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Glossary of Terms 

Term Definition 

The Applicant ERG UK Holding Limited 

The Agent Atmos Consulting Limited 

Environmental Impact 

Assessment 

Environmental Impact Assessment (EIA) is a means of carrying out, in a 

systematic way, an assessment of the likely significant environmental 

effects from a development. 

Environmental Impact 

Assessment Regulations 

The Electricity Works (Environmental Impact Assessment) (Scotland) 

Regulations 2017 (EIA Regulations) 

Environmental Impact 

Assessment Report 

A document reporting the findings of the EIA and produced in 

accordance with the EIA Regulations 

The Proposed 

Development 

The Sandy Knowe Wind Farm Extension 

The Proposed 

Development Site 

The area within which the Proposed Development will be located 

The Consented 

Development 

The Sandy Knowe Wind Farm consented by the Scottish Ministers on 7 July 

2020, as amended by planning permission (reference 20/1798/S42) 

granted by Dumfries and Galloway Council on 20 April 2021 

LWA A-weighted Sound Power Level 

LA90 The sound pressure level just exceeded for 90% of the time 

 

List of Abbreviations 

Abbreviation Description 

DTI Department of Trade and Industry 

EIA Environmental Impact Assessment 

EIAR Environmental Impact Assessment Report 

ECU Energy Consents Unit 

GPG Good Practice Guide 

IOA Institute of Acoustics 
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11 Noise 

11.1 Introduction 

This Chapter addresses the noise and vibration issues associated with the construction 

and operation of the Proposed Development.  This Chapter has been produced by 

Hayes McKenzie Partnership Ltd, who have worked on over 1000 proposed, consented 

or existing wind farm sites, particularly in the UK and the Irish Republic but also in the rest 

of Europe, Australia, New Zealand, Canada and the USA, and have provided evidence 

for around 100 UK public inquiries together with other hearings and in court. All 

consultants are associate or corporate members of the UK Institute of Acoustics (IOA). 

The company is a member of the UK Association of Noise Consultants (ANC) and a 

Sponsor Member of the UK Institute of Acoustics. All work is carried out in line with 

recognised industry standards, and best practice recommendations of the IOA and 

ANC. 

Construction noise for the Proposed Development has been discussed in the Scoping 

Report and the Construction Environment Management Plan (CEMP) but further detail 

relating to the borrow bit is provided in this Chapter. 

The operational noise assessment compares the cumulative predicted noise levels from 

the Proposed Development and the Consented Development, acting together, at 

surrounding residential properties with relevant noise limits derived according to ETSU-R-

97 (Meir, et al., 1996). The noise limits were originally determined for the Consented 

Development acting alone. Some of the noise limits were updated for specific 

properties following baseline noise monitoring carried out in 2020 via a Section 42 

application to vary the noise limits in the Planning Condition. For the purposes of this 

noise assessment, therefore, the two wind farms are considered together. 

11.2 Methodology and Approach 

Operational Noise Prediction Methodology 

The operational noise assessment has been undertaken in accordance with ETSU-R-97 

and the Institute of Acoustics (IOA) Good Practice Guide (GPG) (Cand, et al., 2013). 

The sections below describe the procedures used to determine the relevant noise limits, 

including the collection of baseline noise data at measurement locations described 

herein, and the methodology to predict the expected turbine noise levels resulting from 

both the Proposed Development and the Consented Development. The predicted 

turbine noise levels are then compared with the applied limits at surrounding dwellings. 

The noise predictions for the Proposed Development are based on the installation of six 

Vestas V112 3.6 MW turbines with Serrated Trailing Edges (STE) and with hub heights of 

either 69 or 94m. Sandy Knowe Wind Farm has been modelled as comprising the same 

Vestas V112 3.6 MW STE turbines at 69m hub height. 

Noise predictions have been carried out using ISO 9613 (ISO, 1996), as referred to within 

the IOA GPG. The propagation model described in Part 2 of this standard provides for 

the prediction of sound pressure levels based on either short-term downwind (i.e. worst 

case) conditions or long term overall averages. The long term averages have not been 

used here. A supplementary term has been added to the methodology to allow for the 

effects of wind direction as discussed in the IOA GPG. 
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The propagation model calculates the predicted sound pressure level by taking the 

source sound power level for each turbine in separate octave bands and subtracting a 

number of attenuation factors according to the following: 

Predicted Octave Band Noise Level = LW + D - Ageo - Aatm - Agr - Abar - Amisc 

These factors are discussed in detail below. The predicted octave band levels from the 

turbine are summed together to give the overall ‘A’ weighted predicted sound level.  

LW - Source Sound Power Level 

The assumed turbine locations for the Proposed Development are shown at Table 11-1.  

Table 11-1: Turbine Locations 

Turbine Easting Northing Hub Height (m) 

T25 268087 610406 94 

T26 268256 610644 94 

T27 268303 610952 94 

T28 268492 611317 69 

T29 269981 611218 69 

T30 270462 610993 69 

 

Table 11-2 shows the sound power levels at various integer standardised 10m height 

wind speeds1 for hub heights of 69 and 94m for the Vestas V112 3.6 MW STE turbines with 

+2dB uncertainty added. 

Table 11-2: Turbine Source Sound Power Levels for Vestas V112 3.6 MW STE (dB LWA) 

 Standardised 10 m Height Wind Speed (m/s) 

Hub Height (m) 4 5 6 7+ 

69 97.1 101.3 105.2 107.6 

94 97.8 102.1 107.6 107.6 

 

Table 11-3 shows the octave band sound power levels for the Vestas V112 3.6 MW STE 

turbine. This spectrum was normalised to the sound power level data for each integer 

standardised 10m height wind speed shown at Table 11-2. The predictions were made 

in 10° wind direction sectors. The turbine noise data was provided by the manufacturer.  

Table 11-3: Octave Band SWL Spectra for Vestas V112 3.6 MW STE (dB LWA) 

 Octave Band Centre Frequency (Hz) 

Total 63 125 250 500 1k 2k 4k 8k 

107.6 95.0 98.9 98.8 101.1 101.9 99.2 93.7 77.3 

 

The locations of the nearest residential properties are shown at Table 11-4. 

 

 

 

1 Corrected from hub height using the reference ground roughness length of 0.05 m. 
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Table 11-4: Assumed Property Locations 

Turbine Easting Northing 

Burnside 272116 612247 

Cairn Smithy 268535 612723 

Cockroy Cottage 270443 611937 

Corsencon 266760 613897 

Glen Hall 268510 613342 

Guildhall 272050 612278 

High Cairn 268741 612329 

High Cairn Cottage 268609 612167 

High Todholes 273590 614186 

Hillend 268206 608914 

Kelloside 272797 611881 

Kirkland 272260 614345 

Knowehead 267875 613464 

Laigh Cairn 268105 612832 

Lideburn 267891 613450 

Little Garclaugh 265613 614383 

Low Todholes 273105 613885 

Meike Westland 265281 613282 

Merkland 265922 613979 

Nether Cairn 269654 612345 

Nether Glenmucklock 270307 613252 

Niviston 269077 613511 

Old Kirkland 272242 614139 

Over Cairn 266736 612969 

Polneul 270097 612384 

Polshill 265103 613093 

Rigg Cottage 271481 612264 

Rigg Farm 271205 612202 

Sunnyhurst Bungalow 265063 613100 

The Knowe 271775 612720 

Vennel 272547 614901 

Waitsland 265990 613109 

 

The ETSU-R-97 noise limits assume that the wind turbine noise contains no audible tones. 

Where tones are present, a correction should be added to the measured or predicted 

noise level before comparison with the recommended limits. The audibility of any tones 

can be assessed by comparing the narrow band level of such tones with the masking 

level contained in a band of frequencies around the tone called the critical band. The 

ETSU-R-97 recommendations suggest a tone correction, which depends on the amount 

by which the tone exceeds the audibility threshold. A warranty will be sought from the 

supplier of turbines for the Proposed Development to ensure that no tonal penalty 

would be required in practice. 

D - Directivity Factor 
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The directivity factor allows for an adjustment to be made where the sound radiated in 

the direction of interest is higher than that for which the sound power level is specified. 

In this case the sound power level is measured in a downwind direction, corresponding 

to the worst case propagation conditions considered here and needs no further 

adjustment except where this is covered by wind direction factors (see below). 

