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Appendix 1 - Acoustic Terminology

(2 pages)
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Explanation of Terminology

Description and measurement of noise
Noise (or sound) as perceived by a listener has three principal characteristics:

Level or intensity — measured in decibels (dB). The decibel scale is logarithmic, each 10dB
increase in level representing a ten-fold increase in sound intensity. The response of the
human ear is not linear, so a 10dB change in noise level is often quoted as representing a
halving or doubling of perceived noise level, not a ten-fold change. A change in noise level
of 1dB is barely detectable. A change of 3dB is generally taken to be the smallest change
that can be reliably detected.

Frequency or pitch — measured in Hertz (Hz) or cycles per second. The healthy (and
young) human ear can detect sounds in the range between about 20 and 20,000 Hz,
although it is most sensitive in the frequencies between about 500Hz and 10,000 Hz, the
frequencies carrying most information in speech. Most environmental noise includes sounds
over a wide range of frequencies. The ‘mix’ of frequencies making up a particular sound is
one factor in determining the perceived ‘character’ of the sound.

Temporal variation — regular or irregular variation in level (or frequency) with time. The
way in which noise varies with time (either randomly or regularly) is another factor which
determines the characteristics of a sound and enables it to be identified or distinguished
from other sounds.

In my proof | refer to noise levels measured in A-weighted decibels or dB(A). A-weighted
sound (or noise) levels are measured using an instrument which incorporates an electronic
filter which represents the response of the human ear to sound at different frequencies. The
dB(A) level of a sound is therefore a measure of the perceived loudness of a sound. Most
standards and guidelines concerning community response to noise refer to noise levels in
dB(A). Most ‘everyday’ sounds are in the range between 20 and 70 dB(A).

Sound Power Level

Sound Power Level (L, or PWL) is a measure of the overall sound energy radiated by a
machine. The units are dB re 10 picowatts W (or 10 *2W). In this report | express sound
power levels in the form PWL in dB(A). For a wind turbine, the Sound Power Level varies
with wind speed. It is measured using a standard test procedure (IEC 61400-11) which
determines the Sound Power Level in different frequency bands. These values, with
corrections for measurement uncertainty, are used as inputs to calculation procedures to
predict the dB(A) noise levels at receptor locations around a proposed wind farm.

Sound Pressure Level (Noise Level)

The sound pressure level or noise level is a measure of the intensity of sound at a specific
position. Because environmental noise is rarely steady and continuous, its level usually
cannot be defined by a single numerical value. In this proof | refer to the following quantities:

Leq 7 — the equivalent-continuous noise level over a time period T. It is a measure of the
average level of a noise which varies with time, defined as that steady level which would
contain the same amount of sound energy over the period in question as the actual time-
varying sound being measured.
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Loo7— the sound level exceeded for 90% of a given time period T. It is effectively the level
which is perceived during the quiet periods between transient noise events. The Ly level of
the ambient noise (in the absence of specific sounds such as (in this case) a wind farm is
generally termed the background noise level.

For the purposes of predicting noise impact, and for setting noise limits in planning
conditions (and measuring noise levels to monitor compliance with such Conditions) it is
standard practice to state wind farm noise levels as Ly levels.

The current convention in noise measurement standards and other documents is to express
noise levels in the following forms:

The A-weighted time-averaged (Lq) noise level over a period of time T is written ‘xx dB
Laeq - For example, a noise level stated as ‘60dB Laeq12n" means an A-weighted time-
average noise level of 60dB over a 12 hour period. Similarly, a noise level stated a ‘40 dB
Lago,10m” means an A-weighted Lg, level of 40 dB measured over 10 minutes. The time
indicator ‘T’ is sometimes omitted.

Some documents may express noise levels in different forms. For example:
40 dB(A) Lgo 10 minutes) has the same meaning as 40 dB Lago, 10m-

Amplitude Modulation (‘AM’)

In this context, amplitude modulation means the regular variation in level of the noise from a
wind turbine or wind farm. All wind turbines exhibit AM to some extent, usually most
noticeable close to the turbine where the noise has an audible ‘swish’ characteristic, with the
noise rising and falling regularly as each blade passes an imaginary fixed point (the ‘blade-
passing frequency’ — this would be once every half second (0.5 Hz) for a 3-bladed rotor
spinning at 10 revolutions per minute, for example).

In a few instances, ‘enhanced’ amplitude modulation has been observed, where turbine
noise exhibits a distinctive ‘swish, ‘whoosh’ or ‘thump’ character at distances of 500 metres
or more. Noise with this ‘rhythmic’ character can be more annoying than steady noise of the
same measured Lgg noise level.

The causes of enhanced amplitude modulation are not fully understood. Research is in
progress.
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Appendix 2 - Letter to Mr K Jones (HSGWAG) dated 5 December 2010

(5 pages)
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ROBERT DAVIS ASSOCIATES

consultants in acoustics and noise control

The Holt Upper Timsbury Romsey Hampshire SO51 ONU
tel /fax 01794 367637 email noise @rd-associates.co.uk

Mr Keith Jones
Stone Gables

17, Station Road
Helmdon
Brackley
Northamptonshire
NN13 5QT

5 December 2010
Dear Mr Jones
Proposed Spring Farm Ridge Wind Farm — Noise Issues

You have asked (via Fiona Davies) for my preliminary comments on the noise assessment
submitted by Broadview Energy to support their planning application. These are as follows:

Overall, the noise assessment (by TNEI) appears to be thorough and competent, and the
supporting measurements and calculations appear to have been carried out in accordance
with the methodologies the consultants have adopted. Baseline noise surveys were carried
out in March-May 2010 at 11 locations, which appear to be representative of properties
surrounding the site. Most wind farm noise assessments rely on many fewer baseline
survey locations: 11 must be considered to be more-than-adequate. The results indicate that
wind farm noise can be restricted to levels that would be judged ‘acceptable’, in that they are
within the limits set out in ETSU-R-97. The use of ETSU-R-97 for the rating and assessment
of noise from wind farms is endorsed in government planning guidance (PPS22).

However, | have some qualifications and concerns:
1 Compliance with ETSU-R-7 noise limits

1.1 Compliance with the ETSU-R-97 noise limits does not imply that there will be no
adverse noise impact, merely that noise would be restricted to levels that the UK
government consider are ‘acceptable’ in terms of achieving a balance between
residential amenity and the requirement for alternative sources of energy. Therefore
the effect of noise on residential amenity should not be discounted: | would expect
wind farm noise to be audible at a number of dwellings, including the village of
Helmdon, in some wind conditions. In some cases, wind farm noise would exceed
existing background noise levels by up to 10 dB(A), the greatest exceedance occurring
at Bungalow Farm (which | believe ids the closest property where the occupant has no
financial involvement on the project).

1.2 The view that noise can significantly affect residential amenity even where the ETSU-
R-97 limits can be complied with has been accepted by Inspectors at a number of
recent planning appeals, including the appeal at Gorsedd Bran
(APP/R6830/A/08/2074921). The Inspector’s decision to dismiss the Appeal in that
case was challenged successfully by the Appellant, but this judgement was then
subject to further appeal. The Court of Appeal found that:
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4.1

. whilst the ETSU-R-97 limits were a matter to which the Inspector was required
to have regard, he was not bound by them. In particular, the ETSU-R-97 limits
represented only one view as to the appropriate balance to be struck between the
adverse effects of noise disturbance and the wider beneficial effects of windfarms,
and it was for the Inspector to form his own planning judgment as to whether the
noise generated by a particular proposal would be unacceptable, taking into account
the evidence of local residents and his own experiences on site visits.”

Lower ‘fixed’ daytime noise limits

The ETSU noise limits are set at a level 5dB above the existing mean background
noise levels (which vary with wind speed), subject to a fixed lower limit of 35-40 dB
during the day and 43 dB at night. The value assigned to the daytime lower limit is
dependent (according to ETSU-R-97) on three factors: the number of properties
affected by noise, the duration and level of noise exposure, and the effect of the noise
limits on the power generated by the wind farm. In this case a lower limit of 40 dB (the
highest permissible) has been adopted without clear justification. From the data
presented, this would not appear to be a critical factor in this case: Table 6.4 in the ES
shows that the predicted noise levels would comply with the ETSU daytime limits even
if the lower fixed limit were set at 35dB. However, this outcome relies on the
background noise levels being representative, since the ETSU limits are based on
them. | make further comments on the background noise data below in (4).

Margin below limits

The daytime levels at H4, H5 and H6 (Spring Farm, Bungalow Farm and Greatworth
Hall) are fairly close to the limits (1-2dB) and could therefore be considered marginal in
the light of the prediction uncertainty. | understand that Spring Farm and Greatworth
Hall are financially involved’ properties: if this is the case then less-restrictive noise
limits (a fixed lower noise limits 45 dB for day and night) would be applied and the
levels at these properties would no longer be considered ‘marginal’, leaving Bungalow
Farm as the property most-affected. It could be argued that these houses are only ‘at
risk’ in northerly winds, and only in a narrow range of wind speeds, but these
conditions will occur from time to time.

Reliability of Background noise levels (and noise limits)

For these ‘marginal’ houses the reliability of the background noise data becomes
important — if the background noise levels are set too high, so will be the ETSU noise
limits. Looking at the night-time noise data for H5 (The Bungalow — Figure 5.11 —
copy below) it is seen that the noise levels fall into two groups at low wind speeds —
between 20-25 dB and 35-45 dB, with few intermediate data points. This is an
unusual distribution of noise levels and the reason should be investigated.

