
www.clevehillsolar.com

CLEVE HILL SOLAR PARK 
RESPONSES TO THE EXA'S WRITTEN QUESTIONS - APPENDICES 
Appendix 6 – Arna Wood Solar Farm Piling Noise Investigation

June 2019 
Revision A

Document Reference: 10.1.1
Submitted: Deadline 2



 

 

 
 

 
 

 
 
 

 
 
 

ARNA WOOD SOLAR FARM 
PILING NOISE INVESTIGATION 

 
 

FEBRUARY 2017 
 
 
 
 
 
 
 
 
 
 
 

  
 



 

 

 
 

 

Prepared By: 
 

Arcus Consultancy Services  
 

Suite 1C 
Swinegate Court East 

2 Swinegate 
York 

YO1 8AJ 
 

T +44 (0)1904 715470 l E info@arcusconsulting.co.uk  
w www.arcusconsulting.co.uk 

 
Registered in England & Wales No. 5644976 

 
 
 

 
 

 

 



Piling Noise Investigation  
Arna Wood Solar Farm  

Canadian Solar                         Arcus Consultancy Services 
February 2017      Page i 

TABLE OF CONTENTS 

1  INTRODUCTION ........................................................................................................ 1 

2  OVERVIEW ................................................................................................................. 1 

3  GUIDANCE ................................................................................................................. 1 
3.1  Construction and Waterfowl: Defining Sensitivity, Response, Impacts and 

Guidance ......................................................................................................... 1 
3.2  Exploring Behavioural Responses of Shorebirds to Impulsive Noise ............. 2 
3.3  BS 5228:2009+A1:2014 ................................................................................. 3 

4  ASSESSMENT CRITERIA ............................................................................................ 3 

5  METHODOLOGY ......................................................................................................... 3 
5.1  Plant Noise Emissions .................................................................................... 3 
5.2  Noise Predictions ............................................................................................ 5 

6  RESULTS .................................................................................................................... 5 
6.1  Manoeuvring of Plant ..................................................................................... 5 
6.2  Piling Operations ............................................................................................ 6 

7  MITIGATION .............................................................................................................. 6 
7.1  Discussion ....................................................................................................... 6 
7.1.1  Acoustic Screening ................................................................................................ 7 
7.2  Proposed Mitigation Scheme .......................................................................... 8 
7.2.1  Irregular Noise Levels ........................................................................................... 8 
7.2.2  Minimising the Period of Construction ..................................................................... 8 
7.2.3  Predicted Piling Noise Levels Following Mitigation .................................................... 8 
7.3  Best Practice Mitigation Measures for All Construction Activities ................. 9 

8  CONCLUSION ........................................................................................................... 10 

9  GLOSSARY ............................................................................................................... 10 

APPENDIX A – PAUSELLI 500 SPECIFICATION ................................................................. 11 

APPENDIX B – EXAMPLE ACOUSTIC SCREENING PRODUCT ............................................. 12 

APPENDIX C – FIGURE DETAILING PILING SETBACK DISTANCES ................................... 13 

 
 



Piling Noise Investigation  
Arna Wood Solar Farm  

Canadian Solar                         Arcus Consultancy Services 
February 2017      Page 1 

1 INTRODUCTION 
Arcus Consultancy Services (Arcus) was commissioned by Canadian Solar to undertake an 
assessment of noise impacts associated with piling works at Arna Wood Solar Farm ('the 
Development'), situated in Aldcliffe, Lancaster. 
The aim of this report is to determine the level of noise associated with the piling works, 
assess these noise levels against appropriate criteria for the disturbance of wading birds 
using the nearby Morecombe Bay Special Protection Area (SPA), and propose appropriate 
mitigation to minimise the level of impact. 

2 OVERVIEW 
Arna Wood Solar Farm was approved by Lancaster City Council in June 2015 (application 
number 14/00907/FUL), and is currently under construction.  In 2015, Natural England 
(NE) agreed that no significant impacts were anticipated with regard to Morecombe Bay 
SPA, providing works were not undertaken during the winter months.  However, as works 
are currently ongoing, NE has asked that all site works are stopped until an appropriate 
assessment has been undertaken, and an appropriate mitigation scheme agreed. 
Based upon experience of the works undertaken to date, it is understood that noise due 
to piling operations is considered to have the greatest level of impact, and is the primary 
concern of NE.  As such, providing noise from piling can be successfully mitigated, and 
that noise from other site operations is minimised through the application of general 
best-practice methods, it is considered that winter working would be acceptable. 