Ageo - Geometrical Divergence 

The geometrical divergence accounts for spherical spreading in the free-field from a 

point sound source resulting in an attenuation which depends on distance, according 

to: 

Ageo = 20 x log(d) + 11 

where d = distance from the turbine 

A wind turbine may be considered as a point source beyond distances corresponding 

to one rotor diameter. 

Aatm - Atmospheric Absorption 

The atmospheric absorption accounts for the frequency dependant linear attenuation 

with distance over the frequency spectrum according to: 

Aatm = d x α 

where α = the atmospheric absorption coefficient for the relevant frequency band 

Published values of ‘α’ from ISO 9613 Part 1 have been used, corresponding to a 

temperature of 10°C and a relative humidity of 70%, which give relatively low levels of 

atmospheric attenuation, as given at Table 11-5 and according to the requirements of 

the IOA GPG. 

Table 11-5: Atmospheric Absorption Coefficients 

Octave Band Centre 

Frequency (Hz) 63 125 500 1k 2k 4k 8k 

Atmospheric Absorption 

Coefficient (dB/m) 

0.0001 0.0004 0.0010 0.0019 0.0037 0.0097 0.0328 

 

Agr - Ground Effect 

Ground effect is the interference of sound reflected by the ground with the sound 

propagating directly from source to receiver. The prediction of ground effects are 

inherently complex and depend on the source height, receiver height, propagation 

height between the source and receiver and the ground conditions. The ground 

conditions are described according to a variable G which varies between 0 for ‘hard’ 

ground (includes paving, water, ice, concrete and any sites with low porosity) and 1 for 

‘soft’ ground (includes ground covered by grass, trees or other vegetation). The IOA 

GPG recommends that the use of G = 0.5 and a receptor height of 4m in rural areas are 

appropriate assumptions for the determination of noise emission levels at receptor 

locations downwind of wind turbines, provided that an appropriate margin for 

uncertainty has been included within the source levels for the proposed turbine. 

Accordingly, predictions in this report are based on G = 0.5 with a receptor height of 4 

m due to the conservatism in the sound power levels assumed here. 

Abar - Barrier Attenuation 



 

 

 

 

 

 

Sandy Knowe Wind Farm Extension 

July 2022 6 

The effect of any barrier between the noise source and the receiver position is that 

noise will be reduced according to the relative heights of the source, receiver and 

barrier and the frequency spectrum of the noise. The barrier attenuations predicted by 

the ISO 9613 model have, however, been shown to be significantly greater than that 

measured in practice under downwind conditions. The results of a study of propagation 

of noise from wind farm sites carried out for ETSU concludes that an attenuation of 

2dB(A) should be allowed where the direct line of site between the source and receiver 

is just interrupted and that 10dB(A) should be allowed where a barrier lies within 5m of a 

receiver and provides a significant interruption to the line of site. The effect of barrier 

attenuation has been included within the prediction model.  

Amisc - Miscellaneous Other Effects 

ISO 9613 includes effects of propagation through foliage and industrial plants as 

additional attenuation effects. The attenuation due to foliage has not been included 

here and any such effects are unlikely to significantly reduce noise levels below those 

predicted. 

Concave Ground Profile 

Studies have shown that sound propagation across a valley or ‘concave ground 

profile’ can result in noise levels which are higher than predicted due to a reduced 

ground effect and/or the focussing effect of the ground shape. Calculating the precise 

effect of this phenomenon is particularly difficult. However, a simplified approach to 

allow for it has been suggested in the IOA GPG. Paragraph 4.3.9 in the IOA GPG states 

that “A further correction of +3 dB (or +1.5 dB if using G=0.0) should be added to the 

calculated overall A-weighted noise level for propagation “across a valley”, i.e. a 

concave ground profile, or where the ground falls away significantly, between the 

turbine and the receiver location. The following criterion of application is 

recommended:  

hm ≥ 1.5.(abs (hs - hr)/2) 

where hm is the mean height above the ground of the direct line of sight from the 

receiver to the source (as defined in ISO 9613-2, Figure 3), and hs and hr are the heights 

above local ground level of the source and receiver respectively.” 

It should be noted that “Care needs to be exercised when evaluating this condition, as 

small changes in distances and height may trigger (or not) the criterion when the 

actual situation has not changed significantly.” It is also evident that the criterion may 

also be triggered in situations where there is more than one valley between a particular 

source and receiver, where, in reality, the stated causes of the ‘concave ground 

profile’ effect could not occur. 

An analysis of the ground profile between the proposed turbines and the neighbouring 

dwellings has been carried out and where appropriate, corrections to the predicted 

noise levels have been made accordingly.  

Wind Direction Effects 

Where wind direction effects have been included in the prediction model, a 

supplementary term has been added to the ISO 9613-2 methodology to allow for the 

effects of wind direction as discussed in the IOA GPG. For any given wind direction, 

each nearby property is classified as being either downwind, crosswind, or upwind of 

each of the turbines. If the house is downwind (+/-80°) of the turbine no correction is 
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required to the predicted turbine noise level. If it is crosswind (+/-10°) of the turbine a 

2dB reduction is made to the predicted turbine noise level. If the property is upwind (+/-

80°) of the turbine a reduction is made to the predicted turbine noise level due to wind 

shadow effects according to the methodology described in Wyle Research Report WR 

88-19 as referred to in the IOA GPG. Under these conditions, this additional factor 

increases linearly from zero, at distances up to 5.25 x hub height, to 20 log (f) – 30, at a 

distance of 15.75 x hub height for flat ground. For hilly terrain this value is halved. Hayes 

McKenzie have modified the original Wyle methodology to include a term to scale the 

upwind attenuation according to the cosine of the difference between the wind 

direction angle and the angle corresponding to completely upwind propagation. The 

IOA GPG provides examples of how upwind attenuation increases with separation 

distance, measured in terms of turbine tip height, for flat and complex (hilly) terrain. 

Assessment Approach 

These operational noise predictions have been compared with the noise limits at 

Appendix 11-1 which are derived as described at Section 11.3.  

The noise from Battery Energy Storage Systems (BESS) has been assessed by the same 

prediction model. However, no source spectra were available for the plant so the noise 

level has been assessed in the 500 Hz which is recommended is such cases by ISO 9613.  

11.2.1 Legislation, Planning Policy and Guidance 

This Chapter has been prepared taking cognisance of the Town and Country Planning 

(Environmental Impact Assessment) Regulations 2017 (EIA Regulations) and relevant 

policies set out in Chapter 4 (Planning and Energy Policy) of this EIA Report. 

The guidelines below have also been used to inform this assessment. 

Planning Advice Note PAN1/2011: Planning and Noise 

PAN1/2011 identifies two sources of noise from wind turbines; mechanical noise and 

aerodynamic noise. It states that “good acoustical design and siting of turbines is 

essential to minimise the potential to generate noise”. It refers to the Scottish 

Government’s ‘web based planning advice’ on renewables technologies for onshore 

wind turbines, as discussed below. 

Scottish Government 2014: Web Based Planning Advice, Onshore Wind Turbines 

The web based planning advice on onshore wind turbines states that the sources of 

noise are “the mechanical noise produced by the gearbox, generator and other parts 

of the drive train; and the aerodynamic noise produced by the passage of the blades 

through the air” and that “there has been significant reduction in the mechanical noise 

generated by wind turbines through improved turbine design”. It states that “the 

Report, ‘The Assessment and Rating of Noise from Wind Farms’ (Final Report, Sept 1996, 

DTI), (ETSU-R97), 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”. It notes that “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 

goes on to reference the IOA GPG document discussed below in terms of assessing 

noise associated with wind turbine developments. 
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ETSU-R-97: The Assessment and Rating of Noise from Wind Farms, 1996 

ETSU-R-97: The Assessment and Rating of Noise from Wind Farms, presents the 

recommendations of the Working Group on Noise from Wind Turbines, set up in 1993 by 

the Department of Trade and Industry (DTI) as a result of difficulties experienced in 

applying the noise guidelines existing at the time to wind farm noise assessments. The 

group comprised independent experts on wind turbine noise, wind farm developers, DTI 

personnel and local authority Environmental Health Officers. In September 1996 the 

Working Group published its findings by way of report ETSU-R-97. This document 

describes a framework for the measurement of wind farm noise and contains 

suggested noise limits, which were derived with reference to existing standards and 

guidance relating to noise emission from various sources. 