APP/Z2830/A/11/2165035 Spring Farm Ridge Wind Farm
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4.2

4.3

ETSU-R-97 NIGHT-TIME - Bungalow Farm(H5)
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It is clear that the ‘best fit’ line, representing the mean background noise level at each
wind speed, is strongly influenced by the higher outlying points at wind speeds up to
about 6m/s. If these outlying points are non-typical, the noise limits (derived from the
background noise levels) are likely to be over-stated and therefore the noise impact
under-stated.

The most likely explanations are:

e The higher levels are the result of the dawn chorus: noise levels are often
significantly raised by birdsong during the period 0300 — 0500, which ‘artificially’
raises the average (2300 — 0700) night time noise level. 16t is obvious from the
above figure that discounting the ‘outlying’ data points would significantly change
the shape and level of the ‘best fit'’ curve which represents the mean level. Since
dawn chorus noise is generally seasonal it is usual practice to exclude data which
is obviously influenced by birdsong.

e The background noise levels are dependent on wind direction. Although this may
not be immediately apparent, | think it is likely that noise from the M40 (and
possibly the A43) is contributing to the background levels when the wind is
generally from the west or the south. This distant traffic noise is likely to have most
effect at night, when noise from other local sources is likely to be greatly reduced
compared with the daytime levels.

The wind direction effect can be important: for example, the wind farm noise levels
would be highest at Bungalow Farm (H5) when the winds are northerly, whereas noise
from the M40 and A43 will be reduced. In such cases it is common practice to ‘filter’
the background noise data on wind direction, so that the noise limits for a particular
property are defined for the situation when the wind farm noise would be highest (the
‘downwind’ situation). Then the comparisons between wind farm noise and
background noise are made on a ‘like for like’ basis. In this case it is clear that even if
the night time background noise levels at Bungalow Farm were reduced at low wind
speeds this would not change the noise assessment (in terms of wind farm noise
meeting the ETSU limits), since the 43 dB lower limit would apply in either case.

APP/Z2830/A/11/2165035 Spring Farm Ridge Wind Farm
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4.4

6.1

6.2

7.1

However, if the ‘quiet daytime’ background noise levels are shown to be lower in
northerly winds this could make the daytime noise assessment even more marginal at
Bungalow Farm.

It might therefore be useful to analyse the raw data in more detail to see if wind
direction or ‘dawn chorus’ noise are factors.

Exclusion of rain-affected data

Another point | notice is that TNEI did not use a rain gauge to detect rainfall on site.
ETSU-R-97 requires that rain-affected noise data is excluded. It is standard practice to
install a recording rain gauge on the site, or at one or more of the monitoring locations.
TNEI appear to rely on Met. Office data, although the measurement location is not
stated. There is no certainty that the Met. Office data accurately represents the
rainfall in the vicinity of the site itself. This is perhaps a minor point, in that for most
surveys the overall results are little-changed whether rain-affected data is included or
excluded, but it doers introduce some uncertainty into the analysis, which can be
critical in marginal cases.

Possibility of enhanced amplitude modulation

There is a possibility that noise from the wind farm would exhibit enhanced amplitude
modulation or ‘AM’ (audible blade ‘swish’ or ‘thump’. If this occurs — it has caused
complaints at a small number of UK wind farms — noise would be more intrusive than if
the noise is steady and continuous. TNEI suggest that the possibility of AM occurring
can be neglected because:

o Government advice, following the Salford University Report of 2007, is that the
occurrence of AM is so infrequent that it can be ignored (ES para. 3.3)

o Although the causes of AM are not understood, a number of contributory factors
have been identified (ES para.3.4). TNEI suggest that none of the five factors
listed are present at Spring Ridge.

The current position is that the causes of AM are not understood, and there is no up-to-
date evidence on how prevalent the problem may be, given that turbine design is
evolving and turbines are becoming larger. Therefore there is no certainty that
enhanced AM will not occur at Spring Ridge. RenewableUK (previously the British
Wind Energy Association) have recently awarded a research contract to study the
causes of AM and to devise a method of objective measurement, to enable a planning
condition to be developed to address AM should it occur (there is currently no robust
technical basis on which to found such a condition). This initiative, taken by the
organisation representing wind farm developers and operators, confirms that AM is a
‘live issue' and remains a matter of concern.

Reliability of noise predictions

| also draw attention to the limitations of the noise propagation ‘model’ used to predict
wind farm noise. The model used in ISO 9613-2, which has been shown to generally
provide a realistic estimate of wind farm noise levels at local receptors. However, the
predictions depend on the model inputs: in this case the inputs include an assumption
about ground conditions (Section 4 in the ES) which could result in noise levels being
under-predicted by about 2 dB in situations where the surroundings of a receptor
location (perhaps a patio or courtyard) are predominantly hard-surfaced.

APP/Z2830/A/11/2165035 Spring Farm Ridge Wind Farm
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7.2

8.1

8.2

The propagation model assumes that the ground is substantially flat, and therefore
does not take account of enhanced propagation effects that can occur in some terrain
in some weather conditions. In this case, it appears that the village of Helmdon is in a
‘bowl’ to the ENE of the wind farm site, which is elevated. | understand that in some
weather conditions residents report unusual sound propagation effects. These effects,
if they occurred when the wind turbines were operating, could increase the level of
noise perceived in Helmdon, although it is very unlikely that the ETSU noise limits
would be breached, given the distances involved. However, it is a factor worthy of
consideration, given the number of dwellings in Helmdon, where background noise
levels (particularly at night) are generally conspicuously low, as can be seen from
Figure 5.5 in the ES (if the unexplained ‘outlying’ data points are discarded).

Concluding Comments

Overall, the noise assessment presented in the ES appears to be thorough and
competent. As it stands, it demonstrates that the wind farm can be operated within
limits derived using the ETSU-R-97 procedure (and if planning permission is given, a
condition could be applied which would constrain noise levels to appropriate limits).

However noise is still, in my view, a factor to be taken into account for the following
reasons:

o Compliance with the ETSU limits does not infer that there would be no effect of
residential amenity by reason of noise.

. There are unexplained anomalies in the baseline noise data, which should be
investigated, since the noise limits are founded on this baseline data.

o Wind turbine noise will be audible in Helmdon for a significant percentage of the
time. Noise propagation towards Helmdon may be enhanced by the local
topography. The prediction methodology used takes no account of topographical
factors. Neither does it incorporate a ‘safety margin’ to take account of extensive
sound-reflective surfaces at receptor locations.

o There is a possibility that wind turbine noise would exhibit enhanced amplitude
modulation (‘swish’ or ‘thump’) which would make the noise more intrusive. The
likelihood of AM occurring cannot be predicted and it is not possible to devise an
effective condition to address AM should it occur.

| hope that these comments are helpful and constructive. Please let me know if | can
advise you further or if you have any queries.

Yours sincerely

Uhshae

—

R A Davis
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BED/SA/2: Proof of evidence
PINS Ref: APP/Z2830/A/11/2165035

TOWN AND COUNTRY PLANNING ACT 1990

An appeal by Broadview Energy Developments Limited
concerning Land at Spring Farm Ridge Lane to the North of
Welsh Lane, between Greatworth and Helmdon

a PROOF OF STEPHEN ARNOTT BSc(Hons) MSc MIOA
on behalf of Broadview Energy Developments Limited

Stephen Arpott Proof of evidence Page 1 of 18
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5.6 At para B.46 the EPO discusses the change in World Health Organisation
(WHO)  limits and suggests therefore that ETSU-R-97 severely
underestimates the night time noise impact, This aspect has  been
considered at inquiry, e.g. at Goveton (APP/K1128/A/08/2072150) [CD 6,34
para 43] where Inspector Woolcock observed that very low background
levels had been considered by the authors of ETSU-R-97, and that lower
fixed limilts were not considered necessary to provide a reasonable degree
of protection of amenity. lrrespective of changes to WHO guidance,
Government evidently continue to support the original standard. In my
experience, this locality is not an especially quiet rural setting, as noted in
para. 3.2. The concept of ‘CQuiet areas in open country' is defined in the
Environmental Moise Directive™ as an area undisturbed by noise from
traffic, industry or recreational activities and this is clearly not such an
area.

5.7 At para 8.48 the EPD confirmed the THE| assessment had been undertaken
in accordance with ETSU-R-97, but then raised three areas of concern which
I will address in turn.

5.8  Some data plots exhibit a scatter of data that appears to split and this
was not explained. A time series analysis suggests the split is due to the
dawn chorus, which is often a very striking feature with skgnificant
increases of around 20 dBA observed. This phenomenon occurs from
perhaps an hour before sunrise and progresses throughout the night, until
the affect is overridden by the progressive increase in noise that is often
seen towards morning. The recent report for DECC by Hayes McKenzie
discussed the topic of data exclusions and noted that ETSU-R-97 [CD 9.1
page 86] treats animal activity during the night as part of the backeround
noise, but that it is sometimes excluded. It can be argued that this is
seasonal and therefore misrepresents the background noise levels in the
locality. Although it is possible to manually exclude such data every day,
the resulting shift will produce a background noise curve that is not
representative of any period, or season. This topic has been considered at
inquiry® {para 11.55 p 94), where Inspector Baird felt that any distortions
due to birdsong were not significant, particularly in view of the fixed
mimimum limits and | consider that the same situation is applicable here.

