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EXECUTIVE SUMMARY

‘the client’. 

Flood Risk 

in size. Residential development is classified as ‘more vulnerable’ within 

Planning Practice Guidance confirms that ‘more vulnerable’ development is appropriate to be 
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‘very low’
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1.0 INTRODUCTION

1.1 Planning Policy Context 

Government’s objectives for the planning system, and how planning should facilitate and 

Appendix A

The proposals are considered to be solely ‘residential’ in nature and as such is clas

s ‘more vulnerable’ in Table 2: 

1.2 Site Context 

1.3 Consultation 

Appendix B, C  
D



                                                                                            

2.0 EXISTING SITE LOCATION

2.1 Location 

Figure 1 Appendix E

Figure 1  

 

Figure 1: Aerial Photograph of site (Bing Maps, 2018) 

2.2 Existing and Historical Land Use  



                                                                                            

2.3 Topography  

Appendix B



                                                                                            

3.0 DEVELOPMENT PROPOSALS

3.1 Nature of the development 

Figure 
2 Appendix G

 
Figure 2: Illustrative Masterplan (HSL, 2018) 



                                                                                            

4.0 SOURCES OF FLOOD RISK

4.1 Fluvial Flood Risk 

Agency and from the Gov.uk website. An extract of the EA’

Figure 3

Figure 3: Fluvial/Tidal Flood Zone Map for Planning Extract (GOV.UK 2018) 

is considered to be ‘very 

low’ 

‘ ’

Appendix B

Safe Access and Egress 

EA’s Flood Zone Map for Planning

Legend:



                                                                                            

4.2 Tidal Flood Risk  

’

Figure 3

4.3 Flood Risk Vulnerability Classification and Flood Zone Compatibility 
The proposals are solely ‘residential’ in nature and as such is classified s ‘more 

vulnerable’ in Table 2: 

Flood Risk Vulnerability and Flood Zone ‘Compatibility’

4.4 Surface Water Flood Risk 

Figure 4

Figure 4: Surface Water Flood Map Extract (GOV.UK, 2018) 

Figure 4 ‘ low’

shown to be at ‘low’ 

 

Flood Risk:



                                                                                            

Pluvial (Overland run-off) Flood Risk 

Sewer Flood Risk 

containing both surface and waste water known as ‘combined sewers’. Foul water 

Appendix C

4.5 Groundwater Flood Risk 



                                                                                            

Appendix B

4.6 Artificial Sources of Flood Risk 

Reservoirs 

Appendix B

Canals 

canals is considered to be ‘very low’



                                                                                            

4.7 Historical and Anecdotal Flooding Information 

the Cherwell District Council’s

Appendix 
H

Appendix B, C and D 

4.8 Flood Risk Mitigation Measures & Residual Risks 

Mitigation Measures 
For ‘more vulnerable’ development located within Flood Zone 1, it is typical to set the



                                                                                            

Residual Risks 



                                                                                            

5.0 SURFACE WATER MANAGEMENT

5.1 Pre-Development Surface Water Run-off 

Table 1 Appendix I

Table 1: Pre-Development Surface Water Run-Off Rates (Betts Hydro, 2018) 

5.2  Post Development Surface Water Run-Off 

Table 2

Table 2: Post-Development Un-Restricted Run-Off Rates (Betts Hydro, 2018) 

Table 1

5.3 Sustainable Drainage Systems (SuDS) 



                                                                                            

Figure 7

        Figure 5: SuDS Photographs (SusDrain, 2012)  

5.4 Methods of Surface Water Management 

5.5 Discharge via Infiltration 

Swales Rills Permeable Paving Pond 



                                                                                            

 
 
 
 
 
 
 
 
 

 
 

 
 
 

Bedrock Geology: Marlstone Rock Formation - Ferruginous Limestone and 
Ironstone. 
Superficial Deposits: None Recorded.

 
 

 
  

 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 6: Surface Water Constraints Drainage Strategy Plan extract (Betts Hydro, 2018) 



                                                                                            

5.6 Discharge to Watercourse  

5.7 Discharge to Public Sewer Network  

Figure 6 

Appendix I

Table 4 

Table 4: Estimated Stormwater Storage Requirements (Betts Hydro, 2017) 



                                                                                            

5.8 Climate Change 

‘Adapting to Climate Change : Advice for Flood and Coastal Erosion Risk Management 
Authorities’ supersedes Defra’s policy statement on Flood Risk and Coastal Erosion Risk 

Table 4
the “total potential change figures for the 20 0’s

0’S

Table 5: Change to Extreme Rainfall Intensity Compared to 1961-1990 Baseline (Environment 
Agency, 2016)       



                                                                                            

6.0 FOUL WATER MANAGEMENT

Appendix C

 
 



                                                                                            

7.0 SUMMARY AND CONCLUSIONS

Hollins Strategic Land referred to hereafter as ‘the client’. This report has been pre

Flood Risk 

ha in size. Residential development is classified as ‘more vulnerable’ 

Framework. The Planning Practice Guidance confirms that ‘more vulnerable’ 

‘ ’

‘very 

low’ 

Drainage Strategy 



                                                                                            

 



                                                                                            

8.0 RECOMMENDATIONS
For ‘more vulnerable’ development located within Flood Zone 1, it is typical to set the 

In accordance with LPA’s and 
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1

Megan Berry

From: Enquiries_THM <enquiries_THM@environment-agency.gov.uk>
Sent: 26 March 2018 12:30
To: Megan Berry
Subject: THM 79766 Flood Risk Advice
Attachments: flood map.pdf; surface water flood map.pdf

Dear Megan 
 
Thank you for your email. 
 