ETSU-R-97 recommends that, although noise limits should be set relative to existing 

background and should reflect the variation of both turbine and background noise 

with wind speed, this can imply very low noise limits in particularly quiet areas, in which 

case “it is not necessary to use a margin above background in such low-noise 

environments. This would be unduly restrictive on developments which are recognised 

as having wider global benefits. Such low limits are, in any event, not necessary in order 

to offer a reasonable degree of protection to the wind farm neighbour.” 

For day-time periods, the noise limit specified by ETSU-R-97 is 35-40 dB LA90 or 5dB(A) 

above the 'quiet day-time hours' prevailing background noise, whichever is the greater. 

The actual value within the 35-40dB LA90 range depends on the number of dwellings in 

the vicinity; the effect of the limit on the number of kWh generated; and the duration of 

the level of exposure. 

For night-time periods the noise limit specified by ETSU-R-97 is 43dB LA90 or 5dB(A) above 

the prevailing night-time hours background noise, whichever is the greater. The 43dB(A) 

lower limit is based on a sleep disturbance criteria of 35dB(A) with an allowance of 

10dB(A) for attenuation through an open window and 2dB(A) subtracted to account 

for the use of LA90 rather the LAeq.  

Where the occupier of a property has some financial involvement with the proposal, 

the day-time and night-time lower noise limits are increased to 45dB LA90 and 

consideration can be given to increasing the permissible margin above background. 

These limits are applicable up to a wind speed of 12 m/s measured at 10 m height on 

the site.  

Quiet day-time periods are defined as evenings from 18:00-23:00 plus Saturday 

afternoons from 13:00-18:00 and Sundays from 0700-1800. Night-time is defined as 23:00-

07:00. The prevailing background noise level is set by calculation of a best fit curve 

through values of background noise plotted against wind speed as measured during 

the appropriate time period with background noise measured in terms of LA90,t. The LA90,t 

is the noise level which is exceeded for 90% of the measurement period ‘t’. It is 

recommended that at least 1 weeks’ worth of measurements is required. 

Where predicted noise levels are low at the nearest residential properties a simplified 

noise limit can be applied, such that day-time and night-time noise is restricted to the 

minimum ETSU-R-97 level of 35dB LA90 for wind speeds up to 10 m/s at 10 m height. This 

removes the need for extensive background noise measurements for smaller or more 

remote schemes. 
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It is stated that the LA90,10min noise descriptor should be adopted for both background 

and wind farm noise levels and that, for the wind farm noise, this is likely to be between 

1.5 and 2.5dB less than the LAeq measured over the same period. The LAeq,t is the 

equivalent continuous 'A' weighted sound pressure level occurring over the 

measurement period t. It is often used as a description of the average noise level. Use 

of the LA90 descriptor for wind farm noise allows reliable measurements to be made 

without corruption from relatively loud, transitory noise events from other sources.  

ETSU-R-97 also specifies that a penalty should be added to the predicted noise levels, 

where any tonal component is present. The level of this penalty is described and is 

related to the level by which any tonal components exceed audibility. 

With regard to multiple wind farms in a given area, ETSU-R-97 specifies that the absolute 

noise limits and margins above background should relate to the cumulative effect of all 

wind turbines in the area contributing to the noise received at the properties in 

question. Existing wind farms should therefore be included in cumulative predictions of 

noise level for proposed wind turbines and not considered as part of the prevailing 

background noise.  

Institute of Acoustics, A Good Practice Guide to the Application of ETSU-R-97 for the 

Assessment and Rating of Wind Turbine Noise, 2013 

In May 2013, the IOA published A Good Practice Guide to the Application of ETSU-R-97 

for the Assessment and Rating of Wind Turbine Noise. This was subsequently endorsed 

by the Secretary of State for Energy and Climate Change and by the Scottish Ministers. 

The publication of the IOA GPG followed a review of current practice carried out for 

the Department of Energy and Climate Change (DECC) and an IOA discussion 

document which preceded the IOA GPG. 

The IOA GPG includes sections on Context; Background Data Collection; Data Analysis 

and Noise Limit Derivation; Noise Predictions; Cumulative Issues; Reporting; and Other 

Matters including Planning Conditions; Amplitude Modulation; Post Completion 

Measurements; and Supplementary Guidance Notes. The Context section states that 

the guide “presents current good practice in the application of the ETSU-R-97 

assessment methodology for all wind turbine development above 50 kW, reflecting the 

original principles within ETSU-R-97, and the results of research carried out and 

experience gained since ETSU-R-97 was published’. It adds that ‘the noise limits in ETSU-

R-97 have not been examined as these are a matter for Government”. 

As well as expanding on and, in some areas, clarifying issues which are already referred 

to in ETSU-R-97, additional guidance is provided on noise prediction and a preferred 

methodology for dealing with wind shear. These are referred to in the relevant sections 

below.  

Blade Swish (Amplitude Modulation of Aerodynamic Noise) 

The variation in noise level associated with turbine operation, at the rate at which 

turbine blades pass any fixed point of their rotation (the blade passing frequency), is 

often referred to as blade swish and amplitude or aerodynamic modulation (AM) and is 

an inherent feature of wind turbine noise. This affect is identified within ETSU-R-97, where 

it is envisaged that “… modulation of blade noise may result in variation of the overall 

A-Weighted noise level by as much as 3 dB(A) (peak to trough) when measured close 

to a wind turbine…” and that at distances further from the turbine where there are “… 
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more than two hard, reflective surfaces, then the increase in modulation depth may be 

as much as 6 dB(A) (peak to trough)”.  

It has been noted that complaints about wind farm noise have, in many cases, been 

specifically concerned with amplitude modulation (AM). This is also apparent from ETSU-

R-97, where it is noted that “it is the regular variation of the noise with time that, in some 

circumstances, enables the listener to distinguish the noise of the turbines from the 

surrounding noise”. The modulation of noise may affect perceived annoyance for 

sounds with the same overall sound pressure level.  

RenewableUK (RUK), the main renewable energy trade association in the UK, 

completed research into the causes and subjective effects of AM following various 

reports of increased levels of AM being experienced at dwellings neighbouring some 

wind turbine sites (RenewableUK, 2013). This has concluded that the predominant 

cause is likely to be from individual blades going in and out of stall as they pass through 

regions of higher wind speed at the top of their rotation under high wind shear 

conditions. Subjective tests carried out by Salford University, using loudness matching 

techniques, have demonstrated the extent to which higher levels of modulation depth 

result in increased perceived loudness. 

This resulted in the inclusion of a mechanism to assess and regulate AM effects in the 

standard form of a condition, frequently applied to wind farm developments as 

included in the IOA GPG. The IOA reviewed this mechanism and released a discussion 

document which reviews several different methods for rating amplitude modulation in 

wind turbine noise and subsequently released a recommended method by which to 

quantify the peak to trough level in any given 10minute period. 

Although this document provides a definitive approach for the quantification of 

amplitude modulation, it does not provide any comment on what could be defined as 

an unacceptable level of AM nor any kind of penalty scheme, such as for tonal 

content, by which the overall turbine noise level should be corrected to account for its 

presence. This has subsequently been covered by a DECC-commissioned project 

looking at human response to the amplitude modulated component of wind turbine 

noise. The results of this are contained in the WSP Parsons Brinkerhoff Phase 1 and Phase 

2 Wind Farm AM Review reports published in 2015 and 2016 (WSP; Parsons Brinckerhoff, 

2015) (WSP; Parsons Brinckerhoff, 2016) respectively. 

The combination of these two documents provides both a method of quantification of 

the level of amplitude modulation over a given 10 minute period and the appropriate 

penalty to apply where necessary. It should be noted that this is in addition to any 

penalty for tonal noise. 

There are no standard or agreed methods by which to predict, with any certainty, the 

likelihood of amplitude modulation occurring at a level requiring a penalty at a given 

development. There are, however, only some indicators, such as relatively high wind 

shear conditions under certain circumstances or particular turbine designs and/or 

dimensions which may lead to high levels of amplitude modulation occurring. 

Wind Shear 

Wind shear, or more specifically vertical wind shear, is the rate at which wind speed 

increases with height above ground level. This has particular significance to wind 

turbine noise assessment where background noise measurements are referenced to 

measurements of wind speed at 10 metres height, which is suggested as appropriate 
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by ETSU-R-97, but which is not representative of wind at hub-height, which is what 

affects the noise generated by the turbines.  