5.9  The higher 40dB day time limit has been adopted without explanation,
This is simply untrue and potentially misleading to members of the
Development Control Committee, as reference Lo the THEl assessment
[Table 6.4 page 34 ] clearly shows. The 35dB limit was used and in fact this
was only relevant at Peters Farm at one wind speed of 3ms”, as all other
wind speed and locations relied upon background + 5dB. The EPD then
suggests that noise data gathered 16 years ago, at unspecified locations and
with no relationship to wind speed, warrants a lower noise limit being
adopted. In my opinion the background nolse survey was comprehensive and
robust and provides a fair reflection of the noise climate at the nearest
sensitive receplors.

2.10  The THEl reports notes an uncertainty of +/- 3dB in modelling and good
practice suggests a correction should be applied i.e. adding another 3dB,

e —— e s, —

" DIRECTIVE 2002/49/EC OF THE EURDPEAN PARLIAMENT AND OF THE COURCIL of 25 June 2002

relating Lo the assessment and management of environmental nokse, Article 3

" Report HM: 22937R1, “How noise impacts are considered™ Hayes Mekenzie Partnership Lid, 674711

Y APPIHDSTASAJO9II093I5TE | Grise Wind Farm, Calthwaite, Perrith, Secretary of State [lor
Communitics and Local Government, February 2010,

Sbephen Arnebt Proof of evidence Poge ¥ of I8

B15
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5.13 At para 8.49 1) the EPO returns again to the WHO limits and suggests an
alternative assessment, although | consider that his assessment is based on
some misconception of the changes that actually took place in WHO
guidance. At night, consideration of amenity impacts is not aimed at

May 1998, Contract JORI-CTP5-0051, European Commisshon , Brussels

" Bullmore et al, Wind farm Moise Prediction and comparison with Maeasurements, Proc 3rd
International mecting on Wind Turbine Molse, 17-1% June 200%, Aslborg, Denmark

" Cooper, J, Evans, T. Comparison of predicted and measured wind farm noise levels and implications

for assesuments of new wind farms, Proc Acoustics 2011, 2-4 Movember, Gold Coast, Australia

Stephen Arnoti Froof af evidence Page 10 of 18

816
-

someone enjoying their garden, but focussed instead upon potential sleep
disturbance. There has been much discussion and confusion at inguires
about the relevant changes in guidance since ETSU-R-97 was introduced. |
have detailed the changes in Appendix 2. In the context of the ETSU-R-97,
adopting the current assumption of 21dB typical facade attenuation,
together with the existing external limit of Ly, 10min 43 dB{A) would
equate to an L., 24dB(A) in the bedroom. Under those circumstances the
incidence of sleep disturbance should be minimal and adoption of the ETSU-
R-97 guidance should not result in a loss of amenity at night.
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Appendix 4 - Extract from 1999 WHO Document (Reference 5)
(4 pages)
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GUIDELINES
FOR
COMMUNITY NOISE

Edited by

Birgitta Berglund
Thomas Lindvall
Dietrich H Schwela

This WHO doeument on the CGuidelimes for Community Noive 18 the outcome of the WHO-
expert task force meeting held in London, United Kingdom, in April 1999, It bascs on the
document entitléd “Community Noise™ that was prepared for the World Health Organization and
published in 1995 by the Stockholm University and Karolinska Institute.

World Health Organization, Geneva

Cluster of Sustainable Development and Healthy Environment (SDIE)
Department for Protection of the Human Environment {PHE)
Oceupational and Environmental Health (OEH)
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d. The risk for noise-induced hearing impairment increases when noise exposure is
combined with vibrations, ototoxic drugs or chemicals (Fechter 1999), In these
circumstances, long-term exposure to LAegq,24h of 70 dB may induce small
hearing impairments.

€. It 15 uncertain whether the relationships in 1SO Standard 1999 (ISO 1990) are
applicable to environmental sounds having a short rise time. For example, in the
case of military low-altitude flying areas (75-300 m above ground) LAmax
values of 110-130 dB occur within seconds after onset of the sound.

In conclusion, dose-response data are lacking for the general population. However, judging from
the limited data for study groups (teenagers, voung adults and women), and on the assumption
that time of exposure can be equated with sound energy, the risk for hearing impairment would
be negligible for LAeq,24h values of 70 dB over a lifetime. To avoid hearing impairment,
impulse noise exposures should never exceed a peak sound pressure of 140 dB peak in adults,
and 120 dB in children.

4.2.3. Sleep disturbance effects

Electrophysiological and behavioral methods have demonstrated that both continuous and
intermittent noise indoors lead to sleep disturbance. The more intense the background noise, the
more disturbing is its effect on sleep. Measurable effects on sleep start at background noise
levels of about 30 dB LAeq. Physiological effects include changes in the pattern of sleep stages,
especially a reduction in the proportion of REM sleep. Subjective effects have also been
identified, such as difficulty in falling asleep, perceived sleep quality, and adverse after-effects
such as headache and tiredness. Sensitive groups mainly include elderly persons, shift workers
and persons with physical or mental disorders.
Where noise is continuous, the equivalent sound pressure level should not exceed 30 dBA
| indoors, if negative effects on sleep are to be avoided. When the noise is composed of a large
proportion of low-frequency sounds a still lower guideline value is recommended, because low-
frequency noise (e.g. from ventilation systems) can disturb rest and sleep even at low sound
pressure levels, [t should be noted that the adverse effect of noise partly depends on the nature
of the source. A special situation is for newboms in incubators, for which the noise can cause
sleep disturbance and other health effects.

If the noise is not continuous, LAmax or SEL are used to indicate the probability of noise-
induced awakenings. Effects have been observed at individual LAmax exposures of 45 dB or
less. Consequently, it is important to limit the number of noise events with a LAmax exceeding
45 dB. Therefore, the guidelines should be based on a combination of values of 30 dB LAeqg,8h
and 45 dB LAmax. To protect sensitive persons, a still lower guideline value would be preferred
when the background level is low. Sleep disturbance from intermittent noise events increases
with the maximum noise level, Ewven if the total equivalent noise level is fairly low, a small
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number of noise events with a high maximum sound pressure level will affect sleep.

Therefore, to avoid sleep disturbance, guidelines for community noise should be expressed in
terms of equivalent sound pressure levels, as well as LAmax/SEL and the number of noise
events. Measures reducing disturbance during the first part of the night are believed to be the
most effective for reducing problems in falling asleep.

4.2.4. Cardiovascular and psychophysiological effects

Epidemiologial studies show that cardiovascular effects occur after long-term exposure to noise
(aircraft and road traffic) with LAeq,24h values of 65-70 dB, However, the associations are
weak. The association is somewhat stronger for ischaemic heart disease than for hypertension.
Such small risks are important, however, because a large number of persons are currently
exposed to these noise levels, or are likely to be exposed in the future. Other possible effects,
such as changes in stress hormone levels and blood magnesium levels, and changes in the
immune system and gastro-intestinal tract, are too inconsistent to draw conclusions. Thus, more
research is required to estimate the long-term cardiovascular and psychophysiological risks due
to noise. In view of the equivocal findings, no guideline values can be given.

4.2.5. Mental health effects

Studies that have examined the cffects of noise on mental health are inconclusive and no
guideline values can be given. However, in noisy areas, it has been observed that there is an
increased use of prescription drugs such as tranquilizers and sleeping pills, and an increased
frequency of psychiatric symptoms and mental hospital admissions. This strongly suggests that
adverse mental health effects are associated with community noise.

4.2.6. Effects on performance

The effects of noise on task performance have mainly been studied in the laboratory and to some
extent in work situations, But there have been few, if any, detailed studies on the effects of noise
on human productivity in community situations. [t is evident that when a task involves auditory
signals of any kind, noise at an intensity sufficient to mask or interfere with the perception of
these signals will also interfere with the performance of the task. A novel event, such as the start
of an unfamiliar noise, will also cause distraction and interfere with many kinds of tasks. For
example, impulsive noises such as sonic booms can produce disruptive effects as the result of
startle responses; and these types of responses are more resistant to habituation.

Memntal activities involving high load in working memory, such as sustained attention to multiple
cues or complex analysis, are all directly sensitive to noise and performance suffers as a result.
Some accidents may also be indicators of noise-related effects on performance. In addition to
the direct effects on performance, noise also has consistent afier-effects on cognitive
performance with tasks such as proof-reading, and on persistence with challenging puzzles. In
contrast, the performance of tasks involving either motor or monotonous activities is not always
degraded by noise.

41
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Table 4.1: Guideline values for community noise in specific environments.