3 GUIDANCE 
A literature review has been undertaken to inform the determination of appropriate 
assessment criteria.  The following sources are considered most pertinent to this 
assessment: 
 Construction and Waterfowl: Defining Sensitivity, Response, Impacts and Guidance1; 
 Exploring Behavioural Responses of Shorebirds to Impulsive Noise2; and 
 BS 5228:2009+A1:2014 Code of practice for noise and vibration control on 

construction and open sites3. 

3.1 Construction and Waterfowl: Defining Sensitivity, Response, Impacts and 
Guidance 
The aim of this study was to develop a tool to inform decision-makers when assessing 
the suitability of a given development in the Humber Estuary. 
A detailed literature review and data analysis was undertaken with regard to noise 
disturbance effects to avifauna, and in particular, construction effects to waterfowl, and 
suitable sensitivity criteria were then established based upon the findings if this work. 
With regard to the impact of construction noise, four distinct levels of disturbance were 
established: 
 
 

                                                
1 Cutts, N., Phelps, A. and Burdon, D. Construction and Waterfowl: Defining Sensitivity, Response, Impacts and Guidance, Hull 
University for the Institute of Estuarine & Coastal Studies, 2009. 
2 Wright MD, Goodman P, Cameron TC.  Exploring behavioural responses of shorebirds to impulsive noise.  University of Leeds 
for the WWT, 2010. 
3 BS 5228:2009+A1:2014 Code of practice for noise and vibration control on construction and open sites, BSI 2014. 
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Chart 1: Waterbird Response to Construciton Disturbance (Cutts et. al (2009)) 

 
The study recommends that construction noise levels should be restricted to below 
70 dB(A), with birds habituating to regular noise below this level.  As can be seen from 
the above chart, this criterion is applicable to both general construction noise and piling, 
providing the piling noise is of a regular nature, rather than sudden, isolated events.  
Cutts et al. also recommend that instances of sudden irregular noise above 50 dB(A) are 
avoided. 

3.2 Exploring Behavioural Responses of Shorebirds to Impulsive Noise 
This experimental study intentionally disturbed birds making use of an agricultural field 
on the south bank of the Humber Estuary.  The researcher sounded an air-horn at 
decreasing distances from a mixed species flock of shorebirds, and recorded their 
behavioural response. 
LAeq,3sec noise levels for the period of each air horn activation were recorded at two 
previously-installed sound level meters in the general vicinity of the flock, and then 
corrected using a simple noise propagation model to establish the noise level at the flock 
location. 
The study demonstrated a positive relationship between the noise level experienced by 
the birds, and the behavioural response observed.  On the basis that a non-flight 
response were taken to be relatively harmless, and flight responses potentially costly, 
then for those species studied at the site, a costly outcome was shown to become more 
likely than not at a noise level of 69.9 dB, LAeq.  In terms of a threshold for significant 
impact, a level of 70 dB, LAeq is therefore suggested.  
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3.3 BS 5228:2009+A1:2014 
BS 5228 refers to the need for the protection against noise and vibration of persons living 
and working in the vicinity of, and those working on, construction and open sites.  It also 
recommends procedures for noise and vibration control in respect of construction 
operations, and provides source levels for various types of plant, equipment and 
construction activities. 
Recommendations are made regarding the supervision, planning, preparation and 
execution of works, emphasising the need to consider noise at every stage of the 
construction works. 
Measures to control noise are described, including: 
 Substitution of plant or activities by less noisy ones; 
 Modification of plant or equipment to reduce noise emissions; 
 The use of noise control enclosures; 
 The siting of equipment and its method of use; 
 Equipment maintenance; and 
 Controlling the spread of noise, e.g., by increasing the distance between plant and 

noise-sensitive receptors or by the provision of acoustic screening. 
The assessment criteria in BS 5228 relate to the impact of construction noise on human 
receptors, and are therefore not relevant to this assessment.  However, the discussion of 
noise mitigation measures, and advice provided with regard to minimising noise impact 
through best practice working methods, are equally applicable to the assessment of the 
impact on birds. 

4 ASSESSMENT CRITERIA 
Based upon the findings of the literature review, and through consultation between the 
NE and the Arcus Principal Ecologist, it is considered that an appropriate threshold of 
significance for noise due to piling works is 70 dB, LAeq. 