The preferred method of accounting for wind shear in noise assessments is by 

referencing background noise measurements to hub height wind speed. Hub height 

wind speed may be determined directly by using a tall mast or remote sensing 

technology (e.g. LiDAR or SoDAR) or indirectly from measurements at a number of 

heights below hub height in order to calculate the hub height wind speed during the 

background noise survey period, as described in the IOA GPG. The hub height wind 

speeds are then converted to ‘standardised 10m wind speeds’, assuming standardised 

conditions as used by turbine manufacturers when specifying turbine sound power 

levels. 

Tonal Noise 

ETSU-R-97 notes that, at the time the report was written, where complaints had been 

made over noise from existing wind farms, the tonal character of the noise from 

machinery in the nacelle had been the feature that had caused greatest annoyance. 

The recommendation was, therefore, that any assessment carried out should include a 

correction to the predicted noise levels according to the level of any tonal 

components in the noise. A specific tonal assessment methodology is described in the 

report which is based on the well-established Joint Nordic Method for the Evaluation of 

Tones in Broadband Noise which has now been superseded by a revised version 

although this revision makes no substantive difference to the ETSU-R-97 methodology. A 

scale of corrections for tonal noise is included where the penalty is increased as the 

tone level increases above audibility to a maximum of 5dB. The necessity of minimising 

tonal components in the noise output from the turbines is well understood by the turbine 

manufacturers and a guarantee should always be sought that any tonal noise will be 

below that requiring a penalty under the ETSU-R-97 scheme. 

Infra-sound 

Infra-sound is noise occurring at frequencies below that at which sound is normally 

audible, i.e. at less than about 20Hz, due to the significantly reduced sensitivity of the 

ear at such frequencies. In this frequency range, infra-sound has to be very high in 

amplitude for sound to be perceptible and it is generally considered that when such 

sounds are perceptible then they can cause considerable annoyance. 

Wind turbines have been cited by some as producers of infra-sound. This has, however, 

been due to the high levels of such noise, as well as audible low frequency thumping 

noise, occurring on older ‘downwind’ turbines of which many were installed in the USA 

prior to the large scale take up of wind power production in the UK. Downwind turbines 

are configured with the blades downwind of the tower such that the blades pass 

through the wake left in the wind stream by the tower resulting in a regular audible 

thump, with infra-sonic components, each time a blade passes the tower. Virtually all 

modern larger turbines are of the upwind design; that is with the blades upwind of the 

tower, such that this effect is eliminated. 

A study (DTI, 2006) into low frequency noise from wind farms concluded that ‘infrasound 

noise emissions from wind turbines are significantly below the recognised threshold of 

perception for acoustic energy within this frequency range. Even assuming that the 

most sensitive members of the population have a hearing threshold which is 12dB lower 

than the median hearing threshold, measured infrasound levels are well below this 

criterion’. It goes on to state that, based on information from the World Health 
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Organisation, ‘there is no reliable evidence that infrasound below the hearing threshold 

produce physiological or psychological effects’ and that ‘it may therefore be 

concluded that infrasound associated with modern wind turbines is not a source which 

may be injurious to the health of a wind farm neighbour’. 

A considerable amount of research has been conducted in regards to the levels of 

infrasound that wind turbines emit. All reliable evidence suggests that at typical 

residential distances (e.g. at 500m or more), the levels of infrasound from a wind farm 

are well below accepted thresholds of perception. Even when measured in close 

proximity to a wind turbine, the measured levels of infrasound are below accepted 

thresholds of perception. It can therefore be concluded that infrasound is not an issue 

for neighbours in the vicinity of wind turbines. 

Low Frequency Noise 

Noise from modern wind turbines is essentially broad band in nature in that it contains 

similar amounts of noise energy in all frequency bands from low to high frequency. As 

the distance from a wind farm site increases, the noise level decreases as a result of the 

spreading out of the sound energy and also due to air absorption which increases with 

increasing sound frequency. This means that, although the energy across the whole 

frequency range is reduced, higher frequencies are reduced more than lower 

frequencies with the effect that as distance from the site increases the ratio of low to 

high frequencies also increases. This effect is not specific to wind turbines and may be 

observed with road traffic noise or natural sources, such as the sea, where higher 

frequency components are diminished relative to lower frequency components at long 

distances. At such distances, where residential properties are typically located in 

relation to wind farm developments, the overall noise level is so low, such that any bias 

in the frequency spectrum is insignificant. 

Vibration 

An ETSU study (DTI, 1997) found that vibration from wind turbines, as measured at 100m 

from the nearest machine, was well below the BS6472-1:2008 criteria recommended for 

human exposure in critical working areas such as precision laboratories. At greater 

distances from turbines vibration levels are even lower. This has been confirmed through 

a study by Keele University study (Styles, et al., 2005), which showed vibration levels of 

around 10-8m.s-2 at a distance of 2.4km from the Dun Law Wind Farm site under high 

wind conditions, orders of magnitude lower than the criteria referred to above which 

specify levels in the region of 0.005m.s-2. 

Audibility 

The potential audibility of noise from the proposed wind turbines depends to a large 

extent on the amount by which the predicted turbine noise level exceeds the noise 

from other sources (the baseline or background noise level) and the presence of any 

acoustical 'features' which distinguish it. Such other noise may be steady and 

unchanging, but is more likely to be continuously variable depending on time of day 

and other factors including, particularly in rural areas, wind speed. The results of 

baseline noise measurements carried out in connection the Section 42 application to 

update the noise limits on the Consented Development are expressed in terms of the 

level exceeded for 90% of each 10minute period which are shown plotted against wind 

speed. The potential audibility of wind turbine noise from this site, for the quiet day-time 

and night-time hours and for worst case downwind propagation from the site towards 

the various measurement locations, can be determined by comparing the predicted 
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turbine noise with the measured background noise level for each 10minute 

measurement period. Where predicted noise levels are around the same level as the 

background noise this suggests that the noise source may be just audible, with 

perceived audibility increasing with margin above background and also when taking 

into account any significant acoustic features such as tonality or amplitude modulation. 

Similarly, where predicted noise levels are lower than the existing background noise 

levels, audibility decreases with margin below other background noise. 

Sleep Disturbance 

The potential for sleep disturbance depends on the average and maximum levels of 

noise in sleeping areas during the night-time period. The night-time noise limits in ETSU-R-

97 aim to protect against sleep disturbance by limiting the amount of turbine noise 

external to dwellings assuming a worst case of inhabitants sleeping with the windows 

open for ventilation. The internal noise levels in such circumstances can be calculated 

by assuming a 10 - 15dB reduction in noise from outside to inside. The World Health 

Organisation (WHO) published recommendations in 1999 to the effect that average 

night-time noise levels in sleeping areas should not exceed 30dB LAeq. Although this 

figure relates to overall noise level in sleeping areas, the potential for sleep disturbance 

specifically from turbine noise, for worst case downwind propagation with windows 

open, can be evaluated for each dwelling by subtracting 10-15dB from the predicted 

turbine noise level and comparing with this criterion, after also adding 2dB to convert 

the predicted turbine noise level to an LAeq value.  

It should be noted that the latest guidance from the WHO on night noise levels is in the 

form of the Night Noise Guidelines for Europe, published in 2009, which recommends 

that the population is not exposed to average external night-time noise levels, over a 

whole year, of more than 40dB LAeq. This average yearly noise level will depend on the 

variation in wind speed, wind direction and noise from other sources over each year 

period.  

It should also be noted that potential difficulty in getting to sleep, either at the start of 

the night or once awoken by other sources, may be more related to audibility indoors 

under specific circumstances (see above) than by average noise level. 

11.2.2 Consultation 

The assessment process has been informed by consultation with the ECU including the 

Scoping Opinion (October 2021). Consultation responses were received as described at 

Table 11-6. 

Table 11-6: Consultation Response 

Consultee  Summary of Response Where addressed within this Report 

ECU Assess in line with IOA GPG Throughout 

DGC Where the lower limits of ETSU guidance are 

not met an explanation should be given as 

to why this is not accomplished 

11.6 Mitigation Measures – Operational 

Noise 

DGC Inclusion of construction method statement 

with assessment of noisy operations and 

outline mitigation measures, including a 

programme and phases for each stage of 

work 

11.6 Mitigation Measures – Construction 

Noise 

DGC Given the close proximity to Harehill wind 11.3 which references Appendix 11.5 of 
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Consultee  Summary of Response Where addressed within this Report 

farm, and based on previous 

considerations in the assessment of the 

Sandy Knowe Wind Farm proposal, the 

impacts of cumulative noise between the 

proposal and Hare Hill Wind Farm will be an 

important consideration and it is therefore 

expected that a robust cumulative noise 

assessment is provided in the EIA report in 

respect of this issue. 

