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EXECUTIVE SUMMARY  

This report presents the operational noise assessment for the proposed Rigmuir Wind Farm, 

which is a development for three wind turbines with hub heights of up to 82m.  

 

Guidance from ETSU-R-97 and associated good practice guidance from the IOA GPG have 

been followed. Between December 2020 and January 2021, detailed consultation was 

undertaken with South Lanarkshire Council and the receptors to be assessed as well as 

general principles for the noise assessment were agreed.  The test applied is whether the 

predicted cumulative wind turbine noise at nearby noise sensitive properties lies below the 

total noise limits derived in accordance with ETSU-R-97. 

 

Based on the known background noise levels from the nearby Blantyre Wind Farm planning 

application, Total ETSU-R-97 limits have been established for seven nearby receptors, judged 

to be the most sensitive.  Wind turbine noise predictions have been undertaken based on a 

candidate wind turbine model for Rigmuir Wind Farm, and the model for the operating 

Blantyre Wind Farm. 

 

At all existing sensitive receptor locations the predicted cumulative wind turbine noise will 

not exceed the Total Limits. Therefore, in accordance with ETSU-R-97 and the IOA GPG, 

operational wind turbine noise is not predicted to have a significant impact at the nearest 

sensitive receptors and noise should not be a reason for refusal of a planning permission.  

 

May the council be minded to grant planning consent, we would recommend the use of noise 

conditions similar to those found in the IOA GPG Appendix B, and that values used for the 

limits follow a mechanism of apportionment to ensure that limits are site specific, enforceable 

and do not rely on the action of other nearby wind farm schemes. One possible mechanism 

is suggested in this report.   
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1 INTRODUCTION 

1.1.1 Wardell Armstrong LLP was commissioned by Clean Earth Energy to undertake a noise 

assessment for the proposed Rigmuir Wind Farm development.   

1.1.2 The proposed development is located on Viridor landfill site at Rigmuir near Glasgow, 

postcode G75 0QZ. It consists of three wind turbines with a hub height of up to 82m 

together with associated infrastructure.  A candidate turbine has been assumed for 

this assessment, the VENSYS V136 3.5 MW. This is judged to be representative of the 

model which may be installed.    

1.1.3 The proposed development would be located to the south of the six operational 

SENVION MM92 wind turbines at Blantyre Wind Farm, therefore a review of existing 

applicable limits and an assessment of cumulative noise impact is included in this 

report. The locations of the proposed wind turbines, in relation to the existing turbines 

and local receptors are shown in Figure 1.   

1.1.4 This operational noise impact assessment has been prepared to accompany a planning 

application for the proposed development, it assesses the results of noise predictions 

carried out in accordance with current guidance for wind farm noise. 
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2 METHODOLODGY 

2.1 Noise sources for operational wind turbines 

2.1.1 Wind turbines emit noise as their blades rotate to generate power.  This occurs only 

above the ‘cut-in’ (when the turbine starts to rotate) wind speed and below the ‘cut-

out’ wind speed.  Below the cut-in wind speed the blades do not rotate and above the 

cut-out wind speed the turbine is automatically shut down to prevent any 

malfunctions from occurring.  The cut-in wind speed at turbine hub height is normally 

between 2 and 4 metres per second (m/s) and the cut-out wind speed is normally 

around 22-28 m/s. 

2.1.2 The principal sources of noise are from the blades rotating in the air (aerodynamic 

noise) and from the internal machinery, normally the gearbox (if present) and, to a 

lesser extent, the generator (mechanical noise).  The blades are designed to optimise 

power transfer from the wind which typically means that modern blades can have 

enhanced acoustic performance due to better aerodynamic design.  

2.1.3 The hub at the top of the tower is usually insulated to minimise noise radiation from 

internal mechanical components, which are also isolated from the tower and the 

blade assembly to prevent transmission of structure-borne noise. 

2.1.4 The wind turbines for the proposed development will be pitch regulated and will 

therefore have a noise output that does not increase once their rated power is 

reached which is approximately around 12m/s at hub height.  

2.2 Noise in the environment 

2.2.1 Although the noise levels of wind turbines are fairly low, they tend to be located in 

quiet rural environments where the existing noise levels are relatively low.  When 

wind speeds are high, the noise emitted by the rotating wind turbines is largely 

masked by other wind induced noise effects, particularly that of wind hitting trees and 

buildings.  At low to medium wind speeds, between cut-in wind speed and the wind 

speed of the maximum rated power, wind turbine noise may not be masked and may 

be above background noise levels.  

2.2.2 Noise in the environment is measured using the dB(A) scale, which includes a 

correction for the response of the human ear to noises with different frequency 

content.  It is accepted that ‘a change of 3 dB (A) is the minimum perceptible change 

in sound level under normal conditions, and a change of 10 dB (A) corresponds roughly 

to halving or doubling the loudness of sound’. 
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2.2.3 Table 1 illustrates noise from wind turbines in the general context of a range of noise 

sources experienced in the environment. 

Table 1: Indicative Noise Levels found in the environment 

Source / Activity Indicative Noise Level dB(A) 

Threshold of pain 140 

Jet aircraft at 250 m 105 

Pneumatic drill at 7 m 95 

City traffic 90 

Truck at 30 mph at 100 m 65 

Busy general office 60 

Car at 40 mph at 100 m 55 

Wind farm at 350 m 35 – 45 

Quiet bedroom 20 

Rural night-time background 20 – 40 

Threshold of hearing 0 

Source: Planning for Renewable Energy, A Companion Guide to PPS22 (now revoked) 

2.3 Applicable Noise Guidance 

2.3.1 Wind farm noise assessments require particular attention to wind conditions and 

therefore specialist guidance must be used when assessing the potential impact. 

2.3.2 This noise assessment takes into account current guidance including notably the 

following:  

· The Assessment and Rating of Noise from Wind Farms, 1997 (ETSU-R-97); and, 

· Institute of Acoustics Guidance Document; A Good Practice Guide to the 

Application of ETSU-R-97 for the Assessment and Rating of Wind Turbine Noise, 

2013 (IOA GPG). 

2.3.3 Further details of these documents are included in Appendix A. Recent research on 

the topic of Amplitude Modulation (AM) is also discussed in Appendix A. 

2.3.4 In Scotland, the ‘Onshore wind turbines: planning advice’ (last updated 28 May 2014) 

states: 

“The Institute of Acoustics (IOA) has since published a 'Good Practice Guide to the 

Application of ETSU-R-97 for the Assessment and Rating of Wind Turbine Noise'. The 

document provides significant support on technical issues to all users of the ETSU-R-97 

method for rating and assessing wind turbine noise, and should be used by all IOA 

members and those undertaking assessments to ETSU-R-97. The Scottish Government 

accepts that the guide represents current industry good practice.” 
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2.3.5 Therefore, this report follows the practical guidance from the Institute of Acoustics 

Good Practice Guide (IOA GPG), to establish appropriate ETSU-R-97 limits and 

undertake noise predictions for the development.   The test applied to operational 

noise is whether or not the predicted wind turbine noise levels at nearby noise 

sensitive properties lie below the noise limits derived in accordance with ETSU-R-97.  

A breach of the noise limits indicates a ‘significant’ effect, whereas compliance with 

noise limits indicates no significant effect.   
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3 CUMULATIVE CONTEXT AND EXISTING LIMITS 

3.1 Consultation and approach to cumulative impact 

3.1.1 Due to Blantyre Wind Farm being located immediately to the north of the proposed 

Rigmuir Wind Farm development, Wardell Armstrong LLP (WA) undertook a review of 

existing noise limits and predictions of existing Blantyre Wind Farm noise at nearby 

properties. The findings of the review and our proposed approach to cumulative noise 

were sent in a detailed consultation letter to Kenny Joyes, Environmental Health 

Officer (EHO) at South Lanarkshire Council on the 1st December 2020.  

3.1.2 A response was received on 11 January 2021 agreeing with the general approach and 

the nearby Existing Sensitive Receptors (ESRs) which should be assessed. In his 

response, Mr Joyes also commented that a cautious approach should be taken in 

regards to the available headroom of the existing Blantyre noise level against the 

existing limits. Following subsequent emails and a phone call, WA agreed with Mr 

Joyes that the new proposed Rigmuir Wind Farm would be acceptable, in noise terms, 

if predicted cumulative noise (all existing and proposed wind turbines in the area) 

remain below the existing Total ETSU-R-97 limits.  Full detail of the consultation letter 

and emails are included in Appendix B. 

3.1.3 The nearby operational Blantyre Muir Wind Farm is in operation with applicable ETSU-

R-97 limits already in place at Existing Sensitive Receptors. These receptors locations 

are broadly the same as those surrounding the proposed Rigmuir Wind Farm.  

Therefore, the Blantyre Muir Wind Farm limits are applicable for all turbines in the 

area and are considered as the Total ETSU-R-97 limit (Total Limit).   

3.1.4 The ESRs are scattered residential properties in the vicinity of the proposed wind farm 

and the 7 closest have been agreed with the Local Authority for a detailed assessment.  

They are numbered ESR1 to ESR7 and shown in Figure 1 to Figure 3.  It should be noted 

that the receptor ESR6 is financially involved (FI) with Blantyre therefore the total limit 

reflects a fixed minimum of 45dB(A).   

3.2 Existing Total ETSU-R-97 Limits 

3.2.1 The background noise and Total Limits which is applicable at the ESRs are detailed in 

Table 2 (Quiet Daytime) and Table 3 (Night-time).  The data in these tables was 

sourced from the Blantyre Wind Farm planning application, as detailed in Appendix B.  
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Table 2: Quiet Daytime Background levels and Total Limits  

ESR Id Parameter 
Wind Speed standardised to 10m height (m/s) - All values are in dB LA90 

4 5 6 7 8 9 10 11 12 

ESR1-East Drumloch 

Background 

Noise 
N/A 35 36 38 39 41 43 46 49 

Total Limit N/A  40 41 43 44 46 48 51 54 

ESR2-Mid Drumloch 

Background 

Noise 
N/A  35 36 38 39 41 43 46 49 

Total Limit N/A  40 41 43 44 46 48 51 54 

ESR3-Crutherland 

Farm 

Background 

Noise  
N/A  35 36 38 39 41 43 46 49 

Total Limit N/A  40 41 43 44 46 48 51 54 

ESR4-Devonhill 

Background 

Noise 
N/A  38 39 40 42 44 47 50 53 

Total Limit N/A  43 44 45 47 49 52 55 58 

ESR5-Dunrovan 

Background 

Noise 
N/A  45 46 47 47 48 49 50 52 

Total Limit N/A  50 51 52 52 53 54 55 57 

ESR6-Laigh 

Muirhouses 

(FI with Blantyre) 

Background 

Noise 
N/A  37 38 39 40 42 44 46 48 

Total Limit  N/A  45 45 45 45 47 49 51 53 

ESR7-Stewartfield 

Background 

Noise 
N/A  37 38 39 40 42 44 46 48 

Total Limit N/A  42 43 44 45 47 49 51 53 

 

Table 3: Night-time Background levels and Total Limits  

ESR Id Parameter 
Wind Speed standardised to 10m height (m/s) - All values are in dB LA90 

4 5 6 7 8 9 10 11 12 

ESR1-East Drumloch 

Background 

Noise  
N/A  31 33 34 37 39 42 44 48 

Total Limit N/A  43 43 43 43 44 47 49 53 

ESR2-Mid Drumloch 

Background 

Noise  
N/A  31 33 34 37 39 42 44 48 

Total Limit N/A  43 43 43 43 44 47 49 53 

ESR3-Crutherland 

Farm 

Background 

Noise  
N/A  31 33 34 37 39 42 44 48 

Total Limit N/A  43 43 43 43 44 47 49 53 

ESR4-Devonhill 

Background 

Noise 
N/A  34 35 37 39 42 45 48 51 

Total Limit N/A  43 43 43 44 47 50 53 56 

ESR5-Dunrovan 

Background 

Noise 
N/A  39 40 42 43 44 45 47 48 

Total Limit N/A  44 45 47 48 49 50 52 53 

ESR6-Laigh 

Muirhouses 

(FI with Blantyre) 

Background 

Noise 
N/A  31 33 35 37 39 42 44 47 

Total Limit N/A  45 45 45 45 45 47 49 52 

ESR7-Stewartfield 

Background 

Noise 
N/A  31 33 35 37 39 42 44 47 

Total Limit N/A  43 43 43 43 44 47 49 52 



CLEAN EARTH ENERGY 

RIGMUIR WIND FARM  

OPERATIONAL NOISE IMPACT ASSESSMENT   

 

NT14831/0002  

FEBRUARY 2021 

 Page 8 

  

3.3 Proposed Site Specific ETSU-R-97 Limits 

3.3.1 As agreed with the EHO, the guiding principle is that predicted cumulative noise 

should meet Total Limits. This assessment seeks to demonstrates that this criteria 

would be met and goes further in providing a suggested mechanism for conditioning 

the proposed Rigmuir Wind Farm.  The proposed approach for that relies on setting a 

site specific limit which would be below the Total Limit.   

