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LINFAIRN WIND FARM

Review of the Noise Section of the Environmental Statement

SUMMARY

The Government’s preferred assessment methodology for wind farms is ‘The
Assessment and Rating of Noise from Wind Farms’ (ETSU-R-97). This is
supplemented by an Institute of Acoustics Good Practice Guide. However, ETSU-R-
97 does not fulfil the requirements of the EU Directive on Environmental
Assessment and other methods may be necessary to describe the impact of turbine
noise.

I find the background noise levels used in the applicant’s assessment to be much
higher than is normal in a typical rural area such as this. There are some
identifiable reasons for this including the wind speed measurement being made in
an inappropriate place, high levels of watercourse noise at least at one location,
two of the four measurement positions being on working farms, and a peculiarity in
the behaviour of the sound level meter at one location.

With an exception at two properties I find the turbine noise has been calculated
correctly.

By the applicant’s admission, the application fails to meet the ETSU-R-97 day time
noise limits. Mitigation by reducing turbine noise under certain conditions is
proposed. Turbines will be run near the limits and this means that complaints are
more likely and compliance testing more difficult.

If I carry out an assessment using realistic background noise measurements carried
out for Assel Valley, ten properties exceed the ETSU-R-97 day time and night time
limits by as much as 5dB.

During the day 12 properties will suffer a major loss of amenity and others a
significant loss. At night 27 properties will suffer a major loss of amenity and all
the others on my list a significant loss.
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LINFAIRN WIND FARM

Review of the Noise Section of the Environmental Statement

1 INTRODUCTION

1.1 This report provides comments on Chapter 11 of the Environmental
Statement for the proposed Linfairn Wind Farm. It deals only with the
operational noise from the wind farm and its assessment.

1.2 The turbine locations are given in Table 3.1 of the ES. The noise sensitive
receptors are given in Table 11.6.

1.3 My Qualifications are in Appendix 4.

2 ASSESSMENT METHODOLOGY

2.1 The requirement to describe the impact of a development is set out in EU
Environmental Assessment Directive 99/337/EEC. Article 3 of the directive
says The environmental impact assessment shall identify, describe and assess
in an appropriate manner, in the light of each individual case and in
accordance with Articles 4 to 11, the direct and indirect effects of a project on
. . . human beings. Annexe IV requires that an estimate, by type and
quantity, of expected residues and emissions (water, air and soil pollution,
noise, vibration, light, heat, radiation, etc.) resulting from the operation of the
proposed project is made. It also requires A description of the likely
significant effects of the proposed project on the environment resulting from .
. . . . - the emission of pollutants.

2.2 PAN 1-2011, Planning and Noise, which is the current Scottish advice on
noise, says Good acoustical design and siting of turbines is essential to
minimise the potential to generate noise. Web based planning advice on
renewable technologies for Onshore wind turbines provides advice on ‘The
Assessment and Rating of Noise from Wind Farms’ (ETSU-R-97) published by
the former Department of Trade and Industry [DTI] and the findings of the
Salford University report into Aerodynamic Modulation of Wind Turbine Noise.

2.3 The Scottish Government publication “Onshore Wind Turbines” (last updated
17th July 2013) says The Report, "The Assessment and Rating of Noise from
Wind Farms" (Final Report, Sept 1996, DTI), (ETSU-R-97) describes a
framework for the measurement of wind farm noise, which should be followed
by applicants and consultees, and used by planning authorities to assess and
rate noise from wind energy developments, until such time as an update is
available. This gives indicative noise levels thought to offer a reasonable
degree of protection to wind farm neighbours, without placing unreasonable
burdens on wind farm developers, and suggests appropriate noise conditions.
The document also refers the reader to the following:
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 The report produced by Hayes McKenzie for DECC entitled “An Analysis
of How Noise Impacts are Considered in the Determination of Wind Farm
Planning Applications”.

 The Salford University report into Aerodynamic Modulation of Wind
Turbine Noise.

 The Institute of Acoustics (IOA) “Good Practice Guide to the Application
of ETSU-R-97 for the Assessment and Rating of Wind Turbine Noise”.

 Research by AECOM entitled ‘NANR 277 - Wind Farm Noise: Statutory
Nuisance Complaints Methodology’.

 PAN on Planning and Noise (PAN 1/2011).

 The associated Technical Advice Note.

2.4 If we look at other guidance in PAN 1-2011, paragraph 1 of the introduction it
states This Planning Advice Note (PAN) provides advice on the role of the
planning system in helping to prevent and limit the adverse effects of noise. It
supersedes Circular 10/1999 Planning and Noise and PAN 56 Planning and
Noise. Information and advice on noise impact assessment (NIA) methods is
provided in the associated Technical Advice Note. It includes details of the
legislation, technical standards and codes of practice for specific noise issues.
And in Paragraph 22 under “Potentially Noisy Developments” it states Advice
on the assessment of some sources of noise is provided below. Further advice
on Noise Impact Assessment methodology and technical standards is
contained in the Technical Advice Note.

2.5 The Technical Advice Note referred to describes how to carry out a noise
impact assessment for any potentially noisy development as part of an
environmental impact assessment or on its own.

