic array installed at 
Eskdalemuir in Scotland. This is one of the most sensitive ground-borne vibration detection 
stations in the world. The results of this study have frequently been misinterpreted, as just 
discussed for the DEFRA/Leventhall report, in that if infrasonic vibrations from wind farms can 
be measured, then they must consequentially have some potential effect on humans. In order to 
clarify their position, the authors have subsequently explained that [3]: 

óThe levels of vibration from wind turbines are so small that only the most sophisticated 
instrumentation and data processing can reveal their presence, and they are almost 
impossible to detectô. 

A.75 They then continue: 

óVibrations at this level and in this frequency range will be available from all kinds of 
sources such as traffic and background noise ï 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 healthô. 

A.76 In relation to airborne infrasound as opposed to ground-borne vibrations, the researchers are 
equally robust in their conclusions, stating: 

óThe infrasound generated by wind turbines can only be detected by the most sensitive 
equipment, and again this is at levels far below that at which humans will detect low 
frequency sound. There is no scientific evidence to suggest that infrasound [at such an 
extremely low level] has an impact on human health.ô 
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A.77 Even more recently, in 2006, the results of a study specifically commissioned by the DTI to look 
at the effects of infrasound and low frequency noise (LFN) arising from the operation of wind 
farms have been published in what is commonly referred to as the DTI LFN Report [4]. 

A.78 The DTI LFN Report is a comprehensive study containing many pages of detailed results of 
measurements of both infrasound and low frequency sound around the three wind farms 
included in the study. These measurements were undertaken using measurement systems 
capable of detecting noise down to frequencies of 1 Hz, with results being reported up to a 
frequency of 500 Hz, thus extending beyond the full spectrum of what is normally considered to 
cover both infrasound (<20 Hz) and low frequency sound (20 Hz to 200 Hz). 

A.79 The measurement locations at the three wind farms were selected to be at residential properties 
where occupants had raised concerns relating to low frequency sound disturbance. Noise 
immission measurements are reported both externally to and internally to the properties in 
question. In addition to these noise immission measurements, the results of noise emission 
measurements undertaken on a number of wind turbines are also reported with the aim of 
quantifying the level of infrasound actually emitted from individual wind turbines and wind farms. 

A.80 Before summarising the findings of the DTI LFN Report, it is noted that the prevalence of the 
perceived problem of infrasound and/or low frequency sound is not a widespread one. Quoting 
from the Executive Summary to the DTI LFN Report: 

óof the 126 wind farms operating in the UK, 5 have reports of low frequency sound 
problems which attract adverse comment concerning the noise. Therefore, such 
complaints are the exception rather than a general problem which exists for all wind 
farmsô. 

A.81 The DTI LFN Report was actually commissioned primarily to investigate the effects of 
infrasound. This investigation was commissioned as a direct result of the claims made in the 
press concerning health problems arising from noise of such a low frequency óthat it is beyond 
the audible range, such that you canôt hear it but you can feel it as a resonanceô. For this reason 
the results pertaining to infrasound are reported separately from those pertaining to audible low 
frequency sound above 20 Hz. 

A.82 In respect of infrasound, the DTI LFN Report is quite categorical in its findings: infrasound is not 
the perceived health threat suggested by some observers, nor should it even be considered a 
potential source of disturbance. Quoting from the Executive Summary to the DTI LFN Report: 

óInfrasound noise emissions from wind turbines are significantly below the recognised 
threshold of perception for acoustic energy within this frequency range. Even assuming 
that the most sensitive members of the population have a hearing threshold which is 
12 dB lower than the median hearing threshold, measured infrasound levels are well 
below this criterion. 

The document ñCommunity Noiseò prepared for the World Health Organisation, states 
that ñthere is no reliable evidence that infrasound below the hearing threshold produce 
physiological or psychological effectsò. Other detection mechanisms of infrasound only 
occur at levels well above the threshold of audibility. 