3.3.2 To apportion site specific limits, WA suggest that it is calculated by subtraction 

(logarithmical) of Total Limit minus existing Blantyre wind farm noise, with a +1dB 

cautious buffer added to Blantyre.  The added buffer goes beyond typical assumptions 

when predicting wind farm noise,  it is to reflect our initial review which found that 

Blantyre could in theory be +0.6dB louder (comparing WA predictions against existing 

limits) at a controlling property. This was also discussed in the consultation letter and 

emails, found in Appendix B.  

3.3.3 Based on the Total limits from Tables 2 and 3, and the Blantyre noise predictions, the 

suggested apportioned site specific limits are as shown in Table 4 below.   

Table 4: Suggested apportioned site specific limits  

ESR Id Parameter 
Wind Speed standardised to 10m height (m/s) - All values are in dB LA90 

4 5 6 7 8 9 10 11 12 

ESR1-East Drumloch 

Quiet 

Daytime 
N/A 38.1 38.5 41.1 42.4 45.1 47.5 50.7 53.9 

Night-time N/A 42.1 41.6 41.1 40.9 42.6 46.3 48.6 52.8 

ESR2-Mid Drumloch 

Quiet 

Daytime 
N/A 39.5 40.4 42.5 43.6 45.8 47.9 50.9 54.0 

Night-time N/A 42.8 42.6 42.5 42.5 43.6 46.8 48.9 53.0 

ESR3-Crutherland 

Farm 

Quiet 

Daytime 
N/A 39.1 39.8 42.1 43.2 45.6 47.7 50.9 53.9 

Night-time N/A 42.6 42.3 42.1 42.0 43.3 46.7 48.8 52.9 

ESR4-Devonhill 

Quiet 

Daytime 
N/A 42.5 43.4 44.4 46.6 48.8 51.9 54.9 58.0 

Night-time N/A 42.5 42.3 42.0 43.2 46.6 49.8 52.9 56.0 

ESR5-Dunrovan 

Quiet 

Daytime 
N/A 49.7 50.7 51.6 51.6 52.7 53.8 54.8 56.9 

Night-time N/A 42.8 43.4 45.8 47.0 48.3 49.4 51.6 52.7 

ESR6-Laigh 

Muirhouses 

(FI with Blantyre) 

Quiet 

Daytime 
N/A 42.4 39.9 35.4 35.4 43.4 47.1 49.9 52.3 

Night-time N/A 42.4 39.9 35.4 35.4 35.4 43.4 47.1 51.1 

ESR7-Stewartfield 

Quiet 

Daytime 
N/A 37.5 36.1 36.7 39.9 44.7 47.7 50.2 52.5 

Night-time N/A 39.9 36.1 33.0 33.0 36.7 44.7 47.7 51.4 
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4 NOISE PREDICTIONS 

4.1 Noise Assessment Locations and Wind Turbine Locations 

4.1.1 In total, as described above in Section 3 and as shown in Figure 1 to Figure 3, seven 

ESRs have been selected for the purpose of this assessment.  

4.1.2 The noise assessment location used for this assessment define the points at which 

noise predictions have been calculated.  These are locations within the gardens of the 

ESRs, at the nearest point within the garden to the proposed wind turbines.   

4.1.3 There may be a few other ESRs close to the wind turbines, however the impact at the 

selected locations would be equal to or less than the selected ESRs. 

4.1.4 The noise assessment locations, coordinates of the ESRs and distances to the 

proposed turbines are presented in Table 5 below.    

Table 5: Noise Assessment Locations coordinates 

RECEPTOR  Easting Northing 
Approximate Distance to 

proposed turbines (m) 

ESR1 - East Drumloch 267805 652083 589 (T2) 

ESR2 - Mid Drumloch 267339 651210 762 (T3) 

ESR3 - Crutherland Farm 266069 651989 746 (T1) 

ESR4 - Devonhill 268596 652435 1415 (T2) 

ESR5 - Dunrovan 266303 653460 1119 (T1) 

ESR6 - Laigh Muirhouses 267747 653552 1540 (T2) 

ESR7 - Stewartfield 267415 653798 1573 (T1) 

4.1.5 The wind turbines considered in this assessment are also shown in Figure 1 to Figure 

3 and coordinates are provided below in Table 6. 

Table 6: Wind Turbines coordinates 

Wind Turbine Easting Northing Model, Hub Height 

Blantyre T1 (Existing) 266799 652736 SENVION MM92, 69m hub 

Blantyre T2 (Existing) 267339 652855 SENVION MM92, 69m hub 

Blantyre T3 (Existing) 266825 653082 SENVION MM92, 69m hub 

Blantyre T4 (Existing) 267772 653084 SENVION MM92, 69m hub 

Blantyre T5 (Existing) 267433 653224 SENVION MM92, 69m hub 

Blantyre T6 (Existing) 267092 653372 SENVION MM92, 69m hub 

Rigmuir T1 (Proposed) 266682 652409 VENSYS V136, 82m hub 

Rigmuir T2 (Proposed) 267221 652108 VENSYS V136, 82m hub 

Rigmuir T3 (Proposed) 266918 651842 VENSYS V136, 82m hub 
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4.2 Candidate Wind Turbine Model 

4.2.1 One candidate turbine has been considered for this assessment, the VENSYS V136 3.5 

MW. This is judged to be representative of the model which would be installed.    

4.2.2 The manufacturer (VENSYS) has supplied sound power level data in accordance with 

IEC 61400-11. When considering the uncertainties to be added to the manufacturer 

data, the IOA good practice guidance paragraph 4.3.6 states the following: 

“Warranted or specified manufacturer data can be used provided that a margin to 

account for uncertainty has been included. This is more likely the case for warranted 

data than for specifications. If not, a correction factor to allow for uncertainty needs 

to be added to the values provided, and this should clearly be explained in the 

assessment. The presence of such an uncertainty margin can be established through 

comparison with at least one measurement report. 

• When comparing warranted/specified data with results of a representative test 

report, obtained in accordance with the IEC 61400-11 standard, with a reported 

test uncertainty, a margin of 1.645 (between 1 and 2 dB(A)) between the tested 

and stated values over the majority of wind speeds represents a clear indication 

that suitable uncertainties have been incorporated; 

• If the document prescribes a value of uncertainty or a correction factor 

applicable to the data then this can be added to the values stated, unless the above 

test is already satisfied; 

• If no data on uncertainty or test reports are available for the turbine then a 

factor of +2dB should be added”. 

4.2.3 The sound power data have been sourced from the VENSYS document ‘Prognosticated 

Sound Power Level VENSYS 136-3.5MW Rev.B’. The document recommends the 

addition of +1dB for uncertainty, however, Wardell Armstrong has included a more 

cautious +2dB for uncertainty due to the lack of a test report.  

4.2.4 Data for nine operational V136 modes are provided, from OM0 (Full mode) to OM8, 

with each mode reducing the maximum noise level by 1dB.  For this assessment, it was 

found that OM0 would be suitable in nearly all conditions, however there would be a 

requirement to use OM4 only for the proposed Rigmuir T2 during daytime westerly to 

north-westerly winds. This was due to a marginal exceedance of +1.2dB found for the 

proposed Rigmuir specific daytime limit, at ESR1 at 6m/s.  As such, both the OM0 and 

OM4 data have been used in this assessment.  As a cautious assumption of +2dB was 
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used for uncertainty of the V136, and as this is a marginal exceedance at one single 

wind speed only in daytime, following review of more data such as independent test 

report it may be that OM0 for T2 is suitable in all wind conditions.   

4.2.5 The document for the V136 includes a statement that the tonal audibility in the close-

up range is ΔLa,k < 0 dB for the whole standard wind speed range. Therefore, no tonal 

penalty has been applied.    

4.2.6 Taking the above information into consideration, Table 7 below presents the 

corrected source noise levels for inclusion within the noise predictions.  

Table 7: Sound Power Levels of propsoed candidate wind turbine  

Model Parameter 
Wind Speed  (m/s) 

4 5 6 7 8 9 10 

V136 

OM0 

Sound Power Level dB(A) Leq 

as provided by the 

manufacturer at hub height  

93.4 93.4 95.9 99.9 103.9 105.5 105.5 

Above standardised from 

82m to 10m height by 

Wardell Armstrong 

94.9 99.8 104.5 105.5 105.5 105.5 105.5 

Uncertainty dB(A) 

added by Wardell Armstrong 
2 2 2 2 2 2 2 

Tonal penalty dB(A) 

added by Wardell Armstrong 
0 0 0  0 0 0 0 

Sound Power Level dB(A) Leq 

as modelled by Wardell 

Armstrong 

96.9 101.8 106..5 107.5 107.5 107.5 107.5 

V136 

OM4 

Sound Power Level dB(A) Leq 

as modelled by Wardell 

Armstrong 

(maximum noise in OM4 is -

3.5dB compared to OM0) 

96.9 101.8 104.0 104.0 104.0 104.0 104.0 

 

4.3 Nearby Existing Wind Turbines 

4.3.1 The Blantyre Wind Farm is operating with six SENVION MM92 2MW wind turbines on 

69m hubs. The sound power data has been sourced from the SENVION (formerly 

REPOWER) document ‘MM92 document SD-2.9-WT.PC.03-B-B-EN’ and ‘D-2..9-

VM.SM.03-D (excerpt from acoustic test report SE06010B2)’. The document 

recommends the addition of +1dB for uncertainty, which we have included.  There 

was an independent test report available which justified not adding any further 

uncertainty correction beyond manufacturer recommendations.  

4.3.2 Table 8 below presents the assessed source noise levels for the SENVION MM92.  
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Table 8: Sound Power Levels of nearby wind turbines  

Model Parameter 
Wind Speed standardised from x to 10m (m/s) 

4 5 6 7 8 9 10 

MM92 

Sound Power Level dB(A) Leq 

as provided by the 

manufacturer, standardised 

68.5 to 10 

95.7 101.2 103.1 104.2 104.2 104.2 104.2 

Uncertainty dB(A) 

added by Wardell 

Armstrong* 

1 1 1 1 1 1 1 

Tonal penalty dB(A) 

added by Wardell Armstrong 
0 0 0 0 0 0 0 

Sound Power Level dB(A) Leq 

as modelled by Wardell 

Armstrong 

96.7 102.2 104.1 105.2 105.2 105.2 105.2 

*The uncertainty here is the typical uncertainty added to ensure ‘normal’ predictions in accordance with the IOA GPG, it is not the 

additional cautious buffer used to calculate site specific limits.  

 

4.4 Propagation Model 

4.4.1 The recommended parameters from the IOA GPG have been used within the noise 

model, these include:  

· Outdoor propagation in accordance with ISO 9613-2:1996; 

· Wind Turbine Sound Power levels with adequate uncertainty; 

· Wind Turbine modelled as a point source at the candidate wind turbine hub 

height; 

· Receptors (i.e. NALs) set with a height of 4m above ground levels; 

· Ground Absorption G=0.5; 

· No intervening obstacles (i.e. no buildings or terrain obstacles) 

· No valley effect was found applicable for this site.   

· Adjustment of -2dB to convert from LAeq to LA90 for comparison with measured 

background noise levels. 

4.4.2 The predictions were undertaken in SoundPLAN environmental noise modelling 

software and on Wardell Armstrong calculation spreadsheets. 

4.4.3 Directivity was taken into account, noise predictions assume that the receivers are in 

the worst-case wind direction (highest predicted levels out of the 12 directions sector 

considered).  
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4.5 Noise Prediction Results 

4.5.1 A noise contour plots showing the LA90 wind turbine noise levels at 10m/s 

(standardised) are shown in Figure 1 (Blantyre only), Figure 2 (Rigmuir Only) and Figure 

3(Cumulative Blantyre and Rigmuir).   

4.5.2 The detailed wind turbine noise predictions for each wind speeds are shown in detail 

in tabular and graphical forms in Appendix C, figures AC.1 to AC.7 (one figure per ESR).   

