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Figures 1 and 2 
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      Figure 1 -  Site Layout showing identified dwellings H1 – H9   ( Note: Turbine locations 1,2,3 and 5  slightly revised as FEI Table 5.1) 
 
 

Fatlands Farm  
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       Figure 2 - Identification of Public Rights of Way
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Appendix 1 – Acoustic Terminology  

 
(2 pages)  
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 Explanation of Terminology 
     

 
Description and measurement of noise  
 
Noise (or sound) as perceived by a listener has three principal characteristics: 
 
Level or intensity – measured in decibels (dB).  The decibel scale is logarithmic, each 10dB 
increase in level representing a ten-fold increase in sound intensity.  The response of the 
human ear is not linear, so a 10dB change in noise level is often quoted as representing a 
halving or doubling of perceived noise level, not a ten-fold change. A change in noise level 
of 1dB is barely detectable.  A change of 3dB is generally taken to be the smallest change 
that can be reliably detected.  
 
Frequency or pitch – measured in Hertz (Hz) or cycles per second.    The healthy (and 
young) human ear can detect sounds in the range between about 20 and 20,000 Hz, 
although it is most sensitive in the frequencies between about 500Hz and 10,000 Hz, the 
frequencies carrying most information in speech. Most environmental noise includes sounds 
over a wide range of frequencies.  The ‘mix’ of frequencies making up a particular sound is 
one factor in determining the perceived ‘character’ of the sound.  
 
Temporal variation – regular or irregular variation in level (or frequency) with time.  The 
way in which noise varies with time (either randomly or regularly) is another factor which 
determines the characteristics of a sound and enables it to be identified or distinguished 
from other sounds.     
 
In my proof I refer to noise levels measured in A-weighted decibels or dB(A).  A-weighted 
sound (or noise) levels are measured using an instrument which incorporates an electronic 
filter which represents the response of the human ear to sound at different frequencies.  The 
dB(A) level of a sound is therefore a measure of the perceived loudness of a sound. Most 
standards and guidelines concerning community response to noise refer to noise levels in 
dB(A).  Most ‘everyday’ sounds are in the range between 20 and 70 dB(A). 
 
Sound Power Level 
 
Sound Power Level (Lw or PWL) is a measure of the overall sound energy radiated by a 
machine.  The units are dB re 10 picowatts W (or 10 -12W).   In this report I express sound 
power levels in the form PWL in dB(A).  For a wind turbine, the Sound Power Level varies 
with wind speed.  It is measured using a standard test procedure (IEC 61400-11) which 
determines the Sound Power Level in different frequency bands.  These values, with 
corrections for measurement uncertainty, are used as inputs to calculation procedures to 
predict the dB(A) noise levels at receptor locations around a proposed wind farm.    
 
Sound Pressure Level (Noise Level)  
 
The sound pressure level or noise level is a measure of the intensity of sound at a specific 
position.  Because environmental noise is rarely steady and continuous, its level usually 
cannot be defined by a single numerical value.  In this proof I refer to the following quantities: 
 
Leq,T – the equivalent-continuous noise level over a time period T.  It is a measure of the 
average level of a noise which varies with time, defined as that steady level which would 
contain the same amount of sound energy over the period in question as the actual time-
varying sound being measured. 
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L90,T – the sound level exceeded for 90% of a given time period T.  It is effectively the level 
which is perceived during the quiet periods between transient noise events.  The L90 level of 
the ambient noise (in the absence of specific sounds such as (in this case) a wind farm is 
generally termed the background noise level.   
 
For the purposes of predicting noise impact, and for setting noise limits in planning 
conditions (and measuring noise levels to monitor compliance with such Conditions) it is 
standard practice to state wind farm noise levels as L90 levels.  
 
The current convention in noise measurement standards and other documents is to express 
noise levels in the following forms: 
 
The A-weighted  time-averaged (Leq) noise level over a period of time T is written ‘xx dB 
LAeq,T’.  For example, a noise level stated as ‘60dB LAeq,12h’  means an A-weighted time-
average noise level of 60dB over a 12 hour period.  Similarly, a noise level stated a ‘40 dB 
LA90,10m’ means an A-weighted L90 level of 40 dB measured over 10 minutes.  The time 
indicator ‘T’ is sometimes omitted.  
 
Some documents may express noise levels in different forms.  For example: 
40 dB(A) L90 10 minutes) has the same meaning as 40 dB LA90,10m. 
 
 
Amplitude Modulation (‘AM’) 
 
In this context, amplitude modulation means the regular variation in level of the noise from a 
wind turbine or wind farm.  All wind turbines exhibit AM to some extent, usually most 
noticeable close to the turbine where the noise has an audible ‘swish’ characteristic, with the 
noise rising and falling regularly as each blade passes an imaginary fixed point (the ‘blade-
passing frequency’ – this would be once every half second (0.5 Hz) for a 3-bladed rotor 
spinning at 10 revolutions per minute, for example).  
  
In a few instances, ‘enhanced’ amplitude modulation has been observed, where turbine 
noise exhibits a distinctive ‘swish, ‘whoosh’ or ‘thump’ character at distances of 500 metres 
or more.  Noise with this ‘rhythmic’ character can be more annoying than steady noise of the 
same measured L90 noise level. 
 