2.6 ETSU-R-97 – The Assessment and Rating of Noise from Wind Farms – is the
government’s preferred method of assessment for wind farms. In paragraph
1 of the Executive Summary the purpose of the document is made clear: 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. In other words ETSU-R-97
is already a methodology that rates the planning balance between the loss of
amenity of individual neighbours and the perceived desirability of renewable
energy in the wider public interest.

2.7 ETSU-R-97 compares the turbine noise with a level 5dB above background
noise but, when background noise levels are low, it sets a lower limit. The
day time lower limit can be anywhere between 35 and 40dB and the night
time lower limit is 43dB. ETSU-R-97 provides for higher levels of turbine noise
to be permitted at houses where the occupier has a financial involvement in
the wind farm.
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2.8 ETSU-R-97 provides best practice for many procedures in assessment of wind
farm noise. In particular it is detailed in its description of the measurement
and processing of background noise levels. However, it does not make any
recommendations with regard to the calculation of turbine noise. It was
supplemented in May 2013 by “A Good Practice Guide To The Application Of
ETSU-R-97 For The Assessment And Rating Of Wind Turbine Noise” published
by the Institute of Acoustics and endorsed by DECC on 20th May 2013 which I
refer to as the IOAGPG. This sets out background noise procedures, provides
a method of calculating turbine noise levels and deals with the difficulties
inherent in cumulative impact assessment.

2.9 ETSU-R-97 does not fulfil the requirement of a description of the likely
significant effects in the EU Directive. For example at night the lower ETSU-
R-97 limit is 43dB. At a wind speed of around 6m/s when turbines might
have reached more or less their maximum noise output they could be running
at this limit of 43dB. At one site, perhaps near a main road system, the
background noise level could be 38dB and so the margin of turbine noise over
background noise is 5dB. At another site the background noise might be
28dB and the margin 15dB. Clearly the significance of the impact is more in
the second case than in the first but ETSU-R-97 does not take this into
account.

2.10 Accordingly, whilst the procedure in ETSU-R-97 may serve as a broad
indicator of the balance between the impact of the development and the case
for the development in some cases, I conclude that other methods are
required in other cases to establish the significance of the impact of the
predicted turbine noise so that an informed decision can be made.

2.11 In 3.20 of the Scottish web-based Technical Advice Note it says In deciding if
a significant impact occurs in regard to the assessment of industrial noise, or
noise of an industrial nature, using the methodology of BS 4142 (where
appropriate); the Scottish Government consider impacts are normally not
significant (in a quantitative sense only) the difference between the Rating
and background noise levels is less than 5 dB(A), and that usually the
threshold of minor significant impacts is when the difference between the
Rating and background noise levels is at least 5 dB(A); and commonly do not
become sufficiently significant to warrant mitigation until the difference
between the Rating and background noise levels is more than 10 dB(A).
Because turbine noise is measured by a parameter different from normal
these margins must be reduced by 2dB. So where turbine noise exceeds
background noise by more than 8dB the level is, in the view of the Scottish
Government, sufficiently significant to warrant mitigation and if the excess is
less than 3dB the impact is not significant

2.12 BS 4142 Method for Rating Industrial Noise Affecting Mixed Residential and
Industrial Areas is a British Standard that has been in existence for over 40
years. This offers a method of establishing the significance of a noise. It is
widely used throughout the UK as an assessment tool for planning purposes.
It is so widely used that hardly any local authority in the country does not use
it for some types of assessment and most require it for assessments of
developments where a new non-transportation noise is introduced into an
area. It compares the new noise level with the existing background noise
level. It says that A difference of around 10dB or higher indicates that
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complaints are likely. A difference of around 5 dB is of marginal significance.
Indeed the Noise Working Group that wrote ETSU-R-97 used BS4142 as the
basis for their rating method and considered that 5dB above the background
noise level was an appropriate limit. ETSU-R-97 quotes, on page 21, the old
English Planning Circular 10/73 as saying that when the level of a noise is
high enough under a BS4142 test to cause complaints [planning] permission
should hardly ever be given. Again, 2dB needs to be subtracted in the case of
turbine noise.

2.13 This is confirmed on page 60 of ETSU-R-97 where the NWG considered that a
margin of 5dB above background noise places the margin at the upper end of
the range which can be considered to be of marginal significance.

2.14 Taking all these points together, as an indication of what might be considered
as a significant increase in ambient noise we could consider that if the turbine
noise level was predicted to be likely to give rise to complaints then this would
constitute a major loss of amenity. At a point that BS4142 describes as
marginal, that could be considered a marginal loss of amenity. Interpolating
between these we can construct the following table to describe the
significance in terms of the EIA Directive.

A difference of 1dB or less – insignificant

A difference of 2 to 4dB – marginal loss of amenity

A difference of 5 to 7dB – significant loss of amenity

A difference of 8dB or more – major loss of amenity

3 BACKGROUND NOISE

3.1 Whatever assessment methods are used it is important to establish a clear
baseline of the existing noise conditions. This is done by measuring
background noise levels at representative locations and plotting them against
wind speed measured on the development site.

3.2 In the case of the proposed Linfairn wind farm background noise
measurements were made between 22nd August 2012 and 18th September at
four locations, two of which were working farms. Wind speed measurements
were made between 22nd August and 20th September using a ZephIR LIDAR.
However, there is no LIDAR data until 29th August when it appears that the
first intermediate site visit was made by the noise consultants. Intermediate
site visits are normal for the purposes of checking that the equipment is
running properly and to change batteries. There appears to have been a
second intermediate visit made on 6th September.