Tables 9 and 10, set out in Section 5 of this report, also present the cumulative noise 

predictions at each wind speed.   
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5 NOISE ASSESSMENT 

5.1 Total Limits compared to cumulative predictions (Cumulative Impact) 

5.1.1 The Total limits established at all ESRs have been compared to the cumulative noise 

predictions. Detailed results in tabular and graphical forms are provided in Appendix 

C, Figures AC.1 to AC.6. These figures show predictions for the cumulative wind 

turbine noise as well as individual contribution from the existing Blantyre Wind Farm 

and proposed Rigmuir Wind Farm. 

5.1.2 A summary of the results is presented in tabular form in Table 9 and Table 10 below, 

all values are in dB LA90.  A negative exceedance indicate compliance with the total 

noise limits.  

Table 9: Cumulative ETSU-R-97 Noise Assessment Quiet Daytime  

ESR Parameter 
Wind Speed standardised to 10m (m/s) 

4 5 6 7 8 9 10 11 12 

ESR1 

TOTAL NOISE LIMIT - 40 41 43 44 46 48 51 54 

WIND TURBINE NOISE 32.6 37.7 40.4 41.2 41.3 41.2 41.2 41.2 41.2 

EXCEEDENCE OF LIMIT - -2.3 -0.6 -1.8 -2.7 -4.8 -6.8 -9.8 -12.8 

ESR2 

TOTAL NOISE LIMIT - 40 41 43 44 46 48 51 54 

WIND TURBINE NOISE 29.6 34.7 38.8 39.8 39.9 39.8 39.8 39.8 39.8 

EXCEEDENCE OF LIMIT - -5.3 -2.2 -3.2 -4.1 -6.2 -8.2 -11.2 -14.2 

ESR3 

TOTAL NOISE LIMIT - 40 41 43 44 46 48 51 54 

WIND TURBINE NOISE 30.8 35.9 39.8 40.8 40.9 40.8 40.8 40.8 40.8 

EXCEEDENCE OF LIMIT - -4.1 -1.2 -2.2 -3.1 -5.2 -7.2 -10.2 -13.2 

ESR4 

TOTAL NOISE LIMIT - 43 44 45 47 49 52 55 58 

WIND TURBINE NOISE 27.8 33.2 36 37 37.2 37 37 37 37 

EXCEEDENCE OF LIMIT - -9.8 -8 -8 -9.8 -12 -15 -18 -21 

ESR5 

TOTAL NOISE LIMIT - 50 51 52 52 53 54 55 57 

WIND TURBINE NOISE 32.1 37.5 39.9 41 41.2 41 41 41 41 

EXCEEDENCE OF LIMIT - -12.5 -11.1 -11 -10.8 -12 -13 -14 -16 

ESR6 

TOTAL NOISE LIMIT - 45 45 45 45 47 49 51 53 

WIND TURBINE NOISE 35.2 40.7 42.7 43.8 44.1 43.8 43.8 43.8 43.8 

EXCEEDENCE OF LIMIT - -4.3 -2.3 -1.2 -0.9 -3.2 -5.2 -7.2 -9.2 

ESR7 

TOTAL NOISE LIMIT - 42 43 44 45 47 49 51 53 

WIND TURBINE NOISE 33.8 39.3 41.4 42.5 42.8 42.5 42.5 42.5 42.5 

EXCEEDENCE OF LIMIT - -2.7 -1.6 -1.5 -2.2 -4.5 -6.5 -8.5 -10.5 
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Table 10: Cumulative ETSU-R-97 Noise Assessment night-time 

ESR Parameter 
Wind Speed standardised to 10m (m/s) 

4 5 6 7 8 9 10 11 12 

ESR1 

TOTAL NOISE LIMIT - 43 43 43 43 44 47 49 53 

WIND TURBINE NOISE 32.6 37.7 40.4 41.2 41.3 41.2 41.2 41.2 41.2 

EXCEEDENCE OF LIMIT - -5.3 -2.6 -1.8 -1.7 -2.8 -5.8 -7.8 -11.8 

ESR2 

TOTAL NOISE LIMIT - 43 43 43 43 44 47 49 53 

WIND TURBINE NOISE 29.6 34.7 38.8 39.8 39.9 39.8 39.8 39.8 39.8 

EXCEEDENCE OF LIMIT - -8.3 -4.2 -3.2 -3.1 -4.2 -7.2 -9.2 -13.2 

ESR3 

TOTAL NOISE LIMIT - 43 43 43 43 44 47 49 53 

WIND TURBINE NOISE 30.8 35.9 39.8 40.8 40.9 40.8 40.8 40.8 40.8 

EXCEEDENCE OF LIMIT - -7.1 -3.2 -2.2 -2.1 -3.2 -6.2 -8.2 -12.2 

ESR4 

TOTAL NOISE LIMIT - 43 43 43 44 47 50 53 56 

WIND TURBINE NOISE 27.8 33.2 36 37 37.2 37 37 37 37 

EXCEEDENCE OF LIMIT - -9.8 -7 -6 -6.8 -10 -13 -16 -19 

ESR5 

TOTAL NOISE LIMIT - 44 45 47 48 49 50 52 53 

WIND TURBINE NOISE 32.1 37.5 39.9 41 41.2 41 41 41 41 

EXCEEDENCE OF LIMIT - -6.5 -5.1 -6 -6.8 -8 -9 -11 -12 

ESR6 

TOTAL NOISE LIMIT - 45 45 45 45 45 47 49 52 

WIND TURBINE NOISE 35.2 40.7 42.7 43.8 44.1 43.8 43.8 43.8 43.8 

EXCEEDENCE OF LIMIT - -4.3 -2.3 -1.2 -0.9 -1.2 -3.2 -5.2 -8.2 

ESR7 

TOTAL NOISE LIMIT - 43 43 43 43 44 47 49 52 

WIND TURBINE NOISE 33.8 39.3 41.4 42.5 42.8 42.5 42.5 42.5 42.5 

EXCEEDENCE OF LIMIT - -3.7 -1.6 -0.5 -0.2 -1.5 -4.5 -6.5 -9.5 

5.1.3 The results show that the most sensitive location is ESR7 where the predicted 

cumulative wind turbine noise will be 0.2dB below the total night-time noise limits at 

8m/s.  It should be noted that at ESR7, the proposed Rigmuir Wind Farm is only 

contributing marginally to wind turbine noise as Blantyre Wind Farm is the dominant 

wind farm (0.6dB below the margin for Blantyre on its own).  The second most 

sensitive location is ESR1 where the proposed Rigmuir Wind Farm is more dominant 

compared to the existing Blantyre Wind Farm and at ESR1 predicted cumulative noise 

is shown 0.6dB below the total quiet daytime limits at 6m/s.     

5.1.4 As cumulative wind turbine noise levels are predicted below total limits, in accordance 

with ETSU-R-97 and the IOA GPG, operational wind turbine noise will not have a 

significant impact at the nearest sensitive receptors. 

5.2 Apportioned Rigmuir Limits compared to Rigmuir predictions 

5.2.1 The cumulative impact assessment has demonstrated that wind turbine noise would 

be below the Total Limits at all receptors, therefore, adding the proposed Rigmuir 

Wind Farm would not cause a significant noise impact at ESRs.  As described in section 

3, this assessment also seeks to establish a potential conditioning mechanism, 

therefore, an apportioned site specific limit, below the total limit, has been proposed.   
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5.2.2 The proposed apportioned site specific limits are described in Section 3 and they 

represent a higher constraints compared to the total limits, due to the fact that an 

additional cautious buffer was used.  

5.2.3 Detailed results of the comparison of suggested Rigmuir Specific limit with Rigmuir 

noise predictions are provided in Appendix D, Figure AD.1 to AD.7. These figures show 

that the proposed Rigmuir specific limit would be met.  
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6 CONCLUSIONS 

6.1.1 Wardell Armstrong LLP undertook an operational noise assessment for the proposed 

Rigmuir Wind Farm, which consists of three wind turbines with a hub height of up to 

82m together with associated access track and infrastructure.  

6.1.2 This report follows guidance from ETSU-R-97 and associated good practice guidance 

from the IOA GPG. The test applied to operational noise is whether the predicted 

cumulative wind turbine noise at nearby noise sensitive properties lies below the total 

noise limits derived in accordance with ETSU-R-97.  A breach of the total noise limits 

indicates a ‘significant’ effect, whereas compliance with noise limits indicates no 

significant effect.   

6.1.3 Between December 2020 and January 2021, detailed consultation was undertaken 

with South Lanarkshire Council and the receptors to be assessed as well as general 

principles for the noise assessment were agreed.   

6.1.4 Based on the known background noise levels from the nearby Blantyre Wind Farm 

planning application, Total ETSU-R-97 limits have been established for seven nearby 

receptors, judged to be the most sensitive. These limits were then compared to 

cumulative noise predictions. 

6.1.5 The wind turbine noise predictions have been undertaken based on the candidate 

wind turbine model for Rigmuir Wind Farm, the VENSYS V136. This is judged 

representative of a model which would be installed.  The noise predictions also take 

into account the six operational SENVION MM92 wind turbines of Blantyre Wind Farm. 

6.1.6 The results show that at the most sensitive location to cumulative wind turbine noise, 

the predicted cumulative wind turbine noise will be 0.2dB below the total limits at 

Stewartfield (ESR7), a property where Rigmuir Wind Farm only contributes marginally.  

6.1.7 As cumulative wind turbine noise levels are predicted below Total Limits, in 

accordance with ETSU-R-97 and the IOA GPG, operational wind turbine noise will not 

have a significant impact at the nearest sensitive receptors and noise should not be a 

reason for refusal of a planning permission. 

6.1.8 Apportioned site specific limits are proposed within this assessment, with values 

presented in Table 4.   May the council be minded to grant planning consent, we would 

recommend the use of noise conditions similar to those found in the IOA GPG 

Appendix B, and that values used for the limits follow a similar mechanism of 
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apportionment to ensure that limits are site specific, enforceable and do not rely on 

the action of other nearby wind farm schemes 
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The Assessment and Rating of Noise from Wind Farms (ETSU-R-97) 

A10.1.1 In 1993 the Department of Trade and Industry set up the Working Group on Noise from 

Wind Turbines (WGNWT) to provide a methodology for wind farm noise assessments, 

which would consider all relevant factors pertinent to potential noise impact on 

surrounding communities.  The WGNWT 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, The Assessment and Rating of Noise from Wind Farms.  This 

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

contains noise limits for residential dwellings, which were derived with reference to 

existing standards and guidance relating to noise emissions from various sources. 

A10.1.2 For day-time hours, ETSU R-97 states that the noise limit at a residential property 

arising from the operation of a wind farm is either between 35 - 40 dB(A) or 5 dB(A) 

above the prevailing background as measured during quiet day-time periods, 

whichever is greater.  The actual value within the 35 - 40 range should depend on the 

number of dwellings in the vicinity of the wind farm; the effect of the limit on the 

number of kWh generated; and the duration of the level of exposure to noise 

generated by the wind farm. 

A10.1.3 For night-time periods the noise limit at a residential property arising from the 

operation of a wind farm is 43 dB(A) or 5 dB(A) above the prevailing night-time 

background, whichever is the greater.  The 43 dB(A) lower limit is based on a sleep 

disturbance criterion of 35 dB(A), with an allowance of 10 dB(A) for attenuation 

through an open window and 2 dB(A) subtracted to account for the use of LA90 rather 

the LAeq.  

A10.1.4 Where the occupier of a property has some financial involvement with the wind farm, 

the day and night-time lower noise limits are increased to 45 dB(A) 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.  

A10.1.5 Quiet day-time periods are defined as evenings from 1800-2300 plus Saturday 

afternoons from 1300-1800 and Sundays from 0700-1800, which are referred to as the 

�amenity hours�.  Night-time is defined as 2300-0700.  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�. ETSU-R-97 recommends that at least a fortnight of 

baseline measurements are compiled, to obtain representative weather conditions at 

each receptor. 

A10.1.6 Where predicted noise levels are low at the nearest residential properties, a simplified 

noise limit is specified such that noise is restricted to an LA90 level of 35 dB(A) for wind 

speeds up to 10 m/s at 10m height.  This removes the need for extensive background 

noise measurements for smaller or more remote schemes. 

A10.1.7 ETSU-R-97 states 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 2.5 dB 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. 

A10.1.8 ETSU-R-97 also recommends 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. 