It may therefore be concluded that 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.ô 

A.83 In conclusion, whilst is known that infrasound can have an adverse effect on people (potential 
adverse health impacts are listed by the World Health Organisation as stress, irritation, unease, 
fatigue, headache, possible nausea and disturbed sleep), these effects can only come into play 
when the infrasound reaches a sufficiently high level. This is a level above the threshold of 
audibility. However, all available information from measurements on current wind turbines 
reveals that the level of infrasound emitted by these wind turbines lies below the threshold of 
human perception. 
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A.84 Indeed, in the face of the apparent misunderstanding of the conclusions reached in the various 
reports on infrasound, and how these conclusions should be applied to consideration of the 
radiation of such noise from wind farms, the British Wind Energy Association have issued a fact 
sheet relating to the subject [5]. This fact sheet concludes: 

óWith regard to effects of noise from wind turbines, the main effect depends on the 
listenerôs reaction to what they may hear. There are no direct health effects from noise at 
the level of noise generated by wind turbines. It has been repeatedly shown by 
measurements of wind turbine noise undertaken in the UK, Denmark, Germany and the 
USA over the past decade, and accepted by experienced noise professionals, that the 
levels of infrasonic noise and vibration radiated from modern, upwind configuration wind 
turbines are at a very low level; so low that they lie below the threshold of perception, 
even for those people who are particularly sensitive to such noise, and even on an actual 
wind turbine site. 

Low Frequency Sound 

A.85 A report prepared for DEFRA by Casella Stanger [6] lists wind farms as a possible source of 
audible low frequency sound (20 Hz to 200 Hz). However, this is one possible source in a list of 
many commonly encountered sources such as pumps, boilers, fans, road, sea and rail traffic, 
the wind, thunder, the sea, etc. The report only considers the general issues associated with 
low frequency sound and makes no attempt to quantify the potential problem associated with 
each of these sources. This is in contrast to other reports which have considered the specific 
situation associated with wind farms. 

A.86 In respect of low frequency sound as opposed to infrasound, the DTI LFN Report identified that 
wind farm noise levels at the studied properties were, under certain conditions, measured at a 
level just above the threshold of audibility. The report therefore concluded that ófor a low 
frequency sensitive person, this may mean that low frequency sound associated with the 
operation of the three wind farms could be audible within a dwellingô. This conclusion was, 
however, placed into some context with the qualifying statement that óat all measurement sites, 
low frequency sound associated with traffic movements along local roads has been found to be 
greater than that from the neighbouring wind farmô. In particular it was concluded that, although 
measurable and under some conditions may be audible, levels of low frequency sound were 
below permitted night-time low frequency sound criteria, including the latest UK criteria resulting 
from the 2003 DEFRA study into the effects of low frequency sound. 

A.87 Based on the findings of the DTI LFN Report, low frequency sound in the greater than 20 Hz 
frequency range may, under some circumstances, be measured to be of a comparable or higher 
level than the threshold of audibility. On such occasions this low frequency sound may become 
audible to low frequency sensitive persons who may already be awake inside nearby properties, 
but not to the degree that it will cause awakenings. However, such noise should still be 
assessed for its potential subjective impact in the conventional manner in which environmental 
noise is generally assessed. In particular, the subjective effects of this audible low frequency 
sound should not be confused with the claimed adverse health effect arguments concerning 
infrasound which, in any event, have now been shown from the results of the DTI LFN Report to 
be wholly unsubstantiated.  

A.88 In November 2006 the Government released a statement [7] concerning low frequency sound, 
reiterating the conclusion of the DTI LFN report that: 

óthere is no evidence of health effects arising from infrasound or low frequency sound 
generated by wind turbinesô 

A.89 The Government statement concluded the position regarding low frequency sound from wind 
farms with the definitive advice to all Local Planning Authorities and the Planning Inspectorate 
that PPS22 and ETSU-R-97 should continue to be followed for the assessment of noise from 
wind farms. 
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Blade Swish (Amplitude Modulation) 

A.90 Notwithstanding the conclusions and advice presented in the preceding paragraphs concerning 
both infrasound and low frequency sound, the DTI LFN Report went on to suggest that, where 
complaints of noise at night had occurred, these had most likely resulted from an increased 
amplitude modulation of the blade passing noise, making the óswish, swish, swishô sound (often 
referred to as óblade swishô) more prominent than normal. Whilst it was therefore acknowledged 
that this effect of enhanced amplitude modulation of blade aerodynamic noise may occur, it was 
also concluded that there were a number of factors that should be borne in mind when 
considering the importance to be placed on the issue when considering present and proposed 
wind farm installations: 