3.3 The background noise levels are surprisingly high for the area, which I have
visited, and are not representative of typical background noise levels likely to
be found at local residences in such a rural location. I have discussed this in
detail in Appendix 3 of this report but in summary:
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 The levels at Little Garroch during the quiet day are higher than
those measured 150m from the M77 and only a little less at other
locations.

 At several locations at night the level is higher than the level
450m from the M77.

 During the quiet day and night the levels at Little Garroch are
higher than those adjacent to a 24 hour industrial estate in
Dunfermline.

 Other than Little Garroch the background noise at night is higher
than during the quiet day.

3.4 ETSU-R-97, at the bottom of page 84, says 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. One of the reasons for the
high background noise level is almost certainly that the wind speed was not
measured on the wind farm site. It was measured at Grid Reference
37929/01165. This is at a height of about 182m AOD compared with the
nearest turbine which is at about 220m AOD and the height of most of the
turbines at around 250 to 300m AOD. It is also over 600m from the nearest
turbine. The wind speeds at this location are likely to be less than those on
the wind farm site and this would result in a higher background noise level
curve.

3.5 The wind speed measurement location would not account for all the high level
of background noise and the other reasons are not entirely clear, though
there are some indicators. These include:

 From the photographs some of the locations appear to be in
exposed locations and not, as required in ETSU-R-97, in garden
areas available for rest and recreation.

 At Little Garroch there appears to be a change in the sensitivity
of the equipment after the visit of 6th September. This results in
levels of more than 10dB greater in the second period compared
with the first.

 At Dyke there is strong banding of noise and this appears to be
due to water in a nearby watercourse producing high levels after
rainfall. In accordance with ETSU-R-97 this period of water noise
should have been removed (not just periods when it was
raining).

 At Linfairn there is also banding, some of which appears to be
water noise but other high noise levels may be activity typical of
a working farm, particularly during the night and possibly
including plant or machinery.

 At Tairlaw the levels are similarly high day and night but do not
show obvious signs of plant and machinery. Again this is a
working farm.

3.6 Typical background noise levels in a location such as this are well established.
Measurements made for the Assel Valley wind farm application are a good
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representation of them. The Assel levels are entirely typical of background
levels found in rural locations all over the UK which are well populated with
scattered dwellings. Levels at Assel average about 8dB less during the day
and 12dB less at night than those measured for Linfairn. It is not credible
that this location should be so different from the norm.

3.7 The graphs in the ES state that the dawn chorus has been removed.
However, I cannot see any significant evidence of dawn chorus and, indeed it
is unlikely in such a location at this time of year.

4 TURBINE NOISE

4.1 The calculation of noise levels of the turbines at surrounding properties has
two stages. In the first place the sound power level of the turbines needs to
be established. In the second the attenuation of noise along the propagation
path from the turbines to the houses has to be calculated.

4.2 An appropriate methodology for the calculation of wind turbine noise is given
in the IOAGPG described above. Turbine sound power levels measured in
accordance with the international standard IEC 61400 are described as
“apparent sound power level” or ASWL. But there is a degree of uncertainty
in the measurements as in all measurements. This is partly because noise
levels vary slightly from turbine to turbine and partly because there are
inherently small errors in the measurement procedure. So turbine noise
levels described as ASWL are the “measured levels” or the average of
measured levels of several turbines. Under part 14 of IEC 61400 the
Declared ASWL can be stated. This is the measured level plus a margin for
the uncertainty of the measurement – typically in the order of 2dB. This
value is then used to calculate noise levels at local housing using the
procedure in IOAGPG.

4.3 Turbine sound power levels have been taken for a typical turbine. There is no
candidate turbine proposed. The figures are given in tables 11.11 and 11.12
of the ES. I agree that the sound power levels quoted are appropriate for the
calculations of turbine noise.

4.4 11.6.2.2 of the ES states that the turbine noise calculation has been carried
out in accordance with the IOAGPG. Generally this appears to be the case
and at most properties I agree with the noise levels in Table A1 of Appendix
11.4. However, I believe there are a few properties that would be considered
as having concave ground (see 4.3.9 of the IOAGPG) from some turbines and
would therefore have higher noise levels than quoted in the table. This
appears to apply to Craigencallie and Craigard from the three nearest
turbines. Table 2 in my Appendix 2 shows the turbine noise levels at each
property. Allowance has been made for concave ground from turbines 9, 10
and 11 to Craigencallie and Craigard.



Page 8

5 ASSESSMENT

5.1 In Appendix 1 I have set out some omissions, errors and clarifications to the
applicant’s list of properties. I have also supplied Table 1, a table of
properties I believe to be within the 35dB noise contour. There are 34 such
properties of which, I understand, four have occupants who are financially
involved.

5.2 ETSU-R-97 compares the predicted turbine noise with a level 5dB above
background noise unless background noise levels are low, when it sets a lower
limit. The day time lower limit can be anywhere between 35 and 40dB and
the night time lower limit is 43dB. During the day the lower limit is
determined by the number of properties in the vicinity, the effect of noise
constraints on power output and the level of the background noise. The
actual wording in paragraph 22 of the Executive Summary of ETSU-R-97 is
shown below and this is expanded on at page 65:

5.3 In low noise environments the day-time level of the LA90,10min of the wind
farm noise should be limited to an absolute level within the range of 35-
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 of noise limits on the number of kWh generated

 the duration and level of exposure.