Specific Critical health cffect(s) LAeq [Time |LAmax
environment |dB) base fast
[hours] | [dB]
Outdoor living area | Serious annoyance, daytime and evening 55 16 -
Moderate annoyance, daytime and evening | 50 16 -
Dwelling, indoors  [Speech  intelligibility and  moderate| 35 3
annoyance, daytime and evening
Inside bedrooms Sleep disturbance, night-time 30 8 45
Outside bedrooms Sleep disturbance, window open (outdoor|45 8 60
values)
School class rooms | Speech ntelhigiblity, 35 during |-
and pre-schools, | disturbance of information extraction, class
__i_ndoors message communication
Pre-school Sleep disturbance 30 sleeping | 45
bedrooms, indoors -lime
School,  playground | Annoyance (external source) 35 during |-
outdoor play
Hospital, ward | Sleep disturbance, night-time 30 8 40
rooms, indoors Sleep disturbance, daytime and evenings 30 16 -
Hospitals, treatment | Interference with rest and recovery £]
rooms, indoors
Industrial, Hearing impairment 70 24 110
commercial
shopping and traffic
areas, indoors and
outdoors
Ceremonies, festivals | Hearing impairment (patrons:<5 times/vear) | 100 4 110
and  entertainment
events
Public addresses, | Hearing impairment 85 1 110
indoors and outdoors
Music through | Hearing impairment (free-field value) 85 u4 1 110
headphones/
carphones
Impulse sounds from | Hearing impairment (adults) - - 140 #2
toys, fireworks and
fircarms Hearing impairment (children) - - 120 #2
Outdoors in parkland | Disruption of tranquillity #3
and conservation
arcas

#1: as low as possible;

#2: peak sound pressure (not LAmax, fast), measured 100 mm from the ear;

#3: existing quiet outdoor areas should be preserved and the ratio of intruding noise to natural background sound
should be kept low;

#4: under headphones, adapted to free-field values
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Appendix 5 - Extract from Reference BS8233:1999 (Reference 7)
(3 pages)
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BRITISH STANDARD BS 8233:1999

Sound insulation and
noise reduction for

buildings — Code of |
practice |

KA B i

;

Sy COFYING WITHOUT BS] FERMISSION EXCEFT AS FERMITTED BY COFTRIGHT LaW
I ——
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BS 823316
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Appendix 6 — Extract from ‘Burnett-Hall on Environmental Law’

(3 pages)

APP/Z2830/A/11/2165035 Spring Farm Ridge Wind Farm
Figures and Appendices to Proof of R A Davis — Noise Issues Page 27 of 56



Burnett-Hall on Environmental Law

Third Edition

GENERAL EDITORS
Richard Burnett-Hall, M.A. (Cantab.)

Solicitor and Chartered Patent Agent
Consultant, Bristows

Brian Jones, M.A. (Cantab.)
Consultant, Herbert Smith LLP
Honorary Professor, University of Wales (Aberystwyth)

SWEET & MAXWELL THOMSON REUTERS

A_PP/22830/A/11/2165_035 Spring Farm Ridge Wind Farm
Figures and Appendices to Proof of R A Davis — Noise Issues Page 28 of 56



THE PLANNING SYSTEM AND ENVIRONMENTAL PROTECTION

achieve similar benefits with a lesser degree of harm.'*Applications have been
rejected in part at least because developers have not demonstrated that effects
have been minimised.!*°

7-089 Part of the exercise in assessing the planning balance in any wind farm case is
assessing the weight to be given to the benefits arising from the particular
development. It is generally accepted that, at the time of the determination of an
application, the greater the shortfall against a regional target for the provision of
renewable energy generating capacity, the greater the weight which should be
attached to the benefits of the scheme then under consideration’'s! This is perhaps
why national planning policy in PPS22 previously required developers to
“demonstrate” the benefits of their scheme.!52

7-090 Noise from wind turbines has been a particularly controversial issue. PPS22
provided at para.22 that the document known as ETSU-R-97 “should be used to
assess and rate noise from wind energy development”. It had been argued that
this means that it was not necessary for a planning decision-maker to look beyond
compliance with noise limits derived from ETSU-R-97. However, the need to
look beyond ETSU compliance and consider the noise effects of wind turbine
developments in amenity terms was explained by the Court of Appeal in the case
of Tegni Cymru Cyf v Welsh Ministers.">> The Court of Appeal noted that ETSU
seeks to strike a balance between interests and was based on compromise, and
that ETSU did not mean that people would not be adversely affected by noise
levels which fall below the guideline levels.'>* It was held that, when considering
the effect of noise levels on residential amenity, compliance with ETSU was not a
complete answer. Pitchford L.J. noted that it was decided by the inspector!ss that
“ETSU indicative levels in relation to the proposal which he was considering
were not the last word on “acceptable” noise levels”, and that the Judge at first
instance had acknowledged that ETSU “did not represent an absolute standard
against which the proposal was to be judged”.!*¢ The Court rejected a submission
that a decision-maker was not entitled to look beyond ETSU compliance.'s” As a
result of this case it is apparent that compliance with ETSU-derived noise limits
is not the only relevant consideration and that it is necessary for decision-makers
to consider the acceptability of noise effects more generally.

7-091 A similar approach has been adopted by the High Court in considering ETSU.
In Lee v Secretary of State for Communities and Local Government,'>® the Court
recognised that the critical issue was whether there would be noise disturbance to
an unacceptable degree, noted that the inspector in that case had acknowledged
that there would be some noise impact even where the ETSU levels were

199 Lee v Secretary of State for Communities and Local Government [2011] EWHC 807 (Admin) at
[52]-[54].

150 See, for example, Enertrag v East Lindsey DC[2011] PAD 27 and RWE Npower Renewables v
Northumberland CC [2012] PAD 9.

131 See, for example, RWE Npower Renewables v Milton Keynes Council [2012] PAD 10.

152 PPS22 para.1(viii).

153 12010] EWCA Civ 1635.

134 At [12]-[13], [34].

'35 The inspector’s decision is reported as Tegni Cymru Cyf v Denbighshire CC [2010] PAD 9.

156 At [24].

157 See [28].

158 [2011] EWHC 807 (Admin).

I
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ENVIRONMENTAL CONSIDERATIONS IN THE PLANNING SYSTEM

achieved and upheld an approach of taking amenity concerns into account.’ In
Hulme v Secretary of State for Communities and Local Government,'® the High
Court at first instance upheld an inspector’s decision which departed from the
ETSU methodology.'¢! Discussions about ETSU-R-97 have featured also in a
pumber of planning appeal decisions.'®?

Consideration of actual noise effects, as they would be perceived in the real
world, is likely to be a relevant consideration pursuant to s.38(6) of the Planning
and Compulsory Purchase Act 2004 and the provisions of the relevant statutory
development plan, as most such plans have policies on noise or amenity. If not, it
is likely that actual noise levels, and what they mean in terms of the actual effect
on the living conditions of nearby occupiers and the amenity of the area, would
be relevant considerations in terms of environmental impact assessment and as
material planning considerations under s.70(2) of the TCPA. Tt is also notable that
a failure to provide noise-related data has led to the quashing of planning
permission.'®?

Pollution control

PPS23 (Planning and Pollution Control) previously provided guidance on how
systems for pollution control and the management of contaminated land should
be taken into account when considering proposals for development.'®* The key
policy aims of PPS23 were to facilitate planning for good quality, sustainable
development that takes appropriate account of pollution control and contamina-
tion issues.

PPS23 advised that:

o any consideration of the quality of land, air or water and potential impacts
arising from development, possibly leading to impacts on health, was
capable of being a material planning consideration, in so far as it arises or
may arise from or may affect any land use;

e the planning system plays a key role in determining the location of
development which may give rise to pollution, either directly or indirectly,
and in ensuring that other uses and developments are not, as far as possible,
affected by major existing or potential sources of pollution; and

159 At [43]-{47].

160 120101 EWHC 2386 (Admin).,

161 At [51]-[52]. The inspector’s decision is reported as RES Developments Ltd v West Devon BC
[2010] PAD 4.

162 See for example: Pennant Wind Energy v Blaenay Gwent CBC [2010] PAD 39; Derbyshire Wind
Energy v North East Derbyshire DC & Derbyshire Dales DC [2010] PAD 32; Morgan v South Hams
DC [2009] PAD 46; Ecortricity v Breckland DC [2009] PAD 39.

163 See the consent order dated August 4, 2008 agreed in the Court of Appeal in Hulime v Secretary of
State for Communities and Local Government, C1/2008/0793, following the High Court decision in
that case ([2008] EWHC 637 (Admin)).

164 There was also a letter sent to Chief Planning Officers on May 30, 2008 to circulate a new set of
model planning conditions intended for use during the development on land affected by
contamination. They replace Appendix 2B of Amnex 2 of PPS23 and paras 56-59 of Appendix A of
Circular 11/95: Use of conditions in planning permission.
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Appendix 7 —wind Rose for RAF Wittering
(1 page)
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Wittering, UK
2000-2009
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Appendix 8 — Extract from DTl ‘Low-Frequency Noise Report’ (Reference 9)
(2 pages)
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THE MEASUREMENT OF LOW
FREQUENCY MOISE AT THREE UK
WIND FARMS

COMTRACT MUMBER: W/A5/00656/00/00

LR WUMBER: 5141 2
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GRAS Preamplifier Type 26AK-51 {A-Weighted noise floor < 2.5uV] giving an
estimated noise floor of 14.8 dB(A). During periods of no wind and with
windows closed and the dwelling empty, noise levels as low as 12 dBlA)
were measured within Site 2: Location 1,

The averaged measured noise reduction from free-field A-Weighted to
internal “free-field” A-Weighted sound pressure levels was found to be as

follows:
Hine Locatan Window Clogad WWindow EI[.'IE'I'I
Levarrel Lol aed
Difference St Diew. Difference Do,
i i 165 0.6
3 i 14 .5 0.4 101 1.1

Table 6: detailing measured A-weighted level difference

These calculated level differences may be compared with the suggested
insertion losses within PPG24" and PAN 56%(10 - 15 dB for an open window)
and the assumed 15 dB reduction within WHO Guidelines for Community

Moize.