In addition, based upon the work of Cutts et al., it is desirable to minimise the number of 
sudden irregular noise level in excess of 50 dB, LAeq as far as practicable.  This criterion is 
discussed further in Section 7.2.1. 

5 METHODOLOGY 

5.1 Plant Noise Emissions 
In order to inform this assessment, Canadian Solar provided specifications for the piling 
rigs used on site (Pauselli 500); this information is proved in Appendix A.  Up to three 
piling rigs are to be used at any one time. 
Noise data due to operation of the plant is limited.  However, noise levels at the position 
of the operator are provided for two scenarios: 
 Plant is operating but not piling: 88.2 dB, LAeq; and 
 Plant actively piling: 110 dB, LAeq. 
It should be noted that C-weighted peak noise levels are also provided at the same 
position.  However, these are not applicable to this assessment, and are provided for the 
protection of workers under the Control of Noise at Work Regulations4 only. 
Study of the information provided has established that the operator position is 
approximately 1 m from the plant’s primary noise source (the hammer).  From this, the 

                                                
4 UK Government, The Control of Noise at Work Regulations 2005. 
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sound power level of the plant has been determined for each operating scenario, using 
the following equation: 
ௐܮ ൌ ௉ܮ െ 10log	ሺ1/ሺ4ݎߨଶሻሻ 
Where: 
 Lw is the sound power level; 
 Lp is the sound pressure level; and 
 r is the distance from the source in metres. 
This results in the following sound power levels: 
 Plant is operating but not piling 99 dB, LWA; and 
 Plant actively piling 121 LWA. 
An octave-band frequency spectrum for piling was taken from the BS 5228 noise 
emission data5, and scaled to the above sound power levels, to give frequency spectra for 
the two operational scenarios.  Whilst the relative contribution of each octave-band is 
likely to be different for the two operational scenarios in practice, active piling contains a 
high contribution of low-frequency noise.  As low-frequency noise is attenuated less by 
distance, the application of this spectrum is considered to be a conservative approach.       
The resulting frequency spectra are presented in Tables 1 and 2. 
Table 1: Octave-band Spectra, Pauselli 500 (Engine on, not piling) 

Octave-band Centre Frequency, f, Hz 
Sum, 

dB, LWA 63 125 250 500 1000 2000 4000 8000 

Octave-band Sound Power Level, dB, LWA 

97.5 91.5 87.5 82.5 78.5 74.5 66.5 60.5 99 

 
Table 2: Octave-band Spectra, Pauselli 500 (piling) 

Octave-band Centre Frequency, f, Hz 
Sum, 

dB, LWA 63 125 250 500 1000 2000 4000 8000 

Octave-band Sound Power Level, dB, LWA 

119.5 113.5 109.5 104.5 100.5 96.5 88.5 82.5 121 

As stated in Jackson (2010)6, research shows that the shape of most birds’ audibility 
curves are similar to those of humans.  Therefore, whilst the A-weighted frequency curve 
correction was not specifically designed with avian receptors in mind, it is considered 
appropriate for the purposes of this assessment. 

                                                
5 BS 5228 Emission spectra, Table C3, item 6. 
6 Jackson, P. Noise Impact Assessment on Wintering Birds Anna’s Road Exploration Well Site, Westby Blackpool.  Spectrum 
Acoustics 2012. 
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5.2 Noise Predictions  
Noise predictions have been made using the ISO 9613-27 noise propagation model, 
implemented using SoundPlan Essential noise modelling software.  A mixed ground type 
(G=0.5) has been assumed along the entire proposition path. 
The ISO 9613-2 method employed provides a prediction of noise levels likely to occur 
under conditions favourable to the propagation of sound, i.e. down-wind or under a 
moderate, ground-based temperature inversion, and is therefore considered to be a 
conservative approach. 
Noise from each piling rig has been assumed to be a point source at located at 3 m 
above ground level, equivalent to the approximate maximum hammer height given in the 
Pauselli 500 specifications. 
Noise predications have been calculated at a height of 1 m, based upon a conservative 
estimation of the head height of the tallest avian species likely to be found within 
the SPA. 