5.4 ETSU-R-97 provides a further explanation of the last test on page 65 when it
says that The proportion of the 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 of judgement should
be exercised.

5.5 Starting at the mid-position of 37.5dB I have applied these tests. The first is
the number of properties. Here there are a large number compared with
most wind farm locations and this suggests a downward movement from
37.5. The second test is the number of Kwh lost if the limits are lowered. We
do not know this because the applicant has not applied ETSU-R-97 tests, but
based on the size of the wind farm it is moderate to large, so that suggests an
upward movement. The third test is the quietness of the location. My
contention is that, notwithstanding the background noise measurements, this
is a low noise level area and this suggests a move downwards. So using the
ETSU-R-97 methodology the day time limit should be 37dB or perhaps less. I
have taken a level of 37dB.

5.6 As to the night time lower limit, ETSU-R-97 has a fixed level of 43dB.
However, since ETSU-R-97 was written the World Health Organisation
guidance (on which this figure was based) has reduced the level by 5dB.
Many local authorities are adopting 38dB as the night time lower limit and this
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was supported by the reporter at the public inquiry of Spittal Hill wind farm in
Caithness in 2011. I have therefore used this lower figure.

5.7 At 11.7.2 of the ES it says The graphs and tables show that the predicted
levels meet the daytime and night-time criteria at all noise sensitive receptors
except at Knockskae (D). At this receptor the daytime noise criterion is
exceeded between 5 and 9 m/s by up to 2.3 dB(A). So even on the
applicant’s admission the proposal fails to meet ETSU-R-97. Mitigation by
reducing turbine noise under certain conditions is proposed. However, this
means that turbine noise will have no headroom under the noise limits. This
means that complaints are more likely and the lack of such headroom has
been criticised by inspectors and reporters at several appeals including
Moorsyde in January 2010, Enifer Downs in March 2009, Grise Wind Farm in
2010 and Treading wind farm in 2013.

5.8 In the absence of what I believe to be reliable background noise levels I have
based my own assessment on the average of all the background noise
measurements carried out for Assel Valley. These background noise levels
are set out in Table 14 in my Appendix 3. The ETSU-R-97 limits based on
these are set out in Table 3 in Appendix 2. The turbine noise levels are in
Table 2. Table 4 shows the excess of turbine noise over the ETSU-R-97 day
time limits. A positive number is over the limit and a negative number is
below the limit. Numbers over the limit are highlighted. As can be seen ten
properties exceed the ETSU-R-97 day time limits – by as much as 5dB. Table
5 shows the excess over the ETSU-R-97 night time limit and it can be seen
that the same ten properties fail the ETSU-R-97 night time limits by up to
5dB. I have also shown properties within 2dB of the limit where headroom
would be uncomfortably low. It can be seen that, with one exception, only
financially involved properties would be more than 2dB below the limits at all
times – and that because the limits are higher.

5.9 In Tables 6 and 7 I have set out the margin of turbine noise over background
noise. The darkest (Gold) highlighting indicates a major loss of amenity,
yellow indicates a significant loss of amenity and cream indicates a marginal
loss of amenity. It can be seen that, during the day 12 properties will suffer a
major loss of amenity and others a significant loss. At night 22 locations (27
properties) will suffer a major loss of amenity and all the others on my list a
significant loss.
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APPENDIX 1 – RESIDENTIAL PROPERTIES MOST AFFECTED.

In the list below I have made some clarifications and corrections to the surrounding
properties listed in the ES.

 Dyke 1 is Dyke Farm and I believe the occupier to be financially
involved (FI).

 Dyke 2 is Dyke Cottage and I understand the occupier is not FI,
but is nevertheless allotted FI turbine noise limits.

 Property F is incorrectly named – it should be Genoch Cottage –
and it is not FI.

 Dalmorton consists of two properties. Dalmorton Farm where I
understand the occupier is FI and Dalmorton House where the
property is not FI.

 Property J is not Balbeg Cottage but is called Dalrowan.

 Balbeg Cottage is at 2381195/602330.

 Balbeg consists of 5 properties but this is not made clear.

 Property K is called Craigard.

 There are two properties at Craigfad.

 Property P is Tairlaw Farm.

 Property Q is Glengill.

 Property R is a group of properties currently unoccupied. It is
believed to be called Sunnyside.

 There are two properties at Tairlaw Toll (S)

 Cullochknowes 2 appears to be a group of three cottages with
Border Cottage in the middle.

 Threethornes 2 is Threethornes Cottage.

 Property AB consists of two properties, Bennan and Freedom
Fields. Neither is FI but this location is treated as such in the ES.

 Bennan 2 is called Stepends.

 Little Garrioch should be Little Garroch.

 In addition to properties already mentioned in this bullet list
there is also a property called Duncawin at 238192/602290.

I have not included locations U, V, Y, AB and AC in my list as they all have a turbine
noise level of less than 35dB. There are 34 properties inside the 35dB contour.
The full list is shown overleaf.
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Table 1 below shows properties within the 35dB contour. They are arranged
roughly in clockwise round the site starting at North. The second two columns
show the approximate grid reference, the fourth column the code in the ES, the
fifth column the distance from the nearest turbine, the sixth column the number of
properties at that location and the last column whether the occupiers of the
property are financially involved. The last column has been taken from Table A1 in
Appendix 11.4 of the ES except where I have been told it is wrong.