Á it appeared that the effect had only been reported as a problem at a very limited number 
of sites (the DTI report looked at the 3 out of 5 U.K. sites where it has been reported to be 
an issue out of the 126 onshore wind farms reported to be operational at the time in 
2006); 

Á the effect occurred only under certain conditions at these sites (the DTI LFN Report was 
significantly delayed while those involved in taking the measurements waited for the 
situation to occur at each location); 

Á at one of the sites concerned it had been demonstrated that the effect can be reduced to 
an acceptable level by the introduction of a Noise Reduction Management System 
(NRMS) which controls the operation of the necessary turbines under the relevant wind 
conditions (this NRMS had to be switched off in order to gain the data necessary to 
inform the DTI LFN Report); 

Á whilst still under review, it appeared that the most likely cause of the increased amplitude 
modulation was related to an increase in the stability of the atmosphere during evening 
and night-time periods, hence the increased occurrence of such an effect at these times, 
but this effect had been shown by measurement of wind speed profiles to be extremely 
site specific; 

Á internal noise levels were below all accepted night-time criteria limits and insufficient to 
wake residents, it was only when woken by other sources of a higher level (such as local 
road traffic) that there were self-reported difficulties in returning to sleep. 

A.91 With regard to amplitude modulation and how it should be accounted for when assessing 
proposals to develop new wind farms, the Government adopted as robust a stance on this issue 
as it did on the Low Frequency Noise issue discussed above. In this respect the advice note 
issued in November 2006 also considered the óisolated circumstancesô in which the effect has 
been observed and again offered the definitive advice to all Local Planning Authorities and the 
Planning Inspectorate that PPS22 and ETSU-R-97 should continue to be followed for the 
assessment of noise from wind farms. 

A.92 Following publication of the findings of the DTI LFN report and their provisional advice on how 
the findings of the report should not be allowed to influence the adoption of ETSU-R-97 as the 
appropriate methodology, the Government commissioned an independent research project to 
further investigate the findings of the report. The scope of this research project included a more 
detailed investigation into the prevalence of the impact of enhanced levels of amplitude 
modulation across UK wind farms. This research work was awarded to the University of Salford 
who reported on their findings in July 2007 [8]. 

A.93 Wholly in line with the suggestions of the DTI LFN Report, the Salford Report concluded that 
that the occurrence of increased levels of óblade swishô is infrequent and therefore need not be 
accounted for in addition to the noise assessment methodology presented in ETSU-R-97, 
whose suggested noise limits already account for typically encountered levels of blade swish. 

A.94 As a direct consequence of the findings of the report by the University of Salford, BERR 
(formerly the DTI) issued a statement in August 2007 [9] which concluded: 
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óA comprehensive study by Salford University has concluded that the noise phenomenon 
known as aerodynamic modulation (AM) is not an issue for the UKôs wind farm fleet. 

AM indicates aerodynamic noise from wind turbines that is greater than the normal 
degree of regular fluctuation of blade swoosh. It is sometimes described as sounding like 
a distant train or distant piling operation. 

The Government commissioned work assessed 133 operational wind projects across 
Britain and found that although the occurrence of AM cannot be fully predicted, the 
incidence of it from operational turbines is low.ô 

A.95 Commentating on wind farm worries, Energy Minister Malcolm Wicks said:  

óWhere there are legitimate problems we will address them. But it is essential that we 
produce more wind power if we are to meet our climate change and security of supply 
aims.ò 

Out of all the working wind farms at the time of the study, there were four cases where 
AM appeared to be a factor. 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. 

Based on these findings, Government does not consider there to be a compelling case 
for more work into AM and will not carry out any further research at this time; however it 
will continue to keep the issue under review.ô 

A.96 The statement then concludes with the advice: 

óGovernment continues to support the approach set out in Planning Policy Statement 
(PPS) 22 ï Renewable Energy. This approach is for local planning authorities to ñensure 
that renewable energy developments have been located and designed in such a way to 
minimise increases in ambient noise levelsò, through the use of the 1997 report by ETSU 
to assess and rate noise from wind energy developments.ô  
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GLOSSARY OF ACOUSTIC TERMINOLOGY 
 