IOA Guidance Document; A Good Practice Guide to the Application of ETSU-R-97 for the 

Assessment and Rating of Wind Turbine Noise (May 2013) 

A10.1.9 In response to a request from the Department of Energy and Climate Change (DECC), 

the Institute of Acoustics (IOA) set up a noise working group to advance 

recommendations made in published documents since the release of ETSU-R-97. The 

IOA published its good practice guide to the application of ETSU-R-97 in May 2013. 

A10.1.10 The IOA guidance document provides detailed information on collection of background 

noise data, establishing ETSU-R-97 limits, undertaking noise predictions and 

cumulative noise issues. The guidance is considered current best practice and has been 

used throughout the operational noise impact assessment. 

Amplitude Modulation (AM) 

A10.1.11 Amplitude Modulation (AM), also referred as Blade Swish in some literature, does not 

occur with all turbines as this is a function of the aerodynamics of the turbine and the 

specific conditions on the site. The conditions giving rise to AM are complex, but are 

believed to be due to a difference in wind speed at the top and bottom of the turbine 

rotor when in rotation and the aerodynamic noise directivity. The noise character due 



to this effect has been described as a thumping sound in time with the frequency of 

the blade rotations. 

A10.1.12 The noise limits suggested in ETSU-R-97 take into account the fact that all wind turbines 

exhibit the character of noise, described as blade swish, to a certain extent.  The DTI 

Report �The Measurement of Low Frequency Noise at Three UK Windfarms� 

(W/45/00656/00/00 dated 2006), concluded that �the common cause of complaints 

associated with noise at all three wind farms is not associated with low frequency 

noise, but is the audible modulation of the aerodynamic noise, especially at night�.  It 

suggests that �it may be appropriate to re-visit the issue of Aerodynamic Modulation 

(AM) and the means by which it should be assessed�.  

A10.1.13 In April 2012, RenewableUK funded extensive theoretical and experimental 

investigations into the modulation of noise from wind turbines. This included the 

subjective response to AM, its annoyance and ways to mitigate against it. This 

document was completed by a consortium, led by Hoare Lea and informed by a 

selection of UK companies and Universities. The document is named; Wind Turbine 

Amplitude Modulation: Research to Improve Understanding as to its Cause and Effect.  

A10.1.14 The document identifies two types of AM, Normal AM (NAM) and Other AM (OAM). 

The document states �NAM was defined as that element of AM which was capable of 

being fully described in terms of �standard� models of trailing edge noise, whilst OAM 

was defined as being any form of AM lying outside the definition of NAM.� 

A10.1.15 The research into OAM has shown that the effect tends to exist in mainly downwind 

conditions.  Furthermore OAM �has been shown to be discernible in the far field of 

wind turbines whilst not being simultaneously discernible in the near field to those 

turbines. These observations also highlight the practical difficulties involved with this 

phenomenon as far-field measurements are always more complex in practice.�  The 

document also states that the primary source generation mechanism for OAM is local 

stall on the blades.  

A10.1.16 In August 2016, the Institute of Acoustics Amplitude Modulation Working Group (IOA 

AMWG) issued its final report �A Method for Rating Amplitude Modulation in Wind 

Turbine Noise�, presenting details of a metric to rate amplitude modulation near 

operational wind farms.  A useful definition of AM is given as: 

�periodic fluctuations in the level of audible noise from a wind turbine (or wind 

turbines), the frequency of the fluctuations being related to the blade passing frequency  

of the turbine rotor(s)� 



A10.1.17 The metric is complex and involves extensive measurements as well as data analysis 

and signal analysis in order to come up with a rating of AM for each 10 minute period 

of the survey.  It does not apply to this assessment as there are no operational wind 

farms to which to apply the method.   

A10.1.18 Also in August 2016, WSP- Parsons Brinckerhoff issued their report �Wind Turbine AM 

Review � Phase 2 Report� (WTAMR) , commissioned by the Department of Energy and 

Climate Change, presenting a review of research into the effects of and response to 

AM.  The recommendations from this report state: 

�It is recommended that excessive AM is controlled through a suitably worded planning 

condition which will control it during periods of complaint. Those periods should be 

identified by measurement using the metric proposed by work undertaken by the 

Institute of Acoustics, and enforcement action judged by Local Authority Environmental 

Health Officers based on the duration and frequency of occurrence.� 

A10.1.19 The WTAMR report was criticised by members of the IOA AMWG and fell short of 

proposing acceptable wording for a condition.  Some members wrote an article in the 

IOA Bulleting of November/December 2017 in order to suggest a planning condition.  

The suggested conditioning mechanism rely on penalty system similar to the one 

described for tonal noise in the original ETSU-R-97 guidance. 
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Kenny Joyes  

South Lanarkshire Council 

Almada Street 

Hamilton 

ML3 0AA 

 

Dear Kenny 

 

Rigmuir Wind Farm � Proposed Site Specific Apportioned Noise Limits 

 

Wardell Armstrong LLP (WA) has undertaken a review of existing windfarm noise limits and 

existing wind farm noise at properties in the vicinity of the proposed Rigmuir Wind Farm 

(RWF) development. This letter provides detail of the review and sets out suggested 

apportioned noise limits which would be specific to RWF and could be adopted as part of 

planning conditions.  If these apportioned limits can be agreed in advance of a planning 

application, the applicant (Clean Earth Energy Ltd) would have to design a layout and 

appropriate mitigation that meet these limits. You may recall that a similar approach was 

suggested for the Clean Earth Energy scheme at Back Hareshaw. 

 

All work has been carried out in accordance with guidance from ETSU-R-97 �The Assessment 

and Rating of Noise� (ETSU-R-97) and current good practice guidance represented by the IOA 

Guidance Document �A Good Practice Guide to the Application of ETSU-R-97 for the 

Assessment and Rating of Wind Turbine Noise� 2013 (IOA GPG).   

 

Existing Sensitive Receptors 

The proposed RWF site boundary, where wind turbines may be located, is shown in red in the 

attached Figure 1. The nearest noise sensitive receptors are scattered residential properties 

in the vicinity and the 7 closest receptors have been labelled as Existing Sensitive Receptors 

(ESR(s)) numbered from 1 to 7 as shown in Figure 1. Grid coordinates are also provided in 

Appendix A. 

 

 

 



 

 

 

 

 

Existing Wind Farms considered 

The nearby operational Blantyre Muir Wind Farm (BMWF) is operating with six SENVION 

MM92 wind turbines, which were granted planning permission in several stages. First an 

application was submitted and granted for three wind turbines. Then a variation to increase 

the height was submitted and finally another application for three new wind turbines (an 

extension) was submitted.  The planning application references, and relevant noise conditions 

found in each decision notices can be summarised as follows:  

· HM/07/0563 decision dated 28 Oct. 2011: This application was the for the first 

three turbines and was later applied for variation under HM/10/0478.  A 

background noise survey was undertaken as part of this application. Condition 21 

states that noise limits are based on background levels in Chapter 11 of the 

Environmental Statement. It is assumed that this is superseded by the decision 

notice of HM/10/0478 which approved a variation in the height of the turbines. 

· HM/10/0478 decision dated 25 May 2012: For variation of height of the three 

wind turbines approved in decision HM/07/0563.  Background noise data 

compiled as part of the previous application was used for this application. 

Condition 15 says limits are based on background levels in Chapter 9 of the 

September 2010 Planning Statement. 

· HM/11/0541 decision dated 24 May 2012:   Application for three additional wind 

turbines. No new background survey undertaken.  Condition 15 says limits are 

based on background levels in Chapter 9 of the September 2010 Planning 

Statement. 

 

Existing Background Noise Levels and Total Limits 

BMWF noise is conditioned to be kept below ETSU-R-97 noise limits, which are based on 

background noise levels from Chapter 9 of the September 2010 Planning Statement. The 

limits are as follows: Fixed minimum limits of 35dB(A) during �quiet daytime� and 43dB(A) 

during night-time, as well as 45dB(A) for financially involved property applies, and it is the 

highest of those limits or background levels plus 5dB which determines the final limit, for each 

wind speed up to 12m/s (standardised).  Chapter 9, as found in application HM/10/0478, only 

contains 4 short paragraphs and refers to �Supporting Document 6 � Noise� which includes all 

the details, including background noise levels. It is our view that the background noise levels 

presented in �Supporting Document 6 -Noise�, enclosed in Appendix B to this letter, are valid 

when referring to the noise conditions of all six operational BMWF.   

 

The background noise levels are shown for quiet daytime and night-time, for a range of wind 

speeds between 5 and 12m/s, at four Noise Monitoring Locations (NML(s)). These have been 

marked as NMLA, NMLB, NMLC and NMLD as shown on Figure 1.  The background noise levels 



 

 

 

 

 

without wind turbine noise (i.e. prior to BMWF becoming operational) were measured in 

accordance with ETSU-R-97 and with reference to standardised 10m wind speeds, which is 

the preferred approach recommended in the IOA GPG.  

 

These known background noise levels can be used along with the existing noise conditions 

from BWF to set the total ETSU-R-97 limit (Total Limit) at all nearby receptors identified (ESR1 

to ESR7, shown in Figure 1). The IOA GPG offers detailed guidance in regard to cumulative 

noise and the key principle is that cumulative noise from all wind turbines at any given 

receptor does not exceed the Total Limit (as defined by ETSU-R-97).  

 

The background noise and Total Limits which we assume is applicable at each receptor is 

detailed in Table 1 (Quiet Daytime) and Table 2 (Night-time) below.  

 

Table 1: Quiet Daytime Background levels and Total Limits  

ESR 

Id 
Parameter 

Wind Speed standardised to 10m height (m/s) - All values are in dB LA90 

4 5 6 7 8 9 10 11 12 

ESR1 

Background Noise 

(from NMLA-East Drumloch) 
N/A 35 36 38 39 41 43 46 49 

Total Limit N/A  40 41 43 44 46 48 51 54 

ESR2 

Background Noise 

(from NMLA-East Drumloch) 
N/A  35 36 38 39 41 43 46 49 

Total Limit N/A  40 41 43 44 46 48 51 54 

ESR3 

Background Noise 

(from NMLA-East Drumloch) 
N/A  35 36 38 39 41 43 46 49 

Total Limit N/A  40 41 43 44 46 48 51 54 

ESR4 

Background Noise 

(from NMLD-DevonHill) 
N/A  38 39 40 42 44 47 50 53 

Total Limit N/A  43 44 45 47 49 52 55 58 

ESR5 

Background Noise 

(from NMLB-Dunrovan) 
N/A  45 46 47 47 48 49 50 52 

Total Limit N/A  50 51 52 52 53 54 55 57 

ESR6 

Background Noise 

(from NMLC-Laigh 

Muirhouses) 

N/A  37 38 39 40 42 44 46 48 

Total Limit (FI with Blantyre) N/A  45 45 45 45 47 49 51 53 

ESR7 

Background Noise 

(from NMLC-Laigh 

Muirhouses) 

N/A  37 38 39 40 42 44 46 48 

Total Limit N/A  42 43 44 45 47 49 51 53 

 

 

 

 

 

 

 



 

 

 

 

 

Table 2: Night-time Background levels and Total Limits  

ESR 

Id 
Parameter 

Wind Speed standardised to 10m height (m/s) - All values are in dB LA90 

4 5 6 7 8 9 10 11 12 

ESR1 

Background Noise 

(from NMLA-East Drumloch) 
N/A  31 33 34 37 39 42 44 48 

Total Limit N/A  43 43 43 43 44 47 49 53 

ESR2 

Background Noise 

(from NMLA-East Drumloch) 
N/A  31 33 34 37 39 42 44 48 

Total Limit N/A  43 43 43 43 44 47 49 53 

ESR3 

Background Noise 

(from NMLA-East Drumloch) 
N/A  31 33 34 37 39 42 44 48 

Total Limit N/A  43 43 43 43 44 47 49 53 

ESR4 

Background Noise 

(from NMLD-DevonHill) 
N/A  34 35 37 39 42 45 48 51 

Total Limit N/A  43 43 43 44 47 50 53 56 

ESR5 

Background Noise 

(from NMLB-Dunrovan) 
N/A  39 40 42 43 44 45 47 48 

Total Limit N/A  44 45 47 48 49 50 52 53 

ESR6 

Background Noise 

(from NMLC-Laigh 

Muirhouses) 

N/A  31 33 35 37 39 42 44 47 

Total Limit (FI with Blantyre) N/A  45 45 45 45 45 47 49 52 

ESR7 

Background Noise 

(from NMLC-Laigh 

Muirhouses) 

N/A  31 33 35 37 39 42 44 47 

Total Limit N/A  43 43 43 43 44 47 49 52 

 

Existing Wind Turbine Noise Levels 

We have predicted the BMWF existing wind turbine noise level at each receptor, based on six 

SENVION MM92 on a 69m hub.  The source noise data used is shown in detail in Appendix A, 

we have added +1dB over manufacturer data as part of our typical review  of manufacturer 

data, to provide noise predictions in accordance with the IOA GPG.  