Table 1

Name E N Code Dist Props

Knockskae 237279 601396 D 716 1

Little Garroch 238323 602685 AD 1,674 1

Balbeg 238156 602428 C 1,638 5

Craigfad 238428 602727 N 1,759 2

Balbeg Cottage 238195 602330 1,724 1

Duncawin 238192 602290 1,720 1

Craig 238730 602657 I 2,067 1

Dalrowan 238239 602117 J 1,584 1

Dalmorton 238260 601906 H 1,412 1 FI

Dalmorton House 238260 601906 1,412 1

Pulmullen 238216 601662 AE 1,187 1 FI

Glenlinn 238134 601548 M 1,046 1

Glenalla 234709 600152 O 2,072 1

Craigencallie 238884 601489 L 1,436 1

Craigard 239025 601390 K 1,443 1

Linfairn 238159 601207 E 822 1 FI

Genoch 239081 601092 G 1,221 1 FI

Tairlaw Farm 240316 600903 P 1,685 1

Glengill 239881 600889 Q 1,369 1

Genoch Cottage 239049 600791 F 935 1

Sunnyside 240239 600664 R 1,479 0

Tairlaw Toll Cott 239762 599541 S 789 2

Tallaminoch 240021 598257 T 1,855 1

Shawsknowe 233903 603253 W 1,322 1

Knockgardner 235159 603471 X 804 1

Threethorns Cott 235720 604348 AA 1,451 1

Threethorns 235944 604482 Z 1,448 1

Dyke Farm 236207 603970 A 879 1 FI

Dyke Cottage 236246 604005 B 884 1
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APPENDIX 2 - TABLES

Table 2 – Turbine Noise Levels

Turbine Noise LA90 Wind Speed m/s

4 5 6 7 8 9 10

D Knockskae 35 38 41 42 43 43 43

AD Little Garroch 28 32 35 36 36 36 36

C Balbeg 29 33 36 37 37 37 37

N Craigfad 28 31 34 35 36 36 36

Balbeg Cottage 29 33 36 37 37 37 37

Duncawin 29 33 36 37 37 37 37

I Craig 27 31 34 35 35 35 35

J Dalrowan 30 33 36 37 38 38 38

H Dalmorton 31 34 37 38 39 39 39

Dalmorton House 31 34 37 38 39 39 39

AE Pulmullen 32 35 38 39 40 40 40

M Glenlinn 33 36 39 40 41 41 41

O Glenalla 28 31 34 35 36 36 36

L Craigencallie 32 36 39 40 40 40 40

K Craigard 32 36 39 40 40 40 40

E Linfairn 35 38 41 42 43 43 43

G Genoch 32 36 39 40 40 40 40

P Tairlaw Farm 28 31 34 35 36 36 36

Q Glengill 29 33 36 37 37 37 37

F Genoch Cottage 34 37 40 41 42 42 42

R Sunnyside 28 32 35 36 36 36 36

S Tairlaw Toll Cott 32 36 39 40 40 40 40

T Tallaminoch 27 31 34 35 35 35 35

W Shawsknowe 28 31 34 35 36 36 36

X Knockgardner 33 36 39 40 41 41 41

AA Threethorns Cott 28 32 35 36 36 36 36

Z Threethorns 28 31 34 35 36 36 36

A Dyke Farm 31 35 38 39 39 39 39

B Dyke Cottage 31 35 38 39 39 39 39

Table3 - ETSU-R-97 Limits Based on Assel Valley

4 5 6 7 8 9 10

Day 37 37 37 37 39 41 44

Night 38 38 38 38 38 40 42
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Table 4 - Excess of turbine noise over ETSU-R-97 day time limits

ETSU compliance Standardised Wind Speed m/s

4 5 6 7 8 9 10

D Knockskae 1 4 5 4 1 -2

AD Little Garroch -2 -1

C Balbeg -1 0 -2

N Craigfad -2

Balbeg Cottage -1 0 -2

Duncawin -1 0 -2

I Craig -2

J Dalrowan -1 0 -1

H Dalmorton

Dalmorton House 0 1 0

AE Pulmullen

M Glenlinn -1 2 3 2 0

O Glenalla -2

L Craigencallie -2 2 3 1 -1

K Craigard -1 2 3 1 -1

E Linfairn -2 -2 -2

G Genoch -1 2 3 1 -1

P Tairlaw Farm -2

Q Glengill -1 0 -2

F Genoch Cottage 0 3 4 3 1 -2

R Sunnyside -2 -1

S Tairlaw Toll Cott -1 2 3 1 -1

T Tallaminoch -2

W Shawsknowe -2

X Knockgardner -1 2 3 2 -1

AA Threethorns Cott -2 -1

Z Threethorns -2

A Dyke Farm

B Dyke Cottage -2 1 2 0 -2
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Table 5 - Excess of turbine noise over ETSU-R-97 night time limits