The levels measured at Site 1: Location 1 indicate that, even with windows
closed, that this level of performance is just achieved. Measurements at Site
Z: Location 1 indicate that with windows wide open, a level reduction of 10

dBiA) is achieved and 14.5 dBLAL with windows closed,

An assessment of the low frequency performance of the two structures was
undertaken which indicates that Site 1: Location 1 increases at a relatively
constant insertion loss with increasing frequency, with an average insertion
loss of 2.8 dB at 20 Hz rising to 18,8 dB at 500 Hz. Whereas the performance
at Site 2: Location 1 indicates a rapid increase in the insertion loss from 20 Hz

* Planming Policy Guidance 24: Planning and Noase: PPG24: ODPM
* Pansing Advice Mose: PAN 56 Planning snd Moise: April 199%: The Scouish Office
Page 61



Appendix 9 - Abstract from Conference Paper relating to Research into
Amplitude Modulation

(14 pages)
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m Fourth International Meeting on Wind Turbine Noise
WIN2T Rome Italy 12-14 April 2011

Wind Turbine Amplitude Modulation: Research to Improve
Understanding as to its Cause & Effect

Andrew Bullmore, Mark Jiggins, Matthew Cand: Hoare Lea Acoustics’

Malcolm Smith: Institute of Sound & Vibration Research?, University of
Southampton, UK

Sabine Von-Hunerbein®: Acoustics Research Centre, University of Salford, UK
Robert Davis: Robert Davis Associates*, UK

Abstract

The issue of amplitude modulated noise (often referred to as 'blade swish' or "Al')
arising from the operation of wind turbines is presently receiving a high focus of
attention. VWhilst the acceptability of audible noise from wind turbines continues to be
the subject of considerable debate, the specific issue of AM has come to the fore
following the publication of a number of studies claiming that the existence of such
noise may result inoan enhanced possibility of adverse effects, both in terms of
subjective response and in terms of direct adverse health effects.

The issue of AM is not a new one, having been the subject of a previous study
undertaken on behalf of DEFRA in the UK by the University of Salford in 2007, That
study was initiated following complaints of what was believed to be problematic levels
of low frequency noise arising from a limited number of operational wind farms.

A research project is underway which ams to improve understanding of the
phenomenon, and develop an objective method for quantifying levels of AM and
provide a well-defined dose-response relationship. This paper will discuss preliminary
results and invite contributions from the wind turbine noise research community on the
subject. The project is 100 % funded by Renewablel .
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Introduction

The issue of amplitude modulated noise (often referred to as ‘blade swish' or "A')
arising from the operation of wind turbines is presently receiving a high focus of
attention. Whilst the acceptability of audible noise from wind turbines continues to be
the subject of considerable debate, the specific issue of AM has come to the fore
following the publication of a number of studies claiming that the existence of such
noise may result in an enhanced possibility of adverse effects, both in terms of
subjective response and in terms of direct adverse health effects.

Fesidual confusion is still often encountered as to what asped of wind farm noise
people are actually complaining of, particularly as the term ‘low freguency sound' is
often used to refer to broadband amplitude modulated aerodynamic sound. With
specific regard to low frequency sound and infrasound, repeated studies have
confirmed the lack of sufficient energy in these low frequency andfor infrasonic
frequency bands to result in the claimed direct adverse health or even subjective
effects from operational wind farms. Hence the possible existence of enhanced
levels of AN provided a possible causal link between a physically measurable and
subjectively perceptible effect and reported adverse responses. |t should be noted
here that what constitutes ‘normal’ and ‘enhanced’ levels of AM 15 still the subject of
some debate. In this respect it is noted here that aerodynamic noise from wind
turbines is always amplitude-modulated at the blade-passing frequency.  Worke by
Derlemans described below confirms that the dominant noise source for typical
wind turbine operating conditions is the outer section of blade, near the tip. The
directivity of noise radiated from this area of blade, which varies in time for rotor
position, explains the generally-observed normal level of amplitude modulation
(swish) at locations close to the turbine. This directivity-related effect diminishes
as distance from the turbine increases as the 'angle of view' to the extremes of
the rotor diskbecomes small. However, the reported Al problems concern ‘enhanced’
levels of Ah, where AM is distinctly audble at distances in excess of 200 metres,
IS sometimes impulsive in nature (described as ‘thump’ and is observed to occur
intermittently rather than being an inherent feature of the radiated noise.

The authors are part of a consortium which was commissioned by the RenewablelJ K
association to undertake further resesarch to improve the understanding of wind turbine
Amplitude Modulation (AM). Specifically, the aim of this study is to obtain a better
understanding of the causes of AM (and therefore its likelihood of occurrence), develop
a reproducible means of objectively quantifying AM, and obtain an associated
dose-response relationship based on this objective metric.

As this research is currently on-going, the present paper presents a brief review of
current knowleddge and experience of AM: relevant and available studies in the
scientific and technical literature, as well as relevant reports of disturbance or
complaints from wind turbines, mainky in the LK. Further developments may be
referred to in the presentation, and contributions from the wind turbine noise research
community on the subject will be invited.
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In the UK
ETSU-R-97

The ETSLU-RE-97 report [1] noted that blade swish, defined as a rhythmic modulation
of the asrodynamic noise of the turbines, can be audible in some circumstances
by wiind farm neighbours at typical separation distances. It suggested that it might
be due to drectivity of trailing edge noise, dependent on blade profile and tip
speed, and it was described as being dominated by high frequencies: 800 — 1000
Hz and above. It will be more apparent closer to the turbines, with typical wvariations
of 2-3 dBE(A) in A-weighted levels, but with stronger wvarations in some freguency
bands. But with increasing observer distance, because of atmospheric absorption
andthe reduced impact of directivity effects, this modulation becomes less pronounced.
As the relative contribution of background noise will also generally increase, this
wiolld reduce the prominence of the "swish®. The document reports variations in swish
levels between different turbines, as well as site-specific variations for the same
turbine type.

ETSU-R-27Y on page 65 contains further descriptions of Al

"This modulalion of blade noise may resulf in a varlafion of the overall A-weiohlted
noige fevel by as much as SdB(4A) (peak to trough) when measured close o a wind
furbine. As distance from the wind fanm increases, this depth of modulation would
he axpectadio decrease bacause of attmospharic absorplion [ ] However, it has baan
found that positions close to reflective surfaces may resuft In an increase in the
modulation depth [ ] Ifthere are more than two hard, reflective surfaces, then the
increase in modulation depth may be as much as +- GdB(4) (peak to trough)” Due
to standing wave effects from reflection from building structures, the modulation in
specific frequency bands can increase significantly.

Thenoise limits defined within ETSU-R-97 were established on the basis that they took
account of the noise from wind turbines containing a certain level of Al but the report
also suggested that it would be useful to undertake further worl to understand and
as5ess this feature of wind turbinge noise.

Additional UK research

A report for ETSU in the UK in 1999 [2] monitored turbine noise at close range of
what would currently be considered a relatively small turbine (22 m to the hub). It
concluded that "the experimentally observed modulation [measured close to the
turbine] is due fo & combination of tower shadow effects as the blades pass the
fowerplusthe preferential radiation of nolse info some directions In preference to ofhers.”
It should be noted that that this "shadow effect” was a predominantly a shielding
mechanism rather than a blade-tower interaction effect, the test turbine being of
the upwind type.

The modulation observed above 1 kHz, which was more marked than at 500 Hz and
below, was found to be strongly correlated to yaw error, but not with wind shear or
turbulence intensity, and only weakly correlated with wind speed.
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Jdiggins [3] measured turbine swish from several wind farm sites in some detail, both at
close range and further away from several wind turkine sites. The turbines studied
were also relatively small in size compared to more recent machines.

He noted variations in the time between peaks, which may have been due to the
contributions of different turbines. Yariations in time in the depth of the modulation
(observed in a limited frequency range), similar to "beating”, suggested a possible
interaction of noise between two or more turbines. The modulation in the high-
frequency bands was observed to be reduced further away from the turbines. The
document also reported an experimental study of loudness perception of simulated
broad-band sounds of increasing modulation depth.

Government-funded studies

In 2006, the results of a study specifically commissioned by the DTl to look at the
effects of infrasound and low frequency sound arsing from the operation of wind
farms were published [4]: referred to as the "DTI LFM Report”. This report was
actually commissioned primarily to investigate the effects of “infrasound®, as a direct
result of the claims made in the press concerning health problems arising from noise
of such a low frequency 'that it 1s beyond the audible range, such that wou can't hear
it but you can feel it as a resonance’. For this reason the results pertaining to
infrasound are reported separately from those pertaining to audible low frequency
sound above 20 Hz. In respect of infrasound, the DTl LFMN Report is quite categorical
in its findings: infrasound is not the perceived health threat suggested by some
observers, nor should it even be considered a potential source of disturbance. Whilst
it is known that infrasound can have an adverse effect on people, these effects can
only come into play when the infrasound reaches a sufficiently high level.

In respect of low freguency sound as opposed to infrasound, the DTl LFN Report
identified that wind farm noise levels at the studied properties were, under certain
conditions, measured at a level just above the threshold of audibility. The report
therefore concluded that for a fow-frequency sensitive person, this may mean that
fow frequency sound associated with the operation of the three wind farms couid
he audible within a dwelling' . This conclusion was, however, placed into some context
with the qualifying statement that "af aff measurement sites, low frequency sound
aosociated with fraffic moverments along local roads has been Tound to be graatar
than that from the neighbouring wind farm® In particular it was concluded that,
although measurable and, under some conditions, audible, levels of low frequency
sound were below permitted night time low frequency sound criteria.