We are unable to supply any modelled flood levels as the site is located in Flood Zone 1. Please find 
attached an extract from our flood map and surface water flood map. 
 
I hope that we have correctly interpreted your request.  Please refer to our Open Government Licence for 
the permitted use of the supplied data: http://www.nationalarchives.gov.uk/doc/open-government-
licence/version/3/ 
 

Please be aware that many of our datasets are now available online. Simply visit 
environment.data.gov.uk 
 
We respond to requests for recorded information that we hold under the Freedom of Information Act 2000 
(FOIA) and the associated Environmental Information Regulations 2004 (EIR). 

 
Please get in touch if you have any further queries or contact us within two months if you’d like us to review 
the information we have sent.  
 
Yours sincerely 
 
Dawn Cooper 
Customers & Engagement Officer 
Direct Dial: 020 302 59465 
 
Environment Planning & Engagement Team  
Environment Agency  
Thames Area  

Did you know that the Environment Agency publishes most of its data via www.data.gov.uk? Using this site 
you can search for our data alongside other environmental data providers from the Defra Network and local 
authorities. 

 
Follow us on:- 

 

 
 
 
 

From: Megan Berry [mailto:meganberry@betts‐associates.co.uk]  
Sent: 20 March 2018 09:30 
To: Enquiries_THM <enquiries_THM@environment‐agency.gov.uk> 
Subject: Flood Risk Advice 
 
F.A.O Flood Risk, Drainage and/or Planning department 
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Please forward to the correct department/ office  
 
To whom it may concern, 
 

Oxford	Road,	Bodicote.	
 
Please could you confirm whether you have any information that you feel would be valuable to a Flood Risk 
Assessment and Drainage Management Strategy for the site above (see location plan attached), including details of 
historical flooding and any predicted flood water levels; this would be greatly appreciated. If there are any specific 
requirements that you require in a scope of works for this site please can you advise at this stage so that it can be 
fully incorporated into the proposals at an early stage.  
 
Please do not hesitate to contact me on the details below to discuss further should you require additional 
information or clarification. 
 
 
Kind Regards  
 

Megan Berry BSc(Hons)  

Graduate Flood Risk Analyst 
  

BETTS HYDRO 
Specialists in Drainage and Flood Risk 
Old Marsh Farm Barns, Welsh Road, Sealand, Flintshire, CH5 2LY 
 

CHESTER OFFICE ‐ 01244 289041 
 

meganberry@betts‐associates.co.uk 
www.betts‐associates.co.uk 
 

CIVIL | STRUCTURAL | GEO‐ENVIRONMENTAL | HYDROLOGY | FLOOD RISK MANAGEMENT 
SUDS | STRUCTURAL SURVEYS | PARTY WALL DUTIES | INFILTRATION | GEO‐TECHNICAL 
 

Please consider the environment before printing this email. 
 

ELECTRONICALLY TRANSMITTED INFORMATION 
This electronic transmission is strictly confidential and intended solely for the addressee. It may contain information which is covered by legal, professional or 
other privilege. If you are not the intended addressee, you must not disclose, copy or take any action in reliance of this transmission. If you have received this 
transmission in error, please notify us as soon as possible. All emails transmitted by Betts Associates, Betts Geo or Betts Hydro are virus checked. This does not 
guarantee that transmissions are virus free. Reference should always be made to the hard copy of any electronically transmitted files. Electronic data does not 
constitute contract documentation. Use of the content of our files is at your own risk. You remain responsible for anything produced using all or part of the data 
supplied. 
 

 
 
This message has been scanned and no issues were discovered. 
Click here to report this email as spam 
 
 
 
 
Information in this message may be confidential and may be legally privileged. If you 
have received this message by mistake, please notify the sender immediately, delete it 
and do not copy it to anyone else. 
 
We have checked this email and its attachments for viruses. But you should still check 
any attachment before opening it. 
We may have to make this message and any reply to it public if asked to under the 
Freedom of Information Act, Data Protection Act or for litigation.  Email messages and 
attachments sent to or from any Environment Agency address may also be accessed by 
someone other than the sender or recipient, for business purposes. 
Click here to report this email as spam 
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1

Megan Berry

From: Megan Berry
Sent: 20 March 2018 09:30
To: 'DEVELOPER.SERVICES@THAMESWATER.CO.UK'
Subject: Flood Risk Advice
Attachments: LOCATION PLAN.pdf

F.A.O Flood Risk, Drainage and/or Planning department 
 
Please forward to the correct department/ office  
 
To whom it may concern, 
 

Oxford	Road,	Bodicote.	
 
