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This report was drawn up under the direction ofthe Noise Working Group. While the
information contained in this report is given in good faith, it is issued strictly on the basis that
any person or entity relying on it does so entirely at their own risk, and without the benefit of
any warranty or commitment whatsoever on the part ofthe individuals or organisations
involved in the report as to the veracity or accuracy of any facts or statements contained in this
report. The views and judgements expressed in this report are those ofthe authors and do not
necessarily reflect those of ETSU, the Department of Trade and Industry or any ofthe other
participating organisations.




PREFACE

This report describes the findings of a Working Group on Wind Turbine Noise. The aim of
the Working Group was to provide information and advice to developers and planners on the
environmental assessment of noise from wind turbines. While the DTI facilitated the
establishment ofthis Noise Working Group this report is not a report of Government and
should not be thought ofin any way as replacing the advice contained within relevant

Government guidance.

The report represents the consensus view ofthe group ofexperts listed below who between
them have a breadth and depth of experience in assessing and controlling the environmental
impact ofnoise from wind farms. This consensus view has been arrived at through negotiation
and compromise and in recognition of the value ofachieving a common approach to the

assessment of noise from wind turbines.
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EXECUTIVE SUMMARY

INTRODUCTION

1. This document describes a framework for the measurement of wind farm noise and gives
indicative 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 authorities.
The suggested noise limits and their reasonableness have been evaluated with regard to
regulating the development of wind energy in the public interest. They have been presented in
a manner that makes them a suitable basis for noise-related planning conditions or covenants

within an agreement between a developer of a wind farm and the local authority.

2. The noise limits suggested have been derived with reference to:

* existing standards and guidance relating to noise emissions

* the need of society for renewable energy sources to reduce the emission of pollutants in

pursuance of Government energy policy

» the ability of manufacturers and developers to meet these noise limits

* the researches ofthe Noise Working Group in the UK, Denmark, Holland and Germany

» the professional experience of members ofthe Working Group in regulating noise

emissions from wind turbines and other noise sources

» the discussion ofthe issues at meetings of the Noise Working Group and with others with

appropriate experience.
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3. The Noise Working Group has sought to protect both the internal and external amenity of
the wind farm neighbour. Wind farms are usually sited in the more rural areas ofthe UK
where enjoyment ofthe external environment can be as important as the environment within

the home.

4. The guidance contained within this report refers to the operation ofthe wind farm and is not

appropriate to the construction phase.

NOISE LIMITS

5. The Noise Working Group recommends that the current practice on controlling wind farm
noise by the application ofnoise limits at the nearest noise-sensitive properties is the most

appropriate approach. This approach has the advantage that the limits can directly reflect the
existing environment at the nearest properties and the impact that the wind farm may have on

this environment.

6. Given that one ofthe aims of imposing noise limits is to protect the internal environment,
one might consider it appropriate to set these limits and hence monitoring locations at
positions within the building. There are, however, some practicalities to take into
consideration which lead us to believe that the current practice of setting external limits on
noise is the more sensible approach; these factors are described in detail in Chapter 6 ofthe

full report.

7. The noise limits applied to protect the external amenity should only apply to those areas of
the property which are frequently used for relaxation or activities for which a quiet

environment is highly desirable.

8. The Noise Working Group considers that absolute noise limits applied at all wind speeds
are not suited to wind farms in typical UK locations and that limits set relative to the

background noise are more appropriate in the majority of cases.



9. Only by measuring the background noise over a range of wind speeds will it be possible to
evaluate the impact of turbine noise, which also varies with wind speed, on the local

environment.

10. The Noise Working Group is of the opinion that one should only seek to place limits on
noise over a range of wind speeds up to 12m/s when measured at 10m height on the wind farm

site. There are four reasons for restricting the noise limits to this range of wind speed:

* Wind speeds are not often measured at wind speeds greater than 12m/s at 10m height

* Reliable measurements of background noise levels and turbine noise will be difficult to

make in high winds

* Turbine manufacturers are unlikely to be able to provide information on sound power levels

at such high wind speeds for similar reasons

+ Ifa wind farm meets noise limits at wind speeds lower than 12m/s it is most unlikely to

cause any greater loss of amenity at higher wind speeds

11. The recommendation ofthe Noise Working Group is that, generally, the noise limits
should be set relative to the existing background noise at nearest noise-sensitive properties and
that the limits should reflect the variation in both turbine source noise and background noise
with wind speed. We have also considered whether the low noise limits which this could
imply in particularly quiet areas are appropriate and have concluded that it is not necessary to
use a margin above background approach in such low-noise environments. This would be
unduly restrictive on developments which are recognised as having wider national and global
benefits. Such low limits are, in any event, not necessary in order to offer a reasonable degree

of protection to the wind farm neighbour.

12. Separate noise limits should apply for day-time and for night-time. The reason for this is
that during the night the protection of external amenity becomes less important and the

emphasis should be on preventing sleep disturbance. Day-time noise limits will be derived



from background noise data taken during quiet periods ofthe day and similarly the night-time

limits will be derived from background noise data collected during the night.

Quiet day-time periods are defined as:
All evenings from 6pm to 11pm,
plus Saturday afternoon from lpm to 6pm,

plus all day Sunday, 7am to 6pm.

Night-time is defined as 11pm to 7am.

13. Consideration has also be given to circumstances where a more simplified approach, based

on a fixed limit, may be appropriate.

14. The Noise Working Group is agreed that the LASjomin descriptor should be used for both
the background noise and the wind farm noise, and that when setting limits it should be borne
in mind that the LASojomn of the wind farm is likely to be about 1.5-2.5dB(A) less than the Lacq
measured over the same period. The use of the LASjomn descriptor for wind farm noise allows
reliable measurements to be made without corruption from relatively loud, transitory noise

events from other sources.

15. The limits to be proposed relate to free-field (except for ground reflections) measurements

in the vicinity of noise-sensitive properties.

16. The Noise Working Group is ofthe opinion that absolute noise limits and margins above
background should relate to the cumulative effect ofall wind turbines in the area contributing
to the noise received at the properties in question. It is clearly unreasonable to suggest that,
because a wind farm has been constructed in the vicinity in the past which resulted in increased
noise levels at some properties, the residents ofthose properties are now able to tolerate
higher noise levels still. The existing wind farm should not be considered as part ofthe

prevailing background noise.
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17. Wind turbines operate day and night dependent upon wind speeds. It will be necessary to

acquire background noise data for both day- and night-time periods because:

* the absolute lower limit is likely to be different for day- and night-time operation

* the noise limits are to be related to the background noise levels

* background noise levels may be different in the day than during the night.

18. It is proposed that the background noise levels upon which limits are based and the noise
limits themselves are based upon typical rather than extreme values at any given wind speed.
An approach based upon extreme values would be difficult to implement as the difference in
measurements between turbine noise and background would depend upon the length oftime
one is prepared to take data. A more sensible approach is to base limits upon typical or

average levels but to appreciate that both turbine and background noise levels can vary over

several dB for the same nominal conditions.

19. The variation in background noise level with wind speed will be determined by correlating
LA%jomin noise measurements taken over a period oftime with the average wind speeds

measured over the same 10-minute periods and then fitting a curve to these data.

20. The wind farm noise limits proposed below refer to rating levels in a similar manner to that
proposed in BS 4142 in respect that additions are made to the measured noise to reflect the

character ofthe noise.
21. Noise from the wind farm should be limited to 5dB(A) above background for both day-

and night-time (with the exception ofthe lower limits and simplified method described

below), remembering that the background level of each period may be different.
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22. In low noise environments the day-time level ofthe LA9jomn ofthe wind farm noise should
be limited to an absolute level within the range 0f35-40dB(A). The actual value chosen

within this range should depend upon a number of factors:

. the number of dwellings in the neighbourhood of'the wind farm

the effect ofnoise limits on the number of kWh generated

. the duration and level of exposure.

23. The Noise Working Group recommends that the fixed limit for night-time is 43dB(A).
This limit is derived from the 35dB(A) sleep disturbance criteria referred to in Planning Policy
Guidance Note 24 (PPG 24). An allowance of 10dB(A) has been made for attenuation

through an open window (free-field to internal) and 2dB subtracted to account for the use of

LA9ojomin rather than L aeq, 10min-

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

involvement in the wind farm.

25. For single turbines or wind farms with very large separation distances between the turbines
and the nearest properties a simplified noise condition may be suitable. We are ofthe opinion
that, ifthe noise is limited to an LA9jomin of 35dB(A) up to wind speeds of IOm/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.
26. Graphical representations of the recommended limits appear in the figures overleafbased

upon a fairly typical background noise curve. Both background levels and turbine noise are

determined by best-fit curves through representative data.
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27. The noise levels recommended in this report take into account the character ofnoise
described as blade swish. Given that all wind turbines exhibit blade swish to a certain extent

we feel this is a common-sense approach given the current level of knowledge.

28. The Noise Working Group recommends that a tonal penalty is added to the measured
noise levels in accordance with the figure below. The penalty incurred is related to the
audibility of any tones produced by the wind turbines when measured using a prescribed

method as represented graphically below.

Penalty (dB)
w

0 . - : =
0 1 2 3 4 5 6 7 8

Tone Level above Audibility (dB)

Penalties for tonal noise

29. The Noise Working Group thought that it would be beneficial to present its
recommendations in a form which might be useful to developers and planners. We therefore
considered drafting planning conditions, but came to the conclusion that the necessary
definitions ofterms which would be required would make planning conditions too
complicated. Therefore, it was decided to produce covenants for inclusion within an
Agreement between a developer and a local authority. Conditions and Agreements (known as
Planning Obligations) are discussed in Chapter 2. The Planning Obligation produced by the
Noise Working Group is reproduced in Chapter 8 where it is supplemented by some Guidance
Notes to which it refers. These Guidance Notes also serve as a useful summary ofthe

proposed measurement procedure.
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1. INTRODUCTION

A Planning Policy Guidance Note on Renewable Energy, PPG 22 [1], was published by the
Department ofthe Environment and the Welsh Office on 3 February 1993. PPG 22 contains
an Annex on Wind Energy which includes some discussion on noise from wind turbines. This
annex includes a description ofthe sources ofnoise from wind turbines, a discussion on the
limitations on the use of BS 4142: 1990, "Method for rating industrial noise affecting mixed
residential and industrial areas" [2], and advice on noise-related information that could usefully
accompany a planning application. At the time of writing there was insufficient relevant
experience ofnoise from wind farms in the UK environment and public reaction to the noise to
be able to provide more specific guidance.

A literal interpretation ofhow BS 4142 should be applied to wind turbine noise assessment is
difficult and its use may be inappropriate and problematical. These difficulties are discussed in
Chapter 6 ofthis report.

With no generally agreed procedure for determining noise levels that provide acceptable
protection to the amenity oflocal residents, planners and developers have been required to use
their own experiences to bring forward workable solutions by reference to the particular
character and sensitivity ofthe area. Many wind farms, though not all, have had conditions
relating to noise levels from the wind farm specified in the planning consents. These have
varied in noise level and measurement units (eg Laso or Laso) from site to site but generally fall
in to two classes: either an absolute noise level which shall not be exceeded at the nearest
residences or a margin above the existing background noise which shall not be exceeded.

It was, however, recognised that there was still a degree of uncertainty among planners and
developers. Planners did not have much experience of noise from wind turbines in rural areas.
Developers had no noise targets for guidance when selecting sites for wind farms or deciding
upon turbine layout. Therefore, in August 1993, the DTI facilitated the establishment ofa
Working Group on Noise from Wind Turbines, consisting of experts with experience in the
environmental assessment of noise from wind turbines. The objectives ofthe Noise Working
Group were:

» To review recent experience in the field of wind turbine noise. This was to include an
attempt to relate measured data to complaints and provide an expert assessment ofthe
issues relating to wind turbine noise.

* To define a framework which can be used to measure and rate the noise from wind
turbines. This was to include parameters to be measured, measurement methods, units and
measurement periods and was to fulfil all the necessary criteria required for planning
conditions or covenants within Planning Conditions.

* To provide indicative noise levels thought to offer a reasonable degree of protection to
wind farm neighbours and encourage best practice in turbine design and wind farm siting

and layout.

» To encourage the widespread adoption ofthe Working Group's recommendations.



The Working Group was asked to address the issues of broadband noise, tonal content and
blade swish (the modulation of broadband noise at blade passing frequency). The following
report describes the findings and recommendations ofthe Noise Working Group. These
recommendations are intended to serve as an informative guide to assessing the environmental
impact of the noise from wind turbines.

The report was drafted in the light ofthe best information available at the time. However it is
acknowledged that as more experience and information become available and as circumstances
develop it may become necessary to revise and improve the contents of this report. The Noise
Working Group therefore suggests this report and its recommendations are reviewed in two
years time. To this end, any comments on the usefulness of the report would be most
welcome, including any suggestions for improvement with any supporting evidence where
possible. Any such suggestions should be sent to the Noise Working Group Secretariat at the
following address:

Noise Working Group Secretariat
c/o Dr M L Legerton

ETSU

Harwell

Didcot

Oxfordshire 0X11 ORA



2. THE PHILOSOPHY AND PRACTICE OF NOISE EMISSION CONTROL

Introduction

The way in which a society controls man-made noise sources reflects a variety of complex
influences. These influences are social, economic, intellectual and political. They also reflect
the limits oftechnical ability in the measurement of the noise source in question.

That the position is complex is reflected by the way in which those in the UK who live close to
wind farms have reacted to noise generated by the wind turbines. An individual's reaction to
the receipt ofnoise may reflect, at the same time, physical sensitivity to noise, local political
attitudes to wind turbines, perceptions ofthe economic worth of wind energy generation,
attitudes to wind energy development and development in the countryside, and the individual's
own perception of wind turbines.

These complexities are not unique to the UK. Attitudes to noise emissions vary between and
throughout all countries. However, certain patterns emerge both within Europe and within the
UK. From the researches ofthe Working Party it seems that attitudes towards noise
emissions, particularly with regard to wind turbines, are generally more rigorous in the
northern countries of Europe where the most extensive deployment of wind turbines has taken
place. In particular, Swedish and Dutch attitudes to the control ofnoise from wind turbines
are strict, and the same could probably be said ofthe UK. Again, in Denmark there is a
Statutory Order which specifically regulates noise from wind turbines, although perhaps less
strictly than in Holland.

History of noise emission control in the UK

Modern noise control in the UK derives in spirit from the Wilson Report of 1964 [3]. One of
the fundamental findings ofthe Wilson Report was that as a guiding principle noise regulation
authorities should seek to control existing ambient noise at current levels. The existing noise
environment should be maintained. This principle can be seen in DOE Circular 10/73 [4], now
withdrawn in England in favour of Planning Policy Guidance: Planning and Noise, PPG 24, [5]
issued in September 1994,

There can be little surprise at the findings of the Wilson Report or at the way it became
transmitted into formal Government advice. The UK is relatively densely populated. Intensive
and extensive developments in and adjoining towns and cities have over the years produced
ambient noise levels much higher than might be desirable by any objective standard. At the
same time, perhaps because ofnoise-generating development in towns and cities, those able to
do so have sought the peace and quiet of the countryside for their leisure time. They have
become commuters. It is to be expected that such persons will be exceptionally sensitive to
any intrusions on the peace and quiet which they have obtained by moving to live in the
countryside, whatever the reasons for the noise-generating activity which may prove to be
such an intrusion.



Given the findings of the Wilson Report, and the advice in DOE Circular 10/73, it was logical
that control of new noise emissions should have developed on the basis ofa level of
exceedence over the background noise level existing prior to the introduction of the new noise
source. This approach is reflected in a well known advisory document on noise control, BS
4142. BS 4142 was first issued in 1967 and was most recently reissued in revised form in
1990. At the date ofthis report a further revision is in train.

PPG 24 and other advisory documents which include BS 4142: 1990 seek to control the noise
environment by limits on the levels by which new development may cause the background
noise level to be exceeded. However, there is a recognition that new development must take
place because ofthe needs ofthe economy and of'society. The aim of'the guidance contained
within PPG 24, as stated in the opening paragraph, is:

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

In the context of wind energy, the planning system must therefore seek to control the
environmental impact from wind farms whilst at the same time recognising the national and
global benefits that will arise through the development of renewable energy sources, and not
be so severe that wind farm development is unduly stifled.

Special considerations are given to some types of development, such as road, rail and airport
developments where the balance advised in PPG 24 is particularly difficult to achieve. In
recognition that such developments must take place, but that they will cause significant
changes to the noise environment of neighbours, a statutory compensation code has been
developed. The statutory framework for this code is within the Land Compensation Act 1973.
Developments covered by this Act possess a statutory immunity from action by regulatory
authorities or by citizens who feel aggrieved at the noise created. Instead, citizens can claim
compensation under the Act. The provisions ofthe Land Compensation Act 1973 do not
apply to anything other than the sort of infrastructural development recorded in the previous
paragraph.

The Government and planning authorities have also had to produce advisory standards for
noise-generating developments which in the interests of the economy, society, and indeed the
environment must take place. An example ofa form of development falling into this category
is mineral exploitation. Specific advice on noise emissions from mineral operations is
contained in Mineral Planning Guidance Note 11 [6]. It is perhaps no coincidence that the
Mineral Planning Guidance Notes issued by the Secretaries of State form an entirely separate
body of'advice from general Planning Policy Guidance Notes. Minerals are recognised in a
variety of ways, not least noise emissions, to be a special case. Society requires a variety of
minerals, and there is an inevitable environmental cost in their extraction and distribution.

Turning to wind energy, the Government has advised in a variety of documents, most recently
Planning Policy Guidance Note 22 (February 1993) [1] and DTI Energy Paper 62 (March
1994) [7], that its policy is to encourage the exploitation of renewable energy resources in
appropriate circumstances. The reasons for this advice relate to the need to promote a
diversity of energy resources and to assist in meeting the UK's international environmental



obligations. The Government's policy towards renewable energy development has been
evidenced in the case of wind by over 30 planning permissions for wind farms, with many
more planning permissions for single wind turbines. These developments have been permitted
in rural areas where more established forms of development, except perhaps for mineral
extraction, would be unlikely to be permitted.

No development is without an external cost. The external cost of wind energy generation
derives mainly from the visual effect of the turbines, and such noise emissions that impact to
any degree on those who live and work nearby.

Methods of noise control in the UK

While the Wilson Report was issued over 30 years ago, the emergence of noise emissions as a
core environmental concern is relatively recent. While quite separate law relating to statutory
nuisance derives from the Public Health Act 1936, the first relevant advice in a planning
context can be seen within DOE Circular 10/73. At a statutory level the Control of Pollution
Act 1974 contained detailed provisions concerning statutory nuisances. European Community
(EC) Directives ofthe mid-1980s, and rapidly increasing concerns about a wide variety of
environmental issues, culminated in the Environmental Protection Act 1990. Part I ofthe
1990 Act contains provisions (formerly within the Control of Pollution Act 1974) relating to
the statutory nuisances which include noise. At the advisory level Planning Policy Guidance
Note 24: Planning and Noise has replaced DOE Circular 10/73. In terms of renewable energy
development the wind annex to Planning Policy Guidance Note 22 contains some fairly
general thoughts on noise emissions.

Chapters 4 and 6 of'this report include discussion on the difficulties in theory and in practice
of applying the advisory documents recorded in the paragraph above to wind energy
development.

There are three principal methods available to local authorities and to citizens who wish to
control noise emissions from wind generators. Local authorities may secure compliance with
planning conditions by serving a planning Enforcement Notice, by serving a Breach of
Condition Notice, or by taking injunctive action in the Courts. Local authorities can enforce
covenants given within Planning Obligations by taking injunctive action. Both local authorities
and citizens can pursue complaints in the Magistrates Courts alleging statutory nuisance.

Planning conditions

When a local authority grants planning permission for a development they may impose such
planning conditions as they think fit. This discretion is not unlimited. To be valid a planning
condition has to satisfy certain tests, and these are advised in paragraph 14 of DOE Circular
11/95 (Welsh Office Circular 35/95) [8]. These tests are:

* relevance to planning

+ relevance to the development in question



* necessity
* precision
* enforceability

* reasonableness in all the circumstances.

There is no doubt that the control ofnoise is relevant to planning, almost certainly relevant to
any wind energy development and, if only for this reason, very probably necessary. It remains
for a local authority to ensure that the condition as drafted is precise, enforceable and
reasonable. Ifa planning condition fails any one ofthese three tests the local authority would
have little prospect of successful enforcement.

The invalidity ofa planning condition because ofa failure to comply with any ofthe tests
outlined above helps neither the developer nor the local authority ifa problem should arise.
With a well drafted and enforceable condition both parties know where they stand both against
each other and, within the planning jurisdiction, with regard to any complainant. Ifa noise
condition has been carefully thought out, correctly phrased, and is in all other respects valid
then two beneficial consequences follow. Firstly, the wind farm operator will be able to
establish ifhe is in breach ofthe condition, and what he has to do in order to secure
compliance. Secondly, if despite a well drafted and reasonable condition, and compliance with
that condition, a citizen brings a complaint before the Magistrates Court under the
Environmental Protection Act 1990, the fact of compliance with a reasonable and well thought
out condition may prove to be an effective defence to an action in the Magistrates Court. The
defence ofbest practicable means is discussed below.

On the other hand, ifthe planning condition drafted does not secure the proper control of
noise emissions, and could readily be perceived to be unfair to neighbouring occupiers, the
Magistrates Court might have little hesitation in imposing a noise regime, through an
abatement notice, under the statutory nuisance provisions of the Environmental Protection Act
1990. This regime would take precedence over the planning condition and would then be
enforceable in the Courts even if more onerous than the planning condition.

Returning to the enforcement powers available to local planning authorities, the Enforcement
Notice is a well established instrument used to proceed against breaches of planning control,
including breaches ofplanning conditions. There is a right ofappeal, and the appeal process
may take a year or more. This position has for some years been extremely unsatisfactory for
local authorities because irresponsible developers can flout the planning system, knowing that
a considerable period of grace can be obtained by the lodging of an appeal.

It was and still is open to local authorities to serve Stop Notices. These require the immediate
cessation of the activity alleged to be unlawful, but the Stop Notice has to be accompanied by
an Enforcement Notice, and there is a right ofappeal. Compensation for certain economic
losses may be payable ifthe Stop Notice is withdrawn or quashed on appeal (unless quashed
on the basis that the planning permission, which permitted increased noise levels, is granted).



Therefore local authorities very rarely use Stop Notices unless they are convinced of winning
the appeal that may follow.

The Planning and Compensation Act 1991 introduced the Breach of Condition Notice. If
local authorities detect a breach ofa planning condition they can serve a notice requiring the
developer to remedy the breach within the minimum period of28 days. There is no right of
appeal, and the only option for the developer is to make an application to vary or discharge the
planning condition. This is a very effective means of control, and emphasises the need for
developers to negotiate conditions that are not only comprehensible and valid, but to which
they can adhere. Developers need to bear in mind the economic consequences of shutting
down or restricting the operation ofa wind farm in order to secure compliance with a Breach
of Condition Notice.

Finally, local authorities may take injunctive action to secure a remedy for any breach of
planning control, and therefore they may in theory take such action to secure an end to a
breach ofa planning condition. The principles for deciding such actions in the Court will
broadly follow those in an action relating to breach ofa covenant described below, but it is
unlikely that the local authority would take injunctive action to prevent a continuing breach of
the planning condition given the alternative, cheaper and equally effective remedies available,
which are discussed above.

Planning Obligations

A Planning Obligation made under Section 106 Town and Country Planning Act 1990 (as
amended) is a contractual document in which a developer gives covenants which are
enforceable by the local planning authority. A Planning Obligation may take the form ofan
agreement between a developer and the local authority, or, a unilateral undertaking given by
the developer to the local authority. The scope ofa Planning Obligation is defined in Section
106 and guidance on the use of Planning Obligations is given in DOE Circular 16/91 (WO
Circular 53/91). This Circular is under review at the time of writing. The present Circular
16/91 advises that Planning Obligations should be sought only where they are necessary to the
granting of planning permission, relevant to planning, and relevant to the development to be
permitted. Where a local planning authority seeks a Planning Obligation from a developer
Circular 16/91 advises on the tests ofthe reasonableness of seeking a Planning Obligation.

Ifthe developer breaches the covenants within the agreement then the local authority can take
action through the Courts to secure an injunction requiring him to adhere to the terms ofthe
Obligation. In such an action the burden of proofis on the planning authority to prove the
breach alleged. However, once the breach has been proved there are severe limits to the
mitigating circumstances which the developer can advance, and which may persuade the Court
to stay its hand and refrain from granting an injunction. There is a substantial body of law
relating to the limits of the Court's discretion in deciding whether or not to grant an injunction
following an initial finding that a breach of covenant has occurred.



Statutory nuisance

As to the jurisdiction ofthe Environmental Protection Act any citizen who feels himselfto be
adversely affected by noise emission can bring an action in the Magistrates Court in order to
secure what is known as a noise abatement order. Again, a local authority can act directly as a
prosecutor and issue a noise abatement notice. An abatement notice or order may require the
abatement of the alleged noise nuisance or prohibit or restrict its occurrence or recurrence. It
may also require the execution of specified works and the taking of other specified steps. The
abatement notice or order will specify the time within which the requirements are to be
complied with. The wind farm operator can appeal, on specified grounds, to the Magistrates
Court, and ultimately to the Crown Court and higher Courts, against noise abatement orders
and notices.