ETSU compliance Standardised Wind Speed m/s

4 5 6 7 8 9 10

D Knockskae 0 3 4 5 3 1

AD Little Garroch -2 -2

C Balbeg -2 -1 -1

N Craigfad -2

Balbeg Cottage -2 -1 -1

Duncawin -2 -1 -1

I Craig

J Dalrowan -2 -1 0 -2

H Dalmorton

Dalmorton House -1 0 1 -1

AE Pulmullen

M Glenlinn -2 1 2 3 1 -1

O Glenalla -2

L Craigencallie 1 2 2 0 -2

K Craigard -2 1 2 2 0 -2

E Linfairn -2 -2 -2

G Genoch -2 1 2 2 0 -2

P Tairlaw Farm -2

Q Glengill -2 -1 -1

F Genoch Cottage -1 2 3 4 2 0

R Sunnyside -2 -2

S Tairlaw Toll Cott -2 1 2 2 0 -2

T Tallaminoch

W Shawsknowe -2

X Knockgardner -2 1 2 3 1 -1

AA Threethorns Cott -2 -2

Z Threethorns -2

A Dyke Farm

B Dyke Cottage 0 1 1 -1
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Table 6 – Excess of Turbine Noise over Background Noise - Day

Difference Standardised Wind Speed m/s

4 5 6 7 8 9 10

D Knockskae 7 9 11 10 9 6 4

AD Little Garroch 1 3 4 4 2 0 -3

C Balbeg 2 4 5 5 3 1 -2

N Craigfad 0 3 4 3 2 0 -3

Balbeg Cottage 2 4 5 5 3 1 -2

Duncawin 2 4 6 5 3 1 -2

I Craig 0 2 4 3 1 -1 -4

J Dalrowan 2 5 6 5 4 2 -1

H Dalmorton 3 5 7 6 5 2 0

Dalmorton House 3 5 7 6 5 2 0

AE Pulmullen 4 7 8 7 6 4 1

M Glenlinn 5 7 9 8 7 5 2

O Glenalla 0 2 4 3 2 0 -3

L Craigencallie 5 7 8 8 6 4 1

K Craigard 5 7 8 8 6 4 1

E Linfairn 7 10 11 10 9 7 4

G Genoch 5 7 8 8 6 4 1

P Tairlaw Farm 0 2 4 3 2 -1 -3

Q Glengill 2 4 6 5 3 1 -2

F Genoch Cottage 6 9 10 9 8 6 3

R Sunnyside 1 3 4 4 2 0 -3

S Tairlaw Toll Cott 5 7 8 8 6 4 1

T Tallaminoch 0 2 3 3 1 -1 -4

W Shawsknowe 0 2 4 3 2 0 -3

X Knockgardner 5 7 9 8 7 4 2

AA Threethorns Cott 1 3 4 4 2 0 -3

Z Threethorns 0 2 4 3 2 -1 -3

A Dyke Farm 4 6 8 7 5 3 0

B Dyke Cottage 4 6 7 7 5 3 0
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Table 7 – Excess of Turbine Noise over Background Noise - Night

Difference Standardised Wind Speed m/s

4 5 6 7 8 9 10

D Knockskae 10 12 14 12 11 8 6

AD Little Garroch 3 6 8 6 4 1 -1

C Balbeg 4 7 9 7 5 2 0

N Craigfad 3 5 7 5 4 1 -1

Balbeg Cottage 4 7 9 7 5 2 0

Duncawin 4 7 9 7 5 2 0

I Craig 2 5 7 5 3 0 -2

J Dalrowan 5 7 9 7 6 3 1

H Dalmorton 6 8 10 8 7 4 2

Dalmorton House 6 8 10 8 7 4 2

AE Pulmullen 7 9 11 9 8 5 3

M Glenlinn 8 10 12 10 9 6 4

O Glenalla 3 5 7 5 4 1 -1

L Craigencallie 7 10 12 10 8 5 3

K Craigard 7 10 12 10 8 5 3

E Linfairn 10 12 14 12 11 8 6

G Genoch 7 10 12 10 8 5 3

P Tairlaw Farm 3 5 7 5 4 1 -1

Q Glengill 4 7 9 7 5 2 0

F Genoch Cottage 9 11 13 11 10 7 5

R Sunnyside 3 6 8 6 4 1 -1

S Tairlaw Toll Cott 7 10 12 10 8 5 3

T Tallaminoch 2 5 7 5 3 0 -2

W Shawsknowe 3 5 7 5 4 1 -1

X Knockgardner 8 10 12 10 9 6 4

AA Threethorns Cott 3 6 8 6 4 1 -1

Z Threethorns 3 5 7 5 4 1 -1

A Dyke Farm 6 9 11 9 7 4 2

B Dyke Cottage 6 9 11 9 7 4 2
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APPENDIX 3 – PROBLEMS WITH BACKGROUND NOISE

As stated in the body of my report the background noise levels are surprisingly high
for the area. I will explain why this is so by reference to other background noise
measurements made for wind farms.

The background noise measurements for the Linfairn proposal taken from the ES
are shown in the two tables below – the first for quiet day periods and the second
for night.