 

The Total Limits and our noise predictions of existing wind turbine noise are shown in the 

Figures C.1 to C.7 of Appendix C. Overall, our noise predictions of existing wind turbine noise 

shows a margin of 0.6dB below the Total Limits at the most sensitive property (ESR7-

Hareshawhill Farm), most sensitive wind speed (8m/s) and most sensitive period (Night-time).  

This implies that ESR7 is a controlling property for BMWF and that there is room for BMWF 

to be slightly louder than our predictions.  As such, in order to acknowledge that fact, we 

would suggest that an additional +1dB buffer should be added to the predicted levels of 

BMWF for the purpose of apportioning noise limits specific to the proposed RWF.  

 

 

 



 

 

 

 

 

Suggested Apportioned Limits 

To set noise limits specific to the proposed RWF we suggest that it is calculated by subtraction 

(logarithmical) Total Limit minus existing wind farm noise (with a +1dB buffer).  Based on 

these principles, the suggested apportioned noise limits are shown in detail in the figures of 

Appendix C.   

 

We would like to agree the ESR locations and apportioned noise limits as soon as possible and 

look forward to hearing from you.  Please feel free to call me to discuss the above.  

 

 

Yours Sincerely 

for Wardell Armstrong LLP 

 

      
      

MOISE COULON      SIMON URQUHART 

Principal Acoustic Consultant    Technical Director 

mcoulon@wardell-armstrong.com   surquhart@wardell-armstrong.com 

 

Enc.  Figure 1 - Existing Wind Turbine Locations and Existing Sensitive Receptors 

Appendix A - Noise source data and coordinates 

         Appendix B - Blantyre Noise Report containing background noise levels  

Appendix C - Suggested apportioned noise limits for ESR1 to ESR7 
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Wardell Armstrong LLP 

City Quadrant, 11 Waterloo Square, Newcastle upon Tyne, NE1 4DP, United Kingdom 

Telephone: +44 (0)191 232 0943   www.wardell-armstrong.com  
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Registered office: Sir Henry Doulton House, Forge Lane, Etruria, Stoke-on-Trent, ST1 5BD, United Kingdom 
 

UK Offices: Stoke-on-Trent, Birmingham, Bolton, Cardiff, Carlisle, Edinburgh, Glasgow, Leeds, London, Manchester,  

Newcastle upon Tyne and Truro. International Offices: Almaty and Moscow 
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Appendix A - Noise source data and coordinates  



WT NOISE DATA 

NOISE DATA FOR SENVION MM92 - 69m Hub        

           

Reference Spectrum (LAeq) - Sourced from "D-2..9-VM.SM.03-D which is an excerpt from acoustic test report SE06010B2 

for a MM92" 

V10(m/s) Lw (dB(A)) as measured 63 Hz 125 Hz 250 Hz 500 Hz 

1000 

Hz 

2000 

Hz 

4000 

Hz 

8000 

Hz 

7.6 103.1 83.2 91.4 97.0 98.7 96.7 91.0 84.3 81.1 

           

Modelled Sound Power Levels (LAeq) - Sourced from "MM92 document SD-2.9-WT.PC.03-B-B-EN"   

V10(m/s) 

Lw (dB(A)) 

provided by 

manufacturer 

Lw (dB(A)) 

as modelled 

by Wardell 

Armstrong 63 Hz 125 Hz 250 Hz 500 Hz 

1000 

Hz 

2000 

Hz 

4000 

Hz 

8000 

Hz 

4 95.7 96.7 76.8 85.0 90.6 92.3 90.3 84.6 77.9 74.7 

5 101.2 102.2 82.3 90.5 96.1 97.8 95.8 90.1 83.4 80.2 

6 103.1 104.1 84.2 92.4 98.0 99.7 97.7 92.0 85.3 82.1 

7 104.2 105.2 85.3 93.5 99.1 100.8 98.8 93.1 86.4 83.2 

8 104.2 105.2 85.3 93.5 99.1 100.8 98.8 93.1 86.4 83.2 

9 104.2 105.2 85.3 93.5 99.1 100.8 98.8 93.1 86.4 83.2 

10 104.2 105.2 85.3 93.5 99.1 100.8 98.8 93.1 86.4 83.2 

Comment: Added +1dB uncertainty over warranted levels. 

 

COORDINATES FOR EXISTING SENSITIVE RECEPTORS 

ESR id ESR Name X Y 

1 East Drumloch 267805 652083 

2 Mid Drumloch 267339 651210 

3 Crutherland Farm 266069 651989 

4 Devonhill 268596 652435 

5 Dunrovan 266303 653460 

6 Laigh Muirhouses (FI with Blantyre) 267747 653552 

7 Stewartfield 267415 653798 

 

COORDINATES FOR EXISTING WIND TURBINES 

WT Name X Y 

Blantyre WT1 266799 652736 

Blantyre WT2 267339 652855 

Blantyre WT3 266825 653082 

Blantyre WT4 267772 653084 

Blantyre WT5 267433 653224 

Blantyre WT6 267092 653372 

 

 



 

 

 

 

 

Appendix B - Blantyre Noise Report containing background noise levels  
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PLANNING STATEMENT 

SUPPORTING DOCUMENT SIX: NOISE 

WEST COAST ENERGY LTD              1 

 

1. INTRODUCTION
 
1.1 Three additional turbines have been proposed for the 

existing consented site of three turbines at Blantyre Muir. 
Hayes McKenzie have been commissioned by the 
developer to undertake a noise impact assessment for 
the extended site. 

 
1.2 The assessment has been carried out according to the 

recommendations of ETSU-R-97, The Assessment and 
Rating of Noise from Wind Farms, as referred to in 
PAN45, Renewable Energy Technologies, as relevant 
guidance on good practice and also takes account of the 
recommendations of the Institute of Acoustics, Acoustics 
Bulletin Article agreement Prediction and Assessment of 
Wind Turbine Noise. 

 
1.3 Noise limits have been derived from baseline noise 

measurements carried out at the time of the application 
for the original three turbines and adjusted to take 
account of wind shear.  

 
1.4 Predictions of noise levels have been carried out, based 

on the proposed site layout and expected warranty levels 
for turbines under consideration for the extended site. 

 
1.5 The results of these predictions have been compared 

with the derived noise limits to assess the acceptability of 
the scheme. 

 

2. NOISE AND VIBRATION IMPACT FROM WIND 
FARM DEVELOPMENTS 

 

Noise Sources 
 
2.1 Noise is generated by wind turbines as they rotate to 

generate electricity. This only occurs above the !cut-in" 
wind speed and below the !cut-out" wind speed. Below 
the cut-in wind speed there is insufficient strength in the 
wind to generate efficiently and above the cut-out wind 
speed the turbine is automatically shut down to prevent 
any malfunctions from occurring. The cut-in wind speed 
at turbine hub height is normally between 2.5 and 3.5 
metres per second (m/s) and the cut out wind speed is 
normally around 22-28 m/s. 

 
2.2 The principal sources of noise are from the blades 

rotating in the air (aerodynamic noise) and from internal 
machinery, normally the gearbox and, to a lesser extent, 
the generator (mechanical noise). The blades are 
carefully designed to minimise noise whilst optimising 
power transfer from the wind. The nacelle at the top of 
the tower is insulated to minimise noise radiation from the  

 
gearbox, generator and other components, which are 
also isolated from the tower and the blade assembly to 
prevent structure-borne noise. 

 

Noise in the Environment 
 
2.3 Although the source noise levels are fairly low and of a 

benign nature, wind turbines are generally situated in 
rural environments where there are few other sources of 
noise. When wind speeds are high this is not generally a 
problem since any noise is likely to be masked by wind 
induced noise effects, particularly that of the trees being 
blown. At lower wind speeds, however, or in particularly 
sheltered locations, the wind induced background noise 
may not be sufficient to mask noise from the turbines.  

 
2.4 Noise levels are normally expressed in decibels. Noise in 

the environment is measured using the dB(A) scale which 
includes a correction for the response of the human ear 
to noises with different frequency content. Planning 
Advice Note PAN56, Planning and Noise [1] states that, 
for noise of a similar character, a change of 3 dB(A) is the 
minimum perceptible under normal conditions, and a 
change of 10 dB(A) corresponds roughly to halving or 
doubling the loudness of a sound. Table 1 shows noise 
from wind turbines in the general context of noise in the 
environment. 

 

Table 1: Examples of Indicative Noise Levels*  

Source/Activity 
Indicative Noise Level 

dB (A) 

Threshold of pain 140 

Jet aircraft at 250 m 105 

Pneumatic drill at 7 m 95 

City traffic 90 

Truck at 30 mph at 100 m 65 

Busy general office 60 

Car at 40 mph at 100 m 55 

Wind farm at 350 m 35 # 45 

Quiet bedroom 35 

Rural night-time background 20 # 40 

Threshold of hearing 0 

* Taken from PAN45, Renewable Energy Technologies 

3. NOISE PLANNING GUIDANCE 
 

Planning Advice Note PAN45: Renewable Energy 
Technologies

 
3.1 Planning Advice Note PAN45, Renewable Energy 

Technologies, [2] was issued by the Scottish Office 
Environment Department in January 2002 to provide 
information and advice on the technologies for 
harnessing renewable energy for electricity generation. 
Noise from wind turbines is specifically covered in 
Paragraphs 65-69, within the general section on Wind 
Power.  The document goes on to discuss the sources of 
noise and the effects of increasing wind speed on wind 
turbine noise and background noise. It states that !the 
report $The Assessment and Rating of Noise from Wind 
Farms% describes a framework for the measurement of 
wind farm noise and gives indicative noise levels thought 
to offer a reasonable degree of protection to wind farm 
neighbours, without placing unreasonable restrictions on 
wind farm development or adding unduly to the costs and 
administrative burdens on wind farm developers or 
planning authorities. The report presents a series of 
recommendations that can be regarded as relevant 
guidance on good practice". 

 

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

 
3.2 ETSU-R-97, The Assessment and Rating of Noise from 

Wind Farms [3], presents the recommendations of the 
Working Group on Noise from Wind Turbines, set up in 
1993 by the Department of Trade and Industry 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. 

 
3.3 It is recommended that noise limits should be applied to 

external locations used for relaxation or where a quiet 
environment is highly desirable. These limits should be 
set relative to background noise and should reflect the 
variation in both turbine source noise and background 
noise with wind speed. It is not, however, necessary to 
use a margin above background in particularly quiet 
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areas as such low limits are not necessary in order to 
offer a reasonable degree of protection to wind farm 
neighbours. 

 
3.4 Separate noise limits should apply for day-time and for 

night-time as during the night the protection of external 
amenity becomes less important and the emphasis 
should be on preventing sleep disturbance.  

 
3.5 For day-time periods, the noise limit is 35-40 dB(A) or 5 

dB(A) above the 'quiet day-time hours' prevailing 
background noise, whichever is the greater. The actual 
value within the 35-40 dB(A) 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. 

 
3.6 For night-time periods the noise limit is 43 dB(A) or 5 

dB(A) above the prevailing night-time hours background 
noise, whichever is the greater. The 43 dB(A) lower limit 
is based on a sleep disturbance criteria of 35 dB(A) with 
an allowance of 10 dB(A) for attenuation through an open 
window and 2 dB(A) subtracted to account for the use of 
LA90 rather the LAeq (see Paragraph 3.10).  

 
3.7 Where the occupier of a property has some financial 

involvement with the wind farm, the day and night-time 
lower noise limits are increased to 45 dB(A) 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.  

 
3.8 Quiet day-time periods are defined as evenings from 

1800-2300 plus Saturday afternoons from 1300-1800 and 
Sundays from 0700-1800. Night-time is defined as 2300-
0700. 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 
week"s worth of measurements is required. 

 
3.9 Where predicted noise levels are low at the nearest 

residential properties, as is the case here, a simplified 
noise limit can be applied, such that noise is restricted to 
a LA90 level of 35 dB(A) 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. 

 
3.10 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 2.5 dB 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.  

 
3.11 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. 

 
3.12 ETSU-R-97 dictates 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. This approach has been accounted for in the 
current assessment by assessing the total effect of the 
consented turbines together with the additional three 
proposed, referred to here as the extended site.  