It is not the role ofthis report to discuss in detail the defences available to a developer faced
with an allegation of statutory nuisance under the Environmental Protection Act which has
resulted in the issue of a noise abatement order or notice. However, it can be noted that the
defence of "best practicable means" is available, can be very effective and may be essential. If
a wind farm operator cannot reduce noise emissions without jeopardising the viability of the
operation, then the defence of best practicable means will be the last line of defence against
potentially disastrous economic consequences.

In considering the merits ofthe defence of best practicable means the Magistrates Court will
have regard to three principal factors: local circumstances, the technology being deployed by
the developer, and some sort of cost-benefit analysis. With regard to the first factor, the Court
cannot require the developer to take abatement action which will involve the use of land not
under his control. An acoustic barrier may be appropriate in a particular case, but ifit can

only be placed on land belonging to a third party, and which is not within the control of'the
developer, and that third party is not willing to cooperate with its placement, then the Court
cannot enforce the remedy because of this local circumstance.

As to the technology available to the developer, the Court will expect to hear some evidence
that the best available technology is being deployed, subject to a consideration of the third
factor identified, a cost-benefit analysis. The limits to the use ofthe cost-benefit analysis
within a defence of’best practicable means will vary from case to case, and no firm lessons can
be derived from past cases. This is partly because each case will be decided on its facts, but
also because cases within the Magistrates Courts are not regularly reported and therefore the
findings of'the Justices are not readily accessible. Even if such were the case it must be noted
that the Magistrates Courts are not courts ofrecord, and that the findings of the Magistrates
do not form a body oflegal precedent.

Against this background certain extremes can be identified. Provided that the developer was
able to show that at the time of deployment of the machines the best available technology was
used in the design, manufacture and erection of the turbines then the Magistrates Court would
be most unlikely to find that the replacement ofthose turbines would be a reasonable option
open to the developer. In any event, planning permission would be required. However,
extensive sound-proofing measures might well be felt to be reasonable even though at
considerable cost. The equation to resolve in all cases will be the benefit to be extracted from
a particular step when set against the cost ofthat step.



Summary

In summary a variety of measures are open to local planning authorities and to citizens who
perceive detriment to the amenities of neighbouring occupiers because of noise emissions.
Because each case will differ in its facts no firm conclusions, particularly in relation to any
rating levels, can be derived from case studies. However, it is very clear that well drafted and
fair planning conditions will tell a developer what must be achieved, will provide local
authorities with an objective initial yardstick ifa complaint is received, and will provide the
starting point for any evaluation ofa defence ofbest practicable means.

Regulating noise emissions in the public interest

It was noted in the introduction to this chapter that reactions to noise emissions from
man-made sources vary widely, depending in part on the physical ability ofthe receptor to
hear the noise and his perceptions of the source. Such factors do not admit readily to
objective analysis. A noise which is to one person unbearable can be almost inaudible to
another.

The Courts have historically adopted the standpoint of the reasonable man or, as in the cliche,
the man on the Clapham omnibus. The Courts have not been prepared to make decisions to
accommodate extreme perceptions in controlling noise from legitimate sources. They have
adopted, so far as is possible, a reasonable approach.

Planning law follows the Courts. Planning Policy Guidance Note 1 advises that the basis of
planning law and practice is that the use and development ofland should be regulated in the
public interest: the purpose of the planning system is not to protect private rights. It follows
from this that extreme private perceptions will not be protected by the planning system. The
objective is to promote the current concept, from time to time, of the public good.

With the factors that have been identified in this chapter in mind, it can be seen that to attempt
to devise an assessment and rating standard for noise emissions from wind energy
development is a difficult exercise. Wind energy remains a new form of development: its
symbolic content remains a matter of debate. Opinions of wind energy fluctuate widely
between people and over time. Nevertheless, as with minerals, there is an urgent need to
assist local planning authorities by suggesting rating standards which would seem to be
reasonable. Reasonableness in this case derives from: established standards and advisory notes
relating to noise emissions; the need of society for clean energy in pursuance of Government
energy policy; what can be achieved by the manufacturers of wind turbines; the researches of
the Working Party in the UK, Denmark, Holland and Germany; the professional and career
experience of members ofthe Working Group; and discussions between the members and
various others with appropriate experience.

The purpose ofthis chapter has been to define and analyse the complicated background
against which members of the Noise Working Group set out to suggest rating standards for
noise emissions from wind turbines, standards which may themselves change with time. Such
changes may arise as a result of technical improvements in noise suppression by the
manufacturers, because of developing perceptions of clean energy development, because of



changing patterns of settlement in the countryside, and due to a host of other factors which
cannot be anticipated at present. This acknowledgement of continuing dynamics does not
undermine the production ofrating standards. It is hoped that, at the same time, they
represent well researched assistance to developers, manufacturers and planning authorities as
well as a firm basis for further research and guidance.
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3. DESCRIPTION OF NOISE EMISSIONS FROM WIND TURBINES

Noise emitted by wind turbines can be associated with two types ofnoise source. These are
aerodynamic sources due to the passage ofair over the wind turbine blades and mechanical
sources which are associated with components ofthe power train within the turbine, such as
the gearbox and generator and control equipment for yaw, blade pitch, etc. These sources
normally have different characteristics and can be considered separately.

Aerodynamic sources

Aerodynamic noise is emitted by a wind turbine blade through a number of sources which have
been identified and studied by Lowson [9] and Lowson and Fiddes [10]. The key sources
have been categorised as:

1. Selfnoise due to the interaction ofthe turbulent boundary layer with the blade trailing
edge.

2. Noise due to inflow turbulence (turbulence in the wind interacting with the blades).
3. Discrete frequency noise due to trailing edge thickness.

4. Discrete frequency noise due to laminar boundary layer instabilities (unstable flow close to
the surface oftheblade).

5. Noise generated by the rotor tips.

Noise due to aerodynamic instabilities, mechanisms 3 and 4, can be reduced to insignificant
levels by careful design. The other mechanisms are an inescapable consequence ofthe
aerodynamics of'the turbine which produce the power and between them they will make up
most ifnot all ofthe aerodynamic noise radiated by the wind turbine. The relative
contribution of each source will depend upon the detailed design ofthe turbine and the wind
speed and turbulence at the time. The mechanisms responsible for tip noise are currently
under investigation but it appears that methods for its control through design ofthe tip shape
may be available. Selfnoise, mechanism 1 above, is most significant at low wind speeds
whereas noise due to inflow turbulence becomes the dominant source at the higher wind
speeds. Both mechanisms increase in strength as the wind speed increases, particularly inflow
turbulence. The overall result is that at low to moderate wind speeds the noise from a fixed
speed wind turbine increases at a rate of 0.5-1.5 dB(A)/m/s.

The experience of some residents who neighbour wind farms in the UK would indicate that the
assumption that aerodynamic blade noise sounds like the wind in the trees is perhaps an over-
simplification, although the frequency content ofthis source can be similar to that of wind
turbines. It is the regular variation ofthe noise with time that, in some circumstances, enables
the listener to distinguish the noise ofthe turbines from the surrounding noise. Onomatopoeic
descriptions of'these noises include swishing, whooshing, chomping and thumping.

-11-



Blade swish is an amplitude modulation ofnoise in the frequency range which is associated
with trailing edge noise radiated from the outer portion ofthe turbine blade and discrete
frequencies associated with trailing edge thickness. This rhythmic swishing sound, dependent
upon tip speed and blade profile, is normally centred around the 800-1000Hz region ofthe
frequency band for trailing edge noise and at higher frequencies for trailing edge discrete
frequencies depending on edge thickness. Measurements ofthe emitted sound power level of
a wind turbine are normally performed using the A-weighting network and a time-averaging
period of a minimum of2 minutes, [11] [12]. This modulation might be expected to be clearly
apparent when performing noise measurements close to wind turbines. However, the
modulation ofthe A-weighted noise level is ofthe order of2-3dB(A) for typical wind turbine
configurations. Measurements performed in Denmark [13] and at some locations in the UK
indicate that this level of amplitude modulation may be greater if analysis is performed using
third octave or narrow band analysis ofthe radiated noise from a wind turbine. This
modulation may be caused by directivity effects associated with the generation of the noise at
the blade and is most apparent when standing close to a wind turbine, less than 50 metres from
the base ofa supporting tower.

As observer distance increases from the turbine, the rhythmic swishing becomes less
pronounced. This may be due to a number of single effects or a combination. As distance
increases, the modulation caused by the directivity ofthe radiated sound wave emitted by a
turbine blade will become less significant. Therefore, it would be expected that any directivity
effects which may be audible close to the turbine will be reduced in audibility. Atmospheric
attenuation will cause a reduction ofhigh frequency blade noise relative to lower frequency
blade noise. This removes the high frequency "swish" spectral content which increases its
distinguishing character. As the observer distance increases, the level of sound from the
turbine incident at the observer position will decrease. However, in exposed locations, it
should be expected that the background noise level will remain, in general, the same.
Therefore, increased masking by the background noise will reduce the subjective impact of the
turbine noise. This rhythmic swishing has been noted to vary between turbine types and
between sites where similar turbines have been installed.

Current research projects aimed at more fully characterising the aerodynamic noise emissions

from wind turbines are described in Chapter 9 on Further Work. These projects include
measurements of blade swish and low frequency noise and vibration emissions.
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Mechanical sources

Mechanical noise is normally perceived within the emitted noise from wind turbines as an
audible tone(s) which is subjectively more intrusive than a broad band noise ofthe same sound
pressure level. Sources for this noise are normally associated with: the gearbox and the tooth
mesh frequencies of'the step up stages; generator noise caused by coil flexure ofthe generator
windings which is associated with power regulation and control; generator noise caused by
cooling fans; and control equipment noise caused by hydraulic compressors for pitch
regulation and yaw control.

Where complaints have been received due to the operation of wind farms, tonal noise from the
installed wind turbines appears to have increased the annoyance perceived by the complainants
and indeed has been the primary cause for complaint.

Mechanical noise may be radiated by the containing structure of'the source, ie the gearbox
casing, or by parts ofthe turbine structure which have a direct mechanical linkage to the
source. Where gearbox noise has been perceived as a tonal noise problem, the acoustic energy
has normally been found to be radiated by the supporting tower structure upon which the
turbine nacelle containing the gearbox is mounted and/or by the wind turbine blades
themselves. Vibrational energy is transmitted from the drive train within the gearbox and the
drive shafts and enters the gearbox supporting structure. This then travels through the
supporting structure and may be re-radiated as sound at any position where the structure is
exposed to atmosphere. Supporting towers are normally large, between 25 and 45 metres in
height, from which acoustic energy may be radiated. These large radiating surfaces can result
in the efficient transmission of the vibrational energy into the external environment
surrounding a wind turbine.

Most turbine manufacturers have started to ensure that sufficient forethought is given to the
design of quieter gearboxes and the means by which these vibrational transmission paths may
be broken. Through the use of careful gearbox design and/or the use of anti-vibration
techniques, it is possible to minimise the transmission of vibrational energy into the turbine
supporting structure. The benefits ofthese design improvements have started to filter through
into wind farm developments which are using these modified wind turbines. It is possible to
obtain turbines which do not emit any clearly distinguishable tones.

Vibrational energy that enters the wind turbine blade may be reduced by the placing ofa
resilient coupling on the low-speed shaft and/or by treating the blade itself. Foam filling of the
blade would provide significant additional damping to the blade skin, thereby reducing the
transmitted vibrational energy within the blade.
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4. REVIEW OF CURRENT PRACTICE AND GUIDANCE

Introduction

Much work has been carried out and is still current in relation to the measurement of noise
from wind generators. However, there is as yet no primary or secondary legislation in the UK
relating specifically to the rating of noise from wind generators. This corresponds with the
position in all European Community member states which have seen wind energy
development, except Denmark where a statutory instrument of 1991 [12] specifically regulates
maximum levels ofnoise emissions from wind generators. There are statutory noise controls
in Holland and Germany but these are not specifically related to wind generators.

The only current advice in the UK specifically relevant to wind energy development is
contained within the wind energy annex to Planning Policy Guidance Note 22 (PPG 22) [1]
which advises on renewable energy development. However, there are numerous elements of
advice more or less pertinent to the subject and these are recorded in this section of'the report.
Advice continues to emerge, and in particular it is noted that Planning Policy Guidance Note
24: Planning and Noise [5], which superseded DOE Circular 10/73 [4] in England (Welsh
Office 16/73 is still in effect at time of writing), was issued in September 1994 and a revision
to BS 4142: 1990 [2] relating to industrial noise in mixed residential and industrial areas is
currently being prepared.

This chapter ofthe report records and discusses legislation and advice which is current, and
either potentially or directly pertinent to noise emissions from wind generators. Chapter 6 of
this report discusses the difficulties in theory and in practice of applying the advisory
documents described in this chapter to wind energy development and proceeds to recommend
a framework for the measurement and assessment ofnoise from wind farms.

The use of planning conditions

As a result ofthis lack of direct guidance for the assessment of wind turbine noise, several
methods have evolved to limit the noise levels which are incident from a wind turbine or farm.
These methods can be summarised as follows:

* The setting ofnoise limits (maximum limit not to be exceeded or limit at a specified wind
speed, typically Sm/s at hub height, the cut-in wind speed for a wind turbine) which are
independent of the existing background noise levels. This is like the planning condition for
Rhyd-y-Groes on Ynys Mon/Anglesey and some sites in Dyfed.

* The setting of'a limit based on measurements of the background noise before the
construction ofthe wind farm. The planning conditions agreed for Four Burrows in
Cornwall are of'this type.

* The setting of a limit permitting the noise level ofthe wind farm to the exceed the

prevailing background noise level when the wind farm is not operating by a specified
amount. This is like the planning condition agreed for Carland Cross in Cornwall.
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Furthermore, the methods by which these conditions or obligations are to be tested are
different. Some propose the measurement of the La.q of the background and incident turbine
noise at a property, some propose the measurement of the LA90 of the background and incident
noise from the wind turbines and some consider the noise in terms ofthe LASO. The reasons
for this can be summarised as follows:

* The use of Ly follows the guidance that is contained within BS 4142: 1990 (Method for
rating industrial noise affecting mixed residential and industrial areas) which was updated
to align itself with ISO 1996: Parts 1 to 3. This proposes that measurements and an
assessment of a new noise source be performed using the La.q index.

* The use of LA was proposed by some local district councils in Cornwall because
transitory, high-energy effects such as aircraft fly-overs and wind upon the microphone
could increase the measured Lcq such that the measured noise levels from the turbines
would be masked. As a wind turbine is a fairly constant noise source it was considered
that the L”o would be a reasonable approximation to the L. of a wind turbine. However,
at a receiver position, where short-term, high-energy events may result in a higher Laeq
than would be expected from just the operation of wind turbines, the L"0 was considered
to be less affected by these transitory, high-energy events.

* The use ofLsso was adopted during early work by the CEGB at the demonstration test
facility at Carmarthen Bay. The reasoning for the use ofthe Laso follows that described in
the previous paragraph.

Therefore, there currently exist several methods by which conditions and obligations have
been written and by which developers have considered the effects oftheir developments upon
neighbouring dwellings and noise-sensitive buildings. The purpose ofthis Working Group is
to consider the merits ofthese and other methods with respect to existing primary and
secondary legislation, Planning Policy Guidance Notes, Mineral Planning Guidance and British
Standards. This investigation has also taken into account recommendations made by the
World Health Organisation (WHO), the European Community (EC) and the Organisation of
Economic Co-operation and Development (OECD). Reference has also been made to the
experiences of other countries where the development of wind energy has already been
underway for a number of years.

Primary and secondary legislation in the UK

The emergence ofnoise emissions as a core environmental concern is relatively recent. While
quite separate law relating to statutory nuisances derives from the Public Health Act 1936, the
first relevant advice in a planning context can be seen in the DOE Circular 10/73 (Welsh
Office Circular 16/73), now replaced in England by Planning Policy Guidance Note 24. At a
statutory level the Control of Pollution Act 1974 contained detailed provisions concerning
statutory nuisances. EC Directives ofthe mid-1980s, and rapidly increasing concerns about a
wide variety of environmental issues, culminated in the Environmental Protection Act 1990. A
brief summary of relevant provisions in primary legislation of relevance to noise emission
control is given below.
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Planning juridictions
Section 70 Town and Country Planning Act 1990:
"Where an application is made to a local planning authority for planning permission

a) Subject to (other sections) they may grant planning permission, either
unconditionally or subject to such conditions as they think fit; or

b) They may refuse permission. "

Section 106 Town and Country Planning Act 1990:

“Any person interested in land in the area of a local planning authority may, by
agreement or otherwise, enter into an Obligation (... "a Planning Obligation'):

a) restricting the development or use of the land in any specified way;,

b) requiring specified operations or activities to be carried out in, on, under or over
the land;

¢) requiring the land to be used in any specific way; or

d) requiring a sum or sums to be paid to the authority on a specified date or dates or
periodically

Statutory nuisance

Section 80 Environmental Protection Act 1990:
"Where a local authority is satisfied that a statutory nuisance exists, or is likely to
occur or to recur, in the area of the authority, the local authority shall serve a notice

("an abatement notice ") imposing all or any of the following requirements -

a) Requiring the abatement of the nuisance or prohibiting or restricting its occurrence
or reoccurrence;

b) Requiring the execution of such works, and the taking of such other steps, as may be
necessary for any of those purposes, and the notice shall specify the time or times
within which the requirements of the notice are to be complied with. "

Section 82 Environmental Protection Act 1990:
"A magistrates court may act under this section on a complaint made by any person on

the ground that he is aggrieved by the existence of a statutory nuisance. Ifthe
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magistrates court is satisfied that the alleged nuisance exists, or that although abated it
is likely to recur on the same premises, the Court shall make an order for either or both
of the following purposes -

a) Requiring the Defendant to abate the nuisance within a time specified in the order,
and to execute any works necessary for that purpose;

b) Prohibiting a reoccurrence ofthe nuisance, and requiring the Defendant, within a
time specified in the order, to execute any works necessary to prevent the reoccurrence,

and may also impose on the Defendant a fine not exceeding . . . on the standard scale"

Town and Country Planning (Assessment of Environmental Effects) Regulations 1988

By virtue ofthe Town and Country Planning (Assessment of Environmental Effects)
(Amendment) Regulations 1994, which came into force on 6 April 1994, the provisions of the
1988 Regulations now apply to wind energy development. Wind generators are listed within
Schedule 2 to the 1988 Regulations as a form of development for which environmental
assessment may be appropriate, depending on such factors as the nature, size and location of
proposal.

Planning Policy Guidance Notes

PPG 22 Renewable Energy

PPG 22 sets out Government planning policy advice concerned with developing renewable
energy sources, against the background ofthe Government's policies for the environment, and
for developing these renewable energy sources. For ease of reference the Government's policy

on new and renewable energy as stated in Energy Paper No 62 is:

"To stimulate the development of renewable energy sources wherever they have
prospects of being economically attractive and environmentally acceptable in order to
contribute to:

» diverse, secure and sustainable energy supplies

* reduction in the emission of pollutants

» encouragement of internationally competitive industries.

In doing this it will take account of those factors which influence business
competitiveness and work towards 1500MW DNC ofnew electricity generating capacity
from renewable sources for the UK by 2000. "

The main principle running through PPG 22 is the requirement to balance the local
environmental impact of renewable energy generation against global environmental benefits.
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This is best illustrated by reference to extracts from paragraphs 21 and 26, the first considering
land use planning matters and the second advising on development plans.

"Sites proposedfor the development of renewable energy sources will often be in rural
areas or on the coast\ and such development will almost always have some local
environmental effects. The Government's policies for developing renewable energy
sources must be weighed carefidly with its continuing commitment to policies for
protecting the environment."

"Authorities will need to consider both the immediate impact of renewable energy
projects on the local environment and their wider contribution to reducing emissions of
greenhouse gases."

The PPG specifically considers noise issues within paragraphs 39-51 of’its wind annex. The
document provides an overview of the issues to be addressed but as it admits, there was
insufficient information available at the time of writing for more quantitative general guidance
to be given.

PPG 24: Planning and Noise

PPG 24 Planning and Noise, issued in September 1994, gives guidance to local authorities in
England and replaces Circular 10/73. This document too highlights the potential conflicts of
interest which have to be considered as part of the planning process. The aim of the guidance
contained within PPG 24, as stated in the opening paragraph, is:

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

Paragraph 10 continues:

"Much of'the development which is necessary for the creation ofjobs and the
construction and improvement of essential infrastructure will generate noise. The
planning system shoidd 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. They shoidd also bear in mind
that a subsequent intensification or change ofuse may result in greater intrusion and
they may wish to consider the use of appropriate conditions. "

Within Annex 1 of PPG 24 the concept of noise exposure categories (NECs) is developed.
These categories are to help identify whether noise is an important issue in the development of
residential dwellings within an existing noise environment. However, it identifies that when a
new noise source is brought to sensitive properties this guidance is not to be used:

"The NEC procedure is only applicable where consideration is being given to
introducing residential development into an area with an existing noise source, rather
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than the reverse situation where new noise sources are to be introduced into an existing
residential area."

This is because:

"... the planning system can be used to impose conditions to protect incoming
residential developme?it from an existing noise source but, in general, developers are
under no statutory obligation to offer noise protection measures to existing dwellings
which will be affected by a proposed new noise source. "

It is also stated that where industrial noise is the dominant noise source rather than
transportation noise sources, the NEC noise levels should not be used because:

"... there is insufficient information on people's response to industrial noise to allow
detailed guidance to be given. "

However, ifindustrial noise is present but not dominant in a noise environment, then its
contribution should be included when establishing the NEC category. The discussion on the
setting of noise limits for the various NECs makes reference to sleep disturbance criteria and
attenuation ofnoise through open and closed windows. The approach of PPG 24 is discussed
in Chapter 6 for the purposes ofconsidering the setting ofnoise limits for wind farms.

However, the derivation of the night-time noise limits contained within the NEC table is based
upon the concept of sleep disturbance and the protection of'the restorative process of sleep.
The setting ofthese criteria has assumed a reduction of the noise from outside the building
through to the inside within bedrooms such that the internal noise level is at or below 35dB
Lacq- (Reference is made to the WHO document Environmental Health Criteria 12 - WHO,
1980 [14]. It should be noted that there is currently a review of the criteria contained within
this report. The new draft is discussed later in this chapter.) The reduction through a window
that has been assumed for the calculation of acceptable external noise levels is 13dB(A) from
internal noise level to facade noise level. (It is stated within PPG 24 that this figure is usually
taken to be 10-15dB(A) and that for the purpose of deriving the NEC table it has been
assumed to be 13dB(A).)

When advising on the assessment ofnoise from industrial and commercial developments the
PPG comments that the likelihood of complaints about noise from industrial development can
be assessed, where the Standard is appropriate, using guidance in BS 4142: 1990. It goes on
to say that the "rating level" shall be used when stipulating the level ofnoise that can be
permitted.

Planning and Noise Circular (W.0. 16/73)

Welsh Office Circular 16/73 contains guidance for planning authorities concerning new noise
sources. This is equivalent to DOE Circular 10/73 recently cancelled by PPG 24 in England.
Although the circular does not directly deal with wind turbine-generated noise it provides
some guidance as to what might be considered as acceptable noise levels for the incident noise
levels from such development.
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Noise from fixed installations and industrial premises is considered within paragraphs 24-36 of
the Circular. Within paragraph 24 it is recommended that local planning authorities consult
their Environmental Heath Departments at an early stage to minimise the noise effects of
developments.

Paragraph 27 proposes a method by which noise from a new noise source introduced into an
existing residential environment may be assessed. It states:

"Where, by the standards established in BS 4142, the noise from the proposed
development "is likely to give rise to complaints' even ifreasonable sound insulation
is required and provided\ it will hardly ever be right to give permission. In predicting
noise levels from new developments it will be necessary to take account ofthose which
can be expected when the plant is operating at maximum capacity, even if this
presupposes a higher level of activity than that initially proposed by the developer. "
Paragraph 28 considers that, where possible, the authorities should operate their development
control powers in such a way as to avoid an increase in the ambient noise affecting residential
and other noise-sensitive development. It also recognises within this paragraph that this will
not always be possible for certain types of development.

Where industrial noise is incident upon a residence, the Circular proposes that the CNL
(Corrected Noise Level) for a stationary source to provide a "good standard" ofnoise within a
dwelling with windows closed is 45dB(A) during the day-time and 35dB(A) during the night-
time. These are internal noise levels, with windows closed.

MPGI11 The Control of Noise at Surface Mineral Workings

The aim of Mineral Planning Guidance Note 11 is to provide advice on how the planning
system may be used to keep noise emissions from surface mineral workings within
environmentally acceptable limits without imposing unreasonable burdens upon minerals
operators.

Paragraphs 31-35 consider the setting of absolute noise limits for such developments, which
are linked to day-time and night-time working periods. MPG 11 states:

“(The Government takes the view, except in the circumstances outlined below, the day-
time nominal limit at properties used as dwellings shoidd normally be 55dB L., (free

field)...."

MPG 11 goes on to say that this level is generally found to be a tolerable noise level and that
above this noise level continuous noise starts to cause annoyance.