ITPE’s report 

11.3 Baseline Conditions 

Sandy Knowe Wind Farm Section 36 Application, Revised Noise Assessment, March 

2020 Update, produced by ITP Energised (ITPE) 

This document included noise limits for the Consented Development which took 

account of existing wind farm development in the area. The process by which these 

limits were derived is described in section 2 of the ITPE document, and summarised 

here. The ITPE document has been attached at Appendix 11-5. 

The overall noise limits applying to all wind farms were set at the lower limiting values in 

ETSU-R-97 of 40 and 43dB LA90 for day-time and night-time hours respectively for all 

properties, with exceptions described in the bullet points below. 

These overall ETSU-R-97 limits were adjusted to take into account the noise contribution 

of other wind farms in the area by calculating the noise levels due to the neighbouring 

developments, incorporating an increased margin of uncertainty, at each property 

and subtracting logarithmically this noise contribution from the overall limits. This 

determined the “remaining noise budget” available to the Consented Development. 

These noise limits were derived for 10m standardised integer wind speeds from 4 to 

12m/s in wind direction sectors of 10°. This process was agreed with TNEI who were noise 

advisors to ECU at the time of the Section 36 application. These noise limits were revised 

by the Section 42 application, discussed in the following section. 

• At Cockroy Cottage, Rigg Cottage, Rigg Farm, The Knowe and Nether Cairn, which 

are financially involved with Sandy Knowe wind farm, an overall fixed limit of 45dB 

was applied for both day-time and night-time, in line with ETSU-R-97 guidance for 

such properties, prior to the calculation of the remaining noise budget. 

• At Hillend, an assumed noise budget was calculated for Sandy Knowe which 

informed the limits for the nearby extension to Hare Hill Wind Farm. At lower wind 

speeds (up to 10m/s), the limits at Hillend are, therefore, set at the level of this 

assumed contribution from Sandy Knowe in the Hare Hill Extension assessment, with 

a reduction to account for changes to the proposals for the Sanquhar Community 

Wind Farm since the Hare Hill Extension assessment was carried out and for an 

additional development, known as Sanquhar 6. At higher wind speeds (10, 11 and 

12m/s), the limits are based on the background noise data provided in the Hare Hill 

Extension assessment.  

• At Glen Hall, Niviston and Vennel, the cumulative noise limits applied as part of the 

planning consent applied to Lethans Wind Farm already include the noise 

contribution for Sandy Knowe Wind Farm, and have been used as the overall limits 

applied here.   
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Sandy Knowe Wind Farm Section 42 Consent, Revised Noise Limits, April 2021 

Revised noise limits were derived for 6 of the properties previously considered by 

carrying out baseline noise measurements at 4 locations, representative of these 

properties, in order to derive limits based on the standard ETSU-R-97 approach of 

allowing an additional 5 dB above the prevailing background noise level. These limits 

were included in the Section 42 consent on the Consented Development following the 

initial Section 36 consent. Full details are included in Hayes McKenzie Report 3454_1 

which accompanied the application and is included here at Appendix 11-6. The 

section 42 application itself, now approved, fully describes the limits for the Consented 

Development. 
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11.3.1 Baseline Measurements and Derivation of Additional Limits 

The revised limits as consented via the section 42 application have been derived for six 

properties, from the results of a baseline noise measurement survey carried out in 

August 2020, which is described in detail here. 

Measurement Locations  

Baseline noise measurements were undertaken at 4 locations neighbouring the site. The 

measurement equipment was installed on 6th August 2020 and collected on 26th 

August.  

The measurement locations are shown at Appendix 11-4, Figure 11-4-1 with bold labels. 

The locations for the proposed turbines are also shown on this figure as navy-blue circles 

along with the met mast location. The remaining labels show the locations of properties 

which are represented by the measurement locations. Detail of which measurement 

location corresponds to which property is given at Table 11-7.  

 

Table 11-7: Noise Measurement Locations 

Location Easting Northing Property Represented 

High Cairn 268741 612329 High Cairn, High Cairn 

Cottage 

Nether Cairn 269654 612345 Nether Cairn, Polneul 

Nether Glenmuckloch Proxy 270306 613251 Nether Glenmuckloch 

Laigh Cairn 268105 612832 Laigh Cairn, Cairn Smithy 

 

Laigh Cairn has been included in this assessment but was not included in Hayes 

McKenzie’s report 3454_R01_EXT1 (Appendix A11-6) as it is closer to the Proposed 

Development than the Consented Development. A description of each of the 

measurement locations and the instrumentation used is provided below. 

High Cairn 

This property is located to the north of the Proposed Development. The equipment was 

installed on a gravel patch adjacent to the property, approximately 4m from a 

stonework barn and 3m from a dry stone wall. It was positioned here to be away from 

the tall trees that surround the property and a nearby stream. Noise sources noted were 

the stream, birds, dogs, wind in the trees and a low frequency hum from an unidentified 

source.  
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Nether Cairn 

The property of Polneul, also to the north of the Proposed Development, is not currently 

in a habitable state and appeared unsuitable for noise measurements from a security 

point-of-view. Representative measurements were therefore carried out at Nether Cairn 

nearby. The equipment was installed within the centre of the group of farm buildings 

and the dwelling. It was positioned here to be away from a stream and tall trees. Noise 

sources identified at this property were the nearby stream, birds, and wind in the trees. 

  

 

Nether Glenmuckloch Proxy 

Attempts were made to contact the owner(s) of Nether Glenmuckloch to gain 

permission to install monitoring equipment at this location. This was not possible so the 

equipment was installed nearby on land owned by the Buccleuch Estate, 

approximately 200m from Nether Glenmuckloch. The equipment was placed to ensure 

it was as close to Nether Glenmuckloch as possible without trespassing. Noise sources 

identified at this location were wind in foliage (rushes), distant water noise, birds, sheep, 

wind in the trees, a train and distant road traffic noise.  
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Laigh Cairn 

This dwelling is to the north of the Proposed Development. The equipment was installed 

on the garden lawn approximately 5m from the property itself. This was position was 

chosen to be away from a nearby stream, trees and cows in the field opposite. Noise 

sources noted were road traffic noise, a train, cows, birds and the stream. 

  

 

Instrumentation 

The background noise measurements were made with one RION model NL-52 Sound 

Level Meter and three Larson Davis Model 820 Sound Level Meters, fitted with 1/2” 

microphones and complying with Class 1 in BS EN 61672 (NL-52) and Type 1 in BS EN 

60651. The microphones were fitted with 45mm radius foam ball windshields surrounded 

by 125 mm radius secondary windshields of 40mm thickness (based on recommended 

design specifications within ETSU W/13/00386/REP, Noise Measurements in Windy 

Conditions) and mounted on tripods at a height of approximately 1.2 to 1.5m height. 

Pre-calibration was carried out using a Brüel & Kjær acoustic calibrator (s/n 2218188). 

The calibration of each meter was checked at the end of the monitoring period using a 

Brüel & Kjær acoustic calibrator (s/n 3009009). 
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Concurrent onsite wind speed data was provided from a meteorological mast installed 

on the Sandy Knowe site. The location of the mast is shown at Figure 11-4-1 and the 

wind data measurement heights used are detailed at Table 11-8. 

Table 11-8: Met Mast Details 

Easting 270078 

Northing 610233 

Top Wind Speed Measurement Height (m) 70 

Bottom Wind Speed Measurement Height (m) 48 

Wind Direction Measurement Height (m) 68 

Hayes McKenzie normally install 2 rain gauges across multiple noise measurement 

locations, as part of any baseline noise survey, so that any data affected by rainfall can 

be excluded from further analysis. In this case, Pluvimate (Tinytag, n.d.) rain gauges 

were installed at Nether Cairn and Nether Glenmuckloch Proxy.  