Table 8

Wind Speed m/s

Quiet Day 4 5 6 7 8 9 10

Dyke 34 37 39 41 43 45 47

Linfairn 30 32 34 35 36 37 38

Tairlaw 35 37 38 39 40 41 42

Little Garroch 40 45 48 51 53 54 54

Table 9

Night Wind Speed m/s

4 5 6 7 8 9 10

Dyke 36 38 40 42 44 46 -

Linfairn 33 36 38 40 42 44 -

Tairlaw 36 38 40 42 44 47 -

Little Garroch 38 41 44 47 51 54

As a first comparison the figures in the next two tables are taken from the Harelaw
ES. The figures shown are the two properties near the M77. Mid Floak is 450m
from the motorway and North Drumboy is 150m away.

Table 10

QD Harelaw Wind Speed m/s

4 5 6 7 8 9 10

Mid Floak 38 40 42 45 47 50 52

North Drumboy 44 46 47 48 50 51 52

Table 11

Night Harelaw Wind Speed m/s

4 5 6 7 8 9 10

Mid Floak 36 37 38 39 41 43 46

North Drumboy 38 39 40 41 43 44 44
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A comparison of the two tables shows that the levels at Little Garroch during the
quiet day (which includes Saturday afternoons and all day Sunday in addition to
evenings) are more than those 150m from the M77 at most wind speeds. At night
all the locations in the Linfairn ES are more than the level 450m from the M77 at
some wind speeds.

As a second comparison the tables below show the background noise level at the
property nearest to the FMC turbine in Dunfermline. The property is about 300m
from a 24 hour industrial site and the turbine was only permitted that close because
of the high noise levels from the industrial site.

Table 12

Quiet Day Wind Speed m/s

4 5 6 7 8 9 10

E Gellett Cott 41 43 45 47 48 50 53

Table 13

Night Wind Speed m/s

4 5 6 7 8 9 10

E Gellett Cott 41 43 43 43 43 43 43

During the quiet day and at night the levels at Little Garroch are higher than those
at this Dunfermline property at most wind speeds.

A further oddity with the measurements is that, other than Little Garroch, the night
time levels are higher than the quiet day time levels as can be seen in Tables 8 and
9 above.

There is one reason that almost certainly has increased the background noise levels
as plotted against wind speed and that is the wind speed measurement location.

Whatever assessment method is used a reliable baseline has to be established.
This is done by measuring the background noise level at noise sensitive properties
and plotting it against the wind speed measured on the wind farm site. The turbine
noise is then calculated and plotted on the same graph as the background noise so
that the two can be compared. Turbine noise levels are measured and described
under an international standard with reference to the hub height wind speed.
Turbine noise is very closely correlated with hub height wind speed. Wind shear
(that is to say the variation of wind speed with height) varies with topography,
ground cover and meteorological conditions. In addition wind speeds vary from
place to place and tend to be higher on the tops of hills than down slopes or in
valleys. So turbine noise does not correlate very well when plotted against wind
speed measured away from the turbine site.

Accordingly, to obtain an accurate comparison of turbine noise with background
noise, we also need to plot the background noise against wind speed at hub height
on the wind farm site. If background noise is plotted against wind speed measured
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in more sheltered places where the noise measurements are made then the
baseline noise levels will be higher and not form a true comparison. This is shown
in the figure below.

Fig 1

The graph above shows data from another wind farm to illustrate the importance of
the location of the wind speed measurement equipment. The red and blue markers
are exactly the same set of background noise data measured at a location near a
wind farm site. The red markers have been plotted against the wind speed relative
to the hub but standardised to 10m in the normal fashion. The blue markers have
been plotted against the wind speed measured at a different location where wind
speeds were systemically less. Because the wind speed for the blue markers is less
they are all plotted to the left of the equivalent red marker and so the average line
is also shifted to the left. What can be seen is that the result of this is that the
noise level at any wind speed is higher when plotted against wind speed at a
location which is more sheltered.

But this is not the whole reason for the high noise levels because there is, unusually
for such a location, a paucity of data below 25dB and even below 30dB.

From an inspection of the photos in Appendix 11.1 of the ES some of the equipment
appears to be located in exposed places and not, as required in ETSU-R-97 in
garden areas for rest and recreation. This could also explain some of the increased
noise level.

I have also examined the raw data and find that there appear to be a number of
anomalies.

At Little Garroch there appears to be a wide difference between the measurements
before the intermediate site visit on 6th September and after the visit. This is a plot
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of all the valid data (that is to say where both wind speed and noise data are
available) during the period prior to the monitor check on 6th September.

Fig 2

It can be seen that there is data below about 25dB and that the average line passes
through 30dB at about 5m/s. The graph below shows the data plotted for the
second period.

Fig 3

0

10

20

30

40

50

60

70

0 2 4 6 8 10 12

B
ac

kg
ro

u
n

d
N

o
is

e
d

B
A

Wind Speed 10m Standardised

0

10

20

30

40

50

60

70

0 2 4 6 8 10 12

B
ac

kg
ro

u
n

d
N

o
is

e
d

B
A

Wind Speed m/s 10m Standardised



Page 21

There is no data below 35dB and at 5m/s it is 45dB not 30dB. There is a rise of
more than 10dB in the data. I cannot explain why this should have happened – it
is almost as if the equipment had suddenly become more sensitive. It does not
seem credible that two periods as close together in time could produce such
different results – indeed it would make a nonsense of the baseline measurement
procedure if that were the case.

Looking into this further it is useful to plot noise levels against time of day during
low wind speeds (less than 4m/s). The purpose of this analysis is to examine the
diurnal variation of noise at times when wind noise is not significant. The graph
below shows a typical pattern where a property is in a rural area relatively close to
a main road and so there is a large difference between night and day.