The suggested night-time noise limit is 42dB Lae,ih at a noise-sensitive dwelling. It also

recognises that lower nominal noise limits may be appropriate in quiet rural areas if the mineral
working threatens to disturb exceptionally low background noise levels.
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Paragraphs 37 and 38 discuss the setting of noise limits relative to the existing background
noise level. However, MPG 11 recognises the difficulties of this approach when applied to
sites where quiet background noise levels exist:

"In exceptionally quiet rural areas where the day-time background noise level is below
35dB(A), a condition limiting mineral operators to a 10 decibel excess over the existing
background noise level is likely to be both difficult to achieve and unduly restrictive. It
would not normally be appropriate to require a day-time limit below 45dB L ,.q,ih> “
such a limit shoiddprove tolerable to mostpeople in rural areas. The exercise of care
and some flexibility are important in addressing these issues. "

Paragraph 39 states:

"In the case ofnight-time working, MP As and operators should have particular regard
to the needs oflocal people, and discussion with local Environment Health Olfficers
may well be appropriate as to whether the night-time limit stated at paragraph 34 is
reasonable. This may be a particular issue in quieter rural areas. "

These comments indicate that for very quiet background noise environments, the operation of
mineral extraction plant should not be allowed to exceed 42dB L,.q,in during the course ofa
night, but that a lower limit may be appropriate after discussions with the local Environmental
Health Officer.

British Standards

BS 4142:1990: Method for rating industrial noise affecting mixed residential and
industrial areas

It is stated within the foreword of'this British Standard that:

"The standard is intended to meet the need for rating various noises of an industrial
nature affecting persons living in the vicinity. It gives a method of determining a noise
leveltogether with procedures for assessing whether the noise in question is likely to
give rise to complaints. Although, in general, there will be a relationship between
incidence of complaints and the level of general community annoyance, quantitative
assessment of the latter is beyond the scope of this standard as is the assessment of
nuisance."

This indicates that although the standard may be used for the rating ofa noise incident upon a
receiver position, it is not appropriate for either the quantitative assessment of general
community annoyance or the assessment of nuisance.

The foreword continues:

"In general, a noise is liable to provoke complaints whenever its level exceeds the
background noise by a certain margin, or when it attains a certain absolute level. "
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This indicates that complaints may occur ifthe incident noise level exceeds the background
noise level by a margin or ifthe incident noise exceeds an absolute level that may not be
related to the background noise level.

The foreword to BS 4142 also states:

"This standard is intended to be usedfor assessing the measured noise from existing
premises or the calculated (or measured) noise levels from new or modified premises.
It may be found helpful in certain aspects of environmental planning and may be used
in conjunction with recommendations on noise levels and methods of measurement
published elsewhere."

The scope explains that the standard provides a method for assessing whether noise measured
at the outside of a building is likely to give rise to complaints from people residing inside the
building.

BS 4142 itself acknowledges that it is not suitable for assessing noise in situations where the
background noise level is very low, ie below an A-weighted sound pressure level of 30dB.

The rating method described within BS 4142 compares the incident noise from an industrial
source, be it calculated or measured, with the measured background noise at the position
where the new noise source is incident. The noise levels of the source are measured in terms
ofL,.q,T but for background noise level, Laso,t is used. When performing an assessment using
BS 4142, not only is the level ofincident noise from the new noise source of concern but also
the character ofthe source. BS 4142 proposes that a penalty be applied ifthe noise has the
following characteristics:

"7.2 Ifthe noise contains a distinguishable, discrete, continuous note (whine, hiss,
screech, hum, etc), or ifthere are distinct impulses in the noise (bangs, clicks, clatters,
or thumps), or ifthe noise is irregidar enough in character to attract attention, add
5dB to the specific noise level to obtain the rating level. Make only a single 5dB
correction if one or more of the above characteristics is present. "

The method of assessment then subtracts the measured background noise level from the rated
noise level. A difference of 10dB(A) or greater is considered to indicate that complaints are
likely. A difference ofaround 5dB is of marginal significance. The lower the value the less
likelihood there is of complaints.

The issues associated with the application of BS 4142 to noise from wind farms in rural areas
are discussed in Chapter 6.

BS 5228: Part 1:1984 Noise Control on construction and open sites. Part 1: Code of
Practice for basic information and procedures for noise control

The scope of BS 5228 Part 1 [15] covers recommendations for basic methods of noise control

relating to construction sites and other open sites where noisy work activities and operations
are carried out. It describes the legislative background to noise control and provides guidance

-23-



concerning methods of predicting and measuring noise. It also contains recommendations on
how the impact of noise on people living nearby and on-site workers can be minimised.

Section 11 within the British Standard discusses the setting of noise criteria. When setting
target noise levels at sensitive dwellings adjacent to a site, it is recognised that the period of
falling asleep and just before awakening are the most sensitive. It is suggested that site noise
will be required to be limited to Laeqm 0f40-45dB at the facade to avoid sleep disturbance;
this is equivalent to a free field sound pressure level of37-42dB. The free field sound pressure
level is that which is measured when the measurement position is situated further than 3.5
metres from a reflecting surface.

BS 7445: Parts 1-3:1991 Description and measurement of environmental noise

Part 1. Guide to quantities and procedures
Part 2. Guide to the acquisition of data pertinent to land use
Part 3. Guide to application to noise limits

BS 7445: Parts 1-3: 1991 [16] is the equivalent British Standard to ISO 1996/1-3: 1982 and is
identical to this ISO standard. This International Standard does not specify limits for
environmental noise. The stated aim of'these standards is to:

"..provide authorities with material for the description ofnoise in community
environments. Based on the principles described in this International Standard\
acceptable limits of noise can be specified and compliance with these limits can be
controlled.”

Part 1 ofthe standard describes the preferred measurement units which should be used, the
type of equipment that should be used for determining the noise level and measurement
positions. The standard introduces the concept of measurements performed within a building
when assessing the impact upon a nearby receiver. Section 5.2.3 ofthe standard states that
the preferred measurement position within a building is:

"at least 1 metrefrom the walls or other major reflecting surfaces, 1.2 to 1.5 metres
above floor level and about 1.5 metres from windows. "

Section 5.3 ofthe standard discusses the possible meteorological effects upon the
measurements that may be undertaken. It does not specify that there are weather conditions
during which measurements are unacceptable. However, it recommends that measurements be
made when conditions will be those that will allow the most stable propagation of the noise
from the source to the receiver, with a significant wind component from the source to the
receiver.

The purpose of Part 2 ofthe British Standard is:

"To provide methods for the acquisition of data describing environmental noise. Using
these data as a basis, authorities may establish a system for selecting the appropriate
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land use, as far as levels of noise - existing or planned - which are acceptable with
respect to land use, existing or planned. "

This part ofthe British Standard gives some guidance as to the method by which a rating may
be made of'the noise source, taking into account whether it has an impulsive character or
whether it contains any tonal components. The control of such acoustic emissions from a
wind turbine are normally addressed through the warranty provided by the manufacturer ofthe
wind turbines and the planning permission for the development.

The tonal adjustment as described below is proposed within BS 7445 in order to take into
account the effects oftonal noise:

"A prominent tonal component may be detected in 1/3 octave spectra ifthe level of a
1/3 octave band exceeds the level of adjacent bands by 5dB or more, but a narrow band
frequency analysis may be required in order to detect precisely the occurrence of one
or more tonal components in a noise signal. Iftonal components are clearly audible
and their presence can be detected by a 1/3 octave analysis, the adjustment may be 5 or
6dB. Ifthe components are only just detectable by the observer and demonstrated by
narrow band analysis, an adjustment of 2 to 3dB may be appropriate. "

Part 2 also states that the measurement of the noise source should be undertaken when the
propagation conditions are stable and when the meteorological conditions will enhance
propagation towards the receiver position. BS 7445 states that wind conditions should be
from the source to the receiver and within an angle of+ 45°0fa line connecting the centre of
the source with the centre ofthe receiver position. It also states the wind speeds for this
assessment should not exceed an average wind speed of Sm/s between the heights of 3 and 11
metres. This typically equates to average wind speeds of 7.8m/s and 5.9m/s respectively,
when measured at a height of 30 metres, which are low to moderate wind speeds for turbine
operation (see "wind shear" entry in Glossary). It is also stated within BS 7445 Part 2,
Paragraph 5.4.3.3, Note 1, that it should always be ascertained that the wind noise at the
microphone does not interfere with the measurements.

Part 3 of BS 7445 describes the application ofnoise limits and the elements which are
necessary in any setting of noise limits. These include:

* the noise descriptor to be used

* the relevant time intervals

* the sources and their conditions of operation, where appropriate
 the locations where the noise limits have to be verified

* meteorological conditions, where appropriate

+ criteria for assessment of compliance with the set limits.
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Guidance is given within this section of the standard as to how to set the conditions for any
noise limits and for checking compliance with any ofthe noise limits that might have been
agreed or imposed by the local authority.

BS 7135: Part 1:1989: Noise emitted by computer and business equipment Part 1. Method
of measurement of airborne noise

BS 7135: Part 1 [17] is a measurement method for noise emitted by computer and business
equipment. The methods described within the standard are only relevant to the measurement
ofthese noise sources. However, within Annex D (Measurement of impulsive sound pressure
levels and discrete tones at the operator position) are methods for the determination ofthe
impulsiveness ofthe noise and the tonality ofthe noise.

Measurement of the impulsive sound is performed by aural examination of the noise source at
the operator positions. Ifthe noise emitted is perceived to include short-duration high-
amplitude sound, then the following test shall be performed:

"The A-weighted impulse sound pressure level, L,u shall be measuredfor the same
modes of operation and measurement conditions usedfor the measurement of the A-
weighted sound pressure level\ LyA, according to 7.77. The difference in decibels
between the A-weighted impidse sound pressure level, L,,j, and the A-weighted sound
pressure level Ly, shall be obtained. The difference (Ly4; - Lps ) is the impulse
parameter ALi, which may be considered a measure ofthe impulsive content of the
noise, if ALj >3dB, the noise is considered to be impulsive.”

The impulsive response ofa sound level meter is defined by the time constant for the input
signal. An impulse sound level meter has a time constant of 35ms compared with a fast time
weighting network of 125ms. The measurement method described within BS 7135 (Section
7.7 ofthe Standard) to determine the L, sound pressure level requires that a measurement be
performed for a period ofat least 8 seconds. Although it is not clearly identified within the
standard as to whether the measurement is an Lq level or a mean level, it is assumed that the
Laeq level should be recorded.

Section D.4 ofthe annex describes a method for the detection of a tone within a broad band
noise. Section D.4.1 states the following:

"A discrete tone which occurs in a broad-band noise is partially masked by the noise
contained in a relatively narrow frequency band\ called the critical band\ that is
centred at the frequency ofthe tone. Noise at frequencies outside the critical band does
not contribute significantly to the masking effect. The width of the critical band is a
function of the frequency. In general, a tone isjust audible when the sound pressure
level of a tone is about 4dB below the sound pressure level of the masking noise
contained in the critical band centred around the tone. For the purpose of this annex,
a discrete tone is defined as being prominent if the sound pressure level of the tone
exceeds the sound pressure level of the masking noise in the critical band by 6dB. This

corresponds, in general, to a tone being prominent when it is more than lOdB above
the threshold of audibility. "
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The standard then proceeds to describe a method of assessment to determine the existence of
discrete tones within the emitted noise from a computer. This method employs the concept of
Zwicker critical bands. When considering critical band theory for the masking of discrete
tones within broad band noise, it is clear that the detection of'a tone is related to the frequency
and level ofthe tone compared to the critical band masking level. The defined criteria for the
threshold of audibility and prominence is a simplification ofthese criteria as the detection
threshold is frequency-dependent.

The British Standard is designed for the assessment of tones that are emitted from computer
equipment. Most tones that are emitted by computers are related to the cooling fans and the
scanning frequency ofthe CRT (cathode ray tube). These frequencies are normally found
above 1kHz and for a CRT 15-25kHz. At these frequencies the likelihood ofa tone being
detected 1is high when the audibility threshold level is 4dB below the critical masking level.
However, at lower frequencies, especially below 500Hz, the audibility threshold for a tone is
measured as being 2dB below the critical masking band noise level. Therefore, the criterion
that is described within the British Standard is a simplification ofthe detection thresholds ofa
normal ear due to the assumptions made with respect to the normal range of discrete
frequencies that are emitted by computer equipment.

The critical bandwidths are defined within the British Standard as follows:

The width ofthe critical band, Af,, centred at any frequency, f, is given by the following
equation:

Af,=25+75[ 1+ 1.4 (f/1000)*]°%°
(e.g. Af. = 162.2Hz at f= 1000Hz)

For the purposes of determining the value ofL,, the critical band is modelled as a rectangular
filter with centre frequency, f,, the lower band edge frequency f;, and the upper band edge
frequency, f,, where

i~ fo~ A2
and
=1+ MJ2

The British Standard also states that the measurements should be performed using the A-
weighting network. However, if measurements are performed using linear quantities then the
threshold of audibility should be defined as when a tone is 6dB below the masking band level.

The measurement period that should be used for determining the tone levels is defined as a
minimum of 8 seconds, following the measurement methodology used for the impulsive noise
assessment. However, performing a narrow band analysis on a signal using an FFT (Fast
Fourier Transform) Analyser results in blocks of data, between 125 ms and 1 second in length,
being analysed, rather than a continuous stream. To derive the sound pressure level for each
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narrow band over a longer time period, such as 8 seconds, requires that the average level is
obtained from a number of shorter measurements.

The determination ofthe masking band level within the critical band is dependent upon this
averaging of the measured noise. However, for a single spectrum using a Hanning window it
is expected that the broad band level calculated would have a 68.3 % chance of being within
4.34dB ofthe true level, a 95.5 % chance ofbeing within 8.68dB and a 99.7 % chance of
being within 13.02dB. However, as the number of averages increases, the standard error will
become less due to the greater number of samples. Table 1 details the expected error with
increase in the number of samples used to determine the average level of each narrow band.

Table 1 Expected error bands using FFT analysis

Number of| Standard | 2 x Standard | 3 x Standard
Samples | Deviation | Deviation Deviation
1 4.34 8.68 13.02
2 3.07 6.14 9.21
4 2.17 4.34 6.51
8 1.53 3.07 4.60
16 1.09 2.17 3.26
32 0.77 1.53 2.30
64 0.54 1.09 1.63
128 0.38 0.77 1.15
256 0.27 0.54 0.81
512 0.19 0.38 0.58
1024 0.14 0.27 0.41

Therefore, to undertake measurements that have a high degree of accuracy requires that a
significant number of measurements are averaged before the level can be confidently predicted
to be within 1dB ofthe level recorded by the analyser. This compares with the advised
minimum measurement period of 8 seconds proposed within the standard. As an example, if
the highest frequency ofinterest is 2kHz and the narrow band bandwidth is 2.5Hz, equivalent
to 800 lines, then the sampling frequency will require to be 2.56 times the frequency ofhighest
interest, ie 5120Hz. To obtain sufficient data to perform the FFT analysis will require 2048
data points. Therefore, the time that is required to obtain sufficient data for a single spectrum
is 2048 x (1/5120Hz) = 0.4 seconds. Ifit is assumed that the data is collected as a continuous
stream, then in the space of 8 seconds it would be expected that 20 spectra are available for
averaging. From Table 1 it may be seen that this would lead to an expected accuracy ofthe
measurement of about 1dB for a single standard deviation. For an accuracy of+ 0.2dB, 470
measurements would be required, resulting in an overall measurement period of 188 seconds,
approximately 3 minutes.
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International Guidance
European Community Directives

Council Directive 85/337 ofthe European Community requires the assessment of the
environmental impact of certain projects in the public and private domain. The terms of'this
Directive must be implemented by member states. In the UK most of the Directive's terms
have been implemented through the Town and Country Planning (Assessment of
Environmental Effects) Regulations 1988, reference to which has already been made.

CEC Report EUR 5398 e: 1975

The Commission of the European Communities report EUR 5398 e: Environment and Quality
of Life: Damage and Annoyance Caused by Noise [18], contains a number of
recommendations for the setting of external and internal noise criteria which will not affect
sleep or relaxation in external environments.

The report states within its conclusions that internal L,.q noise levels within a bedroom of 30-
35dB would not affect sleep at all, while a maximum sound level should not exceed the Lxcq
level by more than 10dB. The setting of a maximum noise level above the average La.q level is
due to the human startle response function which results in a sleeper awakening as a result ofa
short period, high level noise. The report states that a certain safety margin has been taken
into account for more susceptible elderly persons when stating this figure. It is proposed
within the report that as these levels will result in no sleep disturbance, achieving these noise
levels for other rooms within a dwelling will result in no interference in relaxation. Again, the
limit for a maximum level 10dB above the continuous Laeq level applies. However, the report
does note that public authorities may be led to decide that such protection should be restricted
to specific and particularly sensitive groups, such as invalids, convalescents and residents of
old peoples' homes, thereby indicating that this may also be a very safe criterion for most
members of the population.

Noise criteria for relaxation in areas external to the dwelling are not so clearly defined. The
recommended noise levels contained within Report EUR 5398 e state that L., levels of 50-
55dB will result in slight annoyance. However, reference is made within the report that
acceptable guide levels for external areas based upon average Ly.q levels are as follows: 45dB
during day-time and 35-40dB during the night time. It is stated that:

"This would seem to provide an adequate safeguard for night-time and day-time sleep,

relaxation and also for the use for relaxation of open-air facilities such as balconies,
terraces and gardens."

OECD Report: Reducing Noise in OECD Countries: 1978

The OECD report Reducing Noise in OECD Countries [19] provides guidance and decision
criteria for noise abatement policies. Within this document three criteria are quoted, which are

-29.



used in some countries not identified within the report, to set internal noise levels. These are
as follows:

The extension oftime to fall asleep Laeq = 35dB
The shortening of light sleep Laeq = 45dB
The shortening of deep sleep Laeq = 50dB

The three categories of sleep noise criteria reflect the sensitivity which has been found in the
average person to noise at various stages of the sleep cycle. It is considered that the most
sensitive period for sleep being affected by noise is when a person is falling asleep. Therefore,
it is during this period that the lowest noise levels should be achieved within a dwelling and
thereby any criteria set. Light sleep or REM (rapid eye movement) sleep is less affected by
noise. This sleep period is when most dreaming occurs. Deep sleep is the least sensitive sleep
category in the nightly sleep cycle. As such, a level 15dB(A) higher than the falling asleep
level may exist without any adverse affect upon a sleeping subject.

It is also stated within this document that maximum peak levels should not exceed the
background noise level by 10-15dB(A) to ensure that no sleep disturbance occurs. All the
noise levels stated above are internal noise levels.

WHO Environmental Health Criteria 12 - Noise: 1980

The World Health Organisation Environmental Health Criteria [14] recommends an internal
noise level ofabout 35dB(A) L., during the night in order to prevent sleep disturbance. Some
effects ofnoise level on sleep are described within the main body of the report:

"The effects of noise on sleep appear to increase as the ambient noise levels exceed
35dB(A) L., (Berland et al, 1972). In one study, the probability of subjects being
awakened by a peak sound level of 40dB(A) was 5%, increasing to 30% at 70dB(A).
When changes in sleep changes were taken as an indication of disturbance, the
proportion of subjects affected was 10% at 40dB(A) and 60% at 70dB(A) (Thiessen,
1969)."”

It is to this document that PPG 24 refers when establishing noise exposure categories for the
night-time.

WHO Environmental Health Criteria Document on Community Noise, External Review
Draft, 1993

There is currently a review of existing research of environmental health noise criteria
being undertaken by the World Health Organisation [20]. The final report ofthe
temporary advisors was submitted to the WHO in 1995 but at the time of writing has
yet to be published as a replacement ofthe 1980 document. The external review draft
includes a review of current work being performed with respect to sleep disturbance
and noise. Section 11.1.1.3 dealing with sleep disturbance effects states:
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"Sleep disturbance due to continuous, as well as intermittent noise, has been
demonstrated by electrophysical and behavioural methods. The more intense the
background noise is, the more disturbing is its effect on sleep. Measurable effects start
Jfrom about 30dB(A4) L., Physiological sleep effects include changes in the pattern of
sleep stages, especially a reduction in proportion of REM-sleep. Subjective effects
have also been identified such as difficulties in falling asleep, subjective sleep quality
and adverse after-effects like headaches and tiredness. The sensitive groups will
mainly include elderly persons, shift workers, persons who are especially vulnerable
due to physical or mental disorders and other individuals who have sleeping

difficulties.

Sleep disturbance increases with increased maximum noise level Even ifthe total
equivalent noise is fairly low, a small number of noise events with a high maximum
sound pressure level will affect sleep. Therefore, guidelines for community noise to
avoid sleep disturbance should be expressed in terms of equivalent noise level as well
as maximum levels and number of noise events. It should be noted that low frequency
noise, for example, from ventilation systems, can disturb rest and sleep even at low
intensity.

Where noise is continuous, the equivalent noise level shoidd not exceed 30dB(A)
indoors, ifnegative effects on sleep are to be avoided. In the presence of alarge
proportion of low frequency noise a still lower guideline value is recommended. It
should be noted that adverse effect of noise partly depends on the nature of the
source."

The comments with respect to low frequency noise reflect the effect ofusing an A-weighted
sound pressure level. Ifmost ofthe acoustic energy was concentrated at a very low
frequency, then high levels of acoustic energy might exist but an A-weighted level may still
only be 30dB(A). As an example, the A-weighting network applies a correction of 50dB at a
frequency of 20Hz. Therefore, a level of 80dB at 20Hz would meet this 30dB(A)
requirement.

Section 11.1.1.6 dealing with annoyance responses states that:

"Community annoyance varies with activity (speech communication, relaxation to
radio and TV, etc). The threshold of annoyance for steady continuous noise is around
50dB(A)L., outdoors. Few people are seriously annoyed daring the day time at noise
levels below around 55dB(A)L., outdoors. Noise levels during the evening and night
should be 5 to lOdB lower than during the day. "

Section 11.1.2.1 deals with internal noise criteria for dwellings. It states:

"For dwellings, the critical effects are sleep disturbance, annoyance and speech
interference. Specifically, for bedrooms the critical effect is sleep disturbance.
Recommended guideline values inside bedrooms are 30dB(A)L.for steady-state
continuous noise andfor a noise event 45dB(A)LMAX- Lower levels may be annoying
depending on the nature of the noise source. The maximum level shoidd be measured
with the instrument set at fast
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To protect the majority of the people from being seriously annoyed during the day time,
the sound pressure level from steady, continuous noise on balconies, terraces and in
outdoor living areas shoidd not exceed 55dB(A)L.,.  To protect the majority of people
from being moderately annoyed during the day time, the noise level should not exceed
50dB(A) L., Where it is practical andfeasible the lower sound pressure level should
be considered the maximum desirable sound pressure level for decisions in relation to
new development.

At night-time outdoors, sound pressure levels should not exceed 45dB(A)L., so that
people may sleep with bedroom windows open. This value has been obtained by
assuming that the reduction from outside to inside with the window open is 15dB. "

It should be noted that an assumption of 15dB(A) level reduction between external and
internal noise levels has been assumed. This is quite a high level of attenuation through a
building envelope iflarge glazed areas exist within the building facade of a neighbouring

residence. The actual level difference between external and internal noise levels (free field to

internal) is typically 10-5dB(A) for a face with 25 - 40 % glazed facade area, respectively.

Large glazed areas are not uncommon when patio doors or large picture windows exist in a
dwelling but are less common for bedrooms.

Summary of noise limits and criteria in published guidance

Table 2 Summary of sleep disturbance criteria and internal noise levels

Source of Proposed Criteria Falling Light Deep Max. Level
Asleep Sleep Sleep

CEC Report EUR 5398 e: 1975 Laeq = 30 Laeqt10

Environment and Quality of Life: to 35

Damage and Annoyance Caused by

Noise

OECD Report: Reducing Noise in l'Aeq ~ 35 | Lieq - 45 | Laeg =50 | Laegt10to

OECD Countries: 1978 15

WHO Environmental Health Criteria | ngeq - 35 | Lace = 35 | 1rAeq - 35

12-Noise: 1980

WHO Criteria Document: Lacq =30 | Lacq =30 | Laeqg=30 LaMmax< 45dB

Community Noise: Environmental

Health Criteria: External Review

Draft 1993

PPG 24 Planning and Noise

Laeq = 35 (Based on WHO Environmental Health

Criteria 12)

Planning and Noise Circular W.O.
16/73

Good Standard Internal Noise Level CNL (Corrected
Noise Level)
Day = 45dB(A)
Night = 35dB(A)
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Table 3 Summary of external noise criteria

Source of Criterion External Noise Limit dB

CEC Report EUR 5398 e: 1975 Environment and | Laeq = 50-55
Quality of Life: Damage and Annoyance Caused
by Noise

British Standard BS 5228: Part 1: 1984 Noise Laeosi Hour at facade = 40-45
Control on Construction and Open Sites. Part 1.
Code ofpractice for basic information and
procedures for noise control

PPG 24 Planning and Noise BS 4142 where appropriate
MPG 11 Control of Noise at Surface Mineral Day Lacqin= 55, (No less than 45 in
Workings quiet area)

nght LAeq Ih — 42
Gardens/open spaces Laeq = 55-65

WHO Criteria Document: Community Noise: Day-time Laeq= 50 Moderate
Environmental Health Criteria: External Review | Annoyance
Draft 1993 Night-time Laeq= 45

Experience in other countries
USA

The largest concentration of wind turbines in the world is situated in California, USA. Three
main groups of turbines exist at Altamont, Palm Springs and Mojave Desert. Some work has
been performed to provide noise criteria for these sites such that a minimum of disturbance is
caused to neighbouring properties.