Measurement Procedure 

The sound level meters were programmed to measure a number of statistical noise 

indices, including the LA90 (the background noise level), together with the maximum 

and minimum levels and the LAeq (the average noise level) over consecutive 10-minute 

intervals. The equipment was synchronised to a Global Positioning System (GPS) time 

signal and the results were automatically stored at the end of each measurement 

interval. 

Field calibration of the noise measurement equipment was carried out before the 

monitoring period commenced and was checked at the end. A change of no more 

than 0.3 dB was noted at any of the measurement locations, which is within normal 

tolerances. 

Wind shear has been addressed by relating background noise measurements to the 

91.5 m hub height wind speed, calculated from the upper and lower measurement 

height wind speeds detailed at Table 11-8 using the formula: 

 

where Vh is the hub height wind speed, hh, hu, and hl are the hub height, upper 

measurement height, and lower measurement height respectively, and Vu and Vl are 

the wind speed measured at the upper and lower measurement heights respectively. 

Although the Consented Development has lower hub heights than for the Proposed 

Development, assuming a hub height of 91.5 m forms a worst case assessment for the 

purposes of addressing the cumulative impact of the two site operating together. 

The 91.5 m hub height wind speed has then been corrected to ‘standardised’ 10m 

height wind speed using the same methodology as is used by manufacturers to 

quantify sound power level data as required by IEC 61400-11 and as detailed within the 

IOA GPG, i.e. 
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where, V10 and Vh are the ‘standardised’ 10m height and hub height (hh) wind speeds 

respectively, and z0 is the standardised ground roughness length (of 0.05m). In this way, 

it is ensured that the comparisons of predicted turbine noise level and background 

level (including any associated noise limits) are made on a like-for-like basis. 

Rainfall data was taken from the rain gauges installed at Nether Cairn and Nether 

Glenmuckloch Proxy, which both logged rainfall in 10minute intervals, time 

synchronised to a GPS time signal. This allows for corresponding data, where noise levels 

may be affected by the presence of rainfall, to be removed from the analysis. 

Results of Noise Measurements 

The measured LA90 background noise levels were plotted against the standardised 10m 

height wind speeds for each property for the night-time and quiet day-time hours 

periods separately, as required for the derivation of the ETSU-R-97 limits (as shown at 

Appendix 11-4 Figures 11-4-2 to 11-4-9). Full time histories of the survey carried out at 

each property are available on request. 

Any 10minute period where rainfall was recorded at either measurement location were 

removed from the derivation of the prevailing background noise levels from the data 

collected at all the measurement locations. Where atypical or extraneous noises were 

noted, these periods have also been excluded from the analysis. These exclusions were 

applied in cases where the measured 10minute LA90 noise level was substantially higher 

(> 6dB) than adjacent 10minute periods without a corresponding increase in wind 

speed.  

Best fit third order regression lines were calculated through the background noise data 

for each time period at each measurement location to provide the prevailing 

background noise levels on which the ETSU-R-97 noise limits are based.  

Table 11-9 and Table 11-10 show the prevailing background noise levels for each of the 

relevant locations and for the two time periods for wind speeds from 3 to 12 m/s. The 

baseline noise measurement results used for the derivation of the noise limits is shown 

graphically at Appendix 11-4, Figures 11-4-2Error! Reference source not found. to 11-4-9. 
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Table 11-9: Derived Prevailing Background Noise (Night-Time) 

Property 

Standardised 10 m Height Wind Speed (m/s) 

4 5 6 7 8 9 10 11 12 

High Cairn 34.0 35.3 36.8 38.5 40.3 42.1 43.9 45.7 47.3 

Laigh Cairn 31.8 32.8 34.0 35.3 36.7 38.3 39.9 41.7 43.6 

Nether Cairn 32.2 32.6 33.3 34.2 35.4 36.8 38.3 40.1 42.0 

Nether 

Glenmuckloch 

25.4 26.9 28.5 30.4 32.4 34.6 36.8 39.0 41.2 

Table 11-10: Derived Prevailing Background Noise (Quiet Day-Time) 

Property 

Standardised 10 m Height Wind Speed (m/s) 

4 5 6 7 8 9 10 11 12 

High Cairn 36.6 38.8 40.5 41.3 41.3 42.1 43.9 45.7 47.3 

Laigh Cairn 35.7 36.1 36.4 37.1 38.6 38.3 39.9 41.7 43.6 

Nether Cairn 33.7 34.3 35.0 35.7 36.4 36.8 38.3 40.1 42.0 

Nether 

Glenmuckloc

h 

27.0 28.9 30.7 32.2 32.9 34.6 36.8 39.0 41.2 

The quiet day-time hour’s plots show insufficient background noise data for wind 

speeds above 8 m/s. The background noise level for all wind speeds above 8 m/s have 

therefore been assigned the corresponding night-time noise levels in Table 11-9 as these 

could be expected to be the same or lower than the quiet day-time values at these 

locations thus providing for a worst-case approach.  

At High Cairn, the quiet day-time/amenity hours plot shows the background noise level 

reducing with wind speed above 7 m/s. This is likely to be an artefact caused by the 

small amount of data recorded for these wind speeds. The background noise level for 8 

m/s has therefore been assigned the same value for 7 m/s. This is considered a 

conservative approach as it would normally be expected for the background noise 

level to increase with wind speed. 

At Appendix 11-4 Figures 11-4-2 to 11-4-9, a correction to the measured noise levels was 

made to take into account the noise contribution from the nearby Hare Hill and Hare 

Hill Extension wind farms. For each 10-minute period of the baseline noise 

measurements, the predicted potential operational noise contribution for the 

corresponding wind speed and wind direction was taken from Appendix G or I of the 

Sandy Knowe Wind Farm Section 36 Application, Revised Noise Assessment, March 2020 

Update produced by ITP Energised (ITPE) (Appendix 11-5). This was then subtracted 

from the corresponding LA90 noise level. In cases where the predicted noise level was 

within +2dB of the measured background noise, the measurement period has been 

excluded as the correction calculation is not possible. As no noise predictions are 

available below 4m/s, it has been assumed that the noise contribution from these wind 

farms is sufficiently small that no correction is necessary for these wind speeds. As no 

noise predictions are available above 12m/s, it was assumed that the noise contribution 

from these wind farms is the same as at 12m/s. 

Additional Limits Derived as part of S42 Application 

Table 11-11 and Table 11-12 show the night-time and day-time noise limits respectively 

for the combined noise from the Proposed and Consented Development at the 

surrounding properties. These noise limits are taken from the Section 42 consent, with 
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the exception of High Cairn, where the noise limits have been amended due to its 

financial involvement.  

As shown at Table 11-7, High Cairn Cottage is given the same limits as High Cairn due to 

its close proximity.   

Table 11-11: Night-Time Noise Limits 

Property 

Wind 

Direction (°) 

Standardised 10 m Height Wind Speed (m/s) 

4 5 6 7 8 9 10 11 12 

High Cairn 250 - <120 44.9 44.8 44.7 44.4 44.7 46.7 48.7 50.5 52.1 

120 - <250 44.9 44.8 44.7 44.6 44.9 46.8 48.7 50.5 52.2 

Nether 

Glenmucklo

ch 

280 - <100 42.8 42.5 42.1 41.2 40.9 40.7 41.3 42.7 45.2 

100 - <280 42.8 42.5 42.2 41.5 41.3 41.0 41.4 42.7 45.4 

Polneul 270 - <90 42.9 42.7 42.4 42.0 41.8 41.7 42.2 44.3 46.5 

90 - <270 42.9 42.8 42.6 42.3 42.1 42.0 42.4 44.5 46.6 

Hillend 340 - <160 32.6 35.9 39.2 41.1 41.8 40.4 40.9 44.1 46.7 

160 - <200* 

230 - <340 

32.6 35.9 39.2 41.1 41.8 40.4 42.7 42.5 45.9 

200 - <230 32.6 35.9 39.2 41.1 41.8 40.4 42.5 42.4 45.9 

* Value amended from Section 42 Decision Notice since it had been wrongly transcribed 

Table 11-12: Day-Time Noise Limits 

 

Property 

Wind 

Direction (°) 

Standardised 10 m Height Wind Speed (m/s) 