Motwithstanding the conclusions and advice presented in the preceding paragraphs
concerning both infrasound and low frequency sound, the OTI LFM Report went on
to suggest that, where complaints of noise at night had occurred, these had most
likely resulted from an increased level of amplitude modulation of the blade passing
noise, making the 'swish, swish, swish’ sound (often referred to as ‘blade swish') more
prominent than normal. This was referred toin the report as "audible modulation of
the aerodynamic noise” or "AM' . Whilst it was therefore acknowledged that this effect
of enhanced amplitude modulation of blade asrodynamic noise may occur, it was
also concluded that there were a number of factors that should be borne in mind
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Jdiggins [3] measured turbine swish from several wind farm sites in some detail, both at
close range and further away from several wind turkine sites. The turbines studied
were also relatively small in size compared to more recent machines.

He noted variations in the time between peaks, which may have been due to the
contributions of different turbines. Yariations in time in the depth of the modulation
(observed in a limited frequency range), similar to "beating”, suggested a possible
interaction of noise between two or more turbines. The modulation in the high-
frequency bands was observed to be reduced further away from the turbines. The
document also reported an experimental study of loudness perception of simulated
broad-band sounds of increasing modulation depth.

Government-funded studies

In 2006, the results of a study specifically commissioned by the DTl to look at the
effects of infrasound and low frequency sound arsing from the operation of wind
farms were published [4]: referred to as the "DTI LFM Report”. This report was
actually commissioned primarily to investigate the effects of “infrasound®, as a direct
result of the claims made in the press concerning health problems arising from noise
of such a low frequency 'that it 1s beyond the audible range, such that wou can't hear
it but you can feel it as a resonance’. For this reason the results pertaining to
infrasound are reported separately from those pertaining to audible low frequency
sound above 20 Hz. In respect of infrasound, the DTl LFMN Report is quite categorical
in its findings: infrasound is not the perceived health threat suggested by some
observers, nor should it even be considered a potential source of disturbance. Whilst
it is known that infrasound can have an adverse effect on people, these effects can
only come into play when the infrasound reaches a sufficiently high level.

In respect of low freguency sound as opposed to infrasound, the DTl LFN Report
identified that wind farm noise levels at the studied properties were, under certain
conditions, measured at a level just above the threshold of audibility. The report
therefore concluded that for a fow-frequency sensitive person, this may mean that
fow frequency sound associated with the operation of the three wind farms couid
he audible within a dwelling' . This conclusion was, however, placed into some context
with the qualifying statement that "af aff measurement sites, low frequency sound
aosociated with fraffic moverments along local roads has been Tound to be graatar
than that from the neighbouring wind farm® In particular it was concluded that,
although measurable and, under some conditions, audible, levels of low frequency
sound were below permitted night time low frequency sound criteria.

Motwithstanding the conclusions and advice presented in the preceding paragraphs
concerning both infrasound and low frequency sound, the OTI LFM Report went on
to suggest that, where complaints of noise at night had occurred, these had most
likely resulted from an increased level of amplitude modulation of the blade passing
noise, making the 'swish, swish, swish’ sound (often referred to as ‘blade swish') more
prominent than normal. This was referred toin the report as "audible modulation of
the aerodynamic noise” or "AM' . Whilst it was therefore acknowledged that this effect
of enhanced amplitude modulation of blade asrodynamic noise may occur, it was
also concluded that there were a number of factors that should be borne in mind
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UK wind farms. This research work was awarded to the University of Salford who
reported on their findings in Juby 2007 [S].

In the guestionnaire sent out by the University of Salford, AM was defined as "Wind
furbing blade noise which is modulated at blade passing fraguency (hepically once
par second) with a sharper atfack and & more clearly defined character than usual
hlade swoosh. it 1s sometimes described as being ke a distant train or distant piling
operafion.” This description derives from the observations made in the DTl LFM
Sty

A total of 133 windfarm sites were operational across the LK at the time of the
survey. Based on responses from local authorities with wind-farms in their areas,
the report concluded that: "ANM was considered to be a factor in four of the sies,
anhd a possible factor in another eight. Hegarding the four sites analysizs of
mefearological data suggests that the condifions for AN would prevail befwesn
ghout 7% and 15% of the time. AM would nof therefore be present most davs,
although I cowld occur for several dave running over some penods Complaints
have subsided for three out of these four sifes in one case as & result of remedial
freabmeant in the forrm of a wind furbing confrol systern. in the remaining case,
which iz a recent instailation, Investigations are ongoing.”

The reported noted that "the causes of AM are not fully understood and that AM
cannot be fully predicted at curent state of the art®. But it does suggest that
‘fajerodynamic noise generafion depends primarnhy on the rofor fin speed, but there
g glso somne dependance on wind speed. Therefore, IF wind speed s nof even
agoross the rotor plane then some fluctuation in leve!l can be expected as the blade
furns”

The report goes on to finally conclude:-

"Cansidering the need for further research, the ncidence of AM and the number of
people affected iz probably too small at present to make a compelling case for further
resgarch funding In preference to other fvpes of noise which affect many more people.
On the other hand, since AM cannot be fulty pradicled af present, and ts calses are
hot undarstood we considear that It might be prudant to carny out further research fo
improve understanding in this area ’

Following receipt of the report, the UK Government [B] stated that it "dogs not
consider there fo be a compeling case for more work Info AN and will nof cany
out any further research at this tirme, however it will confinue fo keep the lssus
under review " The statement then concludes with the advice of the continued
support of the ETSU-RE-97 methodology.

Following a freedom of information request, the full data used to support the
conclusions of the Salford University report was published on the intermnet [7]. The
four sites with noise complaints identified by the local authorities as arising from
turbine AN were: Bears Down {designated 'First Site’ in Sections 4.1 to 4.4 of the
University of Salford report), Askam ("Second site’), Deeping St Michaolas (' Third site’)
and Lkn Alaw ('Fourth site'). The report notes that AM may have been "a possible
factor In anofher eight sites”.
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11 Bears Down

Several complaints were receiwved from 4 locations: "Lowdfnoisy”, “rivthmic”
"Thurnoing”, "sometimes overlapping” ke g washing maching”. Mo complaints were
recorded following remedial works in 2004, The Salford analysis suggests that
the weather conditions in which the AM was found to occur would be present
on average around 15% of the time.

21 Askam (Far Old Fark Farm, Ireleth, Askam-In-Furness)

In the report by the local authority, AW was described as being "like train in next field”
and "percussive” with what was termed the "Van Den Berg effect {i.e. AM) apparent
occasionally”. This is thought to refer to the results published by Van Den Berg
which are described below. " The characteristics of the nolise -chopping, whoomphing
gle- are verny noficeable even at levels below 3508(4) An examplie: LASD 5448,
nolge judoged to be a nuisance at 600m UPWIND of furbines " "A consuftant
considered the nafure of the fopography ie. fandform sioping downwards from
the turbines contributed to the characteristics of the noise” Measurements "have
indicated that third octave band levels when complaints ware received hefore the
Implementation of wind turbine confrol features, Indicated Jeve! changes of
12—1548." The available
information suggests that this comresponds to "site 1% in the DTl LFMN report.

A “library” of conditions leading to nuisance was arduoushy built up and noise
management system put in place. Complaints have reduced dramatically since this
system was put in place. It was found that "AM occurred specifically for Easterly
winds and for speeds frorm the cut-in speed, of around Swv's up o 10 wvs measurad
gt a helght of 10m above ground level”. Specifically, "AM on this site was assoclated
with three specific wind turbines. To alleviate the problem, a turbing controf system
was prograrmmed o shut down these three machines for wind directions belween
557 and 1307

WWind shear effects associated with atmosphenc stability effects can be dismissed
a5 a cause there, as they were found to be wvery limited at the site, based on
anemometry measurements. But the Salford report noted that "fopographical effects
resuit in some wind furbings being ‘unsure’ asto the wind diraction. This is caused by
the wind turbine wind vane being Infiuenced by the wind direclion at the hub heighi
of the rotor but the wind direction af the lower arc of the rofor may be from a
different direction” This would result in the turbine blades, at some points in their
rotation, not being fully pointed into the wind.

31 Deeping St Micholas

One complainant describes periods of operation when amplitude modulation of the
aerodynamic noise (AM) s clearly audible inside and outside the building. The Salford
repaort notes that this occurred when the wind direction was in a narrow sector, and the
wind speed in a given range (neither very high or very low). Analysis of long-term
anemometry data led the authors to conclude that the range of conditions associated
with AM would be expected to occur for 7% of the year on average.
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47 Liyn Allaw

The noise character was described as AbM, with "swoosh swish” and “beating
(riwethmic)”. During the site wisit, council representatives experienced audible blade
noise woosh.

Bowdler review

Eowdler [5] reviews the state of knowledge at the time of the article to assist with
further work on the subject. He notes that the general descriptions of Al in refs
[1] and [Z] are consistent with the subsequent worlk of Qerlemans and Scheper [9],
which showed that the directivity of the trailing edge noise from the blade, combined
with the Doppler amplification effect of the blade movement, would explain the
normal’ swishing noise of a turbine. More recent research by these authors [10]
has validated this model using measurements, and shown that “for both cross-wind
directions, the average level s lower than in the up- and downwind directions, but
the vanation in level is lamer”

Bowdler describes his observation that, in a crosswind direction the swish reduces,
and that the "maximum modulation” is experienced at 45 degrees from the crosswind
direction. In the work of Oerlemans and Scheper, this intermediate location does
not correspond to the worst-case modulation depth; however at 45 degrees from
crosswind there is a combination of both high absclute noise level and deeper
modulation.