The most recent revisions have been performed under the title " Tri-County Wind Energy:
Mitigation Compliance Monitoring Program " which has been performed for the Alameda,
Contra Costa & Solano Counties and the California Energy Commission. Within this
document is a section dealing specifically with noise which contains a brief description ofthe
sources ofnoise from wind turbines. It also provides a summary of existing policies and
regulations for wind turbines and makes a recommendation for adoption by the counties
sponsoring the report. Extracts from this and other guidance from the USA are contained in
Appendix B.

Denmark
The development of wind turbines and wind farms in Denmark has been under way for at least
15 years. During this time, work has been performed to assess the potential for noise

emissions from wind turbines and also the level of ambient noise due to wind in trees and
grasses. This work was used, to a degree, to formulate policy for wind turbines with respect
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to noise. This has been issued by the Ministry of the Environment, Denmark, National Agency
of Environmental Protection, and is called Statutory Order from the Ministry of the
Environment No. 304 ofMay 14, 1991 on Noise from Windmills.

Part 2 ofthis document states the following:
"Establishment and Operation of Windmills

Section 2. The noise load from windmills shall not exceed 45dB(A) at outdoor open
spaces in the immediate vicinity of neighbouring properties in open country.

Subsection 2. For the purposes of this order neighbouring properties means all
residential buildings other than the private house ofthe windmill owner.

Subsection 3. The noise load from windmills shall not exceed 40dB(A) in the most
noise-inflicted spot at outdoor open spaces in residential areas and other noise-
sensitive land uses.

Subsection 4. For the purposes of this Order noise-sensitive land uses means areas
used or reserved for the purposes of institutions, week-end houses, allotment gardens or
recreation.

Section 3. The noise load shall be determined according to the guidelines laid down in
the Annex to this order as the equivalent corrected A-weighted noise level at a height of
1.5 metres at a wind speed of 8m/s at 10 metres above ground height. "

This statutory order defines the measurement position, the wind conditions and the level which
should not be exceeded. The determination ofthe sound power level (SWL) from the wind
turbines has also be defined within the Annex and is the method reported by most Danish
manufacturers of wind turbines. The quoted SWL is that which is emitted by the turbine when
operating at 8m/s wind speed measured at a height of 10 metres above ground level.

In the UK the level which must be achieved by a wind farm site has sometimes been set at the
cut-in wind speeds ofthe wind turbines, the expectation being that wind-induced noise at the
receiver position will increase at a greater rate than the emitted noise from the turbine.
Therefore, for a comparison of agreements and conditions which have already been
undertaken by some developers in the UK it is better to compare directly these levels at cut-in.

The emitted noise from a wind turbine increases with wind speed. This increase is typically
about 1dB(A)/m/s. Different wind turbines have different rates ofincrease but this figure is
fairly average for most commercially available wind turbines. Allowing for the height
difference between the hub height (sometimes used for specifying the wind conditions when
undertaking a noise test for compliance to any agreed noise level in the UK) and the wind
speed and height used for the Danish Statutory Order of 8m/s at 10 metres height, Table 4
details the equivalent Ly level which might be expected to meet the Danish Statutory Order
at the cut-in wind speed ofthe wind turbines. A range is indicated to reflect the effects of
varying ground roughness (0.01-0.05m) and rate ofincrease of noise with wind speed (0.75-
1.0dB/m/s).
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Table 4 Comparison of Danish limits to noise levels at cut-in

Laeqg @ 8m/s @ 10m Equivalent Lxq @ 5Sm/s @
height dB(A) 30m height dB(A)
45 40-42
40 35-37

The determination ofthe character ofthe noise emitted by wind turbines is performed by both
a subjective and an objective test. This takes the form oflistening to the emitted noise at the
affected property and/or performing objective measurements of the incident noise at the
property. The method by which tones are evaluated is the Joint Nordic Method for the
Evaluation of Tone in Broadband Noise [21]. This method applies a 5dB(A) penalty to the
incident noise from the wind turbine when the tone is deemed "prominent" using the objective
test method.

The determination of when a tone is "prominent" is the result of laboratory tests of different
tone and masking levels and different tone frequencies. (There is current work being
performed for the DOE by NPL & IS VR to determine a more appropriate correction method
for tonal noise. It is expected that this will not be included within a revision to BS 4142 for a
number ofyears.)

The audibility criterion that is defined within the Joint Nordic Method is based upon Zwicker
critical bands. The audibility criterion is frequency-dependent unlike the criterion defined
within BS 7135 which is not frequency-dependent. The audibility threshold is defined as:

AL, Audibility Criterion =- 2 - Log ( 1 + (f;/502)?°)

where f; = tone frequency.

The Joint Nordic Method also defines a method for the analysis of tones in non-stationary
conditions, ie ifthe level or frequency of the tone is varying.

The details of the Joint Nordic Method are discussed further in Chapter 6.

Netherlands

The Netherlands has no specific legislation concerning noise from wind turbines but has noise
regulations for industrial noise which state the following:

[Aeqdhr =  40dB(A) for rural areas without traffic
Lacq = 45dB(A) for quiet residential neighbourhoods in the city
Laeq = 50dB(A) for residential neighbourhoods in the city

The 45dB(A) and 50dB(A) limits are day-time values and should be reduced by 5dB(A) for
evening periods and by 10dB(A) during the night. It should be noted that this implies that
quiet residential neighbourhoods will, at night, have stricter noise limits than rural areas
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without traffic. It is understood that these are only recommendations and municipalities may
use other standards when they issue a Nuisance Act permit.

Where a noise zone has not been proposed, the quality of the environment around the
proposed wind farm will be considered. For example, ifa wind farm were to be developed and
dwellings were located nearby, background noise measurements would be undertaken to
assess the prevailing background noise levels at the dwellings, the background noise level
being defined as the Lad5 level. Turbine noise would then not be allowed to exceed this level,
ie the wind farm would be designed to not exceed the existing background noise levels.

Germany
German recommendations for acceptable noise levels are given in documents covering "The
law for the protection against any emissions" and detailed under Technical Instructions for

Noise.

The sound pressure levels, measured as Lcqx, Which must not be exceeded, are as follows:

Day-Time Night-Time
Commercial Areas 65dB(A) 50dB(A)
Mixed Areas 60dB(A) 45dB(A)
General Residential 55dB(A) 40dB(A)
Pure Residential 50dB(A) 35dB(A)

There currently exists a method for the determination ofthe audibility oftones , Draft DIN 45
681 [22]. This method is in draft form and is based upon ISO 7779 which forms the basis of
BS 7135 Part 1 Annex D. This Draft DIN standard proposes a penalty rating method that
follows the guidance contained within ISO 1996 (BS 7445) which gives a tonal penalty to the
noise, that is related to the audibility ofthe tone. The penalty varies from 0-6dB depending
upon the exceedence ofthe tone above the tone detection threshold. However, the penalty
system is based upon the tone detection thresholds that are described in ISO 7779, and like BS
7135, the detection thresholds do not follow classic critical band theory. The audibility
threshold described in DIN 45 861 is 6dB below the critical band masking level. Classic
theory would indicate that this is 4dB over-sensitive at frequencies below 5S00Hz. Experience
through the application ofthe tonal assessment method described in DIN 45 681 would
indicate that a tonal penalty would be, and is, applied even when a tone is not audible but the
assessment method indicates that one exists.

DIN 45 681 usefully defines which lines in the spectrum should be counted as contributing to
the tone energy. Section 4.3.2 explains:

"It is not always obvious whether sidebands contribute to tone energy. A sideband
should be included in the sum ifthe difference with respect to the maximum
narrowband level is less than 1OdB, and the difference with respect to the average
narrowband of the masking noise in the critical band about the tone is larger than
6dB.
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5. SURVEY OF PUBLIC REACTION TO NOISE FROM WIND FARMS

Introduction

One element ofthe work ofthe Working Group was to assess the circumstances which have
or have not resulted in complaints by the public over noise from wind farms. A survey of
public reaction to noise from wind turbines as reported to Environmental Health Departments
was therefore conducted, based upon the operational wind farms in England and Wales as of
February 1994. A list and brief description ofthe wind farms used in the survey is given in
Table 5 and Fig 1 shows their location.

Table 5 Operational wind farms in England and Wales (Feb 1994)

Wind Farm Turbine No. Rated Total
Manufacturer Power Capacity
kW kW

Cemmaes, Powys WEG 24 300 7200
Kirkby Moor, Cumbria Vestas 12 400 4800
Chelker, Yorkshire WEG 4 300 1200
Ovenden Moor, Yorkshire Vestas 23 400 9200
Delabole, Cornwall Vestas 10 400 4000
Penrhyddlan and Llidiartywaun, Mitsubishi 103 300 30900
Powys

Rhyd-y-groes, Anglesey Bonus 24 300 7200
Blyth Harbour, Northumberland HMZ 9 300 2700
Orton Airport, Cumbria Carters 10 300 3000
Goonhilly Downs, Cornwall Vestas 14 400 5600
Cold Northcott, Cornwall WEG 22 300* 6700
Blood Hill, Norfolk Vestas 10 225 2250
Taff-Ely, Mid Glamorgan Nordtank 20 450 9000
Carland Cross, Cornwall Vestas 15 400 6000
Coal Clough, W Yorkshire Vestas 24 400 9600
Llangwyryfon, Dyfed WEG 20 300 6000
Haverigg, Cumbria Vestas 5 225 1125
Royd Moor, S Yorkshire Bonus 13 450 5850

* Includes 1x400 kW Turbine

A questionnaire was sent to local authorities having wind farms in their areas. A summary of
the results of this survey appears in Table 6 and a more detailed discussion follows.
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Table 6 Summary of complaints from wind farms
(figures in italics are from conversations on phone rather than from the questionnaire)

Wind Farm Distance | Number of complaints | Aspects of noise leading to
from complaints
residences
to wind Verbal | Written | Distant | Overall | Tones | Swish Other
farm (m)
Cemmaes 0 0 0 n/a n/a n/a n/a
KirkbyMoor 700 0 0 0 n/a n/a n/a n/a
Chelker 350-500 0 0 0 n/a n/a nidi n/a
Ovenden Moor | 320-630 0 0 0 n/a n/a n/a n/a
Delabole 350-1380 | 15 7 5 No Yes | No Yes
Penrhyddlan 700-1200 5 2 Yes Yes | Yes No
and
Llidiartywaun
Rhyd-y-Groes | 400-600 1 1 0 Yes No No Yes
Blyth Harbour 0 0 0 n/a n/a n/a n/a
Orton Airport
Goonbhilly
Downs
Cold 380-500 10+ 5 1 Yes Yes | Yes No
Northcott
Blood Hill 400-450 0 0 0 n/a n/a n/a n/a
Tqff-Efy 1 1 0
Carland Cross | 370-410 2 2 2 Yes Yes | Yes Yes
Coal Clough 420 0 0 0 n/a n/a n/a n/a
Llangwyryfon
Haverigg 600, 1000 | 0 0 0 n/a n/a n/a nidi
Royd Moor

Effects of topography

Following experience from mainland Europe, initial expectations had been that the noise from
wind turbines would be most intrusive at wind speeds at and just above cut-in. It had been
expected that as the wind speed increased, the background noise generated by the passage of
wind through trees and around buildings would increase at a faster rate than the noise
generated by the turbines. The margin of the turbine noise above background noise would
then have been greatest at relatively low wind speeds with the turbine noise progressively
drowned out as the wind speed increased. This has not always been the case, however,
particularly at many ofthe sites at which complaints over wind farm noise have arisen. At
Cold Northcott, Penrhyddlan and Llidiartywaun, Rhyd-y-Groes and Delabole the noise was
felt to be more intrusive at hub height wind speeds of 8m/s and above. In some cases this is
influenced by the switching to a higher turbine rotational speed in higher winds but is primarily
because properties are frequently sited in sheltered areas. It is not unusual for turbines to be
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operating in relatively strong winds on an exposed hill top location while some ofthe nearest
properties in relatively sheltered valleys remain out ofthe wind and hence background noise
levels can remain low in the absence of significant wind-generated background noise.

Change in attitude with time

There was no firm evidence of complainants becoming accustomed to the noise and their level
of concern diminishing as a result. Decreasing annoyance was seen at some wind farm sites
but this was usually due to remedial action being taken to reduce the noise from the wind
turbines. An example ofthis occurred at Delabole where the turbines on commissioning could
under certain conditions produce a noise described as a "squawk". This was also observed at
Carland Cross using the same model ofturbines and was believed to be caused by an instability
in the flow over the turbine rotor blades. The effect was remedied by making adjustments to
the pitch control settings and application oftapes, or boundary layer trips, to the trailing edges
ofthe blades. These boundary layer trips disturbed the boundary layer or air flow close to the
surface ofthe blade, causing it to become turbulent rather than laminar. As a laminar
boundary layer is a prerequisite for the excitation process to occur this eliminated the noise
source.

At sites which have not been able to reduce noise levels to the satisfaction of residents,
complainants have become impatient and shown increasing annoyance.

Characteristics of the noise

At all sites at which complaints have been made reference has also been made to particular
characteristics of the noise. Mechanical noise of a tonal nature, usually from the gearbox, has
been frequently cited as being an aspect ofthe noise leading to complaints. In cases where
mechanical noise is present it is not surprising that this should lead to increased annoyance, as
is reflected in the penalties for tonal content added to rating levels ofnoise in standards such
as BS 4142.

Blade swish is a phenomenon more peculiar to wind turbines which has emerged as another
characteristic which can under certain circumstances add to the likelihood of complaints.
Swish was identified as being one aspect of the noise leading to complaints at Penrhyddlan and
Llidiartywaun, Cold Northcott and Carland Cross. Recorded time trace data from a property
near to Carland Cross showed peak to trough differences ofthe A-weighted noise up to 3dB
in an open situation and up to 6dB in a location where multiple reflections from nearby
buildings affected noise levels. A noticeable level of swish was also observed by the
Environmental Health Officer at Coal Clough although no complaint has been made at this

Intermittent blade thump was cited as being a contributing factor leading to complaints at
Carland Cross.
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Noise levels

As illustrated later in Chapter 6 background noise and turbine noise levels can be quite
variable and show a fair degree of scatter even when plotted against wind speed. From the
often limited data available it has therefore not been possible to reach any firm conclusions on
noise levels which are likely to lead to complaints, particularly as in many cases the character
ofthe noise has been as influential as the actual noise level in leading to complaints.

Time of day

Indications ofperiods during which the noise was found to be most audible or most intrusive
were generally the same irrespective of whether weekdays or the weekend were being
considered. At Cold Northcott, Rhyd-y-Groes and Delabole night-time (22.00-06.00) was
reported to be the period at which nearby residents found the noise most intrusive, along with
the evening (18.00-22.00) at Cold Northcott and Delabole and early morning (06.00-09.00) at
Rhyd-y-Groes.

Relative impact, indoors compared to outdoors

The level ofintrusion was in general a degree less indoors than out of doors. Ifthe level of
intrusion was considered high outdoors it was low indoors; ifthe noise could only be heard
faintly outdoors it was inaudible indoors. On some sites (Blood Hill and Chelker) the turbines
were considered largely inaudible both indoors and outdoors. The finding that outdoor levels
were found to be more intrusive than indoor levels is somewhat at odds with the previous
finding that the intrusion was in some cases greater at night when you would expect people to
be indoors.

Reasons for absence of complaints

Although this section has concentrated on the factors affecting the likelihood of complaints it
should be noted that at eight ofthe thirteen wind farms for which we have data no complaints
have been received. The most frequently given reason is (not surprisingly) the low noise levels
or inaudibility ofthe wind farm. Perceived low noise levels are usually the result of one or

more factors including:

» background noise levels being sufficiently high at all wind speeds to substantially mask the
turbine noise

» relatively quiet turbines with little or no tonal content in the noise emissions
+ relatively large separation distances between turbines and nearest residences

* public acceptability ofthe wind farm in general.
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Conclusions from the survey

* The framework for assessing wind turbines needs to relate noise at residences to turbine
noise, taking into account the possibility of nearest residences remaining sheltered from the
wind when turbines are operating in moderate-to-high wind speeds.

* Once nearby residents are sensitised to noise they are unlikely to get used to it over a
relatively short period oftime (approximately 12-18 months at the time of writing).

* The assessment method should impose penalties for distinctive characteristics ofthe noise.
* The assessment method should take account ofthe lower background noise levels at night.

* By using best practice it is possible to develop wind farms which are unlikely to lead to
complaints over noise levels from the nearby residents.
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6. NOISE LIMITS

Introduction

The background against which members ofthe Noise Working Group have set out to define a
procedure for the measurement and rating ofnoise from wind turbines has been explored in
Chapter 2. This chapter describes a framework for measurements with indicative 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 authorities. The suggested noise
limits and their reasonableness have been evaluated with regard to regulating the development
of wind energy in the public interest. They have been presented in a manner that makes them a
suitable basis for noise-related planning conditions or covenants within an agreement between
a developer of a wind farm and the local authority.

The noise limits suggested have been derived with reference to:
* existing standards and guidance relating to noise emissions

» the need of society for renewable energy sources to reduce the emission of pollutants in
pursuance of Government energy policy

+ the ability of manufacturers and developers to meet these noise limits
* the researches ofthe Noise Working Group in the UK, Denmark, Holland and Germany

* the professional experience of members ofthe Working Group in regulating noise
emissions from wind turbines and other noise sources

» the discussion ofthe issues at meetings ofthe Noise Working Group and with others with
appropriate experience.

The Noise Working Group has sought to protect both the internal and external amenity ofthe
wind farm neighbour. Wind farms are usually sited in the more rural areas ofthe UK where
enjoyment ofthe external environment can be as important as the environment within the
home.

The noise limits have been devised with regard for the human environment without specific
consideration ofthe effect ofnoise on farm livestock. Members ofthe Noise Working Group
are however unaware of any problems in this area to date. Indeed, at many windswept
locations the turbine towers and transformers appear to offer a welcome degree of protection
from the elements.

The guidance contained in this chapter refers to the operation ofthe wind farm, and is not

appropriate to the construction phase which should be considered separately according to
existing guidance such as BS 5228: 1984, Noise Control on Construction and Open Sites.
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Locations for setting noise limits
At the wind farm, at the site boundary or at noise-sensitive properties?

There are broadly four options to consider when deciding upon the most appropriate
location(s) to set noise limits:

1) In the wind farm.

2) At the boundary ofthe site occupied by the wind farm.

3) At the surrounding noise-sensitive properties.

4) At any position over a given distance from the nearest turbine.

The advantages of options (1) and (2) are that at these positions the noise will be easier to
monitor as access to the site is controlled by the operator and the noise levels will be higher
and therefore probably more easy to distinguish from the background noise. The disadvantage
with this approach is that in its simplest form it does not take account of the proximity of the
noise-sensitive properties, and even ifnoise levels at nearest properties are theoretically
derived from limits and measurements close to the wind farm, this type of limit offers little
protection to residents ifthe inferred levels prove inaccurate.

Option (3) has been the preferred method on all planning conditions on wind farms in the UK
to date and is described as the normal approach in Annex 5 of PPG 24. This approach has the
advantage that the limits can directly reflect the existing environment at the nearest properties
and the impact that the wind farm may have on this environment. In some circumstances
access to nearest properties may prove problematical but it is the Noise Working Group's
experience that in general residents are happy to allow access to monitor noise levels,
particularly if monitoring is required in response to complaints.

The fourth option, setting limits at a standard distance from the development in addition to
those limits set at nearest properties, was one ofthe recommendations of the Welsh Affairs
Committee's Report on Wind Energy [23]. This approach has some merits in that it avoids
large areas ofland becoming unsuitable for future development because ofnoise and
conversely provides the wind farm operator with some protection from claims of nuisance
from future development. In practice, because of the population distribution in the UK, limits
on wind farm noise will be dictated by consideration of nearest properties. This has been the
case with wind farm developments built to date in England and Wales. Iflimits were related
to background noise levels then a knowledge ofthe variation in background noise levels with
wind speed at all positions around a wind farm would be required. Determining these levels
would be prohibitively expensive unless some crude assumptions were made.

For the reasons given above the Noise Working Group recommends that the current practice
on controlling wind farm noise by the application of noise limits at the nearest noise-sensitive
properties is the most appropriate approach. This approach has the advantage that the limits
can directly reflect the existing environment at the nearest properties and the impact that the

wind farm may have on this environment, for the reasons given above.
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Internal or external noise limits?

Given that one ofthe aims of imposing noise limits is to protect the internal environment one
might consider it appropriate to set these limits and hence monitoring locations at positions
within the building. There are, however, some practicalities to take into consideration which
lead us to believe that the current practice of setting external limits on noise is the more
sensible approach:

*  Monitoring of noise to demonstrate compliance with planning conditions may require data
to be logged over a period of days in order to capture enough data at the required
conditions. It may not always be feasible or reasonable to expect to leave equipment set
up in someone's bedroom or living room for this period of time.

* Noise levels inside a dwelling would be extremely difficult to predict as they would depend
upon the noise insulation properties of the windows, doors, roofand walls and the acoustic
properties ofthe rooms. Each room in each property would have to be considered
separately. It is simpler and as safe to predict free-field noise levels outside of the property
and then make a conservative assumption on the attenuation properties of the building
envelope.

* Noise limits, and therefore measurements, are in any event required outside the property to
protect the external amenity. Ifinternal noise levels can be inferred from these external

limits then a requirement for internal measurements would place an unreasonable burden
on the operator.

The noise limits applied to protect the external amenity should only apply to those areas of'the
property which are frequently used for relaxation or activities for which a quiet environment is

highly desirable. For example, ifa farm house is one of the noise-sensitive properties it would
probably not be appropriate to apply limits to all the land belonging to the farm.

Types of noise limit

Options available

There are three types of constraints that can be placed on noise-producing developments.
Ranked in order of complexity these are:

1) A minimum separation distance between the development and the nearest properties.

2) An absolute limit based on the average level of noise which should not be exceeded in a
specified time period.

3) A relative limit based upon the permitted increase in noise level with respect to the
background noise level. This is the approach used in BS 4142: 1990.
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The descriptions of (2) and (3) are taken from PPG 24 which indicates either may be
appropriate depending upon circumstances. The merits of each approach are considered in
turn below.

Minimum separation distance

Paragraph 47 ofthe annex to PPG 22 refers to experience from mainland Europe which has
shown that there is unlikely to be a significant noise problem for a residential property situated
further than distances of 350-400 metres from a wind turbine. The PPG also suggests that:

"Lesser separation distances may be acceptable depending on the turbines used and
the specific conditions at a site. "

This was true for the flat, open sites typical of Northern Europe and for the size and number of
turbines used in wind farms at the time of writing PPG 22. We believe the guidance in PPG

22 was intended to give the reader an appreciation of the magnitude of the separation

distances that would be required to protect local amenity. Indeed, wind farms have been
constructed with this order of separation distance which have not resulted in complaints over
noise. There are however a number of further considerations relevant today.

The emitted sound power level (SWL) from different wind turbines may vary by several dB for
the same wind speed condition at hub height depending upon the size and design features of
the turbine. Assuming hemi-spherical propagation with atmospheric absorption of 0.005dB/m
this means that a quiet wind turbine with a SWL = 95dB(A) positioned at 245m from a
dwelling would have the same acoustic impact as a turbine with a SWL = 101dB(A)
positioned at 437m from a dwelling. (Note: this would result in an incident noise level at a
dwelling o f« 38dB(A) from a single wind turbine.)

For small and medium-sized wind farms, say less than 10 to 20 turbines, incident noise levels
at a residence are usually only influenced by those turbines closest to the residence. However,
the advent ofthe larger wind farms being proposed and built today means that the cumulative
effect of many turbines at some distance from the residence may also increase the noise levels
around a property. Greater separation distances will therefore be required to achieve the same
noise levels as a smaller wind farm using the same type of turbines.

The difference in noise emissions between different types of machine, the increase in scale of
turbines and wind farms seen today and topographical effects described below all dictate that
separation distances of350-400 metres cannot be relied upon to give adequate protection to
neighbours of wind farms.

Absolute limits

There are a number of ways in which absolute noise limits for wind farms can and have been

* A maximum level not to be exceeded at any wind speed at any property.

-46-



* A maximum level not to be exceeded at a specific wind speed or over a range of wind
speeds set irrespective ofthe prevailing background noise level.

* A maximum level not to be exceeded at a specific wind speed or over range of wind
speeds based on measurements ofthe prevailing background noise level taken prior to the
construction ofthe wind farm.

The second option is ofthe type used in Denmark where noise from wind turbines is
commonly limited to 40dB(A) in residential areas when measured at a wind speed of 8m/s at
10m height. This approach has its attractions in that it is relatively simple to use.
Manufacturers need only state sound power levels for their machines at one wind speed,
developers do not have to concern themselves with background noise surveys and actual levels
need only be monitored at one, frequently occurring wind speed. The flat open countryside of
Denmark enables one to be reasonably confident that if the noise limits at 8m/s are attained
then the noise from the wind farm at other wind speeds is unlikely to be unduly disturbing. As
demonstrated in Chapter 4, at cut-in the noise level will be less than 36-37dB(A) whereas at
higher wind speeds the background will increase at a faster rate with wind speed than the
turbine noise, such that the background noise soon approaches that ofthe turbine.