The causes of enhanced amplitude modulation are not fully understood.  Research is in 
progress.   
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Appendix 2 – Letter to Mr K Jones (HSGWAG) dated 5 December 2010 

 
(5 pages)
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Mr Keith Jones               
Stone Gables 
17, Station Road 
Helmdon 
Brackley 
Northamptonshire 
NN13 5QT 
 
5 December 2010 
 
Dear Mr Jones 
 
Proposed Spring Farm Ridge Wind Farm – Noise Issues 
 
You have asked (via Fiona Davies) for my preliminary comments on the noise assessment 
submitted by Broadview Energy to support their planning application.  These are as follows: 
 
Overall, the noise assessment (by TNEI) appears to be thorough and competent, and the 
supporting measurements and calculations appear to have been carried out in accordance 
with the methodologies the consultants have adopted.  Baseline noise surveys were carried 
out in March-May 2010 at 11 locations, which appear to be representative of properties 
surrounding the site.  Most wind farm noise assessments rely on many fewer baseline 
survey locations: 11 must be considered to be more-than-adequate. The results indicate that 
wind farm noise can be restricted to levels that would be judged ‘acceptable’, in that they are 
within the limits set out in ETSU-R-97.  The use of ETSU-R-97 for the rating and assessment 
of noise from wind farms is endorsed in government planning guidance (PPS22).   
 
However, I have some qualifications and concerns: 
 
1 Compliance with ETSU-R-7 noise limits 
 
1.1 Compliance with the ETSU-R-97 noise limits does not imply that there will be no 

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

 
1.2 The view that noise can significantly affect residential amenity even where the ETSU-

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

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

 
2 Lower ‘fixed’ daytime noise limits 
 

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

 
3 Margin below limits 

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

 
4 Reliability of Background noise levels (and noise limits)  

 
4.1 For these ‘marginal’ houses the reliability of the background noise data becomes 

important – if the background noise levels are set too high, so will be the ETSU noise 
limits.  Looking at the night-time noise data for H5 (The Bungalow – Figure 5.11 – 
copy below) it is seen that the noise levels fall into two groups at low wind speeds – 
between 20-25 dB and 35–45 dB, with few intermediate data points.  This is an 
unusual distribution of noise levels and the reason should be investigated. 
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4.2 It is clear that the ‘best fit’ line, representing the mean background noise level at each 

wind speed, is strongly influenced by the higher outlying points at wind speeds up to 
about 6m/s.   If these outlying points are non-typical, the noise limits (derived from the 
background noise levels) are likely to be over-stated and therefore the noise impact 
under-stated.    
 
The most likely explanations are: 
 

 The higher levels are the result of the dawn chorus: noise levels are often 
significantly raised by birdsong during the period 0300 – 0500, which ‘artificially’ 
raises the average (2300 – 0700) night time noise level.  I6t is obvious from the 
above figure that discounting the ‘outlying’ data points would significantly change 
the shape and level of the ‘best fit’ curve which represents the mean level.  Since 
dawn chorus noise is generally seasonal it is usual practice to exclude data which 
is obviously influenced by birdsong.   

 

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

 
4.3 The wind direction effect can be important:  for example, the wind farm noise levels 

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

Unexplained outlying points  

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

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

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

6 Possibility of enhanced amplitude modulation 
 

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

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

 

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

 
6.2 The current position is that the causes of AM are not understood, and there is no up-to-

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

7 Reliability of noise predictions 
 

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

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

8 Concluding Comments 
 

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

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

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

 

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

 

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

 

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

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

 
Yours sincerely 
 

 
________________ 
 
R A Davis 
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Appendix 3 – Extracts from Proof of S Arnott to the previous inquiry 

 
 (3 pages) 
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Appendix 4 - Extract from 1999 WHO Document (Reference 5) 

(4 pages) 

 



APP/Z2830/A/11/2165035   Spring Farm Ridge Wind Farm 
Figures and Appendices to Proof of R A Davis – Noise Issues             Page 19 of 56 

 



APP/Z2830/A/11/2165035   Spring Farm Ridge Wind Farm 
Figures and Appendices to Proof of R A Davis – Noise Issues             Page 20 of 56 

 

 



APP/Z2830/A/11/2165035   Spring Farm Ridge Wind Farm 
Figures and Appendices to Proof of R A Davis – Noise Issues             Page 21 of 56 

 



APP/Z2830/A/11/2165035   Spring Farm Ridge Wind Farm 
Figures and Appendices to Proof of R A Davis – Noise Issues             Page 22 of 56 

 



APP/Z2830/A/11/2165035   Spring Farm Ridge Wind Farm 
Figures and Appendices to Proof of R A Davis – Noise Issues             Page 23 of 56 

 

Appendix 5 -  Extract from Reference BS8233:1999 (Reference 7) 

(3 pages) 
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Appendix 6 – Extract from ‘Burnett-Hall on Environmental Law’  

(3 pages)  
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Appendix 7 – Wind Rose for RAF Wittering 

(1 page)  
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Appendix 8 – Extract from DTI  ‘Low-Frequency Noise Report’  (Reference 9) 

(2 pages)
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Appendix 9 – Abstract from Conference Paper relating to Research into 

Amplitude  Modulation  

(14 pages) 
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Appendix 10 – Extracts from Swinford  Decision Letter (Conditions and 

Guidance  Notes  (5 pages) 
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mits for wind farms. 
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