These effects of radiation directivity could be expected to decrease with increased
separation distance, as the directivity effects relative to the observer reduce in
magnitude. However, Bowlder argues that this might not be the case in some
situations, in particular 45 degrees from downwind, because of a shadowing effect
form the tower in one case He also considers that the Oerlemans model can be
interpreted as describing "standard” turbine swish as opposed to the enhanced
Impulsive "thumping” described by others.

Eowdler also reviews the complaints related to AM at Deeping St Micholas and
proposes a likely correlation of specific "thump” occurrences to the 45-degrees-from-
crosswind conditions discussed above, however this interpretation need to be taken
with caution because of uncertainties as to the exact wind direction reference used.
Eowdler also dscusses the Vharrels Hill site but notes that “thump® was not
observed there.

Europe

As noted in Reference [5], European regulations on wind turbine noise are generally
stated in terms of maximum dBlA) noise levels and make no particular allowances for
Al

Van den Berg publications
Van den Berg [11] has described measurements at a 200V, 17-turbine wind farm

located on the Dutch-German border. One of the main findings of this research was
that measured sound levels were higher than predicted at set 10 m height wind
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speeds because of wind shear effects, which are now well-recognised and
incorporated in the study of wind farms in the UK according to best practice.

But ancther of the reported main findings is that "wind {urbines can produce
soundwith animouisive charactar. " The"thumping” nature of thewindturbine soundwas
observed in some occasions, and the author suggested that this must have
contributed to the annoyance of the residents. The example illustrated in the
article shows a modulation of up to +-5 dBE (peak to trough), measured at 740
m from the nearest turbine, 2 m away from a reflective surface, in the middle
of the night. Because of the presence of a reflective surface, this Is consistent
with comments in ETSU-R-97. Pulses of depth 3-4 dE occurred for dozen of
Seconds Wil th the oSt
cases impulses for no more than ~3s; they are also described as more "pronounced
ahd anhoying” at higher rotational speeds. The noise level graph shown exhibits a
clear impulsive shape. The frequency and conditions of occurrence are not
described.

Wan den Berg distinguishes the standard "swish”, which can be heard during most
conditions and the more pronounced "thump® described in the paper. Van den Berg
has stated (in werbal evidence at the Bald Hills Wind Farm Project hearing, as
reported in Ref. [14]) that the layout {ie. turbines in ling or "randomly” laid out) was
not more likely to lead to "impulsiveness”

The varying depth of modulation in the latter was attributed by the author to short
perods of synchronisation in phase of the rotation of the dominant turbines (closest to
the measurement location). He speculated that this surprising emission of pulses
wolld not be apparent in measurements of single turbines, because of his proposed
synchronisation effect. The author also suggests that the interaction of the blade
passing the tower influences the character of the noise.

Eowdler casts some doubt on this analysis as the modulation depth would not
increase if turbines become in phase. Examining this hypothesis in his review,
Eowdler notes that: it iz perhaps more correct fo suggest not that, when turbine
holsas are I phase the level increasas, bub rather that when they are ouf of phase
the moduiation s reduced because they average cach other ouf’. Bowdler also
notes that in modern upwind turbine configurations, blade-tower interaction effects
have been shown [9] to be marginal acoustically. Bowdler notes that in other
publications, Yan den Berg has attributed AW clapping or beating to wind velocity
differentials across the turbine rotor associated with wind shear, and Bowdler suggests
similar differentials could occur with turbulence of meteorological or topographical
origin.

Finland — Di Napoli

In 2009, Di Mapoli presented [12] measurements made at single, isolated 1 MW turbine
(66 m hub, pitch regulated), located approximately 750 m from holiday houses in
Finland. Measurement made at a point 530 m from the turbine showed some A, with
levels generally wvarying with wind speed but some periods of clear, apparently
impulsive peaks at blade passing frequency, with a worst-case amplitude of & dB
peak-to-peal for at least a few seconds.
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The author describes this as generally occurring as wind speed decreased or
stopped accelerating, and reports observing it to a certain degree during most of
the recording on the day of the measurements. Some "notches” or double-pulses
were apparent at times. These results indicate that whilst turbine-turbine interaction
may be a contributory factor in some cases, it is not the only potential cause of
AM effects.

Australia

A 2006 review of the subject [13] concluded that there were little publicly available
records of complaints from large modern wind farms at the time, with the exception of
the TooraVWind Farm, located in South Gippsland Shire Council, Victoria, Australia.

A report by Fowler [14] notes that residents near Toora have reportedly complained
about the audible rhythmic noise, and the turbine blade rotation being "clearly
audible”. The author of the latter report therefore argues that a 5 dBE penalty
should be added for "special audible characteristics” which was specified in the
Mew Jealand standard MNZE6808 1998 [15] applicable at the time. But it is not clear
howewer if this modulation was typical of turbines or if some enhanced modulation
was experienced at this site. The author might apply this penalty to all wind turbines
according to his interpretation of the M standard, due to the inherent character
of the wind turbine noise.

Ancther recent review [16] suggests that, based on the awvailable information, the
general inclusion of this penalty for all wind farm schemes would not be justified. It cites
the first draft of the Australian Mational Wind Farm Development Guidelines [17] for
which excessive swish is referred to as one of the potential Special Audible
Characteristics {or SACs), but recommends for example that “fwjih the exceplion of
fonalify, the assessment of SACs will not be carred oul during the nolse Impact
gassossment phase, that Is, pre-construction”.

Thewind farm at Waubra (Victoria) is another site which has received some attention
in the press as some residents have complaining about the health effects impacts
of wind turbine noise. The descriptions from some residents include: "when In sync,
gvehs minute ar fwo vou can hear 5-4 big wooshes that vou can actually fegl”. "TYou]
feal that vou have molion sickness”, " wake up 5-6 timas af night”.

A report by Thorne for one of the residents [18] has described “puising af Jow
frequancy” which some residents believe is at the origin of their problems. However,
the frequency of occurrence of this feature was not determined. It is not therefore
known whether this modulation was a continuous feature of the site which would
then potentially warrant a penalty for "special audible characteristics”. The author
suggests that this "rumbladnump” may be caused by the downstream wake from
adjacent turbines or by interaction of the blade with the tower.

New Zealand

VWest VWind, Meridian's wind farm near Wellington, comprises 62 Turbines on elevated
hills with valleys either side. |t was officially opened in April 2002, Since

Wind Turbine Amplitude Modulation: Research to Improve Understanding as to its
Cause & Effect Fage 10 of 14

APP/Z2830/A/11/2165035 Spring Farm Ridge Wind Farm
Figures and Appendices to Proof of R A Davis — Noise Issues Page 46 of 56



then, the company's been dealing with complaints from people living in the adjacent
Malara Valley, as reported in the media.

Fef [18] quotes one resident as saying “fwej get the low frequency hurmpwhumpo
ingide the house, s vary similar fo a fruck drving past or boy racers sub-woofer
100m awayl . Jwe have ho line of sight [sic] turbines and the closest one s 1.55km
gway [ ] The soundis extramely ‘nenefrating’ and while we have a new housse with
insulation and double plazing, the fow frequency modulation s shil vens evident In
the dead of night. It 15 actually less obvious outside as the ambient nolse scregns
out the sound” The rumblefthump is reportedly heard just before or after wind gusts.

The planning conditions for the VWest Wind project [19] require a penalty of S dBE
be added for "special audible characteristics”, such as tonality or "audible modulation”.
The text then goes on to clarify that “a test for modulation is If the measured
paak to trough levels exceed 5 dBA on & reguiarly varying basis or If the spectral
characternstics, third oclave band levels exhibit a peak fo trough variation that
gxceeds 0B on a regular basls i respect of the blade pass frequency”. The
recently revised Mew Zealand standard NZZ6308:2010 has a test for modulation
that is similar to those conditions,

A noise compliance report published by the operator [20] describes measurements
undertaken at various locations around the wind farm. It showed clear levels of tonality
in the measured turbine noise. Mitigation measures are described which aimed to
reduce the tonal noise emissions by changing the operation of the turbines. The
presence of these tones was said to explain the audibility of the wind farm even at
relatively large separation distances.

The report then goes on to consider amplitude modulation. It argues that (in
theory ) during”high power conditions® theuseofturbinebladepitch adjustment may leadto
aerodynamic noise becoming more audible at receiver locations, and that this
may be more easily percewed in sheltered rather than exposed locations.
Following an analysis of complaint records (mentioning "w hoosh") and a review of the
measurements, the report concludes that audible modulation has only found
been found to occur for wery short periods, e no more than S seconds in a
1 minute recording, and on no regular basis. Although some modulation which
met the level test of the condition of the condition (=6 dBE change in the 160
Hz octave band), this was for such brief intervals that it was considered
inappropriate to apply a penalty for this characteristic.

A subseqguent report [21] notes that following the progressive implementation of
mitigation measures across the wind farm (between February and April 2010), tonality
levels and the number of complaints from residents both reduced significanthy.
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Conclusions

On the basis of this review, it is apparent that there remains some debate on the
definition of AM, let alone its causes. Some instances of ‘enhanced AM are reported
as distinctly audible at distances in excess of 500 metres, sometimes impulsive in
nature when they usually come to be described as ‘thump'. However, the low
frequency of occurrence of this feature is notable and to date has made definitive
research on the subject difficult.

The mechanisms causing enhanced AM need to be understood so that the risk of
its cccurring on a particular site can be mimimised by design, and effective remedial
action can be taken on sites where it is found to occur after installation. One possible
source mechanism is cyclic wvariation in aerodynamic blade loading caused by non-
uniform inlet flow across the rotor disc, possibly resulting from wind shear, yaw error
or large-scale atmospheric turbulence. At a distant receptor, the perception of ‘at
source’ AWM may also be influenced by propagation effects resulting from atmospheric
factors, changes in background noise levels or interaction between modulated noise
from a number of turbines. |t seems likely that the phenomenon will eventually be
linked to a combination of factors, including but not necessarily limited to this list.