PPG 22 also advises at paragraph 42 that wind-generated background noise increases with
wind speed and at a rate greater than that of wind turbines. It is also stated that the greatest
level difference between turbine noise and background noise is liable to occur when wind
speeds are low. PPG 22 does however note that for some sheltered locations the background
noise levels may remain low even when wind speeds are well above the cut-in wind speed for
the wind turbines.

In general, the assumption that the greatest difference in level might be at low wind speeds is
true for flat sites which do not offer any shelter from the wind. These types of sites may be
found in the Netherlands and Denmark where the topography of the landscape is such that
little shelter exists. However, within the UK landscape, the positioning of'a majority of wind
farms to the West ofthe country has resulted in sites being developed within landscapes that
are not flat. The effect of deep valleys (like those found in Wales, the Pennines and Scotland)
and sheltered positions (like those that are found in Cornwall), is to protect dwellings from the
effects ofthe wind and thereby from an increase in the background noise level due to the wind.
Figs 2, 3 and 4 show the differences that can be experienced by dwellings when positioned in
exposed or sheltered positions.

Fig 2 details measurements made within a deep valley positioned 150 metres below a mountain
top plateau. Fig 3 details measurements made in a location which was partially protected from
the prevailing wind by existing buildings and a tree wind break whereas Fig 4 details
measurements performed at an exposed position on the top of a mountain. Wind speed
measurements were performed on the top ofa mountain at positions where wind turbines
would be expected to be erected. It should be noted that the anemometer measurement height
is different in Fig 3. The actual wind speed at the hub height ofa wind turbine might be
expected to be higher than that shown in Figs 2 & 4 by as much as a factor of 1.21, ie a wind
speed of IOm/s measured at a height of 10 metres may be expected to be a wind speed of
12.1m/s measured at a hub height of 30 metres.
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Environmental Noise Survey : Deep Valley Measurement Position
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Figure 2 Background noise measurements in a deep valley position

Environmental Noise Survey : Partially Exposed
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Figure 3 Background noise measurements in a partially exposed position

The variation ofthe rate ofincrease ofthe background noise level with wind speed has
resulted in some sites experiencing complaints at high wind speeds but no complaints at low
wind speeds. This is because, although turbine noise continues to rise with an increase in wind
speed, the background noise levels have remained unchanged. Therefore, the level difference
between the incident noise from a wind farm and the prevailing background noise level when
the wind farm is not operating has been greatest at these higher wind speeds.
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It may be seen that this sheltering effect results in each site having its own background noise
environment with respect to wind-generated noise. Therefore, each position adjacent to a site
should be considered for sheltering effects from the wind. The assumption that background
noise levels will increase at a greater rate than the emitted turbine noise does not always hold
true for the hillier sites which are found within the UK.

Environmental Noise Survey : Exposed Position
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Figure 4 Background noise measurements in an exposed position

Even in Denmark the assumption that background noise increases with wind speed at a faster
rate than the turbine noise may not be true for variable speed machines which, although usually
quieter than fixed speed machines at low wind speeds, are characterised by a steeper rate of
increase in noise emission with wind speed.

For the reasons given above the Noise Working Group considers that absolute noise limits
applied at all wind speeds are not suited to wind farms in typical UK locations and that limits
set relative to the background noise are more appropriate in the majority of cases. Later in
this chapter consideration is given to the use of absolute levels in circumstances when
background noise levels are low and in cases where low turbine noise levels can be achieved
over a range of wind speeds.

Relative limits

PPG 24 introduces the concept ofusing BS 4142, a standard designed to predict the
likelihood of complaints, as a tool for setting noise limits on industrial development.
Paragraph 19 within Annex 3 of PPG 24 considers noise from industrial and commercial
developments. It is stated that:

"The likelihood of complaints about noise from industrial development can be
assessed\ where the Standard is appropriate, using guidance in BS 4142: 1990. Tonal
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or impulsive characteristics of the noise are likely to increase the scope for complaints
and this is taken into account by the '"rating level" defined within BS 4142. This

"rating level" should be used when stipulating the level of noise that can be
permitted."

It should be noted that the guidance proposes the use of BS 4142 where the standard is
appropriate. For the reasons described in the next section a literal interpretation of BS 4142 is
difficult to apply to an assessment of wind farm noise and it may therefore not be appropriate.
The Noise Working Group does however consider the principle of setting noise limits relative
to the existing background noise level is appropriate, subject to the discussion on low noise
levels later in this chapter.

Problems with interpretation and the literal application of BS 4142.

Paragraphs 43-44 of PPG 22 consider the use of BS 4142: 1990 and reports that this standard
has been advocated as the standard which comes nearest to dealing with the issues
encountered in wind farm developments.

Paragraph 44 states three reasons why using BS 4142: 1990 may be inappropriate for
assessing wind turbine noise. These are:

"a)  Wind farms are likely to be developed in largely rural areas and not in the areas
to which the standard is principally addressed\ namely mixed residential and industrial
areas;

b)  the scope of BS 4142 specifically precludes situations where background noise
levels are below 30dB(A);

¢)  BS 4142 recommends that noise measurements should not be taken in extreme
weather conditions such as high wind speeds greater than 5 metres per second
average ".

Paragraph 45 ofthe annex to PPG 22 states that:

"Where any of these factors gives rise to concern about whether BS 4142 is
appropriate as a means of determining potential or actual perceived noise nuisance,
the combined effect of the wind turbines should be determined by reference to the
particular character and sensitivity of the area. "

It is therefore worth exploring the reasons behind these qualifications on the use of BS 4142
and what measures are necessary to overcome these limitations.

Although the standard is intended for use in mixed residential and industrial areas as suggested
by its title, there are no obvious reasons which prevent its application in more rural areas and
indeed Members ofthe Noise Working Group have used it in such areas. There is no evidence
to suggest that the average rural dweller is more or less sensitive to noise than their suburban
or urban counterparts. On the one hand some people may be attracted to the countryside for
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its peace and quiet whereas for others the countryside is their workplace and noisy activities
are a part of working life.

The scope of BS 4142 precludes its use where background noise levels are below 30dB(A).
Background noise levels in rural areas, particularly during the quiet periods of'the day and
night, may frequently fall below this level. Two reasons have been suggested for this
limitation in scope [24]:

* Measurements of background noise giving results below 30dB(A) may not be reliable due
to the limitations of the instrumentation (although one could be fairly certain that the
actual levels were no more than those measured!).

* The standard is designed to assess the likelihood of complaints from people residing inside
a building based on measurements outside of the building. It is considered that when noise
levels are less than 30dB(A) when measured externally the masking level inside the
property will be dominated by internal noise sources.

This exclusion ofthe rating method contained within BS 4142 for these situations might be
considered to leave rural environments, which can be very quiet, open to developments which
could result in a significant change in the noise environment.

The current standard might be precluded ifa background noise level was measured of
29dB(A) and the rated incident noise level were 40dB(A). Using the assessment method
proposed within BS 4142, a level difference of 1 1dB(A) would otherwise be considered likely
to give rise to complaints. However, ifthe background noise level were 3 1dB(A) and the
rated noise level again 40dB(A), BS 4142 would no longer be precluded from use and a level
difference of 9dB(A) would still be considered likely to give rise to complaints. The only
difference is an increase in the measured background noise level of 2dB(A).

This apparent inconsistency has been considered by the committee for BS 4142 and has led to
a proposed change within the scope of BS 4142, in the form ofa revision. It is proposed that it
will now read:

"The method is not applicable for assessing the noise inside buildings or when the
background and specific noise levels are low.

Note: For the purposes of this Standard, background noise levels below SOdB and rating
levels below 35dB are considered to be very low. "

The question that arises is: if one intends to apply the principles of BS 4142 to the protection
ofexternal amenity, and the instrumentation is available to accurately measure noise levels
below 30dB(A), should a margin above background approach be pursued in low noise
environments or can an absolute level be justified in such circumstances? This question is
addressed in the following section.

BS 4142 also suggests that:
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"Noise level measurements should not generally be made under extreme weather
conditions such as high winds (greater than 5m/s average).... "

The reason given for this limitation is:

"Weather conditions may affect measurements either by generating extraneous noise or
by influencing sound propagation. "

PPG 22 warns that:

"Wind farms are likely to be sited in windy conditions where the BS 4142 conditions
may not be satisfied. "

At the nearest residences to wind farms, even though the wind speed will usually be less than
at the wind farm site, the local wind speed may still rise above Sm/s during periods when
measurements are required. One should therefore exercise caution to ensure that
measurements are not contaminated by wind noise on the microphone and consider the use of
secondary windshields.

Propagation effects in high winds could result in unrepresentative results being obtained,
particularly for ground-based sources located some distance upwind or downwind of'the
receiver. The warning contained in BS 4142 about taking measurements in winds greater than
Sm/s guards against these effects on sound propagation. In the case of wind farms the
turbines will often be in winds greater than 5m/s when at the same time the nearest residences
are in relatively calm conditions. As wind speeds at both locations and all points in between
will affect propagation and because most, ifnot all, turbine operation will occur at hub-height
wind speeds greater than 5m/s one could argue that measurements taken in such conditions
would strictly be outside the scope of BS 4142. It should be noted however that the effect of
wind strength and direction on propagation may be less for elevated sources such as wind
turbines. It is of course essential to be able to take measurements during windy conditions
when assessing wind turbine noise and so it is suggested here that measurements are taken
over a variety of wind directions to ensure that typical results are obtained.

Setting noise limits relative to the background noise level is relatively straightforward when
the prevailing background noise level and source level are constant. However, wind turbines
emit noise that is related to wind speed, and the environment within which they are heard will
probably also be dependent upon the strength ofthe wind and the noise associated with its
effects. It is therefore necessary to derive a background noise level that is indicative of the
noise environment at the receiving property for different wind speeds so that the turbine noise
level at any particular wind speed can be compared with the background noise level in the
same wind conditions. This is consistent with the approach of BS 4142: 1990 which offers the
following guidance on the measurement of background noise levels:

""Make measurements during periods when the background noise is typical of the
background noise when the specific noise source is or will be operating. "

"Measure the background noise during periods when weather conditions are similar to
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those which prevail when the specific noise level is measured or are likely to be typical
during the operation of a new or modified specific noise source. "

In the case of wind turbines the specific noise level varies with wind speed, as does the
background noise level. Measurements of the turbine noise level at a given wind speed should
therefore only be compared to background noise measurements taken when weather
conditions are similar ie the same wind speed. Only by measuring the background noise over a
range of wind speeds will it be possible to evaluate the impact of the turbine noise, which also
varies with wind speed, on the local environment.

Structure of limits

When assessing the overall noise levels emitted by a wind farm it is necessary to consider the
full range of operating wind speeds ofthe wind turbines. This covers the wind speed range
from around 3-5m/s (the cut-in wind speed) up to a wind speed range of25-35m/s measured
at the hub height ofa wind turbine. The Noise Working Group is, however, of the opinion
that one should only seek to place limits on noise over a range of wind speeds up to 12m/s at
10m height on the site ofthe wind farm. There are four reasons for restricting the noise limits
to this range of wind speed:

1) Wind speeds are not often measured at wind speeds greater than 12m/s at 10m height. For
example, measurements over a one year period from May 1993 to April 1994 at the
Delabole Wind Farm indicated that the wind speed measured over a 10-minute period
exceeded 12m/s at 10m height (which was shown by measurement to be equivalent to
15m/s at the hub-height of 32m) for only 5% ofthe time. The annual mean wind speed for
this year was 8.0m/s.

2) Reliable measurements of background noise levels and turbine noise will be difficult to
make in high winds due to the effects of wind noise on the microphone and the fact that
one could have to wait several months before such winds were experienced.

3) Turbine manufacturers are unlikely to be able to provide information on sound power
levels at such high wind speeds for similar reasons. 12m/s wind speeds are even rarer in
other parts of Europe.

4) Ifawind farm meets noise limits at wind speeds lower than 12m/s it is most unlikely to
cause any greater loss of amenity at higher wind speeds. Whilst turbine noise levels will
still be reasonably constant, even in sheltered areas the background is likely to contain
much banging and rattling due to the force of'the wind.

At the low wind speed range ofturbine operation it is expected that some quiet rural locations
will experience background noise levels that are very low. At medium wind speeds, it would
be expected that background noise levels would increase with increasing wind speed and noise
levels above 30dB(A) would be experienced, although possibly at levels still less than the
predicted or actual levels from the wind farm. At high wind speeds it may be expected that,
unless tones are present, the wind noise will mask turbine noise levels unless significant shelter
is afforded to a dwelling. These different environmental factors require the development ofan
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assessment procedure that will take into account individual dwellings, the noise environment
and shelter from the wind that each dwelling experiences.

The recommendation ofthe Noise Working Group is that generally the noise limits should be
set relative to the existing background noise at nearest noise-sensitive properties and that the
limits should reflect the variation in both turbine source noise and background noise with
wind speed. The Noise Working Group has also considered whether the low noise limits
which this could imply in particularly quiet areas are appropriate and has concluded that it is
not necessary to use a margin above background approach in such low noise environments.
This would be unduly restrictive on developments which are recognised as having wider
national and global benefits. Such low limits are, in any event, not necessary in order to offer
a reasonable degree of protection to the wind farm neighbour. It is instead proposed to
control noise through absolute limits up until wind speeds where the background noise has
increased to a level such that relative limits are again appropriate. The proposed values for an
absolute limit and their justification are discussed in the next section.

Separate noise limits should apply for day-time and for night-time. The reason for this is that
during the night the protection of external amenity becomes less important and the emphasis
should be on preventing sleep disturbance. Day-time noise limits will be derived from
background noise data taken during quiet periods ofthe day and similarly the night-time limits
will be derived from background noise data collected during the night. Background noise data
collected during the night may be lower than those collected during the quiet periods of the
day and would lead to unnecessarily tight restrictions on wind farm noise. The absolute limit
for night-time operation can be higher than that in place during the day because ofthe extra
attenuation afforded by the propagation of sound through even an open window.

Quiet daytime periods are defined as:
All evenings from 6pm to 11pm,
plus Saturday afternoon from 1pm to 6pm,
plus all day Sunday, 7am to 6pm.

Night time is defined as 11pm to 7am.

Consideration has also be given to circumstances where a more simplified approach, based on
a fixed limit, may be appropriate.

Setting values for noise limits
Selection of units

The 1990 revision of BS 4142 was to bring the British Standard into line with ISO 1996 which
has subsequently been adopted as British Standard BS 7445. The change that occurred was
the proposal that the rating level of a new noise source be based upon a measured Laeq rather
than a visual averaging ofthe meter. Also, sound power level data for wind turbines are based
upon the measured Lq at a predetermined distance from a wind turbine. Therefore, it might
be expected to be appropriate to use the L. index to perform an assessment of wind turbine
noise at dwellings.
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However, experience in the field when performing such measurements indicates that short,
transitory noise events can significantly change the L. These events are not related to the
noise emitted by the wind farm. These transitory noise events can be sources such as low
flying aircraft, bird song, animal noises, cars, wind effects on the microphone, etc. The rating
and assessment method contained within BS 4142 compares the existing LA background
noise level with the La¢q of the rated noise level from the new source. A level difference of
10dB(A) between these two levels indicates that complaints are likely from neighbouring
residents to the new noise source.

Measurements performed in rural areas indicate that the ambient La¢q noise levels may be 5-
25dB(A) above the Lgo background noise level due to these transitory events. Therefore,
when performing noise measurements for the assessment of compliance with planning
conditions or obligations, confusion can occur due to the Lac being significantly higher than
the Lgo background noise level due to noise sources not associated with the wind farm. This
might unfairly indicate that the condition is being failed if the condition is related to an Lcq
exceedence above the background L"o.

Fig 5 details environmental noise measurements that indicate the high background L4 levels
when compared with the background L"o0 noise levels. These measurements were performed
in the absence of any other noise source except those found in a typical rural environment. The
figure plots the noise measurements performed over a 24-hour period. It may be seen that
there are many occasions when the La., exceeds the L"o by over 10dB(A) and at times by
over 20dB(A).
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Note: The electrical noise floor of the sound level meter used to obtain this data was 18dB(A).
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This problem has been encountered when using the LAeq index and has led to the use of other
noise descriptors. Measurements ofthe Laro and the Laso have been proposed for the testing
and application ofnoise conditions for wind farms. In South West England, conditions have
been agreed with local authorities that relate the LA noise levels ofthe wind farm to either
the existing background noise level during the test or to an agreed level at a specified wind
speed, as measured on the wind farm site. The selection of an 1as-o level does not follow the
guidance contained within BS 4142 or BS 7445 but it does attempt to address the problems
that may be experienced in the field. Early work performed at the Carmarthen Bay
demonstration site used the Laso index to assess turbine noise. Again, this was to minimise the
errors that may occur due to transient noise events.

Another related drawback ofusing two noise indices as suggested by BS 4142 (although
outside ofits scope in rural locations) becomes apparent when one considers the effect of
correcting the noise source measurements for background noise. BS 4142 proposes that a
correction should be applied when the new noise source does not exceed the background noise
level by more than 10dB (see section 5.4.4 of BS 4142). It advises that to obtain the correct
level for the specific noise source, the L”o background noise level when the source is not
operating should be subtracted from the measured . ,., when the source is on. However, as
has been identified above, in quiet noise environments the v .., level may be 10-20dB(A)
above the background noise level even when the source is not operating. Therefore,
measurements performed and corrected using the method described within BS 4142 will
underestimate the contribution ofthe existing noise sources to the measured v, ., noise level
when a wind farm is operating. This effect may result in a wind farm being deemed to fail any
noise conditions that have been imposed. It is considered very important that, when applying
corrections to the measured incident noise source, like indices are used to obtain the necessary
corrections, ie L"o levels obtained when the wind farm is not operating are compared with
L”o0 noise levels when the wind farm is operating.

The steady nature ofthe emitted noise from wind turbines is such that the level difference
between the v,., and .~ 0 noise levels close to the turbines, and in the absence of other noise
sources, is typically less than 2dB(A) as shown in Fig 6. It should be noted that these data are
taken using a 1-minute measurement period.

The data in Fig 7 are taken at a residential location a few hundred metres from the nearest
turbine. The difference between v,., and . » o ranges from 2-4dB(A) although some
measurements will be influenced by background noise at these low levels. Data from other
operational wind farms indicate that the difference between r,., and v » o measurements of
wind turbine noise taken at residence-type locations is ofthe order of 2dB(A).

The use ofa 10-minute measurement period has evolved as common practice for wind farm
noise assessments. This is because wind speed measurements performed on-site in order to
estimate the annual mean wind speed and subsequent energy production are normally
performed over 10-minute intervals. As the noise data are usually plotted against wind speed it
makes sense to use the same measurement period for the noise measurements.

Experience indicates that a measurement period of 10 minutes is more likely to provide a good

correlation ofbackground noise level with site wind speed than a 5-minute period. In
simplistic terms, a gust of wind progressing across the ground at 5m/s will cover a distance of
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300 metres in a minute. Therefore, separation distances between a wind farm and a dwelling of
1200 metres, a not uncommon distance for large-scale developments, will create a time lag of

4 minutes.

Figure detailing typical noise levels emitted by wind turbines

65

30

T 25

| Wind Speed R
MM N
- etV VAL A LA A Al <
g NN S AN Y ,!‘ \"\\/ iR [ "|\A 8 i
o \ ] Ny g~y Vo /l\|‘ \‘ I\ ATAS Ny,
T \ ! VO Ml N/ A b E.
E ’ 1’ "l ‘\ \ “" (B n A \.\‘ /A ’\ “ ! "‘ ] :
] Y .§
B \/\/\ \/\/‘/\\ A L ANA ’\/\—Nv,og
! /I,
TS
50 - } - 0
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
1 Minute Measurement Period
Figure 6 Comparison of measurements with different noise indices
Wind Farm Noise Regression Analysis
45
l1Aeq = 0.2062x - 0.6556x + 32 6 o o
Rz = 0.4423 ] B8] g ® > R
% OOO
40 WO
35
A
Fo LAeq
30 i a LA90
0.1103xz - 0.1865x + 30 — Poly. (LAeq)
RZ = 0.433 - « Poly. (LA90)
25
5 6 7 10

Wind Speed at Hub Height : m/s

Figure 7 Comparison of L,., and L,90 turbine measurements at a nearby residence

-57-




The effect of extending the measurement period to more than 10 minutes would be to lose
some resolution in the variation of noise level with time. As the measurement period is
increased the results tend towards those of the most typical conditions and it becomes more
difficult to establish the variation of either turbine noise or background noise with wind speed.

In summary, the Noise Working Group is agreed that the LASojomin descriptor should be used
for both the background noise and the wind farm noise and that when setting limits it should
be borne in mind that the LA9%jomin ofthe wind farm is likely to be about 1.5-2.5dB(A) less
than the Laq measured over the same period.

Free-field measurements

The limits to be proposed relate to free field (except for ground reflections) measurements in
the vicinity of noise-sensitive properties. Measurements performed near or at a building
facade will exhibit higher noise levels due to the reflection ofthe sound from the facade. As
this effect is dependent upon the measurement position, it is difficult to allow for in noise
predictions and therefore free-field noise levels which are unaffected by the facade ofa
building are preferred. The potential for "hot-spots" due to particular building configurations
should be discussed with the EHO during the initial site assessment. For example, courtyards
with an open side facing the site of the proposed wind farm will require special consideration.
Further advice on the positioning of microphones is to be found in Chapter 7.

Cumulative impact

The Noise Working Group is ofthe opinion that absolute noise limits and margins above
background should relate to the cumulative effect ofall wind turbines in the area which
contribute to the noise received at the properties in question. It is clearly unreasonable to
suggest that, because a wind farm was constructed in the vicinity in the past which resulted in
increased noise levels at some properties, the residents of those properties are now able to

tolerate still higher noise levels. The existing wind farm should not be considered as part of
the prevailing background noise.

The assessment of typical background noise levels

Wind turbines operate day and night dependent upon wind speeds. It will be necessary to
acquire background noise data for both day- and night-time periods because:

* the absolute lower limit is likely to be different for day- and night-time operation
» the noise limits are to be related to the background noise levels
* background noise levels may be different in the day than during the night

The impact from the wind turbines during waking hours will be greatest during otherwise quiet
periods, usually Saturday afternoon, all day Sunday and weekday evenings. It is therefore
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proposed that the background noise measurements upon which the day-time noise limits are
based are taken during these quiet periods. This is consistent with the approach of PPG 24
which advises in Annex 3, paragraph 19, that:

"Since background noise levels vary throughout a 24-hour period it will usually be
necessary to assess for separate periods (eg day and night) chosen to suit the hours of
operation of the proposed development  Similar considerations apply to developments
that will emit significant noise at the weekend as well as during the week. "

In principle this implies, and quite rightly, that one could justify the setting of higher limits
during the working day when background noise levels will be higher due to increased human
activity. The developers represented in the Noise Working Group thought that this approach
would however be unworkable since the wind farm would have to be designed to meet the
stricter conditions applicable during quiet periods and the economics of wind farms would not
allow one to consider switching off certain turbines at given times of day at the most critical
wind speeds. We therefore propose that the day-time limits should be set in relation to the
background noise measured during the quiet period ofthe day and that these should apply
over all waking hours.

Should developers wish to investigate the cost effectiveness of switching offturbines at certain
times of day over a given range of wind speeds in order to allow more turbines to be placed on
a site, then an additional set of background noise data should be obtained for periods when all
turbines would be operating.

Data acquired during all hours ofthe night are considered relevant to setting of night-time
noise levels.

It is proposed that the background noise levels upon which limits are based, and the noise
limits themselves, are based upon typical rather than extreme values at any given wind speed.
An approach based upon extreme values would be difficult to implement as the difference in
measurements between turbine noise and background would depend upon the length oftime
one is prepared to take data. A more sensible approach is to base limits upon typical or
average levels, but to appreciate that both turbine and background noise levels can vary over
several dB for the same nominal conditions.

The variation in background noise level with wind speed will be determined by correlating
LA%jomin noise measurements taken over a period oftime with the average wind speeds
measured over the same 10-minute periods and then fitting a curve to these data. The
mechanics of undertaking the background noise survey and the significance of seasonal effects
on background noise are discussed in Chapter 7.

The aim of'the background noise survey is to provide an indication of the noise environment
existing at each noise-sensitive property in the vicinity ofthe wind farm. Ifthere are several
properties within ear-shot ofthe proposed wind farm then to conduct noise surveys at each
and every property would be time consuming, costly, unnecessary and would therefore impose
an unreasonable burden on developers. In such situations it is suggested that the developer
and the local authority identify groups of properties that through their exposure and proximity
to other noise sources would be expected to have similar background noise levels. In this

-59.



manner it is expected that the number of noise surveys could be limited to a reasonable
amount.

Rating method

The wind farm noise limits proposed below refer to rating levels in a similar manner to that
proposed in BS 4142. That is, additions are made to the measured noise to reflect the
character of the noise. The procedure for applying penalties for the character of the noise is
presented later in this chapter.

Margin above background

It is proposed to limit the noise from a wind farm relative to the existing background noise but
with special consideration given to the very low noise limits this would imply in particularly
quiet areas. Noise from the wind farm will be limited to SdB(A) above background for both
day- and night-time (with the exception ofthe lower limits and simplified method described
below), remembering that the background level of each period may be different. It should be
noted that this limit applies to the noise from the wind farm only and not to the total ambient
noise with the wind farm operating. Noise limits would apply up to 12m/s (10m height) on the
assumption that, even in the most sheltered areas, ifthe wind farm can meet the conditions at
lower wind speeds, it is unlikely to be a problem in higher winds. In high winds bangs and
clatters from existing sources and gusts of wind are likely to be more disturbing than the wind
farm noise.