 

IoA Bulletin Article, Prediction and Assessment of Wind 
Turbine Noise 

 
3.13 Institute of Acoustics Bulletin Vol 34 no. 2 [4] contains an 

agreement, jointly authored by a number of consultants 
working in the wind turbine sector for developers, local 
authorities and third parties, on an agreed methodology 
for addressing issues not covered by ETSU-R-97. This 
includes a methodology for dealing with wind shear and 
an agreed method for noise predictions. These will be 
referred to in the relevant sections below. 

 

Blade Swish (Aerodynamic Modulation) 
 
3.14 The noise limits prescribed in ETSU-R-97 take into 

account the fact that all wind turbines exhibit the 
character of noise described as blade swish, to a certain 
extent. DTI Report W/45/00656/00/00, The Measurement 
of Low Frequency Noise at Three UK Windfarms [5], 
concluded that $the common cause of complaints 
associated with noise at all three wind farms is not 
associated with low frequency noise, but is the audible 
modulation of the aerodynamic noise, especially at night%. 
It suggests that $it may be appropriate to re-visit the issue 
of aerodynamic modulation (AM) and the means by which 
it should be assessed%. 

 

3.15 As a result, Salford University recently carried out a 
study, jointly commissioned by Defra, BERR (formerly the 
DTI) and the CLG, to investigate AM of wind turbine 
noise. The results were published by way of report 
NANR233, Research into Aerodynamic Modulation of 
Wind Turbine Noise, [6] which concluded that AM was 
only considered to be a factor at 4, and at a possible 
further 8, of the 133 sites (all the sites in the UK 
operational at the time of the study) considered. At these 
4 sites, it was considered that conditions associated with 
AM might occur between about 7 and 15& of the time. In 
a statement accompanying the published report, the 
Government states that it !continues to support the 
approach set out in Planning Policy Statement (PPS) 22 
# Renewable Energy. This approach for local planning 
authorities to ensure that renewable energy 
developments have been located and designed in such a 
way to minimise increases in ambient noise levels, 
through the use of the 1997 report by ETSU to assess 
and rate noise from wind energy developments". PPS22 
is the English equivalent of PAN45. 

 

Infrasound
 
3.16 Infra-sound is defined as noise occurring at frequencies 

below that at which sound is normally audible, ie. at less 
than 20 Hz, due to the significantly reduced sensitivity of 
the ear at such frequencies. In this frequency range, for 
sound to be perceptible, it has to be at a very high 
amplitude and it is generally considered that when such 
sounds are perceptible then they can cause considerable 
annoyance. 

 
3.17 Wind turbines have been cited as significant 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 
turbines, including those proposed here, are of the 
upwind design; that is with the blades up wind of the 
tower, such that this effect is eliminated.  

 
3.18 The DTI Low Frequency Noise Study referred to in 

Paragraph 3.14 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 12 dB lower than the median hearing 
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threshold, measured infrasound levels are well below this 
criterion". It goes on to state that, based on information 
from the World Health 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". 

 

Low Frequency Noise 
 
3.19 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 distance from a wind farm site increases the noise 
level decreases as a result of the spreading out of the 
sound energy but also due to air absorption which 
increases with increasing frequency. The 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 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, however, overall noise level is so low, 
particularly for single turbine sites, that any bias in the 
frequency spectrum is insignificant.  

 

Wind Shear 
 
3.20 Wind shear, or more specifically vertical wind shear, is 

the rate at which the wind speed increases with 
increased height above ground level.  It is acknowledged 
that at many sites hub height wind speed, and hence the 
wind speed experienced by the wind turbine, is not 
correctly predicted from 10m-height wind speed 
measurements and ground roughness conditions alone.  
This is a result of higher levels of wind shear 
between10m and hub height than assumed by the 
logarithmic wind shear model (stated in ETSU-R-97 on 
page 100) with a ground roughness length of 0.05m. 
Higher levels of wind shear are most common when there 
is low turbulence in the atmosphere and can be a result 
of reduced thermal mixing, light winds and flat or !smooth" 
terrain.  In general these conditions are more common in 
the early evening or the night-time periods. 

 
3.21 The effect of enhanced wind shear can be accounted for 

during a background noise survey by referencing 
background noise measurements to hub height wind 
speed by using a tall mast which takes wind speed 
measurements at either hub height or 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 Acoustics Bulletin article 
!Prediction and Assessment of Wind Turbine Noise" [4]. 
The hub height wind speeds are then converted to 
!standardised 10m wind speed" assuming standardised 
conditions as used by turbine manufacturers when 
specifying turbine sound power levels.  

 
3.22 The baseline noise measurements carried out for the 

original three turbine application were correlated with 
wind speed measurements on a 10 metre height mast. 
For the purposes of this assessment these measured 
wind speeds have been corrected to the hub height of the 
consented and proposed extension turbines based on 
average wind shear for each 10 metre height wind speed 
!bin" and for each hour of the day based on wind speed 
measurements at 21, 31 and 60 metres on the site over a 
1 year period.  

 

4. BASELINE NOISE MEASUREMENTS 
 
4.1 The baseline noise measurements carried out in 

connection with the application for the three consented 
turbines are described in the ES for that site. Since 
nothing is likely to have changed the existing levels of 
ambient noise since then these have been used as the 
basis for this assessment carried out for the extended 
site. Full details for these measurements can be found in 
the ES for the original three turbine application. 

 
4.2 As discussed above, the results of these measurements 

have been corrected for wind shear such that they are 
now referenced to standardised instead of actual 10 
metre height wind speed to allow comparisons with 
predicted turbine noise on a like-for-like basis.  

 

5. NOISE PREDICTIONS 
 
5.1 Noise predictions have been carried out using 

International Standard ISO 9613, Acoustics # Attenuation 
of Sound During Propagation Outdoors [7]. The 
propagation model described in Part 2 of this standard 
provides for the prediction of sound pressure levels 
based on either short-term down wind (ie. worst case) 
conditions or long term overall averages. Only the down 
wind condition has been considered in this assessment, 
that is - for wind blowing from the proposed turbine 
towards the nearby houses. When the wind is blowing in 
opposite direction noise levels will be significantly lower, 
especially where there is any shielding between the 
turbine and the houses. 

 

5.2 The ISO 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 
 
5.3 The sound power level of a noise source is normally 

expressed in dB re:1pW. Noise predictions are based on 
sound power levels for RePower MM82 turbines which 
are currently being considered for the extended site. 
These variable speed turbines are available in a number 
of different reduced power modes whereby the maximum 
noise output is reduced by !capping" the power output by, 
in turn, restricting the rotational speed. These predictions 
have been carried out assuming the turbines are 
operating un-restricted, with sound power level values as 
shown in Table 2 taken from Repower data provided at 
Appendix 6.1. It is expected that these levels will be 
warranted for this turbine at this site.   

 

Table 2: Repower MM82 Turbine Source Sound Power 
Levels

Standardised* 10m Height 
Wind Speed (m/s) 

Sound Power Level 

(dB LWAeq) 

5 101.2 

6 104.0 

7 105.0 

8 105.0 

9 105.0 

10 105.0 

11 105.0 

12 105.0 

* Wind speed corrected from hub height to 10m height assuming ground 
roughness of 0.05m. 

 
5.4 The octave band noise spectrum used for the noise 

predictions is shown in Table 3, taken from  results of a 
measurement on a sample turbine shown at Appendix 
6.2, normalised to an overall sound power level of 105 
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dB(A) LWAeq; the highest sound power level occurring 
for wind speeds up to 10 m/s. 

 

Table 3: Octave Band Noise Spectrum for 10m Height 
Wind Speed of 10 m/s 

Octave Band 
Centre 

Frequency (Hz) 
63 125 250 500 1k 2k 4k 8k 

Octave Band 
Sound Power 
Level (dB(A)) 

87.5 94.8 99.4 99.4 98.3 94.4 90.1 82.1 

 

D - Directivity Factor 
 
5.5 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 down wind direction, corresponding to the worst case 
propagation conditions considered here and needs no 
further adjustment. 

 

Ageo - Geometrical Divergence 
 
5.6 The geometrical divergence accounts for spherical 

spreading in the free-field from a point sound source 
resulting in an attenuation depending on distance 
according to: 

 
Ageo = 20 x log(d) + 11 

 
where  d = distance from the turbine 

 
The wind turbine may be considered as a point source 
beyond distances corresponding to one rotor diameter. 

 

Aatm - Atmospheric Absorption 
 
5.7 Published values of ! " from ISO9613 Part 1have been 

used, corresponding to a temperature of 10ºC and a 
relative humidity of 70&, the values specified in the 
Acoustics Bulletin article !Prediction and Assessment of 
Wind Turbine Noise", which give relatively low levels of 
atmospheric attenuation, and subsequently worst case 
noise predictions as given in Table 4. 

 

Table 4: Atmospheric Absorption Coefficients 

Octave Band 
Centre 

Frequency (Hz) 

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

Atmospheric 
Absorption 
Coefficient 

(dB/m) 

0.0001 0.0004 0.0010 0.0019 0.0037 0.0097 0.0328 0.1170

 

Agr - Ground Effect 
 
5.8 Ground effect is the interference of sound reflected by the 

ground interfering 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 < any sites with low porosity) and 1 
for !soft" ground (includes ground covered by grass, trees 
or other vegetation). The Prediction and Assessment of 
Wind Turbine Noise agreement suggests that use of G = 
0.5 and a receptor height of 4m will generally result in 
realistic estimates of noise emission levels at receptor 
locations downwind of wind turbines where predictions 
are based on manufacturers warranted noise data and 
these are the assumptions which have been used here.   

 

Abar - Barrier Attenuation 
 
5.9 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 down wind 
conditions. The results of a study of propagation of noise 
from wind farm sites carried out for ETSU [9] concludes 
that an attenuation of just 2 dB(A) should be allowed 
where the direct line of site between the source and 
receiver is just interrupted and that 10 dB(A) should be 
allowed where a barrier lies within 5 m of a receiver and 
provides a significant interruption to the line of site. It 
should be noted that no barrier attenuation has been 
used in any of the noise predictions carried out here 
since there is no significant shielding at this site. 

 

Amisc - Miscellaneous Other Effects 
 
5.10 ISO 9613 includes effects of propagation through foliage, 

industrial plants and housing as additional attenuation 
effects. These have not been included here and any such 
effects are unlikely to significantly reduce noise levels 
below those predicted.  

 

Predicted Noise Levels 

 
5.11 Noise predictions were carried out for a 5 km by 4 km 

grid centred on the site for a wind speed of 10 m/s at 10 
m height. The results are plotted in the form of noise 
contours shown in Figure 1. It should be noted that this 
represents downwind propagation in all directions 
simultaneously, which clearly cannot happen in practice.   

 
5.12 The predicted turbine noise LAeq has been adjusted by 

subtracting 2 dB to give the equivalent LA90 as 
suggested in ETSU-R-97.  

 

Operational Noise Impact Assessment 
 
5.13 Figures 2- 11 reproduce the Figures presented in the ES 

at Appendix 11.1.1 # 11.1.5but with the 10 metre height 
wind speeds corrected to standardised 10 metre height 
wind speed as described in Paragraph 3.22. These show 
the measured LA90 background noise levels against 
wind speed at the nearest residential properties, for the 
night hours of 2300-0700 and for the hours during which 
people could be enjoying the amenity of their properties 
as defined as sensitive periods of the day in the ETSU-R-
97 recommendations. This comprises weekday evenings 
from 1800 to 2300, Saturday afternoon and evening from 
1300 to 2300 and all day Sunday from 0700 to 2300.  

 
5.14 As for the charts in the ES, a 2nd order polynomial 

regression line has been plotted through the background 
noise data measured at each location to give the 
prevailing background noise as required for the derivation 
of the ETSU-R-97 noise limits. It should be noted that the 
result is different here because of the use of standardised 
rather than actual 10 metre height wind speed.   

 
5.15 The derived noise limits, based on the ETSU-R-97 

criteria, are also shown on these plots to show the noise 
limits at any given wind speed together with the predicted 
turbine noise. The daytime noise limit is based on the 
amenity hours background level plus 5dB or the fixed 
lower limits, whichever is the greater. The night noise 
limit is based on the prevailing night background levels 
plus 5dB or the fixed 43dB LA90  limit, whichever is the 
greater.  