TERMINOLOGY DESCRIPTION 

A-weighting a filter that down-weights low frequency and high frequency sound to better 
represent the frequency response of the human ear when assessing the 
likely impact of noise on humans 

acoustic character one or more distinctive features of a sound (e.g. tones, whines, whistles, 
impulses) that set it apart from the background noise against which it is 
being judged, possibly leading to a greater subjective impact than the level 
of the sound alone might suggest 

acoustic screening the presence of a solid barrier (natural landform or manmade) between a 
source of sound and a receiver that interrupts the direct line of sight 
between the two, thus reducing the sound level at the receiver compared to 
that in the absence of the barrier  

ambient noise all encompassing noise associated with a given environment, usually a 
composite of sounds from many sources both far and near, often with no 
particular sound being dominant 

annoyance a feeling of displeasure in this case evoked by noise 

attenuation the reduction in level of a sound between the source and a receiver due to 
any combination of effects including: distance, atmospheric absorption, 
acoustic screening, the presence of a building façade, etc. 

audible sound a sound that can be heard above all other ambient sounds 

audio frequency any frequency of a sound wave that lies within the frequency limits of 
audibility of a healthy human ear, generally accepted as being from 20 Hz 
to 20,000 Hz 

background noise the noise level rarely fallen below in any given location over any given time 
period, often classed according to daytime, evening or night-time periods 
(for the majority of the population of the UK the lower limiting noise level is 
usually controlled by noise emanating from distant road, rail or air traffic) 

dB abbreviation for ódecibelô 

dB(A) abbreviation for the decibel level of a sound that has been A-weighted 

decibel the unit normally employed to measure  the magnitude of sound 

directivity the property of a sound source that causes more sound to be radiated in 
one direction than another 

equivalent continuous 
sound pressure level 

the steady sound level which has the same energy as a time varying sound 
signal when averaged over the same time interval, T, denoted by LAeq,T 

external noise level the noise level, in decibels, measured outside a building 

filter a device for separating components of an acoustic signal on the basis of 
their frequencies 

frequency the number of acoustic pressure fluctuations per second occurring about 
the atmospheric mean pressure (also known as the ópitchô of a sound) 

frequency analysis the analysis of a sound into itôs frequency components 

ground effects the modification of sound at a receiver location due to the interaction of the 
sound wave with the ground along its propagation path from source to 
receiver 

hertz the unit normally employed to measure the frequency of a sound, equal to 
cycles per second of acoustic pressure fluctuations about the atmospheric 
mean pressure 
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TERMINOLOGY DESCRIPTION 

impulsive sound a sound having all its energy concentrated in a very short time period  

instantaneous sound 
pressure 

at a given point in space and at a given instant in time, the difference 
between the instantaneous pressure and the mean atmospheric pressure 

internal noise level the noise level, in decibels, measured inside a building 

LAeq the abbreviation of the A-weighted equivalent continuous sound pressure 
level 

LA10 the abbreviation of the 10 percentile noise indicator, often used for the 
measurement of road traffic noise 

LA90 the abbreviation of the 90 percentile noise indicator, often used for the 
measurement of background noise 

level the general term used to describe a sound once it has been converted into 
decibels 

loudness the attribute of human auditory response in which sound may be ordered 
on a subjective scale that typically extends from barely audible to painfully 
loud 

masking the effect whereby an otherwise audible sound is made inaudible by the 
presence of other sounds 

noise physically: a regular and ordered oscillation of air molecules that travels 
away from the source of vibration and creates fluctuating positive and 
negative acoustic pressure above and below atmospheric pressure. 

Subjectively: sound that evokes a feeling of displeasure in the environment 
in which it is heard, and is therefore unwelcomed by the receiver 

noise emission the noise emitted by a source of sound 

noise immission the noise to which a receiver is exposed 

noise nuisance an unlawful interference with a personôs use or enjoyment of land, or of 
some right over, or in connection with it 

octave band frequency 
analysis 

a frequency analysis using a filter that is an octave wide (the upper limit of 
the filterôs frequency band is exactly twice that of itôs lower frequency limit) 

percentile exceeded 
sound level 

the noise level exceeded for n% of the time over a given time period, T, 
denoted by LAn,T 

receiver a person or property exposed to the noise being considered 

residual noise the ambient noise that remains in the absence of the specific noise whose 
impact is being assessed 