6 RESULTS 

6.1 Manoeuvring of Plant 
Figure A presents worst-case noise emission levels due to the simultaneous manoeuvring 
of three piling rigs, at the closest position in the solar array to the SPA (hatched area).  
Predicted noise levels are shown as a series of distinct areas, shaded in accordance with 
levels of response presented in the Cutts et. al (2009) chart presented in Section 3.1 of 
this assessment. 

 

                                                
7 ISO 9613-2:1996, Acoustics – Attenuation of sound during propagation outdoors, ISO, 1996. 
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As can be seen, no part of the SPA is predicted to experience noise levels in excess of 
70 dB, LAeq.  As such, the impact of manoeuvring the piling rigs is considered to be 
negligible, and has not been considered further. 

6.2 Piling Operations 
Figure 2 presents worst-case noise emission levels due to the simultaneous piling of three 
piling rigs on adjacent solar array rows, at the closest position to the SPA. 

 
As can be seen, based upon a worst-case assessment, an area of significant impact 
(i.e. noise levels in excess of 70 dB, LAeq) is anticipated, extending approximately 150 m 
into the SPA. 

7 MITIGATION  

7.1 Discussion 
As Figure A shows, no significant impacts are predicted from the manoeuvring of the 
piling rigs.  As such, mitigation measures only apply to active piling. 
As advocated by BS 5228, fundamental noise control measures include minimising the 
number of plant in simultaneous use, and maximising the distance between the noise 
source and receptor. 
In light of this, two further noise models have been run, based upon that presented in 
Figure B.  These are: 
 Two pilers, actively piling on adjacent solar array rows; and 
 One piler actively piling;  
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The results of this modelling, combined with the results presented in Figure A, provide 
appropriate set-back distances from the SPA, to ensure noise levels remain below 70 dB, 
LAeq.  These setback distances (rounded up to the nearest 10 m as a conservative 
approach) are: 
 Three pilers, actively piling on adjacent solar array rows = 150 m  
 Two pilers, actively piling on adjacent solar array rows = 120 m 
 One piler, actively piling = 90 m 
For those areas where piling is required within 90 m of the SPA, additional mitigation 
measures will be required.  It is recommended that during active piling, screening is 
erected around the piler to three sides, to a height of at least 0.5 m above the highest 
point on the piling rig. 
As can be seen on Figure C below, such screening is sufficient to ensure no significant 
impacts on the SPA. 

 

7.1.1 Acoustic Screening 
With regard to suitable acoustic screening, a number of proprietary products are 
available.  The use of ‘acoustic quilts’ is commonplace in the mitigation of construction 
noise, and when correctly fitted to a wheeled scaffold structure, would be likely to 
provide a suitable mobile enclosure. 
Appendix B provides details of such an acoustic quilt; advice should be sought from an 
appropriate supplier regarding the project-specific requirements.  
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7.2 Proposed Mitigation Scheme 
Figure 1 in Appendix C shows a number of setback distances, based upon those 
presented in Section 7.1.  The requirements for each setback boundary are as follows: 
>150 m from SPA 
 Up to three piling rigs able to pile simultaneously; 
 
<150 m from SPA 
 A maximum of two piling rigs able to pile simultaneously; 
 
< 120 m from SPA 
 A maximum of one piling rig able to pile; 
 
<90 m from SPA) 
 A maximum of one piling rig able to pile.  Piler must be acoustically screened to three 

sides, to a height of at least 0.5 m above the highest point on the piling rig. 
Pilers may be operated simultaneously in different areas, providing their positioning 
complies with all the above criteria. 

7.2.1 Irregular Noise Levels 
In order to minimise the impact of sudden, irregular noise, it is recommended that piling 
works begin as far from the SPA as practicable (i.e. on the east of the site), and work 
westward.  Once piling has begun, it should be undertaken with as few breaks as 
possible. 

7.2.2 Minimising the Period of Construction 
In order to minimise the length of time the SPA is exposed to construction noise, and to 
ensure construction noise levels are as consistent as possible, it is suggested that all 
three pilers are utilised in all areas of the site, whilst ensuring that the maximum number 
of pilers actively piling is restricted accordingly.  For example, when working within 90 m 
of the SPA, it would be acceptable to manoeuvre two pilers into position, whilst piling 
with a third (with an appropriate acoustic enclosure). 
As noted in Section 7.2, pilers may also pile simultaneously in different areas, subject to 
the applicable setback distances. 
It is recommended that a piling schedule is developed in consultation with Arcus’ 
Ecological Clerk of Works, to ensure the schedule complies with the above requirements. 