 
5.16 It should be noted that, for all properties assessed here 

except East Drumloch, the upper and lower day-time 
limits are identical at all wind speeds because of 
relatively high levels of background noise in the area. It 
has been assumed, in the assessment, that Laigh 
Muirhouses is occupied by the land-owner of the scheme. 
As in the ES, the assessment for Stewartfield is based on 
background noise measurements at Laigh Muirhouses. 
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5.17 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 manufacturers of the turbine for this site such that the 
noise output will not require a correction under the ETSU-
R-97 scheme. 

 

Devonhill  
 
5.18 Figure 2 shows that, at Devonhill, the predicted turbine 

noise level is below the night-time noise limit by a 
minimum margin of 8 dB and below the derived prevailing 
background noise for all wind speeds. 

 
5.19 Figure 3 shows that the predicted turbine noise level is 

below the day-time noise limit by at minimum margin of 
10 dB and below the prevailing background noise level 
for all wind speeds.  

 

Dunrowan
 
5.20 Figure 4 shows that, at Dunrowan, which is slightly near 

to the site than Lodgehill where the measurements were 
made,  the predicted turbine noise level is below the 
night-time noise limit by a minimum margin of  6.5 dB and 
below the prevailing background noise level for all wind 
speeds based on measurements at Lodgehill. 

 
5.21 Figure 5 shows that the predicted turbine noise level is 

below the day-time noise limit by a minimum margin of 
over 10 dB and below the prevailing background noise 
level for all wind speeds, also based on measurements at 
Lodgehill 

 

East Drumloch
 
5.22 Figure 6 shows that, at East Drumloch, the predicted 

turbine noise level is below the night-time noise limit by a 
minimum margin of 5.5 dB and below the prevailing 
background noise level for wind speeds above 8.5 m/s.  

 
5.23 Figure 7 shows that the predicted turbine noise level is 

below the day-time noise limit by a minimum margin of 
4.5 dB and below the prevailing background noise level 
for except between 5.5 and 7 m/s. 

 

Laigh Muirhouses Assessment
 
5.24 Figure 8 shows that, at Laigh Muirhouses, the predicted 

turbine noise level is below the night-time noise limit for a 
financially involved property by a minimum margin of 2 
dB and below the prevailing background noise level for 
wind speeds above 10.5 m/s.  

 
5.25 Figure 9 shows that the predicted turbine noise level is 

below the day-time noise limit for a financially involved 
property by a minimum margin of 2 dB and below the 
prevailing background noise level for wind speeds above 
9.5 m/s. 

 

Stewartfield Assessment  
 
5.26 Figure 10 shows that, at Stewartfield, the predicted 

turbine noise level is below the night-time noise limit by a 
minimum margin of 2 dB and below the prevailing 
background noise level for wind speeds above 9.5 m/s 
based on measurements at Laigh Muirhouses.  

 
5.27 Figure 11 shows that the predicted turbine noise level is 

below the day-time noise limit by a minimum margin of 
2.5 dB and below the prevailing background noise level 
for wind speeds above 8.5 m/s, also based on 
measurements at Laigh Muirhouses. 

 

Assessment of Turbine Noise at Other Residential 
Locations

 
5.28 The assessments described in Paragraphs 5.18 - 5.27 

are representative of properties likely to be the most 
adversely affected by the proposed wind turbine 
development.  The properties to the north of the site, 
such as Braehead Cottage are likely to experience similar 
levels of existing background noise to Laigh Muirhouses, 
and therefore the noise impact is likely to be less than 
that at Stewartfield.  The assessment at Dunrowan is 
representative of Lodgehill. Note that buildings shown on 
Figure 1 labelled High Muirhouses and Rigmuir are both 
derelict.  

 
5.29 At all other residential locations, predicted noise levels 

will be at our below the ETSU-R-97 simplified criterion of 
35dB LA90, as can be seen from Figure 1.  

 

Summary of Noise Impact Assessment 
 
5.30 Table 5 gives a compact summary showing the minimum 

margin by which the noise limit is met at each location. 

Table 5: Compact Summary of Noise Impact 
Assessment

Devonhill 

Night Limit Met By 8.0dB 

Lower Day Limit Met By 9.8dB 

Dunrowan 

Night Limit Met By 6.4dB 

Lower Day Limit Met By 11.6dB 

East Drumloch 

Night Limit Met By 5.5dB 

Lower Day Limit Met By 4.5dB 

Laigh Muirhouses 

Land-Owner Night Limit Met By 2.0dB 

Land-Owner Day Limit Met By 2.0dB 

Stewartfield 

Night Limit Met By 2.0dB 

Lower Day Limit Met By 2.8dB 

 
5.31 Table 6 shows a tabular summary of the noise impact 

assessment for each property at which background noise 
measurements were carried out, including the prevailing 
background noise, the derived noise limit and the 
predicted noise level over a range of wind speeds for the 
amenity and night hours. 
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Table 6: Summary of Noise Impact Assessment 
Standardised 10m Wind Speed 

Location  5 6 7 8 9 10 11 12 

Devonhill 

Predicted 31 34 35 35 35 35 35 35 

B/G Night 34 35 37 39 42 45 48 51 

B/G Amenity 38 39 40 42 44 47 50 53 

Night Limit 43 43 43 44 47 50 53 56 

Lower Day Limit 43 44 45 47 49 52 55 58 

Exceedance of Night 
Limit 

-12 -9 -8 -9 -12 -15 -18 -21 

Exceedance of Lower 
Day Limit 

-12 -10 -10 -12 -14 -17 -20 -23 

Dunrowan 

Predicted 36 39 40 40 40 40 40 40 

B/G Night 39 40 42 43 44 45 47 48 

B/G Amenity 45 46 47 47 48 49 50 52 

Night Limit 44 45 47 48 49 50 52 53 

Lower Day Limit 50 51 52 52 53 54 55 57 

Exceedance of Night 
Limit 

-8 -6 -7 -8 -9 -10 -12 -13 

Exceedance of Lower 
Day Limit 

-14 -12 -12 -12 -13 -14 -15 -17 

East Drumloch 

Predicted 34 37 38 38 38 38 38 38 

B/G Night 31 33 34 37 39 42 44 48 

B/G Amenity 35 36 38 39 41 43 46 49 

Night Limit 43 43 43 43 44 47 49 53 

Lower Day Limit 40 41 43 44 46 48 51 54 

Exceedance of Night 
Limit 

-9 -7 -6 -6 -6 -9 -12 -15 

Exceedance of Lower 
Day Limit 

-6 -4 -5 -7 -9 -11 -13 -16 

Laigh Muirhouses 

Predicted 39 42 43 43 43 43 43 43 

B/G Night 31 33 35 37 39 42 44 47 

B/G Amenity 37 38 39 40 42 44 46 48 

Land Owner Night 
Limit 

45 45 45 45 45 47 49 52 

Land Owner Day 
Limit 

45 45 45 45 47 49 51 53 

Exceedance of L/O 
Night Limit 

-6 -3 -2 -2 -2 -4 -6 -9 

Exceedance of L/O 
Day Limit 

-6 -3 -2 -2 -4 -6 -8 -10 

Stewartfield 

(based on measurements at Laigh Muirhouses)

Predicted 37 40 41 41 41 41 41 41 

B/G Night 31 33 35 37 39 42 44 47 

B/G Amenity 37 38 39 40 42 44 46 48 

Night Limit 43 43 43 43 44 47 49 52 

Lower Day Limit 42 43 44 45 47 49 51 53 

Exceedance of Night 
Limit 

-6 -3 -2 -2 -3 -6 -8 -11 

Exceedance of Lower 
Day Limit 

-5 -3 -3 -4 -6 -8 -10 -12 

 

6. CONCLUSIONS
 
6.1 An assessment of the operational noise impact of the 

proposed extended Blantyre Muir Wind Farm has been 
carried out. Baseline noise levels were measured at four 
locations representative of the nearest residential 
locations to the proposed turbines at the time of the 
application for the three consented turbines and have 
been used as the basis for the assessment presented 
here. 

 
6.2 Typical downwind turbine noise levels have been 

predicted, for the combined operation of the three 
consented turbines and the additional three proposed 
based on sound power level data for REpower MM82 
2MW wind turbines which are expected to be warranted 
for the site. 

 
6.3 The assessment has been carried out by comparing the 

predicted noise levels with noise limits described in 
ETSU-R-97, Assessment and Rating of Noise from Wind 
Farms, the published recommendations of the Working 
Group on Noise from Wind Turbines, as referred to in 
PPS22, Renewable Energy and also takes into account 
the recommendations of the Institute of Acoustics, 
Acoustics Bulletin Article agreement; Prediction and 
Assessment of Wind Turbine Noise. 

 
6.4 The night-time assessment shows that the predicted 

typical downwind turbine noise levels, at the nearest 
residential locations to the site, are below the night-time 
noise limits under all wind speed and direction conditions. 

 

6.5 The day-time assessment shows that the predicted 
typical downwind turbine noise levels, at the nearest 
residential locations to the site, are below the lower day-
time noise limits under all conditions wind speed and 
direction conditions. 

 
6.6 Planning Conditions for the extended site, if consented, 

should contain noise limits in line with the limits derived 
here in order to regulate noise from the site in line with 
national planning policy. 
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Figure 1: Noise Contours for Standardised Wind Speed of 10 m/s at 10 m Height 
 

 
 

© Crown copyright, All rights reserved. Licence no. AL 100011286.  

 
It should be noted that these contours represent worst-case downwind conditions and assume no attenuation from any barriers. 
For upwind propagation noise levels will be significantly lower.  
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Figure 2 
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Figure 3 
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Figure 7 
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Appendix C - Suggested apportioned noise limits for ESR1 to ESR7 
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South Lanarkshire Council Disclaimer  

This email and any files transmitted with it are confidential and are intended only for the use of the individual or group 
named above. If you receive this email in error, please notify your system manager immediately and erase the mail 
from your system. Any copyright material included with the e-mail should be solely used by its intended recipient and 
only for the purpose intended. The information contained within the message and any associated files are not 
necessarily the view of South Lanarkshire Council and do not bind the Council in any legal agreement. 
 
WARNING: While South Lanarkshire Council takes steps to prevent computer viruses from being transmitted via 
electronic mail attachments, we cannot guarantee that attachments do not contain computer virus code. You are 
therefore strongly advised to undertake anti-virus checks prior to accessing the attachment to this electronic mail. 
South Lanarkshire Council grants no warranties regarding performance use or quality of any attachment and 
undertakes no liability for loss or damage howsoever caused. South Lanarkshire Council may monitor the content of 
e-mails sent and received via its network for the purpose of ensuring compliance with its policies and procedures.  
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3 4 5 6 8 9 10 11 12

- - 40.0 41.0 44.0 46.0 48.0 51.0 54.0

- - 43.0 43.0 43.0 44.0 47.0 49.0 53.0

- 32.6 37.7 40.4 41.3 41.2 41.2 41.2 41.2

- 29 34.5 36.4 37.8 37.5 37.5 37.5 37.5

- - -2.3 -0.6 -2.7 -4.8 -6.8 -9.8 -12.8

- - -5.3 -2.6 -1.7 -2.8 -5.8 -7.8 -11.8
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10 Minute Windspeed (m/s) Standardised from 80m 

to 10m Height

Total ETSU-R-97 QUIET DAYTIME Limit

Total ETSU-R-97 NIGHT TIME Limit

Cumulative WT Noise(Blantyre+Rigmuir*)

Existing Blantyre

Exceedences Quiet Day (for Cumulative)

Exceedences Night-time (for Cumulative)

7

20

22

24

26

28

30

32

34

36

38

40

42

44

46

48

50

52
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3 4 5 6 8 9 10 11 12

- - 40.0 41.0 44.0 46.0 48.0 51.0 54.0

- - 43.0 43.0 43.0 44.0 47.0 49.0 53.0

- 29.6 34.7 38.8 39.9 39.8 39.8 39.8 39.8

- 23.5 29 30.9 32.3 32 32 32 32

- - -5.3 -2.2 -4.1 -6.2 -8.2 -11.2 -14.2

- - -8.3 -4.2 -3.1 -4.2 -7.2 -9.2 -13.2
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10 Minute Windspeed (m/s) Standardised from 80m 

to 10m Height

Total ETSU-R-97 QUIET DAYTIME Limit

Total ETSU-R-97 NIGHT TIME Limit

Cumulative WT Noise(Blantyre+Rigmuir*)

Existing Blantyre

Exceedences Quiet Day (for Cumulative)

Exceedences Night-time (for Cumulative)

7

20

22

24

26

28

30

32

34

36

38

40

42

44

46

48

50

52
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3 4 5 6 8 9 10 11 12

- - 40.0 41.0 44.0 46.0 48.0 51.0 54.0

- - 43.0 43.0 43.0 44.0 47.0 49.0 53.0

- 30.8 35.9 39.8 40.9 40.8 40.8 40.8 40.8

- 26.3 31.8 33.7 35.1 34.8 34.8 34.8 34.8

- - -4.1 -1.2 -3.1 -5.2 -7.2 -10.2 -13.2

- - -7.1 -3.2 -2.1 -3.2 -6.2 -8.2 -12.2

Legend:
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10 Minute Windspeed (m/s) Standardised from 80m 

to 10m Height

Total ETSU-R-97 QUIET DAYTIME Limit

Total ETSU-R-97 NIGHT TIME Limit

Cumulative WT Noise(Blantyre+Rigmuir*)

Existing Blantyre

Exceedences Quiet Day (for Cumulative)

Exceedences Night-time (for Cumulative)

7

20

22

24

26

28

30

32

34

36

38

40

42

44

46
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50

52
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3 4 5 6 8 9 10 11 12

- - 43.0 44.0 47.0 49.0 52.0 55.0 58.0

- - 43.0 43.0 44.0 47.0 50.0 53.0 56.0

- 27.8 33.2 36 37.2 37 37 37 37

- 26.5 32 33.9 35.3 35 35 35 35

- - -9.8 -8 -9.8 -12 -15 -18 -21

- - -9.8 -7 -6.8 -10 -13 -16 -19

Legend:

������� ����������	
������	�

����������������������������������� �	
���  ���!�����"��!��#�

����������������!�#"������������ �
�	� !����$�
�%���	����

 �������&����!���'(��	�)�*�������+, �&�	-����'���.,

�/����	��(��	�)� 
����������� 0������ 1.