When comparing the proposed margin with the complaints criteria suggested by BS 4142 it is
important to bear in mind that the tas-o descriptor is also being proposed for the turbine noise.
The v, ., levels can be expected to be about 1.5-2.5dB greater. An addition of 1.5-2.5dB
places the margin at the upper end of'the range which can be considered to be of marginal
significance ie around 5dB.

On balance it is considered that a margin of 5dB(A) will offer a reasonable degree of
protection to both the internal and external environment without unduly restricting the
development of wind energy which itself has other environmental benefits.

Although not a factor to influence the specification ofthe allowable margin above background,
it is worth noting that limits less than 5dB(A) would be difficult to monitor. One would have
to resort to approximate methods such as extrapolating noise levels measured nearer to the
turbines than the neighbouring properties, back to the locations of the properties, using an
agreed propagation model.

Lower limit
Applying the margin above background approach to some ofthe very quiet areas in the UK

would imply setting noise limits down to say 25-30dB(A) based upon background levels
perhaps as low as 20-25dB(A). Limits ofthis level would prove very restrictive on the
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development of wind energy. As demonstrated below, it is not necessary to restrict wind
turbine noise below certain lower fixed limits in order to provide a reasonable degree of
protection to the amenity.

Recommendation of night-time lower limit

During the night one can reasonably expect most people to be indoors and it will not be
necessary to control noise to levels below those required to ensure that the restorative process
of'sleep is not disturbed. A night-time absolute lower limit is therefore appropriate based
upon sleep disturbance criteria.

The existing guidance relating to sleep disturbance criteria was reviewed in Chapter 4. The

results were summarised, as in Table 7.

Table 7 Summary of sleep disturbance criteria and internal noise levels

Source of Proposed Criteria Falling Light Sleep | Deep Sleep | Max.
Asleep Level

CEC Report EUR 5398 e: 1975 Laeq = 30-35 Laeqt10

Environment and Quality of Life:

Damage and Annoyance Caused by

Noise

OECD Report: Reducing Noise in Laeq 35 | Lieo = 45 Laeq= S0 Leqt10 to

OECD Countries: 1978 15

WHO Environmental Health Criteria | Lyeq = 35 | Laeq 35 Laeq =35

12-Noise: 1980

WHO Criteria Document: Lacq=30 | Lacq =30 Lacg = 30 L MAX"

Community Noise: Environmental 45dB

Health Criteria: External Review

Draft 1993

PPG 24 Planning and Noise, 1994 Lacq = 35 (Based on WHO Environmental Health
Criteria 12)

Planning and Noise Circular W.O. Good Standard Internal Noise Level CNL (Corrected
16/73 Noise Level)

Day = 45dB(A)

Night = 35dB(A)

The Noise Working Group recommends that an appropriate fixed limit for the night-time is
43dB(A). This limit is derived from the 35dB(A) sleep disturbance criteria referred to in PPG
24. An allowance of 10dB(A) has been made for attenuation through an open window (free-
field to internal) and 2dB subtracted to account for the use ofLA90S rather than Lcqs
(assuming the rasio of turbine noise is 1.5-2.5dB below the L)
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Recommendation of day-time lower limit

Guidance relating to the control of external noise levels was also summarised in table form in
Chapter 4 and this too is reproduced below.

Table 8 Summary of external noise criteria

Source of Criterion External Noise Limit dB

CEC Report EUR 5398 e: 1975 Environment and | Lacq = 50-55
Quality of Life: Damage and Annoyance Caused
by Noise.

British Standard BS 5228: Part 1: 1984 Noise Lacgi Har at facade = 40-45
Control on Construction and Open Sites. Part 1.
Code ofpractice for basic information and
procedures for noise control

PPG 24 Planning and Noise BS 4142 where appropriate
MPG 11 Control of Noise at Surface Mineral Day Leqin= 55 (No less than 45 in
Workings quiet area)

nght LAeqlh =42
Gardens/open spaces Laeq n= 55-65

WHO Criteria Document: Community Noise: Daytime L= 50 Moderate Annoyance
Environmental Health Criteria: External Review Night-time Lyeq= 45
Draft 1993

The Noise Working Group believes that the external levels around 50dB(A) suggested by
some ofthese documents for the protection of external amenity would be entirely
inappropriate in the quiet rural locations ofthe UK. Furthermore, even the 43dB(A) limit
(LA9ojomin) derived above to protect sleep disturbance inside the property does not offer
sufficient protection to the external amenity in quiet areas of the UK during the day.

It is also the opinion of the Noise Working Group that there is no need to restrict noise levels
below a lower absolute limit of LA9jomin = 33dB(A); if an environment is quiet enough so as
not to disturb the process of falling asleep or sleep itselfthen it ought to be quiet enough for
the peaceful enjoyment of one's patio or garden. This level would however be a damaging
constraint on the development of wind power in the UK as the large separation distances
required to achieve such low noise levels would rule out most potential wind farm sites. There
are however the following justifications for relaxing this limit:

* Wind farms have global environmental benefits which have to be weighed carefully against
the local environmental impact.

* Wind farms do not operate on still days when the more inactive pastimes (eg sunbathing)
are likely to take place. For example, wind speed measurements at Delabole Wind Farm
over the period May 1993 to April 1994 show that over the Summer months (June, July,
August) the wind speed was below the 5Sm/s cut-in wind speed of the turbines for 34% of
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the time [25]. Ifthe cut-in wind speed had been reduced to 4m/s the proportion of time
would have been reduced to 20%. The figures for the whole year are 22% and 13% ofthe
time for wind speeds below 5m/s and 4m/s respectively. So that residents benefit from
periods of low wind speeds it is important to ensure that the turbine controllers do not
allow for excessive idling. When a turbine is idling it is rotating, probably at a speed less
than its normal operating speed, but without producing any power. The turbines can
however generate a degree of noise in this condition, although usually at lower levels than
when the turbines synchronise with the grid and start producing power.

* The absolute lower limits will only come into force when the turbine noise is more than
5dB above the background noise level and when this level of 5dB above background is
below a figure in the range discussed below. The period of greater exposure to noise will
therefore be limited and on some sites will not occur at all.

» There is no evidence for or against the assertion that wind farm noise with no audible tones
is acceptable up to and including LA%jo,in levels of40dB(A) even when background noise
levels are 30dB or less.

* Noise levels inside the property will be approximately 10dB less than those outside
assuming an open window. Noise levels could therefore be increased before sleep and
relaxation inside the property begin to be affected.

For periods during the day the Noise Working Group has adopted the approach that external
noise limits should lie somewhere between that required to avoid sleep disturbance even ifthe
occupant is outside ofthe property and the higher level that would still prevent sleep
disturbance inside the property.

The Noise Working Group has therefore concluded that in low noise environments the day-
time level ofthe LA9jomn of'the wind farm noise should be limited to an absolute level within
the range 0f35-40dB(A). We believe that limits within this range offer a reasonable degree of
protection to wind farm neighbours without placing unreasonable restriction on wind farm
development. The levels are low compared to some ofthe advisory documents reviewed and
this is because of our concern to properly protect the external environment.

As the night-time lower fixed limit is greater than the day-time limit, the night-time limit could
become superfluous unless background noise levels are less during the night than during the
quiet day-time periods. Where the local authority and the developer are in agreement that the
background noise levels do not vary significantly between the quiet day-time periods and the
night-time, then a single lower fixed limit of 35-40dB(A) can be imposed based upon
background noise levels taken during quiet day-time periods and the night analysed together.

There are two aspects to consider when assessing the impact ofthe absolute lower limit:

* Although the range oflimit proposed is 5dB, the actual difference in wind farm noise levels
between the two cases, at any given wind speed, is usually less than 5dB.
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* Imposing an absolute lower limit of40dB(A) on a property with background noise levels
at turbine cut-in of, say, 30dB(A) will not result in the turbine noise being 10dB greater
than the background.

These two initially somewhat surprising results arise because ofthe variation in turbine noise
with wind speed and can be illustrated by reference to Fig 8. Noise limits with an absolute
lower limit of 35dB(A) and 40dB(A), both giving way to a 5dB margin above background
criterion at higher wind speeds, have been constructed for a typical background noise curve in
a quiet and reasonably sheltered rural location. Two lines were then drawn to represent the
maximum level ofturbine noise which could be experienced for each ofthe two cases. The
slope ofthe increase in turbine noise with wind speed has been chosen to be 1.0dB(A) per m/s,
a typical rate ofincrease for modern turbines.

It can be seen that the gap between the two lines representing the turbine noise is somewhat
less than 5dB (3.5dB for the example given) and that the turbine noise limited to an absolute
lower limit of40dB(A) is only 37dB(A) at a typical cut-in wind speed of4m/s. The extent to
which these two effects are seen increases with the rate of increase in turbine noise with wind
speed and the degree of shelter ofthe property from the wind.
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Figure 8 Comparison of day-time noise criteria

It is of interest to note that the Danish Statutory Order for Noise from Wind Mills [12]
proposes noise limits 0f45 and 40dB L., at dwellings and noise-sensitive locations when
measured at external positions. These noise levels must be shown by calculation to be
achievable before construction ofthe wind farm. However, the source sound power level used
to perform this calculation is set at a wind speed of 8m/s at a height of 10 metres above
ground level. This is equivalent to a wind speed of about 9.5m/s at the hub height ofthe wind
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turbine (see "wind shear" in Glossary). Table 4 in Chapter 4 indicates the predicted noise
levels that may be experienced at the cut-in wind speed for wind turbines of 30m hub height,
based upon the Danish Statutory Order criteria levels. It may be seen that at the cut-in wind
speed, it would be expected that these levels would be 35-42dB Lyeq. Thus, the levels
proposed here for absolute lower limits are similar to those in use in Denmark at cut-in. The
difference is that the lower absolute limits proposed for use in the UK will extend to higher
wind speeds until the background noise increases sufficiently to be within 5dB of'the turbine
noise.

The actual value chosen for the day-time lower limit, within the range of 35-40dB(A), should
depend upon a number of factors:

*  Number of dwellings in the neighbourhood ofthe wind farm.

The planning process is trying to balance the benefits arising out ofthe development of
renewable energy sources against the local environmental impact. The more dwellings that
are in the vicinity ofa wind farm the tighter the limits should be as the total environmental
impact will be greater. Conversely ifonly a few dwellings are affected, then the
environmental impact is less and noise limits towards the upper end ofthe range may be
appropriate. Developers still have to consider the interests of individuals as protected
under the Environmental Protection Act 1990. It is our beliefhowever, in accordance with
the report ofthe Welsh Affairs Committee [23], that there have been no cases of
complaints of noise at levels similar to those caused by wind farms leading to a successful
prosecution as a statutory nuisance. It should be noted however that the Welsh Affairs
Committee also reports that although the noise may not be a statutory nuisance it can
clearly be a cause for distress and disturbance, particularly ifresidents have been promised
inaudibility and the noise has a particular quality leading to complaints.

* The effect ofnoise limits on the number of kWh generated.

Similar arguments can be made when considering the effect ofnoise limits on uptake of
wind energy. A single wind turbine causing noise levels of40dB(A) at several nearby
residences would have less planning merit (noise considerations only) than 30 wind
turbines also causing the same amount of noise at several nearby residences.

* Duration and level of exposure.

The proportion ofthe time at which background noise levels are low and how low the
background noise level gets are both recognised as factors which could affect the setting of
an appropriate lower limit. For example, a property which experienced background noise
levels below 30dB(A) for a substantial proportion of the time in which the turbines would
be operating could be expected to receive tighter noise limits than a property at which the
background noise levels soon increased to levels above 35dB(A). This approach is
difficult to formulate precisely and a degree ofjudgement should be exercised.
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Increased lower fixed limit with financial involvement

It is widely accepted that the level of disturbance or annoyance caused by a noise source is not
only dependent upon the level and character ofthe noise but also on the receiver's attitude
towards the noise source in general. Ifthe residents at the noise-sensitive properties were
financially involved in the project then higher noise limits will be appropriate, particularly ifa
tie could be made between the wind farm and the property, such as giving the developer first
option to buy the property ifit came up for sale. We recommend that both day- and night-
time lower fixed limits can be increased to 45dB(A) and that consideration should be given to
increasing the permissible margin above background where the occupier of the property has
some financial involvement in the wind farm.

Simplified assessment method

Much ofthe complexity ofthe proposed method is necessary because of the variety of
background noise environments present in the UK. However, ifthe developer can
demonstrate that noise conditions would be met even ifthere was no increase in background
noise with wind speed until quite high wind speeds, then a simplified approach can be adopted.
We are ofthe opinion that ifthe noise is limited to an LASojomin of 35dB(A) up to wind speeds
of IOm/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. This type of
condition may be suitable for single turbines or wind farms with very large separation
distances between the turbines and the nearest properties.

Summary of noise limits

A graphical representation of the recommended limits appears in Figs 9 and 10 based upon a
fairly typical background noise curve for a quiet rural area. Both background levels and
turbine noise are determined by best fit curves through representative data. Further guidance
appears in Chapter 7.

At low wind speeds noise is controlled through the application of the lower absolute limit in
the range of LA9ojomin = 35-40dB (day-time) and 43dB (night-time). In the example shown,
during the day, between wind speeds of 5.5m/s and 7.0m/s depending on the lower limit
agreed, a limit of 5dB above the existing background noise limit then comes into force.
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Figure 10 Examples of day-time noise criteria

Penalties for the character of the noise

We have decided that, as far as possible, the limits suggested here for wind turbine noise
should account for the particular character ofthe noise received. This is the approach adopted
by BS 4142 in which the rating level ofthe noise source includes the addition of any
adjustment necessary for the character ofthe noise [2]. We have considered the two main
elements that can add to the character of wind turbine noise: blade swish and tones.
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Blade swish

Blade swish, the amplitude modulation at blade passing frequency ofthe aerodynamic noise
caused by the passage ofthe blades through the air, has been fully described in Chapter 3.

The modulation or rhythmic swish emitted by wind turbines has been considered by some to
have a characteristic that is irregular enough to attract attention. The level and depth of
modulation ofthe blade noise is, to a degree, turbine-dependent and is dependent upon the
position ofthe observer. Some wind turbines emit a greater level of modulation ofthe blade
noise than others. Therefore, although some wind turbines might be considered to have a
character that may attract one's attention, others have noise characteristics which are
considerably less intrusive and unlikely to attract one's attention and be subject to any penalty.

This modulation ofblade noise may result in a variation ofthe overall A-weighted noise level
by as much as 3dB(A) (peak to trough) when measured close to a wind turbine. As distance
from the wind turbine/wind farm increases, this depth of modulation would be expected to
decrease as atmospheric absorption attenuates the high frequency energy radiated by the blade.
However, it has been found that positions close to reflective surfaces may result in an increase
in the modulation depth perceived at a receiver position remote from a site. Ifthere are more
than two hard, reflective surfaces, then the increase in modulation depth may be as much as +
6dB(A) (peak to trough).

The selection of the measurement position can also result in particular frequencies exhibiting a
greater depth of modulation due to standing wave effects from reflected waves offthe
surrounding structures. These effects are very specific to the positions at which measurements
are undertaken and are more the result of building layouts at the receiver position than a
change in the character ofthe emitted wind turbine noise.

It is the opinion ofthe Noise Working Group that there is insufficient data available at this
time to formulate an accurate measurement methodology for blade swish where it occurs. It is
envisaged that further research will be required to enable proper measurement and assessment
to be devised, ifin the future this is felt to be necessary. Work is already under way aimed at
establishing the causes ofblade swish, the frequency and magnitude of’its occurrence and
developing an appropriate metric for its measurement.

The noise levels recommended in this report take into account the character of noise described
in Chapter 3 as blade swish. Given that all wind turbines exhibit blade swish to a certain
extent we feel this is a more common-sense approach given the current level ofknowledge.
Debates at public inquiries on whether a literal interpretation ofclause 7.2 of BS 4142:1990
would include blade swish have in general been unhelpful.
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Method of tonal assessment
Introduction

It has been our experience, confirmed by the survey reported in Chapter 5, that where
complaints have been made over noise from existing wind farms the tonal character of the
noise has been the feature that has caused greatest annoyance. This finding corresponds with
the results ofa survey of EHOs and noise consultants undertaken by NPL on complaints about
industrial noise sources [26] which indicated that a significant number of noise complaints are
caused by the tonal character ofthe noise. In order to reflect the increased potential for
annoyance caused by noise containing a tonal component we therefore feel it appropriate that
tonal noise should be penalised. This penalty should be imposed in a similar manner to that
described in BS 4142 ie the noise level ofthe source is described as a rated level, that is the
sum of the overall level and any penalty due to a tonal content.

Review of options

Broadly speaking, there are three methods by which a noise can be assessed as to whether a
tonal penalty is appropriate: subjective methods, 1/3 octave methods and narrow band
methods. The relative merits of each are reviewed below.

Subjective methods

The method for rating a noise source that is contained within BS 4142 requires that the noise
is assessed by the subjective judgement of a listener. The perceived level of the tonal noise will
however be dependent upon the attitude ofthe listener towards the noise source and the
sensitivity of'the individual to tonal noise. What may therefore be acceptable to one person
may not be acceptable to another. Another drawback with this method is that in order to
obtain a warranty for a wind turbine from a manufacturer that includes a criterion for tonal
emission, an objective measurement procedure must be agreed. This warranty will provide
little comfort unless tonal emissions from the wind farm are assessed in a similar manner. The
absence of any standard method within the UK has caused problems when agreeing noise
conditions. To reduce these potential areas of conflict it is proposed that an objective test be
undertaken ofthe incident noise that assesses the audibility of any tonal noise emissions and
provides a rating for the noise.

Methods based on 1/3 octave bands

BS 7445 [16] (ISO 1996, DIN 45 465) indicates that a prominent tone may be identified when
the level difference between contiguous third octaves is greater than 5dB. This definition of
prominent tone is satisfactory when the frequency of interest is above S00Hz. However, at
frequencies below 500Hz the criterion is too severe. It is possible that at low frequencies, this
assessment method may result in a tone being measured objectively when none is audible.

This effect has been allowed for within the third octave criteria that have been developed by
Kern County in the USA, see Appendix B. Furthermore the method is unsuited to the
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detection of'tones that are only just detectable by the observer and would prove difficult to
implement for the sometimes complex spectrum shapes associated with wind turbine noise.

Narrow band analysis

The principles of three, narrow band, tonal assessment methods, BS 7135 [17], the Joint
Nordic Method [21]and the draft DIN 45 681 [22], have been described in Chapter 4. This
Section reviews the strengths and weaknesses of the methods available so that
recommendations leading to a reliable method of assessment can be made.

All three methods are based upon the concept of Zwicker critical bands. The methods
compare the sound pressure level ofthe tone to the sound pressure level of the broadband
masking noise with a range of frequency either side ofthe tone, the critical band width. The
audibility ofa tone is determined according to the difference between the tone level and the
masking level, often referred to as the tone level difference. The main differences between the
methods are in the precise specification of the critical band width, audibility criteria and the
measures taken, ifany, for non-stationary tones (tones whose amplitude varies with time).

The Joint Nordic Method simplifies the derivation ofthe critical band bandwidths, ie the
critical bandwidth for a tone below 500Hz is 100Hz and above 500Hz is 0.2 x the tone
frequency. BS 7135 and DIN 45 681 use the mathematical formula obtained by Zwicker. The
width ofthe critical band, Afc, centred at any frequency, f, is given by the following equation:

Afe=25+75x[ 1+ 1.4 x (f/1000)*]°%
(eg Afc = 162.2Hz at f= 1000Hz)

This results in a small, frequency-dependent difference between the Joint Nordic Method and
the other two methods in the calculated critical band masking level. Fig 11 details the level
difference between each critical band assuming a flat spectrum. It may be seen that predicted
difference will be less than 1dB until a frequency of over 1.0kHz is reached, although a peak
0f0.69dB occurs at a frequency of 500Hz. The graph shows that the Joint Nordic Method
would underestimate the masking level around a tone of 500Hz by 0.69dB.
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Level Differnece ofCritical Bandwidth* defined by BS 7135 and Joint Nordic Method
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Figure 11 Level difference of critical bandwidths defined by BS 7135 and the Joint
Nordic Method

Differences also exist in audibility criteria. Fig 12 details the difference between the audibility
criteria defined within the Joint Nordic Method, BS 7135 and DIN 45 681. It can be seen that
at relatively low frequencies, commonly of interest when assessing tonal noise from wind
turbines, the audibility threshold for DIN 45 681 is up to 4dB lower than the Joint Nordic
Method. The Joint Nordic Method uses the frequency-dependent audibility curve suggested
by Zwicker whereas the other two methods adopt a simplified approach, assuming the tone
level difference necessary for audibility is constant across the frequency range. The following
extract from the draft DIN 45 681 illustrates the thinking behind this approach.

"At low frequencies the level difference LQ - LR (LQ = masking level, LT = tone level) at the
audibility threshold is 2dB. This rises continuously to 6dB at high frequencies. On average
then, a sinusoidal tone in a masking noise is just perceptible (midrange audibility threshold)
when Ly-L; = 4dB. This is the value set by the tone content criterion ISO 7779: 1988,
section D.4.1 (and BS 7135).

The mid-range hearing threshold is defined such that in repeated hearing tests a group of
people with normal hearing will perceive the tone in 50% of cases. The tone content
criterion introduced by this standard (a noise has tone content when Ls-Lr - 6dB, see
section 2.) is more stringent at midrange and low frequencies in that about 20 to 30% of
people will hear the tone. "

At low frequencies the differences between the two approaches to audibility is reduced
because the Joint Nordic Method applies a "Hanning correction" to the measured level of the
masking noise. This is designed to correct for the effective analysis bandwidth of the
frequency analyser being wider than the frequency resolution. With the commonly applied
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Hanning window, the analysis bandwidth is 1.5 times the resolution resulting in a correction or
reduction in the measured level of 1010gl.5dB or 1.8dB. This means that a tone of given
magnitude would appear to have a level difference 1.8dB greater when analysed using the
Joint Nordic Method than it would have ifassessed using BS 7135 or DIN 45 681.
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Figure 12 Difference in audibility criteria as defined by the Joint Nordic Method, BS
7135 and DIN 45 681.

The situation is further complicated by the recommendation within BS 7135 that ifthe
measurements are performed using a linear weighting instead of an A-weighting the threshold
of audibility should be reduced so that a tone is deemed audible when it is 6dB below the
masking level in the critical band, the same level as in the DIN standard. This suggestion for
change in audibility criteria with frequency weighting is difficult to understand as the tone is
compared to masking noise of similar frequency to itselfand differences will be second order,
resulting from the slope in the A-weighting curve. It has been demonstrated [27] that, for
wind turbine noise, choice of frequency weighting has no systematic effect on the magnitude
ofthe tone level difference.

Tones from wind turbines can be classed as non-stationary; that is, the level ofa tone, and
hence its audibility, can fluctuate by several dB over the course ofa few seconds [28]. These
fluctuations arise from variations in source level and short-term propagation effects over
distances of a few hundred metres. The Joint Nordic Method is the only one ofthe three
which attempts to deal with non-stationary tones by suggesting that the highest level ofthe
tone is found by averaging the five highest tone levels from a number ofindividual spectra. It
has been shown [28] that, for wind turbine noise measured at near-residence type locations,
averaging the 10% highest tone levels will result in the measured tone level being typically 3-
4dB higher than ifit had been derived from the rms level ofthe tone in accordance with DIN
45 681 or BS 7135.

It can be seen from the above discussion that even the use of objective, narrow band methods

oftonal analysis can lead to widely differing assessments of audibility because of differences in
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the specification of critical band widths and audibility curves and in the treatment of Hanning
correction, frequency weighting and non-stationary tones. The Noise Working Group has
decided that the method proposed here will be based upon the Joint Nordic Method because
ofthe more accurate, frequency-dependent audibility curve and in the interests of maintaining
consistency, where possible, with other recommended practices.

The Joint Nordic Method is the tonal assessment method that is proposed for the assessment
of'the character ofthe noise within Nordic countries and has been adopted by the IEA as the
basis for tonal assessment in their series of Recommended Practices [11]. It has also been
adopted by Danish wind turbine manufacturers as a standard against which they will test and
warrant their wind turbines. The tonal assessment method within the current draft of IEC/TC
88 Part 10 [29], dealing with acoustic measurement techniques of wind turbines, is also based
upon the Joint Nordic Method. This method, therefore, currently seems to be the method by
which most wind turbine manufacturers within the world market will be assessing the tonality
oftheir wind turbines.

Description  of Recommended Method

The recommended method is based upon the Joint Nordic Method for non-stationary tones
with some embellishments in areas where it is not entirely prescriptive such as tone
identification and averaging periods. The method aims to assess the audibility ofa tone as
perceived by the average listener. There are three main steps in the procedure:

A) Frequency analysis of the noise at receiver locations.

B) Determination ofthe sound pressure level ofthe tone(s) and the sound pressure level of
the masking noise within the critical band.

C) Evaluation ofthe difference between the tone and the masking noise sound pressure levels
(ALtm) by comparison with a criterion curve to determine the audibility of a tone.

A. Frequency analysis

The analysis of non-stationary tones is quite intensive; it will therefore be convenient to record
the signal to be analysed on to tape. For each tonal assessment 2-minutes ofuninterrupted
clean A-weighted recording is required.