sound physically: a regular and ordered oscillation of air molecules that travels 
away from the source of vibration and creates fluctuating positive and 
negative acoustic pressure above and below atmospheric pressure 

subjectively: the sensation of hearing excited by the acoustic oscillations 
described above (see also ónoiseô) 

sound level meter an instrument for measuring sound pressure level 

sound pressure 
amplitude 

the root mean square of the amplitude of the acoustic pressure fluctuations 
in a sound wave around the atmospheric mean pressure, usually measured 
in Pascals (Pa) 

sound pressure level a measure of the sound pressure at a point, in decibels 

sound power level the total sound power radiated by a source, in decibels 

spectrum a description of the amplitude of a sound as a function of frequency 
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TERMINOLOGY DESCRIPTION 

third-octave band 
frequency analysis 

a frequency analysis using frequency bands one third of an octave wide 

threshold of hearing the lowest amplitude sound capable of evoking the sensation of hearing in 
the average healthy human ear (0.00002 Pa) 

tone the concentration of acoustic energy into a very narrow frequency range 
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Appendix B ï Location Maps 
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Figure B1 Map showing the location of the turbine (red circle), the noise monitoring locations (red circles), the noise 
assessment locations (black and white circles). Noise prediction contours (LA90, dB(A), at 8 m/s) shown in 
alternating grey and white. 
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Figure B2 Map showing the location of the turbine(red) and a noise prediction contour at 35dB LA90, at 10 m/s, 
outlining, in grey, the area outside which the simplified assessment method of ETSU-R-97 was employed: 
i.e. turbine noise levels are considered acceptable without the need for background noise measurements. 
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Appendix C ï Noise Monitoring Information Sheets
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Noise Monitoring Information Sheet 

Name Marina Cottage 

Description The property is an unoccupied dwelling located next to Sharpness marina, and is off a small track that 
leads to the marina to the North West of Bridge Road. There is another residential property on this track 
which is due east of Marina Cottage but appeared boarded up. Further to the west are the river Severn and 
the Sharpness old docks. The land surrounding the location is largely grassland and woodland. 

The ambient noise in this location was dominated by wind induced vegetation noise and birdsong. 
Occasional vehicle and boat noise could be heard.  

The Microphone was positioned close to the centre of the garden, relatively distant from the vegetation and 
an appropriate distance from the rear façade of the cottage. 

 

 

 

SLM Location: 367076, 202997. 

 

Equipment  Type Serial Number Last Calibrated 

Sound Level Meter Rion NL-31 00910448 27/08/2009 

Pre-amplifier Rion NH-21 02286 27/08/2009 

Microphone Rion UC-53A 101792 27/08/2009 

Calibrator Rion NC-74 34551669 18/02/2011 

SLM Range 20 ï 100 dB(A)   

 

Data Collected 

File Time Start 
[GMT] 

Time End 
[GMT] 

Cal 
Start 

Cal 
End 

Drift Notes 

1 07/04/11 08:40:00 01/05/11 08:20:00 93.8 93.9 +0.1 No significant drift 

       

       

 

Data Exclusions 

Periods of rainfall were excluded. 

 

The following periods were also specifically excluded as atypical (time represents end of 10min interval, unless otherwise 
indicated, GMT time reference): early mornings before 4am. 08/04 22:00-22:50, 16/04 02:00-03:00, 16/04 22:00-22:40, 23/04 
23:00-00:10, 24/04 23:40-25/04 01:20, 28/04 23:20. 

08/04 22:00, 09/04 19:00-19:40, 16/04 22:00, 21/04 18:50-20:20. 

 

Periods with levels above 40dB LA90 below 1m/s. or above 42dB LA90 below 4m/s during quiet daytime periods. 

 

 

 

Table C1 Information on the measurement location, equipment and noise data at Marina Cottage. 
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Figure C1 View of the monitoring location at Marina Cottage looking North. 

 

Figure C2 View of the monitoring location at Marina Cottage looking East. 
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Figure C3 View of the monitoring location at Marina Cottage looking South. 
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Noise Monitoring Information Sheet 

Name Severn Bank House (#3 Dock Road) 

Description The property is located at the westernmost end of Dock Road. To the south and east are the functioning 
Sharpness docks. Directly to the east are residential houses on Dock Road and to the west is the river 
Severn. The garden itself had trees along the north and west boundaries. 