$��2��
����������������+��3���456�7 ���	� !��

����� � 

������� ��

���� 8�97398783

-6

45.0

43.0

37

35

-8

�������� ���
!��"!!�!!���������#���
		�$���%&

!�3.:43���!�����
������������'(

10 Minute Windspeed (m/s) Standardised from 80m 

to 10m Height

Total ETSU-R-97 QUIET DAYTIME Limit

Total ETSU-R-97 NIGHT TIME Limit

Cumulative WT Noise(Blantyre+Rigmuir*)

Existing Blantyre

Exceedences Quiet Day (for Cumulative)

Exceedences Night-time (for Cumulative)

7

20
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24
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34
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42

44
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3 4 5 6 8 9 10 11 12

- - 50.0 51.0 52.0 53.0 54.0 55.0 57.0

- - 44.0 45.0 48.0 49.0 50.0 52.0 53.0

- 32.1 37.5 39.9 41.2 41 41 41 41

- 31.4 36.9 38.8 40.2 39.9 39.9 39.9 39.9

- - -12.5 -11.1 -10.8 -12 -13 -14 -16

- - -6.5 -5.1 -6.8 -8 -9 -11 -12

Legend:
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10 Minute Windspeed (m/s) Standardised from 80m 

to 10m Height

Total ETSU-R-97 QUIET DAYTIME Limit

Total ETSU-R-97 NIGHT TIME Limit

Cumulative WT Noise(Blantyre+Rigmuir*)

Existing Blantyre

Exceedences Quiet Day (for Cumulative)

Exceedences Night-time (for Cumulative)

7

20

22

24
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28

30

32

34
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42

44

46
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3 4 5 6 8 9 10 11 12

- - 45.0 45.0 45.0 47.0 49.0 51.0 53.0

- - 45.0 45.0 45.0 45.0 47.0 49.0 52.0

- 35.2 40.7 42.7 44.1 43.8 43.8 43.8 43.8

- 35 40.5 42.4 43.8 43.5 43.5 43.5 43.5

- - -4.3 -2.3 -0.9 -3.2 -5.2 -7.2 -9.2

- - -4.3 -2.3 -0.9 -1.2 -3.2 -5.2 -8.2

Legend:

������� ����������	
������	�

����������������������������������� �	
���  ���!�����"��!��#�

����������������!�#"������������ �
�	� !����$�
�%���	����

 �������&����!���'(��	�)�*�������+, ����-�����-����'.��/��-�(��	�)�,�'���0,

�1����	��(��	�)� 
����������� .������ 20

$��3��
����������������+��4���567�8 ���	� !��

����� � 

������� ��

���� 9�:84:9894

-1.2

45.0

45.0

43.8

43.5

-1.2

�������� ���
!��"!!�!!�������#�
���$�
����!�!%&��
���'	���(��)�%���*)

!�4;<54���!�����
������������+,

10 Minute Windspeed (m/s) Standardised from 80m 

to 10m Height

Total ETSU-R-97 QUIET DAYTIME Limit

Total ETSU-R-97 NIGHT TIME Limit

Cumulative WT Noise(Blantyre+Rigmuir*)

Existing Blantyre

Exceedences Quiet Day (for Cumulative)

Exceedences Night-time (for Cumulative)

7

20
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44
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3 4 5 6 8 9 10 11 12

- - 42.0 43.0 45.0 47.0 49.0 51.0 53.0

- - 43.0 43.0 43.0 44.0 47.0 49.0 52.0

- 33.8 39.3 41.4 42.8 42.5 42.5 42.5 42.5

- 33.6 39.1 41 42.4 42.1 42.1 42.1 42.1

- - -2.7 -1.6 -2.2 -4.5 -6.5 -8.5 -10.5

- - -3.7 -1.6 -0.2 -1.5 -4.5 -6.5 -9.5

Legend:
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10 Minute Windspeed (m/s) Standardised from 80m 

to 10m Height

Total ETSU-R-97 QUIET DAYTIME Limit

Total ETSU-R-97 NIGHT TIME Limit

Cumulative WT Noise(Blantyre+Rigmuir*)

Existing Blantyre

Exceedences Quiet Day (for Cumulative)

Exceedences Night-time (for Cumulative)
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3 4 5 6 8 9 10 11 12

- - 38.1 38.5 42.4 45.1 47.5 50.7 53.9

- - 42.1 41.6 40.9 42.6 46.3 48.6 52.8

- 30.1 35 38.3 38.8 38.8 38.8 38.8 38.8

- - -3.1 -0.2 -3.6 -6.3 -8.7 -11.9 -15.1

- - -7.1 -3.3 -2.1 -3.8 -7.5 -9.8 -14.0

Legend:
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10 Minute Windspeed (m/s) Standardised from 80m to 

10m Height

Rigmuir Specific ETSU-R-97 QUIET DAYTIME Limit

Rigmuir Specific ETSU-R-97 NIGHT TIME Limit

Proposed Rigmuir        *WT1&WT3=OM0,WT2=OM4

Exceedences Quiet Day

Exceedences Night-time

7

-2.3

41.1

41.1

38.8

-2.3
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26

28
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32

34

36

38
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44

46

48
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52
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3 4 5 6 8 9 10 11 12

- - 39.5 40.4 43.6 45.8 47.9 50.9 54.0

- - 42.8 42.6 42.5 43.6 46.8 48.9 53.0

- 28.4 33.3 38 39 39 39 39 39

- - -6.2 -2.4 -4.6 -6.8 -8.9 -11.9 -15.0

- - -9.5 -4.6 -3.5 -4.6 -7.8 -9.9 -14.0

Legend:
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10 Minute Windspeed (m/s) Standardised from 80m to 

10m Height

Rigmuir Specific ETSU-R-97 QUIET DAYTIME Limit

Rigmuir Specific ETSU-R-97 NIGHT TIME Limit

Proposed Rigmuir        *WT1-WT3=OM0

Exceedences Quiet Day

Exceedences Night-time

7

-3.5

42.5

42.5

39

-3.5

20

22

24

26

28

30

32

34

36

38

40

42

44

46

48
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52
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3 4 5 6 8 9 10 11 12

- - 39.1 39.8 43.2 45.6 47.7 50.9 53.9

- - 42.6 42.3 42.0 43.3 46.7 48.8 52.9

- 29 33.9 38.6 39.6 39.6 39.6 39.6 39.6

- - -5.2 -1.2 -3.6 -6.0 -8.1 -11.3 -14.3

- - -8.7 -3.7 -2.4 -3.7 -7.1 -9.2 -13.3

Legend:
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10 Minute Windspeed (m/s) Standardised from 80m to 

10m Height

Rigmuir Specific ETSU-R-97 QUIET DAYTIME Limit

Rigmuir Specific ETSU-R-97 NIGHT TIME Limit

Proposed Rigmuir        *WT1-WT3=OM0

Exceedences Quiet Day

Exceedences Night-time

7

-2.5

42.1

42.1

39.6

-2.5

20

22

24

26

28

30

32

34

36

38

40

42

44

46

48
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52

54

3 4 5 6 7 8 9 10 11 12

&
'
�(


�
�
��

��
)
*
'
�
�
�
�
�
��

��
��

�
��

��
�
+
�
	�
!�

,
$

&'�(
�����-
��������!�.�$���������
���������/'�����&'��0�
���



3 4 5 6 8 9 10 11 12

- - 42.5 43.4 46.6 48.8 51.9 54.9 58.0

- - 42.5 42.3 43.2 46.6 49.8 52.9 56.0

- 22.1 27 31.7 32.7 32.7 32.7 32.7 32.7

- - -15.5 -11.7 -13.9 -16.1 -19.2 -22.2 -25.3

- - -15.5 -10.6 -10.5 -13.9 -17.1 -20.2 -23.3

Legend:
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10 Minute Windspeed (m/s) Standardised from 80m to 

10m Height

Rigmuir Specific ETSU-R-97 QUIET DAYTIME Limit

Rigmuir Specific ETSU-R-97 NIGHT TIME Limit

Proposed Rigmuir        *WT1-WT3=OM0

Exceedences Quiet Day

Exceedences Night-time

7

-9.3

44.4

42.0

32.7

-11.7
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3 4 5 6 8 9 10 11 12

- - 49.7 50.7 51.6 52.7 53.8 54.8 56.9

- - 42.8 43.4 47.0 48.3 49.4 51.6 52.7

- 24 28.9 33.6 34.6 34.6 34.6 34.6 34.6

- - -20.8 -17.1 -17.0 -18.1 -19.2 -20.2 -22.3

- - -13.9 -9.8 -12.4 -13.7 -14.8 -17.0 -18.1

Legend:
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10 Minute Windspeed (m/s) Standardised from 80m to 

10m Height

Rigmuir Specific ETSU-R-97 QUIET DAYTIME Limit

Rigmuir Specific ETSU-R-97 NIGHT TIME Limit

Proposed Rigmuir        *WT1-WT3=OM0

Exceedences Quiet Day

Exceedences Night-time

7

-11.2

51.6

45.8

34.6

-17.0
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3 4 5 6 8 9 10 11 12

- - 42.4 39.9 35.4 43.4 47.1 49.9 52.3

- - 42.4 39.9 35.4 35.4 43.4 47.1 51.1

- 22.2 27.1 31.8 32.8 32.8 32.8 32.8 32.8

- - -15.3 -8.1 1.3 -10.6 -14.3 -17.1 -19.5

- - -15.3 -8.1 1.3 -2.6 -10.6 -14.3 -18.3

Legend:
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10 Minute Windspeed (m/s) Standardised from 80m to 

10m Height

Rigmuir Specific ETSU-R-97 QUIET DAYTIME Limit

Rigmuir Specific ETSU-R-97 NIGHT TIME Limit

Proposed Rigmuir        *WT1-WT3=OM0

Exceedences Quiet Day

Exceedences Night-time

7

-2.6

35.4

35.4

32.8

-2.6
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3 4 5 6 8 9 10 11 12

- - 37.5 36.1 39.9 44.7 47.7 50.2 52.5

- - 39.9 36.1 33.0 36.7 44.7 47.7 51.4

- 21.6 26.5 31.2 32.2 32.2 32.2 32.2 32.2

- - -11.0 -4.9 -7.7 -12.5 -15.5 -18.0 -20.3

- - -13.4 -4.9 -0.8 -4.5 -12.5 -15.5 -19.2

Legend:
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10 Minute Windspeed (m/s) Standardised from 80m to 

10m Height

Rigmuir Specific ETSU-R-97 QUIET DAYTIME Limit

Rigmuir Specific ETSU-R-97 NIGHT TIME Limit

Proposed Rigmuir        *WT1-WT3=OM0

Exceedences Quiet Day

Exceedences Night-time

7

-0.8

36.7

33.0

32.2
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