7.2.3 Predicted Piling Noise Levels Following Mitigation 
Figure D presents worst-case predicted noise levels following implementation of the 
above mitigation scheme.  It assumes: 
 One piler with suitable acoustic enclosure at the closet point to the SPA; 
 One piler at a distance of 120 m from the SPA; and 
 One piler at a distance of 150 m from the SPA. 
As can be seen, significant noise impacts extend no more than 20 m into the SPA based 
upon this scenario.  It should be noted that Figure D assumes that all pilers are piling 
simultaneously, and in their worst-case positions.  As such, the presented noise levels are 
unlikely to occur in practice. 
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7.3 Best Practice Mitigation Measures for All Construction Activities 
In addition to the setback distances for piling works, general best practice measures 
should be applied to all construction activities (including piling), as follows: 
 Use the quietest item of plant suitable for the required task; 
 Static noisy plant (such as generators) should be located as far from the SPA as is 

feasible for the particular activity; 
 Plant access/maintenance panels to be kept closed.   
 Plant should be turned off when not in use; 
 No manoeuvring alarms to be fitted to pilers;  
 Minimise the use of reversing alarms through the considerate positioning of plant and 

vehicles; 
 Fit broadband, rather than tonal reversing alarms where practicable; 
 Walkie-talkies/mobile phones should be used to communicate across the site; no 

shouting unless in an emergency; 
Application of the above measures to manage construction noise will ensure that effects 
are minimised as far as reasonably practicable. 
It should be noted that additional mitigation measures are available to further minimise 
the level of impact, based upon the specific behaviour of the birds using the SPA.  These 
measures are presented in an ecological summary document, to which this assessment is 
appended.  
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8 CONCLUSION 
Arcus Consultancy Services (Arcus) was commissioned by Canadian Solar to undertake an 
assessment of noise impacts associated with piling works at Arna Wood Solar Farm. 
It has been found that, subject to the implementation of the recommended mitigation 
measures, construction noise impacts on the SPA would be acceptable. 

9 GLOSSARY 
Decibel (dB): The decibel is the basic unit of noise measurement.  It relates to the 
cyclical changes in air pressure created by the sound (Sound Pressure Level) and 
operates on a logarithmic scale, ranging upwards from 0 dB.  0 dB is equivalent to the 
normal threshold of hearing at a frequency of 1000 Hz.  Each increase of 3 dB on the 
scale represents a doubling in the Sound Pressure Level, and is typically the minimum 
noticeable change in sound level under normal listening conditions.  For example, while 
an increase in noise level from 32 dB to 35 dB represents a doubling in sound pressure 
level, this change would only just be noticeable to the majority of listeners. 
dB(A): Environmental noise levels are usually discussed in terms of dB(A).  This is 
known as the A-weighted sound pressure level, and indicates that a correction factor has 
been applied, which corresponds to the human ear’s response to sound across the range 
of audible frequencies.  The ear is most sensitive in the middle range of frequencies 
(around 1000-3000 Hertz (Hz)), and less sensitive at lower and higher frequencies.  The 
A-weighted noise level is determined by analysing the level of a sound at a range of 
frequencies and applying a specific correction factor for each frequency before calculating 
the overall level.  In practice this is carried out automatically within noise measuring 
equipment by the use of electronic filters, which adjust the frequency response of the 
instrument to mimic that of the ear. 
Frequency: The frequency of a sound is equivalent to its pitch in musical terms.  The 
units of frequency are Hertz (Hz), which represents the number of cycles (vibrations) per 
second. 
Noise Emission: The sound power level emitted from a given source. 
LAeq,t: This term is known as the A-weighted equivalent continuous sound pressure level 
for a period of time, t. It is similar to an average, and represents the sound pressure level 
of a steady, continuous noise which has the same energy as the actual measured noise. 
Noise: Unwanted sound.  May refer to both natural (e.g. wind, birdsong etc.) and 
artificial sounds (e.g. traffic) 
Noise sensitive receptors: Locations that may potentially be adversely affected by the 
addition of a new source of noise. 
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APPENDIX A – PAUSELLI 500 SPECIFICATION  
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APPENDIX B – EXAMPLE ACOUSTIC SCREENING PRODUCT  
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APPENDIX C – FIGURE DETAILING PILING SETBACK DISTANCES  
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