The current RenewablelUK sponsored research project aims to improve the
understanding of this phenomenon through further fundamental research into the
causes of AWM, Using a combination of data available to date, further study of wind
turbine aerodynamic design and control systems, theoretical models and additional
targeted measurements on wind turbine sites where the presence of enhanced levels
of Al has been reported.

A robust objective metric for the rating of Al effects is required which would relate
directly to the subjective impact of AM where it occurs. Fundamental to developing
adose response relationshipis the use of a metric which represents the charactenstics
of the stimulus (the amplitude-modulated noise) and weights these characteristics
to generate (ideally) a single number value that can be shown to correlate with
subjective response. It is planned to undertake carefully controlled listening tests
to assess and develop this metric, which could provide a robust basis for an Al
‘correction factor’ or ‘penalty’ to be added to a measured noise level to reflect the
increased subjective response to amplitude-modulated noise.

It is planned to publish and disseminate the outcome of this research. The authors
wiolld like to invite contributions from the wind turbine noise research community on
the subject. Assistance in the collation of relevant audio or acoustic data would be
particularly appreciated.
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Appendix 10 - Extracts from Swinford Decision Letter (Conditions and
Guidance Notes (5 pages)
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Land to the north-east of Swinford

File Ref: APR/F2415/4/09/2096360
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Report APP/F2415/4/09/ 2096369

bond or other finandal provision is satisfactory. The applicant, or their agent or
successors in tile shall ensure that the approved bond or other finandal provision is
maintained throughout the duration of this consent and the bond or other financial
provision will be subject to a five yearly review from the commencement of the
development, to be conducted by a competent independent professional approved in
writing by the local planning authority who has relevant exparience within the wind
energy sector, and provided to the applicant, or their agent or successors in title, the
landowner(s) and the local planning authority,

19, The rating level of noise emissions from the combined effects of the wind
turbines (including the application of any tonal penalty) when calculatad in
accordance with the attached Guidance Motes 1-4 shall not exceed the noise values
set out in Tables 1 & 2 within the Guidance Motes, MNoise limits for properties within 2
km of a wind turbine, which lawfully exist or have planning permission for
construction at the date of this planning permission, but are not listed in these tables,
shall be those of the nearest locaton listed in Tables 1 & 2,

20, Within 28 days from the receipt of a written request from the local planning
authority following a complaint toit, the wind farm operator shall, at its own expense,
employ an independent consultant approved in writing by the local planning authority
to assess the level of noise emissions from the wind farm at the complainants
property following the procedure described in the attached Guidance Motes, Details of
the assessmentand its results as to whether a breach of the noise limits in Condition
19 has been established shall be reported to the local planning authority as soon as
the assessment iz completed,

21, Upcon netificaton in writing from the local planning authority of an established
breach of the noise limits in Condition 19 the wind farm operator shall, within 28 days
propose a scheme to the local planning authority to mitigate the breach to prevent its
future ococurrence, including a timetable for its implementation. Following the written
approval of the scheme by the local planning authority it shall be activatad forthwith
and thereafter retained.

22, wind speed, wind direction and power generation data for each wind turbine shall
be continuously logged and provided to the local planning authority atits request and
inaccordance with the attached Guidance Motes within 28 days of such a reguest,
Such data shall be retained for a period of 5 years.

23, Prior to the commencement of development, details of a nominated
representative for the development to act as a point of contact for local residents (in
connection with conditions 19 - 24) together with the arrangements for notifying and
approving any subsequent change in the nominated representative shall be submitted
to and approved in writing by the local planning authority., The nominated
representative shall have responsibility for dealing with any noise complaints made
during construction, operation and decommissioning of the wind farm and liaison with
the local planning authority,

24, On the written reguest of the local planning authority, following a complaint to it
considered by the local planning authority to relate to regular fluctuation in the turbine
noise level (amplitude modulation), the wind farm operator shall atits expense
employ an independent consultant approved in writing by the local planning authority
to undertake the additional assessment outlined in Guidance Note 5 to
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ascertain whether amplitnde modulation is a contributor to the noise complaint as
defined in Guidance Note 5. If the said assessment confirms amplitude modulation
to be a contributor as defined in Guidance Note 5, the local planning authority shall
request that within 28 days of the completion of the noise recordings referred toin
Guidance Mote 5, the developer shall submit a scheme to mitigate such effect.
Following the written approval of the scheme and the timescale for its
implementation by the local planning authority the scheme shall be activated
forthwith and thereafter retained.

25, Mo lighting, symbols, signs or logos or other lettering, other than those required
for health and safety, traffic management or aviation safety, shall be displayed on any
part of the turbines or any other building or structures without the prior written
approval of the local planning authority.

26, All cables within the development site between turbines and from the turbines to
the substation shall be set underground.

27, The number of turbines shall not exceed 11, The blade tip height of turbines
shall not exceed 125 min height. The hub height of the turbines shall not exceed
84 m and shall notbe less than 76 m.

28, All turbine blades shall rotate in the same direction,

29, Ifany of the wind turbines hereby permitted ceases to operate for a continuous
period of &6 months then, unless otherwise approved in writing by the local planning
authority, a scheme for the decommissioning and removal of the wind twurbine and any
other ancillary equipment and structures relating solely to that wirbine, shall be
submitted to and approved in writing by the local planning authority within 3 months
of the end of the 6 month cessation period. The scheme shall incdude details for the
restoration of the site. The scherme shall be implemented and site restoration
completed within 12 months of the date of its approval by the local planning authority.

30. Mo development shall commence on site until the Ministry of Defence has been
provided with the following information:

(i1 The date of commencement of the construction,

(i1 The height above ground level and the location of the tallest structure,

(iii) The maximum extension height of any construction eguipment.

(iv) Details of site lighting.

Guidance notes relating to conditions on next page -
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i) For each of the 2-minute samples the margin above or below the audibility criterion of the tone level
difference, Delta Ly, should be calculated by comparison with the aodibilty criterion given in Section 2.1 on
pages 104-109 of ETSU-R-97.

ic) The margin above audibility is plotted against wind speed for each of the 2-minute samples. For
samples for which the tones were below the audibility criterion ar no tone was identified, substitute a value
of zera audibility.

(d) Alinear regression should then be performed to establish the margin above audibility atthe assessed
wind speed for each integer wind speed. If there is no apparent trend with wind speed then a simple
arithmetic average shall be used.

)] The tonal penalty is derived from the margin above audibility of the tone according to the figure be low,
The rating level at each wind speed is the arithmetic sum of the wind farm noise level, as determined from
the best fit curve described in Mate 2, and the penalty for tanal naoise.

Penalty (B}

0123534567 Tone Level above Audibility (dB} i

MOTE 4

If the rating level is above the limit set out in the conditions, measurements of the influence of background
noise should be made to determine whether or not there is a breach of condition. This may be achieved by
repeating the steps in Mote 2 with the wind farm switched off, and determining the background naoise at the
assessed wind speed, L3 The wind farm noise at this speed, Ly, isthen calculated as follows where Lz is

the measured level with turbines running but without the addition of any tonal penalty:

3

L, L
L1=1011:r_f__{[10 _10 lﬂ}

The rating level is re-caloulated by adding the tonal penalty (if any) to the derived wind farm noise Ly, If the
rating levellies at or below the values set out in the conditions then no further action i1s necessary. Ifthe
rating level exceeds the values set out in the conditions then the development fails to comply with the
conditions.

MOTE &

Amplitude Modulation (AM) is the regular variation of the broadband aerodynamic noise caused by the
passage of the blades through the air at the rate at which the blades pass the turbine tower. ETSU-R-97,
"The Assessment and Rating of Maise from Wind Turbines", assume s that a certain level of Al (blade swish)
isintrinsic to the noise emitted by the wind turbine and may cause regular peakto trough variation in the noise
of around 3 dB and up to B dB in some circumstances. The noise assessment and rating
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framewark recommended in ETSU-R-97 fully takes into account the presence of this intrinsic level of Al
when setting acceptable noise limits for wind farms.

Where the local planning authority considers the level of Al may be at a level exceeding that envisaged by
ETSU-R-97, they may require the operator ta appoint an approved independent consultant to carry aut an
assessment of this feature under Candition 24, In such circumstances, the complainant(s) shall be provided
with a switchable noise recaording system by the independent consultant and shall initiate recordings of the
turbine noise at times and locations when significant amplitude modulation is considered to occur. Such
recardings shall allow far analysis of the noise in one-third octave bands frorm 50Hz to 10kHz at intervals of
125 milliseconds. The effects of amplitude modulation are normally associated with impacts experienced
inside properties or at locations close to the property, such as patio or courtyard areas. Forthis reason the
assessment of the effect necessarily differs fram the free-field assessment methodologies applied elsewhere
inthese Guidance Motes.

If, over a period of 5 months, commencing at a time of the first oceasion atwhich the local planning authority
records an amplitude modulation event, the complainant fails to record 5 occurrences of significant amplitude
rmodulation, in separate 24 hour periads, then ts existence as a contributor to the noise complaint shallbe
excluded. f, however, the independent consultant, on analysis of the noise recordings, identifies that
amplitude modulation is a significant contributor to the noise complaint then the local planning authority shall
be informed in writing.
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