A 2-minute, rms-averaged FFT is performed on the sampled data using a Hanning window, a
frequency resolution of 3.0 + 0.5Hz and an analysis bandwidth of 2kHz. It may be necessary
to inspect a similar spectrum with greater bandwidth to ensure that there are no tones present
at higher frequencies.

The short term, individual rms-averaged FFTs within the sampled data are also calculated

using the same parameters as described above. This results in an averaging time 0f0.29 to 0.4
seconds.
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B.  Determination of sound pressure levels

The bandwidth ofa critical bands is:

Centre Frequency 20-500 Above 500
f, Hz
Bandwidth 100Hz 20% of f,

Ifa single tone is present the critical band is centred upon the tone. Iftwo or more, closely
spaced tones are present, the critical band is placed so that it contains the maximum possible
amount of tonal energy. In order to do this it is first necessary to identify the tones within the
spectrum. To do this each line in the 2-minute spectrum must be classified according to the
following criteria based upon the draft DIN 45 681. A peak is classed as a tone if’its level is
more than 6dB above the logarithmic average of'the sound pressure levels of the rest of the
lines in the critical band centred on the peak, but excluding the one line each side ofthe peak.
Ifthe peak qualifies as tone the adjacent lines are also classified as a tone if their level is within
10dB ofthe peak and greater than 6dB above the average level previously calculated. Ifa
spectral line is more than 6dB above the average masking level and more than 10dB below the
peak level it is classified as neither tone nor masking. Having identified the tones the critical
band can be placed to maximise the sound pressure level ofthe tones within the critical band.

Because classifying a line as a tone means it can no longer be counted as masking, an iterative
procedure is required for the proper identification oftones and masking. This is described by
reference to the worked example below.

Fig 13 shows the stages in the tone identification and classification process. These are:
 Find peaks in the spectrum, in this case line 23.

» Calculate the average energy in the critical band centred on each peak, not including the
two lines adjacent to the peak (9. 10dB).

» Ifthe peak is more than 6dB above the average masking level then it is a tone, therefore
line 23 is a tone.

» C(lassify adjacent spectral lines:

Pass 1

- Compare spectral lines above and below the peak to the average level.

- If a line is more than 6dB above the average and less than 10dB below the peak then
it is a tone, therefore lines 22, 24 and 25 are tones.

Pass 2

- Calculate new average masking level centred around the peak, discounting adjacent
spectral lines and all other lines classed as tones (8.75dB).

- Compare spectral lines above and below the peak to the average level.
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- Ifa line is more than 6dB above the average and less than 10dB below the peak then
it is a tone, therefore lines 21, 22, 24 and 25 are tones.

Pass 3

- Calculate new average masking level centred around the peak, discounting adjacent
spectral lines and all other lines classed as tones (8.39dB).

- Compare spectral lines above and below the peak to the average level.

- Ifa line is more than 6dB above the average and less than 10dB below the peak then
it is a tone. Therefore lines 21, 22, 24 and 25 are tones, but no spectral lines have
been reclassified in this pass so the iterative process is complete.

Sample RMS Spectrum of Wind Farm Noise
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Spectral Line Number

Tone Identification and Classification

Peak line = 23 Peak Level = 17.71dB
Pass 1 Pass 2 Pass 3
Average about peak 9.10 8.75 8.39
Level Level Level
Adjacent line assessment |above Classif- |above Classif- |above Classif-
average |ication average |ication average |ication
Line number
19 -0.49| masking -0.14| masking 0.22 | masking
20 0.20 | masking 0.55 | masking 0.91 | masking
21 5.83 | masking 6.18 |tone 6.54 |tone
22 6.34 |tone 6.69 |tone 7.05 |tone
24 7.64 |tone 7.99 |tone 8.35 |tone
25 6.26 |tone 6.61 |tone 6.97 |tone
26 1.40 | masking 1.75 | masking 2.11 |masking
27 -0.01 |masking 0.34 |masking 0.70 |masking

Figure 13 Tone identification and classification process
Ifa spectral line is more than 6dB above the average masking level and more than 10dB below

the peak level then it is classified as neither tone nor masking, and not included in the

calculation for either level.

-75-



The process described above is repeated for every critical band centred around tonal peaks in
the spectrum. The result is that within each critical band every spectral line is classified as
tone energy, masking energy or neither.

Having identified the lines in each spectrum contributing to tonal levels, masking levels or
neither, the tonal analysis can continue as follows:

* The masking energy within the critical band is calculated from the 2-minute rms spectrum.
Calculate the masking level in the critical band, L,, correcting for a reduction in the
number of lines due to the exclusion oftones and for the Hanning window.

Lom = 1QloglloWI1O + 1Qlog(critical band width) + 101og(l/1.5)
(Nm x Af)

where L., = sound pressure level of each line containing masking noise
Np, = number of lines within the critical band containing masking noise.

2 = sum of

* For each ofthe short term spectra 0of0.29 to 0.4 seconds duration, calculate the tone
energy within each critical band, Ly, using the lines identified as tones from the 2-minute
spectrum.

ILpt = loiogEioWio

where Lt is the sound pressure level of each line containing tonal noise.

The Joint Nordic Method for non-stationary tones calculates tone level as the mean of the
top 5 levels from a "number of analysis" (at least 50 short term spectra as interpreted by
the IEA Recommended Practice). As the result obtained using 5 out of 50 would
obviously be different to that using 5 out of 500, the method proposed here is more
specific. The tone level used in the assessment, L, is the arithmetic mean of the top 10%
of tone levels, L', from all the short-term spectra constituting the 2 minutes of data.

C. Evaluation ofthe audibility of the tone(s)

The audibility of a tone is dependent upon the tone level difference, Altm, and the frequency of
the tone:

ALN=1pt
The audibility criterion is defined as follows:

Almgit™ -2 -Log(1+(f/502)2.5)

where f= frequency at the centre ofthe critical band.
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This is the level at which the average listener will be just able to hear the tone. Fig 14 details
the audibility criterion based upon the above equation. It can be seen from the figure that the
audibility criterion is related to the frequency ofthe tone.

Threshold of Audibility Criterion
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Figure 14 The audibility criterion for tonal noise assessment

It is recognised that this method for assessing the audibility of a tone is somewhat complex
and may prove difficult for some to perform. It is nevertheless a rigorous implementation of
the widely accepted Joint Nordic Method. It would be helpful to be able to simplify the
method without undue loss ofreliability so it can be more easily applied. One possibility is to
replace the assessment ofthe tonal pressure from the top 10% ofthe short term spectra with a
level derived from the 2-minute rms spectra. This would however require the adjustment of
the audibility criterion to account for the reduced tonal levels which would result from such a
change. Further work would be required to calibrate a new audibility criterion with the
average listener's response.

Penalties for tonal noise

No standard, objective method is currently available within the UK for the assignment of
penalties to noise containing tonal components. BS 4142 allows for a subjective assessment to
determine whether a 5dB penalty should be added (see Chapter 4). The DOE has initiated
studies on tonal penalties and rating systems but this work is not expected to be included
within any revised version of BS 4142 for a number of years. Therefore, the penalty system
proposed derives from existing standards and guidance, recent research on the subjective
response to tones from wind farms and the experiences of members of the Noise Working
Group.
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Comparison of existing standards

The tonal penalties imposed by the Joint Nordic Method (JNM), draft Din 45 681 and
BS 7445 are considered below.

The Joint Nordic Method proposes that a 5dB penalty be applied when the tone is considered
prominent; prominence is defined as being 6.5dB above audibility. The method proposed by
the Noise Working Group is based upon the Joint Nordic Method for variable tones.

Draft DIN 45 681 proposes that a sliding scale of penalties ranging from 0-6dB be used which
is related to the level ofa tone above the audibility criterion. When applying these penalties to
the method proposed by the Noise Working Group three differences between the Noise
Working Group method and the DIN standard have to be borne in mind:

1. The audibility criterion is different for the two methods (see Fig 12). For tones ofless than
800Hz, ie those most commonly identified in wind turbine spectra, the tone level difference
required for audibility is 3-4dB lower for the DIN standard than for the JNM. This implies
that tones will be identified as audible at lower levels using the DIN standard.

2. Conversely, the method proposed here is based upon an average of the highest 10% of
short-term spectra rather than on rms spectra which results in higher tone levels being
identified using this method. Studies have shown this difference to be on average 3.6dB,
with a range of2.2-4.4dB [28].

3. The method proposed here, being based upon the JNM, applies a Hanning correction
(reduction) of 1.8dB to the broadband masking noise thus increasing the tone level
difference by 1.8dB when compared to the DIN standard.

The net result of these differences is that a tone measured using this method and equal in level
difference to the audibility criterion of the JNM would be ranked between zero and 3.2dB
below audibility using the draft DIN standard, typically -2dB below audibility. Or put the
other way round, a tone identified as being on the threshold ofaudibility using the DIN
standard would be ranked as 2dB above audibility using this method. The penalties specified
in the draft DIN 45 681 and how they transpose to the audibility criterion of the Noise
Working Group's implementation ofthe JNM are shown in Table 9.

BS 7445 also describes a progressive approach to tonal penalties differentiating between tones
that are "just detectable" and "clearly audible".

"In some practical cases, aprominent tonal component may be detected in 1/3 octave
spectra ifthe level ofa 1/3 octave band exceeds the level of adjacent bands by 5dB or
more, but a narrow bandfrequency analysis may be required in order to detect
precisely the occurrence of one or more tonal components in a noise signal Iftonal
components are clearly audible and their presence can be detected by a 1/3 octave
analysis, the adjustment may be 5 or 6dB. Ifthe components are only just detectable by
the observer and demonstrated by narrow band analysis, an adjustment of 2 to 3dB
may be appropriate.”
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Table 9 Comparison of DIN 45 681 with the Joint Nordic Method

Tone Level above Equivalent Tone Level above | Tone Penalty, dB,
Audibility, AL (dB), Audibility, AL (dB), using this | from DIN 45681
using DIN 45681 Implementation ofthe JNM
for Variable Tones
0> AL 2> AL 0
0<AL<2 2<AL<4 1
2<AL<4 4<AL<6 2
4<AL<6 6 <AL <8 3
6<AL<8 8< AL< 10 4
8<AL< 10 10 <AL < 12 5
L> 10 L> 12 6

Pedersen [30] has computed the equivalent narrow band tone level difference for a tone
responsible for a 5dB increase in a 1/3 octave band level. The tone level differences are
calculated using the critical band widths ofthe JNM but do not include any correction for use
ofthe Hanning window. In order to enable a comparison with the JNM for variable tones to
be made, a further adjustment of 3.6dB is required because of the difference in peak and rms
levels as for the DIN standard above. The results are frequency-dependent and summarised in
Table 10.

Table 10 Comparison of a 1/3 octave based criterion to the JNM audibility criterion

Tone Equivalent Tone Level JINM Equivalent Margin

Frequency Hz | Tone Level Difference Audibility | above Audibility
Difference of | after Criterion | for 5dB Penalty.
5dB 1/3 Correction
Octave Tone | (+ 1.8 +3.6)

50 -6 -0.6 -2.0 1.4

100 -3 2.4 -2.0 4.4

200 0 54 -2.0 7.4

400 3 8.4 -2.2 10.6

500 4 9.4 -2.3 11.7

800 4 9.4 -2.6 12.0

1000 4 9.4 -2.8 12.2

2000 4 9.4 -3.5 12.9

It can be seen that the results are strongly frequency-dependent, but for the frequency range of
interest (100-800Hz) the application ofthe 5-6dB penalty for a clearly audible tone would be
incurred at levels above audibility of4.4-12dB when using the JNM for variable tones. Given
the above it is unclear at what levels the 2-3 dB penalty would be incurred but one could
interpret "just detectable by the observer" as any audible tone.
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A graphical comparison ofthe three penalty systems is shown in Fig 15. The BS7445
penalties for "just detectable" and "clearly audible" have been set in the middle of the range
suggested, ie 2.5dB and 5.5dB respectively, and have been plotted for 100Hz and 800Hz
tones to represent the frequency range most commonly encountered.
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Figure 15 Comparison of tonal penalties from various standards
Recommended levels of tonal penalties
The members ofthe Noise Working Group agreed on the penalty system depicted in Fig 16

based upon their review of existing standards and guidance, recent research on the subjective
response to tones from wind farms from listening tests [27] and their experiences in the field.

Penality (dB)
w

0 1 2 3 4 5 6 7 8
Tone Level above Audibility (dB)

Figure 16 Penalties for tonal noise
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At levels of audibility above 6.5dB a 5dB penalty is incurred. Between audibility levels of 2dB
and 6.5dB a sliding scale of penalties is introduced varying linearly from 1.54dB to 5dB.
Extrapolation ofthis linear relationship passes through the origin. No penalties are incurred at
audibility levels below 2dB.

A penalty of 5dB at 6.5dB above audibility is suggested because:

* it is consistent with the Joint Nordic Method upon which the Noise Working Group
method is based and is broadly in line with the advice for prominent tones in BS 7445

 the results from the listening tests demonstrated that at audibility levels at and above 6dB
more than 95% oflisteners describe the tone as audible and around 50% find the tone to be
prominent

A sliding scale of penalties is preferred for audibilities between 2dB and 6.5dB because:
* intuition suggests that annoyance gradually increases with margin above audibility

+ it prevents large differences in tonal penalty being affected by small differences in the
measured level of audibility

* it enables local authorities to exert downward pressure on tonal levels from turbines which
do not represent best practice

* it penalises tones which the subjective tests indicate a large proportion of the population
will be able to hear

* below levels of audibility of2-4dB the results from the listening tests indicate that the
measured level of audibility does not correlate well with the subjective response, be it
percentage of subjects describing the tone as audible or equal annoyance level; the Noise
Working Group was agreed that a significant penalty should be introduced at 2dB above
audibility; a convenient method for constructing such a penalty system which increases
progressively up to 5dB at 6.5dB above audibility was a straight line passing through the
origin but with no penalties incurred below 2dB of audibility.

it is the view ofthe Noise Working Group, based upon a comparison of their experiences of
tonal levels from a variety of wind farms against measured levels for those wind farms, that
tonal penalties are not appropriate at levels measured below 2dB.

It is important to note that although this assessment procedure and associated penalties
have been derived and tested [27, 28] using the best information currently available they
have notyet been proven in thefield For example, little is known about the medium to
long term variation in tonal levels from wind turbines and, ifsuch variations do occur,
which levels are most appropriate for assessment purposes. It is the belief of the Noise
Working Group that the best ofthe turbines currently available are without tonal noise
problems and would not warrant any penalty, it is intended that this assessment procedure
reflects that evaluation.
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Complex tones containing harmonic components

A wind turbine may emit a complex tone comprising a series of harmonics (partials) at integral
multiples of some fundamental frequency. Although several peaks may occur in a narrow band
spectrum of such noise, the tone complex is usually perceived as having a single pitch. For the
purposes of'this specification, when an audible discrete tone comprises two or more harmonic

components, only that component with the greatest audibility need be evaluated unless two or
more harmonics lie within the same critical band.

Variable speed machines

Ifa variable speed wind turbine were to be assessed using this technique and the wind turbine
were to emit tonal noise, the variation in rotation speed would result in a variation of the tone
frequency. Over a two-minute period it would be expected that the tone would affect the
masking band level centred around the tone such that the masking band level would be
considered higher than the actual level when measured instantaneously.

Additional problems will also occur with variable frequency tones, as the tone frequency
during the analysis will not be the same throughout the assessment period. Therefore, the
average maximum level for an individual tone will not necessarily be easily determined.

It is possible these difficulties could be overcome if tonal measurements were performed close

to one machine and the measurements were of short duration. Further experience in this area
is needed before more precise advice can be given.
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7. NOISE MONITORING

Introduction

During the planning stage ofa wind farm, discussions are likely to have been held with the
local Environmental Health Officer with respect to agreeing acceptable levels of noise from the
proposed site. The performance of'a background noise survey around the site will help identify
the dwellings that are the most sensitive with respect to noise and the wind speeds at which the
greatest noise impact from the development will occur.

The prevailing background noise level at sensitive dwellings will need to be agreed with the
local EHO so that noise limits at different turbine operating wind speeds can be set.
Predictions are then undertaken and changes made to the proposed wind turbine layout, where
necessary, to ensure that the noise limits that have been set can be achieved.

These noise limits may then form the basis of any conditions that are imposed by the local
district council and agreed by the developer. Testing ofthese conditions is required to ensure
compliance in the event of any complaints arising over noise from the wind turbines.
Therefore, a method for undertaking this compliance test is required that eliminates errors due
to noise not associated with the wind farm and which relates the operating condition ofthe
wind farm to the noise levels incident at a dwelling.

Monitoring will be complaint-driven as developer access to properties cannot be guaranteed.
A condition requiring periodic monitoring at residences in the absence of complaints would be
unenforceable and therefore fail the test of a planning condition.

Monitoring locations
Nearest properties

Monitoring should be undertaken at the locations to which the noise limits apply, ie the noise-
sensitive properties around the wind farm from which complaints have been received.

Microphone height and position

The microphone should be tripod mounted at a height of 1.2-1.5 m above ground level in
accordance with the requirements of BS 4142. A height of 1.2m is most commonly used as
the microphone is then that little more out ofthe wind, less likely to be shaken or blown over
and 1.2m is generally a more convenient working height.

The measurement position should be selected to minimise the effects of reflections from
buildings because the noise limits recommended refer to free-field measurements for the
reasons given in Chapter 6. Measurements performed in the field around existing wind farms
indicate that reflection effects from buildings are minimised when measurement positions are at
least 10 metres from a building facade. This compares with the guidance given in the USA
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where measurements are performed at a distance of 50' (15.24m) from the sensitive property.
However, it should be borne in mind that areas within gardens such as patios may be used by
an occupier more often that other areas of their garden. Such seating areas may be positioned
close to buildings for protection from the wind. Dwellings may also have small gardens. In
this event, it may not be possible to undertake measurements that are free of reflections from
buildings. This should be considered during any initial assessment of the wind farm site by the
developer.

In order to ensure that measurements of wind turbine noise are not influenced by reflections off
buildings the microphone should be positioned at least 10m away from the facade. It may be
appropriate to undertake background noise measurements closer than this if sheltered locations
close to the property are most often used for rest and relaxation. Background noise
measurements should not be taken closer than 3.5m from the facade. In circumstances where
these conditions cannot be fulfilled an alternative location should be identified at which the
measurements of free-field turbine noise can be expected to be the same as at the property in
question, or can be readily corrected by an agreed method, and with some confidence, to levels
at the property.

Equipment
Wind shields

Even using the LA%jomin noise descriptor there is a risk that measured noise levels can become
contaminated by the effect of wind noise on the microphone when using the wind shields
available commercially. Studies are currently being undertaken to evaluate the constraints on
existing measurement systems with a view to offering suggestions for improved windshield
design [31].

Certification and calibration

As specified in Sections 3 and 4 of BS 4142: 1990.

Background noise survey

The limits proposed are set in relation to the existing background noise level at wind speeds up
to 12m/s measured on the wind farm site at 10m elevation. It is therefore necessary that
background noise measurements should be correlated with wind speed measurements
performed at the proposed site, such that the actual operating noise levels from the turbines
may be compared with the noise levels that would otherwise be experienced at a dwelling.
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Survey Period

Background noise measurements should be undertaken over a sufficient period of time to allow
a reliable assessment ofthe prevailing background noise levels to be performed. Variations in
the background noise levels due to wind effects may result in changes of + 5dB(A) during a
period of 1 minute, a medium term variation in level. Long-term variation of the background
level may be caused by a change in wind direction. Background noise levels will also change
according to the amount of rain that may have fallen during the preceding days; levels in deep
valleys in Mid-Wales have been found to vary by as much as 25dB LA%0. The time of year that
measurements are performed may also have an effect. Summer months may be expected to
give higher ambient noise levels due to leaves on trees but lower levels due to reduced rainfall.
Winter months may result in lower ambient noise levels due to no leaves on trees but higher
level due to more rain. Conversely, the increased wind resistance oftrees and shrubs in
Summer can increase the level of shelter at the property such that lower wind speeds and hence
noise levels are experienced for a given wind speed at the wind farm. Periods of external
amenity vary in time of'year from site to site and this should be considered when planning
background noise surveys.

It is expected that to avoid the results being weighted by unrepresentative conditions at least 1
week's worth of measurements will be required. The actual duration will depend upon the
weather conditions, in particular the strength and direction of the wind that has blown during
the survey period and the amount ofrain.

Measurements should not be used from periods of heavy rainfall when noise levels will be high
due to the noise ofthe rain itself, and more important, due to the increased water flow in
nearby streams and rivers.

When sheltered dwellings are positioned close to a site within a deep valley, it is recommended
that special consideration is given to noise data that are collected for the wind condition that
affords maximum shelter to the property.

Measurement of wind speed

Wind speed measurements are likely to be performed on-site as part of the wind resource study
prior to development and ifthey are to be used for the noise assessment, measurements of the
10-minute average should be recorded. Measurements are performed using anemometers
placed at known heights above ground level. Wind speed varies with height above ground
level, increasing with increased height (see "wind shear" in Glossary). Therefore, the height at
which wind speed measurements are performed and the height of the proposed wind turbines
will affect the derived prevailing background noise level. We propose that measurements
should be corrected to a standard height of 10m using the procedure described under "wind
shear" in the Glossary. The recommendations for noise limits have been made assuming wind
speed measurements corrected to 10m. Measurements at 10m will be easier to perform due to
the availability of portable masts of this height.

Wind speed measurements performed at two different heights on the same mast will allow an
assessment ofthe wind shear that exists at the wind measurement position. Derivation ofthe
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wind shear allows an assessment of the wind speed at 1 Om height to be performed ifthe
anemometers are not positioned at 10m.

Analysis and derivation of background noise levels

The derivation ofthe prevailing background noise level at a dwelling is performed using the
noise data that have been collected at the dwelling and the measured on-site wind speed at the
anemometer height.

When deriving the prevailing background noise level, the height at which the wind speed is
measured should be clearly stated and converted to 10m height.

It should be expected that measurements performed over an extended survey period will be
affected by weather conditions that are not associated with wind speed. Rainfall will lead to
increased noise levels at a measurement position due to a number of factors. These may include
the increased flow of water within streams and brooks, the sound ofrain drops falling on the
wind shield and any associated equipment that may contain the sound level meter. Other noise
sources may also increase measured noise levels. Work in fields, milking equipment and milk
chillers, traffic and aircraft noise all increase the measured noise levels especially during the
day-time periods.

The increased levels due to sources not associated with the wind will reduce the correlation
between the wind speed and the measured background noise level. However, measurements
undertaken during evening and night-time periods are less affected by these extraneous sources
as human and animal activity is reduced, thereby minimising any effects. Rainfall, however, is
harder to detect. Rain gauges provide an indication when rain fell during survey periods.
Increased noise levels during night-time periods that are not associated with respective
increases in wind speed are also an indication that rain may have fallen.

It is considered appropriate to remove the noise data that may be affected by rainfall during a
survey. Measurements that are affected by human or animal activity during the night, ie traffic
passing along nearby roads or owls in nearby trees, should be considered as the noise

environment at the dwelling.

Background noise curves are required for both the day-time quiet periods and for the night-
time. The periods are defined in Chapter 6.

Appendix C provides a fuller discussion on the measurement of background noise levels.
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Measurement of wind farm noise
Wind speed measurement

To assess wind farm noise levels, measurements are correlated with the operating condition of
the wind turbines. This is because the emitted noise from a wind turbine is related to the wind
speed that a turbine experiences.

A possible method for determining the wind speed during a compliance test is to use an
anemometer mast that has a height that is below the lowest point described by the wind turbine
rotor, the suggested height being 10 metres. At this height it has been suggested that the true
wind speed will be measured, ie which has not been affected by the rotor wakes of wind
turbines upwind ofthe anemometer mast. This mast could then be placed at the original mast
position used to determine the prevailing background noise level.

It should be noted that data collection ofthe wind speed resource at a proposed wind farm site
may also have measured the wind shear at the mast position. I[f measurements have been
gathered ofthe wind speed at 10 metres height, the background noise level measurements may
be correlated with this measurement height data and any noise conditions set based upon this
wind speed measurement height. A potential additional benefit of using a wind speed
measurement height of 10 metres is that the IEA Recommended Practice for the measurement
ofnoise emissions from wind turbines [11] proposes that the standardised sound pressure level
and sound power level ofa wind turbine be quoted for a wind speed reference condition of
8m/s at a height of 10 metres above ground level. Therefore, the use ofa IOm-high
anemometer mast may provide additional consistency through the measurement and
assessment procedure.

Identification of critical periods for monitoring

It will not normally be necessary to demonstrate compliance with planning conditions at ail
wind speeds. If monitoring is required in response to complaints then a log oftimes at which
the turbine noise is most intrusive, taken by the complainant, will enable the developer to
establish the conditions which require further investigation.

Having established the critical wind speed conditions over which measurements are to be
carried out one needs to consider the amount of data that will be required to give a reliable
estimate ofthe typical turbine noise levels in these conditions. It is the opinion ofthe Noise
Working Group that at least 20 to 30 measurements ofthe LA9ojomin should be taken within +
2m/s ofthe critical wind speed. At least ten measurements should lie either side of the critical
wind speed. Measurements should be taken in representative conditions and not for example
when the wind is in a direction rarely encountered.