Fig 4

It can be seen that the night time levels are low and rise quickly from about 6am –
mostly due to road traffic. After falling back slightly after the morning rush hour
they stay about constant until about 1800hrs when they reduce slowly during the
evening.

The graph below shows the pattern of noise at Little Garroch in the period prior to
monitoring check on 6th September 2012.
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Fig 5

There is not a lot of data in this case but nevertheless the pattern expected of a
location like this is clear. The noise level is largely steady and below 25dB
(probably limited here by the floor of the meter) all through the night until about
5am when it becomes higher and more scattered indicating the daily traffic and
other activity. (Note that the times are GMT but local time was BST. So the
morning rise in noise happens about 6am and the settling down in the evening at
about 8pm). This shows a rural area with only a very slight influence of traffic
noise during the day compared with night.

On the other hand the period of low wind at Little Garroch after the monitoring
check of 6th September is shown below. There is more spread of data here than in
the earlier period – but, again the striking difference is that the levels are 10dB
higher or more than during the first period.
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Fig 6

Carrying out the same analysis at the other sites Figure 7 below shows the
background noise level at Dyke in low wind speeds. What can be seen are signs of
periods of almost constant noise. These are indicated by the banding. There is no
sign of a quiet period during the night and there are raised levels day and night.

Fig 7

Further investigation shows that most, if not all, of the bands in Fig 7 occurred after
rainfall and lasted up to 24 hours. For example the band starting at about 39dB at
2130hrs is on 10th September and continues from midnight on the 11th at about
38dB (see the left hand side of the graph) and runs through to mid-morning and
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beyond by which time it has reduced in level but is still over 36dB. This follows rain
on the afternoon of 10th September.

And at Linfairn similar banding and high levels can be seen night and day. Some of
this appears to be water noise but most is probably due to noise typical of a
working farm.

Fig 8

The same low wind speed graph at Tairlaw is shown below. The noise level is
consistently between 30 and 40dB though there is no banding at this location.

Fig 9
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On the other hand, if we look at the background noise measurements made for the
Assel wind farm application, which is in a similar type of country to this, it can be
seen that the background noise levels are significantly lower.

Table 14

4 5 6 7 8 9 10

Day 28 29 30 32 34 36 39

Night 25 26 27 30 32 35 37

The background noise levels at Assel are entirely consistent with background levels
found in quiet but well-populated with scattered dwellings in rural locations all over
the UK.

In the Dengie peninsular in Essex:

Table 15

Essex Wind Speed m/s

4 5 6 7 8 9 10

Day 28 28 29 30 33 36 40

Night 22 23 25 28 31 36 41

In North Wales

Table 16

Wind Speed m/s

Wales 4 5 6 7 8 9 10

Day 24 26 28 31 34 37 40

Night 24 25 27 30 34 37 41

Similar results are found all over the UK.
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APPENDIX 4 – QUALIFICATIONS

I have been a noise consultant for over forty years. I was one of the original
members of the Institute of Acoustics (IOA), our professional body, when it was
founded in 1974 and I have been a Fellow since 1977. I am also a Chartered
Engineer, a Chartered Physicist, a Fellow of the Chartered Institution of Building
Services Engineers and a Member of the Chartered Institute of Arbitrators.

I am keen to promote good acoustic consultancy and to ensure that our profession
uses best practice. As part of this I encourage debate and am active in organising
conferences and meetings. Over my consultancy career I have carried out or
reviewed over 500 noise assessments of various types. About 90% of these were
on behalf of developers. I have given evidence at many public inquires on non-
wind farm development.

As to wind turbine noise I have advised government on the matter and jointly
project managed a large research programme for RenewableUK – the wind
industry’s trade association. I have made presentations to British and European
wind industry trade associations and to objectors’ conferences. I frequently speak
at meetings of Environmental Health officers about wind turbine noise. I am co-
editor of a book entitled “Wind Turbine Noise” which was published in 2011. In
January 2009 I instigated the “Prediction and Assessment of Wind Turbine Noise”
(PAWTN) – frequently known as the IOA Bulletin Article which dealt with some
issues of good practice which are either missing from ETSU-R-97 or are ambiguous
and which has largely been incorporated into the IOA Good Practice Guide to the
Application of ETSU-R-97 for the Assessment and Rating of Wind Turbine Noise
(IOAGPG).

It is well known that I have reservations as to whether the ETSU-R-97 lower fixed
limits properly protect amenity in some cases. However, I recognise that ETSU-R-
97 is the starting point for the assessment of wind farm proposals and my record of
advice to Councils in particular recognises this. For example I have carried out 18
reviews of applications for Perth and Kinross Council and in only two cases was
there a sustained objection on the grounds of noise. The remaining cases were
either not objected to on the grounds of noise or were resolved by mitigation or
conditions.

Although I have advised objectors, councils and developers, in the 27 wind farm
inquiries I have given evidence at I have represented councils or objectors. 25 of
these have been decided; in six of them mitigation or conditions were negotiated
with the developer to the satisfaction of both sides so that a decision on noise was
not required. My arguments were accepted, at least in part, in nine and rejected in
ten, though in two of those rejected subsequent good practice advice demonstrated
I had been correct.