4 5 6 7 8 9 10 11 12 

High Cairn 250 - <120 44.9 44.8 45.2 45.9 45.9 46.7 48.7 50.5 52.1 

120 - <250 44.9 44.8 45.3 46.1 46.0 46.8 48.7 50.5 52.2 

Nether 

Glenmucklo

ch 

280 - <100 39.6 38.8 37.9 35.1 33.5 38.2 38.2 42.2 45.2 

100 - <280 39.6 39.0 38.2 36.3 35.3 38.9 38.9 42.5 45.4 

Polneul 270 - <90 39.7 39.3 38.8 38.9 39.7 39.9 42.2 44.3 46.5 

90 - <270 39.8 39.5 39.1 39.4 40.1 40.4 42.4 44.5 46.6 

Hillend 340 - <160 32.6 35.9 39.2 41.1 41.8 40.4 43.8 46.3 48.2 

160 - <200* 

230 - <340 

32.6 35.9 39.2 41.1 41.8 40.4 42.1 45.4 47.7 

200 - <230 32.6 35.9 39.2 41.1 41.8 40.4 41.9 45.3 47.7 

* Value amended from Section 42 Decision Notice since it had been wrongly transcribed 

The noise limits for properties not given at Table 11-11 and Table 11-12, which are 

applicable to the Proposed Development acting alongside the Consented 

Development, were derived in the same way as those in the ITPE March 2020 report. In 

this report the noise limits applicable to all wind farm noise affecting all properties (the 

cumulative noise limits) was taken as the lower limiting values of 40dB LA90 and 

43dB LA90 for day-time and night-time respectively, in the absence of appropriate 

baseline noise data. The noise contribution from all wind farms in the area was 

subtracted logarithmically from these cumulative noise limits in 10° wind direction 

sectors. The updated noise limits for the properties described at Table 11-7 were agreed 

with Dumfries and Galloway Council and used as the basis of revised noise planning 
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conditions on noise from the Consented Development following a Section 42 

application to change the limits. They have, therefore, been used in this assessment, 

with the noise limits stated in the ITPE report being used for all other properties (except 

for Nether Cairn and High Cairn) as included with the assumed limits for all properties 

being presented at Appendix 11-1. Previously, the non-financially involved noise limit 

had been assumed at Nether Cairn and High Cairn, but these properties are subject to 

the financially involved limit, so the limits have been updated accordingly. 

11.4 Assessment of Effects 

BESS 

A noise prediction has been carried out for four Battery Energy Storage System (BESS) 

units, each comprising 52 battery racks, two inverters and a transformer. Each battery 

rack was modelled as having a sound power level of 80dBA and the inverters each with 

a sound power level of 79dBA. A noise level for the transformer has not yet been 

identified. 

All the plant was assumed to be at 2.3m height as this is the maximum expected height 

of any of the noise generating equipment and will therefore lead to a worst-case 

prediction. The plant was not modelled as being housed or surrounded by any noise 

barriers. 

The noise level at the closest property, Crockroy, is 23dBA LA90 which is more than 10dB 

below the ETSU day-time lower limiting value of 35dBA LA90. Therefore the noise from the 

BESS units is not considered significant provided the sound power level of the 

transformers is not more than 94dBA. This will be taken into account in the specification 

of the equipment for the BESS. 

Wind Turbines 

Appendix Table 11-1-1 and 11-1-2 (at Appendix 11-1) present the derived noise limits 

which apply at each of the 32 properties in each wind direction sector for night-time 

and day-time respectively. Appendix Table 11-2-1 (at Appendix 11-2) presents the 

cumulative predicted noise levels for the Proposed Development and the consented 

Sandy Knowe Wind Farm combined. Appendix Table 11-3-1 and 11-3-2 (at Appendix 

11-3) present the margin of compliance with the cumulative predicted noise levels 

during night-time and day-time respectively (where positive numbers indicate 

compliance and negative numbers are given in red text). The calculations are shown in 

10° wind direction sectors and at integer standardised 10m height wind speed from 4 to 

12m/s. 

Table 11-13 and Table 11-14 are based on Appendix Tables 11-3-1 and 11-3-2 but only 

show where exceedances of the noise limit occur. 

Table 11-13: Margin of Compliance, Night-Time, Exceedances only, (dBA) 

Property 

Wind 

Direction 4 5 6 7 8 9 10 11 12 

Hillend 350 2.5 1.6 0.7 0.6 1.3 -0.1 0.4 3.6 6.2 

Hillend 0 2.5 1.6 0.7 0.6 1.3 -0.1 0.4 3.6 6.2 

Hillend 10 2.5 1.6 0.7 0.6 1.3 -0.1 0.4 3.6 6.2 

Hillend 20 2.5 1.6 0.7 0.6 1.3 -0.1 0.4 3.6 6.2 

Hillend 30 2.5 1.6 0.7 0.6 1.3 -0.1 0.4 3.6 6.2 
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Property 

Wind 

Direction 4 5 6 7 8 9 10 11 12 

Hillend 40 2.5 1.6 0.7 0.6 1.3 -0.1 0.4 3.6 6.2 

Hillend 50 2.5 1.6 0.7 0.6 1.3 -0.1 0.4 3.6 6.2 

Hillend 60 2.5 1.6 0.7 0.6 1.3 -0.1 0.4 3.6 6.2 

Hillend 70 2.5 1.6 0.7 0.6 1.3 -0.1 0.4 3.6 6.2 

 

Table 11-14: Margin of Compliance, Day-Time, Exceedances only, (dBA) 

Property Wind Direction 4 5 6 7 8 9 10 11 12 

Hillend 350 2.5 1.6 0.7 0.6 1.3 -0.1 3.3 5.8 7.7 

Hillend 0 2.5 1.6 0.7 0.6 1.3 -0.1 3.3 5.8 7.7 

Hillend 10 2.5 1.6 0.7 0.6 1.3 -0.1 3.3 5.8 7.7 

Hillend 20 2.5 1.6 0.7 0.6 1.3 -0.1 3.3 5.8 7.7 

Hillend 30 2.5 1.6 0.7 0.6 1.3 -0.1 3.3 5.8 7.7 

Hillend 40 2.5 1.6 0.7 0.6 1.3 -0.1 3.3 5.8 7.7 

Hillend 50 2.5 1.6 0.7 0.6 1.3 -0.1 3.3 5.8 7.7 

Hillend 60 2.5 1.6 0.7 0.6 1.3 -0.1 3.3 5.8 7.7 

Hillend 70 2.5 1.6 0.7 0.6 1.3 -0.1 3.3 5.8 7.7 

Nether 

Glenmucklock 

110 

14.6 9.8 5.0 0.8 -0.2 3.4 3.4 7.0 9.9 

Nether 

Glenmucklock 

120 

14.2 9.4 4.6 0.4 -0.6 3.0 3.0 6.6 9.5 

Nether 

Glenmucklock 

130 

13.7 8.9 4.1 -0.1 -1.1 2.5 2.5 6.1 9.0 

Nether 

Glenmucklock 

140 

13.4 8.6 3.8 -0.4 -1.4 2.2 2.2 5.8 8.7 

Nether 

Glenmucklock 

150 

13.3 8.5 3.6 -0.5 -1.5 2.1 2.1 5.7 8.6 

Nether 

Glenmucklock 

160 

13.3 8.5 3.6 -0.5 -1.5 2.1 2.1 5.7 8.6 

Nether 

Glenmucklock 

170 

13.3 8.5 3.6 -0.5 -1.5 2.1 2.1 5.7 8.6 

Nether 

Glenmucklock 

180 

13.3 8.5 3.6 -0.5 -1.5 2.1 2.1 5.7 8.6 

Nether 

Glenmucklock 

190 

13.3 8.5 3.6 -0.5 -1.5 2.1 2.1 5.7 8.6 

Nether 

Glenmucklock 

200 

13.3 8.5 3.6 -0.5 -1.5 2.1 2.1 5.7 8.6 

Nether 

Glenmucklock 

210 

13.3 8.5 3.6 -0.5 -1.5 2.1 2.1 5.7 8.6 

Nether 

Glenmucklock 

220 

13.3 8.5 3.6 -0.5 -1.5 2.1 2.1 5.7 8.6 

Nether 

Glenmucklock 

230 

13.3 8.5 3.6 -0.5 -1.5 2.1 2.1 5.7 8.6 

Nether 

Glenmucklock 

240 

13.3 8.5 3.6 -0.5 -1.5 2.1 2.1 5.7 8.6 

Nether 

Glenmucklock 

250 

13.3 8.5 3.6 -0.5 -1.5 2.1 2.1 5.7 8.6 
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Property Wind Direction 4 5 6 7 8 9 10 11 12 