To minimise the effects of extraneous noise sources it may be necessary to perform these

measurements during night-time periods when other human and animal activity noise sources

are likely to be at a minimum.
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Analyses
Filtering of data

As with the background noise data it will again be necessary to filter data for effects such as
periods ofrainfall to ensure reliable results are obtained. Also, ifthe measurement of wind
speed is from an anemometer which may be in the wake ofa turbine in certain wind directions
these data should also be removed.

Calculation ofwindfarm noise level

A best fit curve can be fitted to the data obtained for a particular critical wind speed. A
straight line will usually be sufficient given the small range in wind speed. The noise level at
the critical wind speed can be read from this curve. Ifthis level is below that set in the noise
limits and the EHO considers that there are no audible tones then no further action is
necessary. If, however, either the noise is above the limit or the application ofa tonal penalty
may take the noise over the limit then a correction for the influence ofthe existing background
noise should be performed or the measurements repeated at times of lower background noise.

The background noise at the critical wind speed should be assessed using the procedure
described for turbine noise above. A correction shall then be made as follows:

Ly = 10 log (ioV'°-ioV!'")

where L, = wind farm noise, dB(A)
L,. = combined wind farm and background noise as measured, dB(A)
Lyb = background noise only, dB(A).

It is recognised that the correction method above only strictly applies to the correction of one
L., by another. Readers are referred to the paper by Nelson [32] for more discussion on
correcting percentile measurements.

Measuring tonal levels

A review of options and a description of a recommended method for tonal assessment were
given in Chapter 6. This Section describes the application of that method in the field so that
reliable results can be obtained.

Instruments

The information contained in this assessment method is sufficiently complete to allow the
identification of audible discrete tones to be made using a variety of measuring instruments;
therefore no specific type of instrument is specified. The procedure requires, however, the
measurements of the sound pressure level ofthe tone, Ly, and the sound pressure level ofthe
noise in the critical band centred at the frequency ofthe tone, L. The instruments used
should be capable of determining the difference between these levels to within + 1dB.
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Commercially available or specially designed analogue or digital instruments may be used to
measure the levels directly or, more conveniently, raw data may be acquired and then
processed by a digital computer. An A-weighted network shall be used when performing this
assessment as this may be more convenient given a requirement to simultaneously measure the
overall A-weighted sound pressure level.

Measurements

Tonal assessment should be carried out at times of typical background noise levels so that the
effect of the existing background noise on the masking oftones is not over- or under-
emphasised. It has been shown [27] that the audibility of'a tone from wind turbines evaluated
by the method described in Chapter 6 fluctuates by several dB without any appreciable change
in wind speed. It is therefore necessary to introduce some averaging into the assessment
procedure to increase the repeatability and reliability ofthe derived results. As for overall
levels, 20 to 30 measurements should be taken within + 2m/s of the critical wind speed. These
measurements should be taken during the same periods as the measurements of overall noise
level. At least ten measurements should lie either side ofthe critical wind speed. The
measurements should be taken over a period of 2 minutes and regularly spaced at 10-minute
intervals so that each measurement corresponds to a measurement of the LAscuomn used in the
assessment of the overall noise level. As with overall levels, measurements should be taken in
representative conditions and not for example when the wind is in a direction rarely
encountered.

Analysis

Tonal analysis of each 2-minute sample is performed according to the recommended procedure
described in Chapter 6:

* For each ofthe 2-minute samples calculate the margin above or below the audibility
criterion of the tone level difference, ALtm, by comparison with the audibility criterion given
in Chapter 6.

* Plot the margin above audibility against wind speed for each ofthe 2-minute samples. For
samples for which the tones are inaudible or no tone is identified substitute a value of zero
audibility.

* Perform a linear regression to establish the margin above audibility at the critical wind
speed. Ifthere is no apparent trend with wind speed then a simple arithmetic average will

suffice.

* The tonal penalty, Kj, is derived from the margin above audibility of the tone according to
Fig 16 in Chapter 6.
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The rating level

The rating level is the arithmetic sum ofthe wind farm noise level, L,,, and the tonal penalty,
Kr. Tt is this level which determines whether the wind farm has complied with the limits set in

the planning condition.
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8. THE PLANNING OBLIGATION

The Noise Working Group thought that it would be beneficial to present its recommendations
in a form which might be useful to developers and planners. We therefore considered drafting
planning conditions, but came to the conclusion that the necessary definitions ofterms which
would be required would make planning conditions too complicated. Therefore it was decided
to produce covenants for inclusion within an Agreement between a developer and a local
authority. Alternatively, the developer may be required, through a planning condition, to
agree a noise rating and monitoring scheme with the local planning authority prior to operation
ofthe development. The scheme may then incorporate the definitions and provisions which

we have included within the Planning Obligation. This may be particularly helpful where a
developer does not own the proposed wind farm site.

It is appreciated that on first reading the Planning Obligation can appear somewhat
complicated. It is anticipated that when there has been more experience of drafting such

obligations it may be possible for some simplifications to be made.

The Planning Obligation is supplemented by some Guidance Notes to which it refers. These
Guidance Notes also serve as a useful summary ofthe proposed measurement procedure.
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DATED 1996

THE WIND FARM LIMITED
and

THE COUNCIL

PLANNING OBLIGATION BY
AGREEMENT

Relating to Land at

Assumptions within this document:
The Developer owns the freehold ofthe Site

There are no other interests in the Site and
in particular there is no charge over the Site

Bond Pearce
Plymouth

-92.-



THIS PLANNING OBLIGATION BY AGREEMENT is made the day of

199 BETWEEN:

(1) THE WIND FARM LIMITED a company registered in with number
and whose registered office is at

(2) THE COUNCIL ofthe Council Offices at

WHEREAS:

(1) The Council is the local planning authority for the purposes of the 1990 Act for the
area which includes the Site

(2) The Developer owns the legal estate in the Site

3) The Developer intends to construct and operate the Development

(4) The Developer has by the Application applied to the Council for planning permission
for the Development

(5) The Council in exercise ofits powers under the 1990 Act has decided to grant planning
permission for the Development

(6) The Developer has agreed to enter into this Obligation

NOW THIS OBLIGATION WITNESSES as follows:

1.

1.1

1.2

1.3

1.4

1.5

1.6

In this Obligation unless the context otherwise requires:-
""the Developer' means The Wind Farm Limited and its successors in title
"the Council" means The [ ] Council and any successor authority

"the Site'" means the land edged red on the plan numbered x attached to this
Obligation being land at

"the Application" means an application for the Permission for the Development
submitted to the Council under the 1990 Act on registered under
number

"the Development' means the erection on the Site of x wind turbine generators, a grid
connection building and ancillary development as specified in the Application

"the Permission" means any planning permission issued pursuant to the Application

(together with any modifications thereto made with the consent of the Developer) by
the Council on the determination ofthe Application
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1.7

1.8

2.1

2.2

2.3

24

2.5

2.6

2.7

"the 1990 Act" means the Town and Country Planning Act 1990 (as amended by the
Planning and Compensation Act 1991 and any subsequent legislation)

"the Wind Turbines" means the wind turbine generators proposed to be erected as
part of the Development.

It is the intention ofthe parties that:
This Obligation is made pursuant to the provisions of Section 106 ofthe 1990 Act
This Obligation shall be enforceable by the Council

This Obligation shall not take effect until the Permission has been granted and
implemented by the carrying out of a specified operation as defined in Section 56 (4) of
the 1990 Act

No person or company shall be liable for any breach of this Obligation unless he or it
holds an interest in the part of the Site in respect of which such breach occurs or held
such an interest at the date of'the breach

Nothing in this Obligation shall be construed as prohibiting or limiting the development
of the whole or any part of the Site in accordance with any planning permission
granted by the Council after the date of this Obligation (save and except the
Permission)

Where the context so requires the singular includes the plural and terms using the
masculine gender include the feminine

References to Schedules and Appendices mean Schedules and Appendices to this
Obligation

The Developer hereby covenants with the Council to observe and perform the
obligations contained in the Schedule all of which relate to the Development

Any dispute arising from the terms of'this Obligation will be referred to the decision of
a single arbitrator (acting as an expert and not an arbitrator) under the terms of the
Arbitration Act 1979, such arbitrator to be appointed by agreement between the parties
or in default of agreement by the President for the time being of the Institute of
Acoustics (or provision for determination ofdisputes by the County Court)

IN WITNESS whereofthe parties hereto have executed these presents the day and year
first before written
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1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

1.10

1.11

1.12

THE SCHEDULE
In this Schedule unless the context otherwise requires:

"Audibility" means the audibility of Tonal Noise as defined in (and to be measured in
accordance with) the recommended method in Section 2.1 ofthe Guidance Note

"Background Noise Level" means the ambient noise level already present within the
environment (in the absence ofnoise generated by the Development) as measured prior
to the date ofthis Obligation and correlated with Wind Speeds

"Best Fit Curve" means a best fit linear regression curve expressing noise levels as a
function ofwind speed derived from measured noise levels for data points extracted in
accordance with the recommendations in Section 1.2 ofthe Guidance Note

"Critical Band Width" means a band with a prescribed frequency range determined in
accordance with the recommendations in Section 2.1 ofthe Guidance Note Appendix
3

MdB(A)L90>10min" means the dB(A) level exceeded 90% ofthe time and measured over a
period of 10 minutes

"Free-field Conditions" means an environment in which there are no reflective
surfaces (except the ground) affecting measurements within the frequency range being
measured

"Guidance Note'" means the 'Supplementary Guidance Notes to the Planning
Obligation" presented in Chapter 8 ofthe report 'The Assessment and Rating of Noise
from Wind Farms", September 1996, report number ETSU-R-97.

"Night Hours" means 2300-0700 hours on all days

"Quiet Waking Hours" means 1800-2300 hours on all days plus 0700-1800 hours on
Sundays and 1300-1800 hours on Saturdays

"Tonal Noise" means noise containing a discrete frequency component

"Wind Speeds" means (unless the context otherwise demands) wind speeds measured
at a height of 10 metres above ground level on the Site at Ordnance Survey grid
reference aaaaaa.

"Wind Turbine Noise Level" means the rated noise level due to the combined effect
of all the Wind Turbines including any penalty incurred under clause 7 or 8 of this
Schedule but excluding the existing background noise level

At the reasonable request of the Council following a complaint to the Council relating

to noise emissions from Wind Turbines the Developer shall measure at its expense the
level of noise emissions from the Wind Turbines (inclusive of existing background
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noise) using an L,y index over a minimum of 20 periods each of 10 minutes duration.
At least 10 of the periods of measurement shall be made at Wind Speeds between a
wind speed specified by the Council and a wind speed of not more than 2 metres per
second above that specified by the Council. At least 10 measurements shall be made
at Wind Speeds between the wind speed specified by the Council and a wind speed not
less than 2 metres per second below that specified by the Council. Measurements of
noise emissions shall be made in consecutive 10-minute periods provided that they fall
within the wind speed range defined in this clause

3. The measurements under clause 2 shall be made using a sound level meter of at least
type 1 quality (as defined in International Electrotechnical Commission standard 651
(1979)) incorporating a windshield with a Vi inch diameter microphone in free-field
conditions between 1.2 and 1.5 metres above ground level and at least 10 metres from
any wall, hedge or reflective surface (using a fast time weighted response)

Alternative 1

(a) In this clause the values of X Y and Z are specified in the Tables within
Appendix A ofthis Agreement in relation to the dwellings referred to or named
as described in Section 1.3 ofthe Guidance Note.

(b) The Wind Turbine Noise Level as measured in accordance with clauses 2, 3
and 5 shall not exceed:

(1) During Night Hours the greater of the Night Hours Lag Background
Noise Level plus XdB or YdB(A)Loiomin at Wind Speeds not exceeding
12 metres per second,
and at all other times

(11) The greater of the Quiet Waking Hours Lago Background Noise Level
plus XdB or ZdB(A)Le10min at Wind Speeds not exceeding 12 metres

per second

Provided that this covenant shall only apply to dwellings existing at the date of
this Obligation.

Alternative 2

The Wind Turbine Noise Levels as measured in accordance with clause 2, 3 and 5 shall not

exceed 35dB(A)Loo1omin at Wind Speeds not exceeding 10 metres per second provided that this
can only apply to dwellings existing at the date of this Obligation.
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10.

1.

(a) Measurements made in accordance with the provisions of this Schedule in
order to demonstrate compliance with the requirements of clause 4 shall be
correlated with Wind Speeds

(b) The L,9%oomin noise level from the combined effect of the Wind Turbines
(inclusive of existing background noise) shall be derived using a Best Fit Curve.

Tonal Noise shall be measured for Audibility in accordance with the recommended
method described in Section 2.1 ofthe Guidance Note.

If Tonal Noise from the combined effect of the Wind Turbines (when measured in
accordance with clause 6) exceeds the threshold of Audibility by more than 6.5dB a
penalty of 5dB shall be added to the noise level derived in accordance with clause 5(b)

If Tonal Noise from the combined effect of the Wind Turbines (when measured in
accordance with clause 6) exceeds the threshold of Audibility by more than 2.0dB but
less than 6.5dB a penalty of ((5/6.5)xAudibility)dB shall be added to the noise level
derived in accordance with clause 5(b)

If measurements made in accordance with clauses 2, 3 and 5 exceed the levels of noise
emissions provided in clause 4 then in order to investigate compliance with such levels
by an assessment of the contribution of background noise to the measured levels the
measurements shall be repeated by the Developer at a time when the contribution of
the Background Noise Level to measured noise levels can be expected to be less than
at the time of'the first set of measurements.

If measurements made in accordance with clause 9 exceed the levels of noise emissions
provided in clause 4, or noise levels measured in accordance with clauses 2, 3, 5, 6, 7
and 8 exceed the levels provided in clause 4, then in order to investigate compliance
with such levels by an assessment of the contribution of background noise to the
measured levels, measurement shall be made in accordance with the requirements of
clause 2, 3 and 5(b) (with the Wind Turbines stationary). A correction shall be applied
in accordance with the recommended method in Section 2.0 of the Guidance Note to
the measured noise levels in order to determine the contribution of background noise
to the overall levels of noise measured when the Wind Turbines are in operation.

The Developer shall supply Wind Speeds and wind direction data to the Council at its

request to enable the Council to check compliance by the Developer with the
provisions ofthis Schedule.
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EXECUTED AS A DEED AND DELIVERED

BY authorised to
sign for and on behalf of

in the presence of:

THE COMMON SEAL OF THE
COUNCIL

was hereunto affixed

in the presence of:

Authorised Person

Authorised Person
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SUPPLEMENTARY GUIDANCE NOTES TO THE PLANNING OBLIGATION

1.0

1.1

1.2

Prior to construction of the wind farm
Identification of properties where background noise surveys are required

Before the wind farm is constructed, the developer/operator should identify the nearest
noise-sensitive properties to the wind turbines.

Ifthere is a small number of such properties, a background noise survey will be
required at each one.

Ifthere are rather more properties, it may be appropriate to identify a smaller number
of properties, in agreement with the local authority/EHO, that have similar background
noise levels to a group of properties in their immediate vicinity. A background noise
survey will be required at each one ofthese indicative properties as the noise limits
relate to the existing background noise levels.

The precise locations at which the background noise surveys should be made at each
property should be agreed in consultation with the local authority/EHO.

In addition, the developer/operator of the wind farm should agree, in consultation with
the local authority/EHO, the lower limit on wind farm noise that will apply at each
property, or group of properties under consideration. This limit should normally lie in
the range 35-40dB(A), except where the occupants ofa property receive a financial
benefit from the wind farm, where a higher limit of45dB(A) may be appropriate. It
may be desirable to agree these lower limits after the background noise surveys have
been completed, rather than beforehand.

Note that where it can be demonstrated that the expected levels of wind farm noise
would not exceed 35dB(A) at a property for wind speeds ofup to 10m/s at 10m
height, then no background noise survey is required for that property.

Note also that where a new wind farm is planned for an area where another wind farm
is already operating, the contribution to noise levels from the existing wind farm should
not be included in any assessment of prevailing background noise levels.

The background noise survey

The background noise survey should be taken over a sufficient period oftime to enable
a reliable assessment of'the prevailing background noise levels at each property to be
made. As a guideline, an appropriate survey period might be 1 week, although the
actual duration will depend upon the weather conditions, in particular the wind speed
and direction during the survey period. It must be ensured that, during the survey
period, wind speeds over the range zero to at least 12m/s (IOmin average at 10m
height), and a range of wind directions that are typical ofthe site, are experienced.
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1.2.1

1.2.2

The aim ofthe survey, at each location, is to characterise the variation in prevailing
background noise level with wind speed. This is achieved by correlating background
noise measurements with wind speed measurements made over identical time periods.
The following sections identify the measurements required to enable this.

Acoustic measurements

Background noise levels should be measured using the A-weighted Ly, statistic over
consecutive 10-minute intervals, ie L"0o™,. A sound level meter of at least IEC 651
type 1 quality should be used, and this should be fitted with a Vi" diameter microphone
and calibrated in accordance with the procedure specified in BS 4142: 1990.

The microphone should be mounted on a tripod at 1.2-1.5 m above ground level, fitted
with a wind shield, and placed in the vicinity of, and external to, the property, at least
3.5m away from any reflecting surfaces. The intention is that the acoustic
measurements should be made in "free-field" conditions.

Wind speed and direction measurements

Wind speed and direction data should be recorded as average values over 10-minute
intervals, viomn & ©10™, these intervals to be synchronised with the measurement
period for the Lyguomin acoustic data.

The measurements should preferably be made using instruments mounted at 10m
height. Where this is not possible, wind speeds measured at one height can be
"corrected" to the value that would have been measured at another height using the
expression:-

V1/V2 =1In (hj/zo) / In (h,/z,)

where = wind speed (m/s) at a height ofhj metres above ground level.
V2 = wind speed (m/s) at a height of [12 metres above ground level.
“0 ~ ground roughness length (m).

The ground roughness length can be calculated from wind speed measurements at two
or more heights. Alternatively it can be estimated from Table 11.

The instruments should be mounted on a mast positioned on the site so that they give a
reasonable description of meteorological conditions at the noise-sensitive properties.
Where there are several masts on a site, data from the instruments mounted on the
mast closest to each property should be used.
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Table 11 Roughness lengths for various types of terrain

Type of Terrain Roughness Length ZQ
Water areas, snow or sand surfaces 0.00Im

Open, flat land, mown grass, bare soil 0.0Im

Farmland with some vegetation 0.05m

Suburbs, towns, forests, many trees and 0.30m

bushes

1.2.3  Data reduction

1.3

1.3.1

At the end ofthe survey period, data recorded during periods ofrainfall, or afterwards,
where rainfall may have affected flow in nearby rivers or streams, should be discarded.

Two sub-sets ofthe data should be created, for the following periods:
- quiet waking hours (18:00-23:00 every day, 13:00-18:00 on Saturday, 07:00-
18:00 on Sunday)
- night hours (23:00-07:00, every day).

These two sub-sets are identified as the "day-time" data, and the "night-time" data.
For each sub-set, a "best fit" curve should be fitted to the data using a least squares
approach, usually a polynomial model (ofno more than 4™ order).

Where there is considerable scatter in the data, it may be appropriate to bin the
acoustic data into lm/s bins, before identifying a best fit model.

These two curves, referred to as the "day-time curve" and the "night-time curve",
provide a characterisation of the prevailing background noise levels, for the day-and
night-time respectively, as functions of wind speed from zero to 12m/s at 10m height.
Note that whatever model is used to describe the measured data, this should not be
extrapolated outside ofthe range of measured wind speed data.

Identification of noise criteria

Day-time noise criterion

The criterion curve for acceptable levels of wind farm noise during day-time, ie 07:00-

23:00 each day, is usually equal to the day-time curve plus 5dB(A) at every wind
speed.

-101-



1.3.2

133

2.0

Where this criterion curve falls below the lower limit (35-40dB(A), or 45dB(A) - see
Section 1.1), the criterion curve should be amended so that it equals the lower limit.
This results in a piece-wise, continuous curve, equal to the lower limit from zero to the
wind speed at which the day-time curve plus 5dB(A) equals the lower limit, and the
day-time curve plus 5dB(A) thereafter, to an upper wind speed of 12m/s at 10m
height.

Night-time noise criterion

The criterion curve for acceptable levels of wind farm noise during night-time, ie
23:00-07:00 each day, is equal to the night-time curve plus 5dB(A) at every wind
speed.

Where this criterion curve falls below 43dB(A), the criterion curve is amended so that
it equals 43dB(A). As before, this results in a piece-wise, continuous curve, equal to
43dB(A) from Om/s up to the wind speed at which the night-time curve plus SdB(A)
equals 43dB(A), and the night-time curve plus 5dB(A) thereafter, to an upper wind
speed of 12m/s at 10m height.

Note that where the occupants of a noise-sensitive property are financial beneficiaries
ofthe wind farm, the 43dB(A) figure may be replaced with 45dB(A) - see section 1.1.

Table of noise limits

The limits agreed for each property or group of properties can be summarised in
tabular form in an Appendix to the Planning Obligation, see Section 4 ofthe Schedule.
Properties not mentioned specifically by name or address should be included by
applying limits to "any other property". In Section 4 X refers to the margin above
background (usually 5dB), Y refers to the night-time lower fixed limit (usually 43 dB)
and Z refers to the day-time lower fixed limit (usually in the range 35-40dB).

Procedure to be followed in the event of a complaint

Where the local authority/EHO receive a complaint about noise levels following the
construction ofthe wind farm, the following steps should be taken:

1 The complainant should log the times when the noise is most intrusive. This
will enable the meteorological conditions in which the complaint occurs to be
determined and, in particular, the critical wind speed.

2 At least 20 values ofthe LA~10~ noise statistic should be measured at the
affected property using a sound level meter ofat least [IEC 651 Type 1 quality.
This should be fitted with a 1’2" diameter microphone and calibrated in
accordance with the procedure specified in BS 4142: 1990. The microphone
should be mounted on a tripod at 1.2-1.5 m above ground level, fitted with a
wind shield, and placed in the vicinity of, and external to, the property. The
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intention is that, as far as possible, the measurements should be made in "free-
field" conditions. To achieve this, the microphone should be placed at least
10m away from the building facade or any reflecting surface, where possible,
and no less than 3.5m away where this is not possible with appropriate
adjustment made to measured levels to account for facade effects.

The 20 L9ojomn measurements should be synchronised with measurements of
the 10-minute average wind speed, and be made in wind speeds within + 2m/s
ofthe critical wind speed. Further, at least 10 ofthese should lie either side of
it. The measurements should be made during conditions that are generally
typical for the site and not, for example, during periods with a rarely
encountered wind direction.

To minimise the effects of extraneous noise sources, it may be necessary to
perform these measurements during night-time periods.

Any data recorded during periods ofrainfall, or immediately afterwards, where
rainfall may have affected flow in nearby rivers or streams, should be discarded.
Where this is necessary it shall be ensured that the conditions relating to the
number of data points, and their distribution, are still adhered to.

A least squares, "best fit" curve should be fitted to the data points - generally a
straight line fit will be sufficient.

The noise level at the critical wind speed, L., shall be determined from this best
fit curve. Ifthis level lies below the value indicated from the two noise criteria
curves at the critical wind speed, and the local authority/EHO consider there to
be no audible tones, then no further action is necessary.

Ifthe noise level is above the limit, or ifthe application ofa tonal penalty - see
later - takes it above the limit, a correction for the influence of background
noise should be made. This may be achieved by repeating steps 2-4, with the
wind farm switched off, and determining the background noise at the critical
wind speed, L. The wind farm noise at this speed, Ly, is then calculated as
follows:

Lt Lb
L= lOlog(lOI_O- IOW)

Ifthe wind farm noise level lies below the value indicated from the two noise
criteria curves at the critical wind speed, and the local authority/ EHO consider
there to be no audible tones, then no further action is necessary.

Where, in the opinion ofthe local authority/EHO, the noise immission contains
a tonal component, the following rating procedure should be used. This is
based on the repeated application ofa tonal assessment methodology - see
below.
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For each 10-minute interval for which Lagomin data have been obtained, a tonal
assessment - see Section 2.1 - is performed on noise immission during 2-
minutes ofthe 10-minute period. The 2-minute periods should be regularly
spaced at 10-minute intervals provided that uninterrupted clean data are
obtained.

For each ofthe 2-minute samples the margin above or below the audibility
criterion ofthe tone level difference, Altm, is calculated by comparison with the
audibility criterion given in Section 2.1 below.

The margin above audibility is plotted against wind speed for each ofthe 2-
minute samples. For samples for which the tones were inaudible or no tone
was identified, substitute a value of zero audibility.

A linear regression is then performed to establish the margin above audibility at
the critical wind speed. Ifthere is no apparent trend with wind speed then a
simple arithmetic average will suffice.

The tonal penalty, Kr, is derived from the margin above audibility of the tone
according to Fig 17.

Penality (dB)
w

0 1 2 3 4 5 6 7 8
Tone Level above Audibility (dB)
Figure 17 Penalties for tonal noise
The rating level is the arithmetic sum of the wind farm noise level, L, and the

tonal penalty, Kr. It is this level which determines whether the wind farm has
complied with the limits set in the planning condition.

Tonal assessment methodology

The recommended method is based upon the Joint Nordic Method for non-stationary tones
with some embellishments in areas where it is not entirely prescriptive such as tone
identification and averaging periods. The method aims to assess the audibility ofa tone as
perceived by the average listener. There are three main steps in the procedure:
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