 

The ambient noise in this location was dominated by birdsong and wind induced vegetation. Noise from the 
operational dock yard could also be heard during the site visits.  

 

The Microphone was positioned close to the centre of the garden, at a distance from the surrounding trees. 

 

SLM Location: 366843 202449. 

 

Equipment  Type Serial Number Last Calibrated 

Period 1 

Sound Level Meter Rion NL-31 00910437 27/08/2009 

Pre-amplifier Rion NH-21 13573 27/08/2009 

Microphone Rion UC-53A 307685 27/08/2009 

Calibrator Rion NC-74 34551669 18/02/2011 

SLM Range 20 ï 100 dB(A)   

Period 2 

Sound Level Meter Rion NL-31 00910453 27/08/2009 

Pre-amplifier Rion NH-21 02294 27/08/2009 

Microphone Rion UC-53A 101799 27/08/2009 

Calibrator Rion NC-74 34551669 18/02/2011 

SLM Range 20 ï 100 dB(A)   

 
 

Data Collected 

File Time Start 
[GMT] 

Time End 
[GMT] 

Cal 
Start 

Cal 
End 

Drift Notes 

1 07/04/11 08:40:00 25/04/11 20:20:00 93.8 93.8 0.0 No drift 

2 17/05/2011 13:30 25/05/2011 09:00 93.8 94.0 0.0 No drift 

       

 

Data Exclusions 

Periods of rainfall were excluded. 

 

The following periods were also specifically excluded as atypical (time represents end of 10min interval, unless otherwise 
indicated, GMT time reference): early mornings before 4am, 08/04 03:50, 13/04 22:40, 15/04 03:40, 16/04 01:20, 16/04 22:40, 
23:10-00:00, 17/04 01:10-02:00, 17/04 02:00-02:30, 17/04 23:30-00:00, 23/04 01:00-01:40, 18/05 03:00-04:00, 19/05 03:30-
04:00, 20/05 03:50, 21/05 03:30-04:00, 23/05 23:40, 24/05 00:20-00:50, 25/05 00:20-01:00, 25/05 03:10-04:00. 

07/04 17:20-18:50, 08/04 17:50, 13/04 20:10-21:00, 17/04 10:00-10:50, 17/04 11:30, 19/04 19:00-20:00, 21/04 19:10-20:10, 
22/04 20:00 

Periods with levels above 40dB LA90 below 5m/s at night. 

 

 

Table C2 Information on the measurement location, equipment and noise data at Severn Bank House. 
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Figure C4 View of the monitoring location at Severn Bank House looking South. 

 

Figure C5 View of the monitoring location at Severn Bank House looking West. 
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Figure C6 View of the monitoring location at Severn Bank House looking North. 
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Appendix D ï Wind Speeds and Directions 
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Figure D1 Wind speed and direction range during all quiet day-time periods (Marina Cottage). 

 

 
 

Figure D2 Wind speed and direction range during all night-time periods (Marina Cottage). 
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Figure D3 Wind speed and direction range during all quiet day-time periods (Severn Bank House). 

 

 
Figure D4 Wind speed and direction range during all night-time periods (Severn Bank House). 
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Appendix E ï Background Noise and Noise Limits 
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Figure E1 Chart of background noise levels against wind speeds (open grey circles), the best-fit curve (thin black line) 
to these data, the derived noise limit curve (thick black line) for Severn Bank House during quiet day-time 
periods. Predicted immission noise levels are shown for Dock Road (2) (thick dashed blue line with open 
circles ï mixed ground). Excluded data (open red circles) and alternative predictions (soft 
ground/1.5m/error bars of +/-3dB in green, hard ground in red) are also shown. 

 

Figure E2 Chart of background noise levels against wind speeds (open grey circles), the best-fit curve (thin black line) 
to these data, the derived noise limit curve (thick black line) for Severn Bank House during night-time 
periods. Predicted immission noise levels are shown for Dock Road (2) (thick dashed blue line with open 
circles ï mixed ground). Excluded data (open red circles) and alternative predictions (soft 
ground/1.5m/error bars of +/-3dB in green, hard ground in red) are also shown.  
