Nether 

Glenmucklock 

260 

13.7 8.9 4.0 -0.1 -1.1 2.5 2.5 6.1 9.0 

Nether 

Glenmucklock 

270 

14.0 9.2 4.4 0.3 -0.7 2.9 2.9 6.5 9.4 

Nether 

Glenmucklock 

280 

14.5 9.4 4.5 -0.5 -2.1 2.6 2.6 6.6 9.6 

Nether 

Glenmucklock 

290 

15.4 10.4 5.4 0.5 -1.1 3.6 3.6 7.6 10.6 

Polneul 110 10.6 6.1 1.8 -0.3 0.4 0.7 2.7 4.8 6.9 

Polneul 120 10.3 5.8 1.4 -0.6 0.1 0.4 2.4 4.5 6.6 

Polneul 130 9.7 5.2 0.8 -1.2 -0.5 -0.2 1.8 3.9 6.0 

Polneul 140 9.4 4.9 0.5 -1.5 -0.8 -0.5 1.5 3.6 5.7 

Polneul 150 9.2 4.7 0.3 -1.7 -1.0 -0.7 1.3 3.4 5.5 

Polneul 160 9.1 4.6 0.2 -1.7 -1.0 -0.7 1.3 3.4 5.5 

Polneul 170 9.1 4.6 0.2 -1.7 -1.0 -0.7 1.3 3.4 5.5 

Polneul 180 9.1 4.6 0.2 -1.7 -1.0 -0.7 1.3 3.4 5.5 

Polneul 190 9.1 4.6 0.2 -1.7 -1.0 -0.7 1.3 3.4 5.5 

Polneul 200 9.1 4.6 0.2 -1.7 -1.0 -0.7 1.3 3.4 5.5 

Polneul 210 9.1 4.6 0.2 -1.7 -1.0 -0.7 1.3 3.4 5.5 

Polneul 220 9.1 4.6 0.2 -1.7 -1.0 -0.7 1.3 3.4 5.5 

Polneul 230 9.1 4.6 0.2 -1.7 -1.0 -0.7 1.3 3.4 5.5 

Polneul 240 9.1 4.6 0.2 -1.7 -1.0 -0.7 1.3 3.4 5.5 

Polneul 250 9.4 4.9 0.5 -1.5 -0.8 -0.5 1.5 3.6 5.7 

Polneul 260 9.5 5.0 0.6 -1.3 -0.6 -0.3 1.7 3.8 5.9 

Polneul 270 10.1 5.4 0.9 -1.2 -0.4 -0.2 2.1 4.2 6.4 

Polneul 280 10.3 5.7 1.2 -0.9 -0.1 0.1 2.4 4.5 6.7 

 

The exceedances are found at properties to the north and south of the Proposed 

Development.  

Table 11-13 shows night-time exceedances of 0.1dB at Hillend for wind directions 

between 350 - 70° in the 9m/s wind speed bin. 

Table 11-14 shows day-time exceedances of up to 2.1dB at Hillend, Nether 

Glenmucklock and Polneul for wind speed bins between 7 – 9m/s.  

A mitigation strategy will be required to meet these limits to ensure no significant 

impact.  

This is discussed in Section 11.6. 

11.5 Assessment of Cumulative Effects 

Operational Noise 

The noise limits applicable to the Proposed Development, operating alongside the 

Consented Development, have been assessed here with respect to noise limits which 

already take the operation of other wind farms in the area into account, as required by 

ETSU-R-97. No further cumulative assessment is required.    
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Construction Noise 

There are no expected cumulative effects resulting from the construction of the 

Proposed Development beyond that already assessed for the consented Sandy Knowe 

Wind Farm. It should be noted that the Consented and Proposed Developments will not 

have overlapping construction periods. 

Construction noise was scoped out in the Sandy Knowe Wind Farm Extension Scoping 

Report (ATMOS Consulting, 2021) due to large separation distances between the 

Proposed Development and the nearest noise sensitive receptors. 

11.6 Mitigation Measures 

Operational Noise 

There are some wind speed and direction sectors where exceedances of the noise 

limits are predicted. It will therefore be necessary for a noise curtailment strategy to be 

developed to ensure that the limits are not exceeded in practice. 

This is achieved modelling some turbines as running in noise-reduced modes of 

operation which is achieved by running them at lower rotational speed, and hence 

lower power output, than would normally be the case for certain wind speeds and 

wind directions. A noise curtailment regime would specify which turbines would be 

required to run in which noise-reduced modes for given wind speeds and directions. 

Where the noise limits cannot be met using this approach it is possible to specify that 

one or more of the turbines be shut down for certain wind speed and direction sectors.  

Construction Noise 

Construction noise has been scoped out from the Proposed Development  (ATMOS 

Consulting, 2022). In the CEMP the following specific mitigation measures to reduce the 

impact of construction noise were suggested: 

• Location of equipment, taking account of local topography and natural screening; 

• Working methods, including phasing of the works, location and gradient of access 

tracks, equipment to be employed and working hours; 

• Selection of plant, taking account of the characteristics of noise emissions from 

each item of plant and their cumulative effect; 

• Deployment of plant, in particular the timing of movement of plant within the site, 

and reducing the duration of nosier operations near occupied properties; 

• Working hours, where restrictions are applied to operations where emissions of noise 

may have an adverse effect on residential properties; and 

• Operation of plant, including fitting and proper maintenance of silencers and/or 

enclosures, avoiding excessive and unnecessary revving of engines and parking of 

equipment in locations which avoid possible effects on residential properties. 

Construction phases are outlined in the following table which is also taken from Table 1 

of the CEMP. 

Table 15: Construction Programme 

Phase  Summary of Works 

Phase 1 (month 1); Enabling/Access Works; Construction of new access routes from 

existing access tracks to the turbine locations. 

Phase 2 (month 2 to 10); Development (Main Site) Establishment of site facilities, turbine 
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Phase  Summary of Works 

foundation and turbine cabling. Delivery of 

turbine components & installation with cranes.  

Phase 3 (month 10 to 11); Testing and 

Commissioning 

Testing and commissioning equipment and 

turbines. 

Phase 4 (month 11 to 12); Reinstatement and 

Restoration 

Removal of temporary facilities and re-

instatement of temporary working areas. 

Restoration of working areas as set out in the 

Schedule of Mitigation and CEMP. 

The Proposed Development includes borrow pit extraction at the existing Sandy Knowe 

borrow pit. No new borrow pits are being opened so there is no need to reassess 

construction noise and vibration for the existing borrow pit, since this is covered in the 

planning application 20/0809/FUL. 

11.7 Residual Effects 

Operational Noise 

Predicted wind farm operational noise levels for the Proposed Development acting in 

combination with the Consented Development will be required to meet the noise limits 

derived for the Consented Development acting alone. The noise limits for High Cairn 

have been updated since the Section 42 consent to take into account its financial 

involvement with the Proposed Development. In addition to meeting the noise limits for 

the Consented Development, the Proposed Development must meet additional noise 

limits for Laigh Cairn and Cairn Smithy, as discussed at 11.3.1. 

Provided these limits are met, including noise curtailment as required, residual effects 

are considered to be not significant. 

11.8 Summary and Statement of Significance 

Operational Noise 

The operational noise assessment has been undertaken in accordance with the 

recommendations of ETSU-R-97, as referred to within relevant planning guidance, and 

the IOA GPG. 

Noise limits given in “Sandy Knowe Wind Farm Section 36 Application, Revised Noise 

Assessment, March 2020 Update, produced by ITP Energised (ITPE)” were used as well 

as updated noise limits derived, in accordance with current planning requirements for 

wind farm noise, from measurements of the background noise levels at six dwellings in 

the vicinity of the Proposed Development during August 2020. 

Predictions of the potential noise levels resulting from the wind turbines, based on the 

candidate model of turbine for installation at the site have been compared with the 

derived noise limits. 

The assessment shows that the predicted turbine noise levels exceed the derived noise 

limits at some dwellings. A curtailment regime will therefore be devised to reduce the 

noise levels such that there is no exceedance of the noise limits and, as such, no 

significant effects is expected due to operational noise. 
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The noise due to the BESS is expected to be more than 10dB below the ETSU day-time 

lower limiting value of 35dBA LA90 and are therefore not considered significant, provided 

the sound power level of the transformers is not more than 94dBA. 
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