Please could you confirm whether you have any information that you feel would be valuable to a Flood Risk 
Assessment and Drainage Management Strategy for the site above (see location plan attached), including details of 
historical flooding and any predicted flood water levels; this would be greatly appreciated. If there are any specific 
requirements that you require in a scope of works for this site please can you advise at this stage so that it can be 
fully incorporated into the proposals at an early stage.  
 
Please do not hesitate to contact me on the details below to discuss further should you require additional 
information or clarification. 
 
 
Kind Regards  
 

Megan Berry BSc(Hons)  

Graduate Flood Risk Analyst 
  

BETTS HYDRO 
Specialists in Drainage and Flood Risk 
Old Marsh Farm Barns, Welsh Road, Sealand, Flintshire, CH5 2LY 
 

CHESTER OFFICE ‐ 01244 289041 
 

meganberry@betts‐associates.co.uk 
www.betts‐associates.co.uk 
 

CIVIL | STRUCTURAL | GEO‐ENVIRONMENTAL | HYDROLOGY | FLOOD RISK MANAGEMENT 
SUDS | STRUCTURAL SURVEYS | PARTY WALL DUTIES | INFILTRATION | GEO‐TECHNICAL 
 

Please consider the environment before printing this email. 
 

ELECTRONICALLY TRANSMITTED INFORMATION 
This electronic transmission is strictly confidential and intended solely for the addressee. It may contain information which is covered by legal, professional or 
other privilege. If you are not the intended addressee, you must not disclose, copy or take any action in reliance of this transmission. If you have received this 
transmission in error, please notify us as soon as possible. All emails transmitted by Betts Associates, Betts Geo or Betts Hydro are virus checked. This does not 
guarantee that transmissions are virus free. Reference should always be made to the hard copy of any electronically transmitted files. Electronic data does not 
constitute contract documentation. Use of the content of our files is at your own risk. You remain responsible for anything produced using all or part of the data 
supplied. 
 



 

                        Thames Water Utilities Ltd, Property Searches, PO Box 3189, Slough SL1 4W,  DX 151280 Slough 13 
                        T 0845 070 9148  E searches@thameswater.co.uk  I www.thameswater-propertysearches.co.uk 

                                                                                                                      Page 6 of 12 

 

Asset Location Search Sewer Map - ALS/ALS/24/2018_3772218  

The width of the displayed area is 500 m and the centre of the map is located at OS coordinates 446177,238353  
The position of the apparatus shown on this plan is given without obligation and warranty, and the accuracy cannot be guaranteed.  Service pipes are not shown but their presence should be anticipated.  No liability of 
any kind whatsoever is accepted by Thames Water for any error or omission.  The actual position of mains and services must be verified and established on site before any works are undertaken. 
 

Based on the Ordnance Survey Map with the Sanction of the controller of H.M. Stationery Office, License no. 100019345 Crown Copyright Reserved. 
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1

Megan Berry

From: John Kearsey <John.Kearsey@canalrivertrust.org.uk>
Sent: 28 March 2018 09:26
To: Megan Berry
Cc: enquiries southeast
Subject: RE: Flood Risk Advice

Dear Megan 
The site in question is remote from the South Oxford Canal which will not present any flood risk. 
 
Regards 
John 
 
 
John Kearsey    
Principal Water Engineer - South 
Canal & River Trust 
 
M 07710 796354 
 
Please visit our website to find out more about our 10 year strategy. 

 
 
 
 
 

From: enquiries southeast  
Sent: 22 March 2018 11:37 
To: John Kearsey <John.Kearsey@canalrivertrust.org.uk> 
Subject: FW: Flood Risk Advice 
 
Hi John, 
 
Please see below, can I leave this with you to respond to? 
 
Many thanks 
 
Lou 
 
 

From: Megan Berry [mailto:meganberry@betts‐associates.co.uk]  
Sent: 20 March 2018 16:50 
To: enquiries southeast <enquiries.southeast@canalrivertrust.org.uk> 
Subject: Flood Risk Advice 
 
F.A.O Flood Risk, Drainage and/or Planning department 
 
Please forward to the correct department/ office  
 
To whom it may concern, 
 

Oxford	Road,	Bodicote.	
 



2

Please could you confirm whether you have any information that you feel would be valuable to a Flood Risk 
Assessment and Drainage Management Strategy for the site above (see location plan attached), including details of 
historical flooding and any predicted flood water levels; this would be greatly appreciated. If there are any specific 
requirements that you require in a scope of works for this site please can you advise at this stage so that it can be 
fully incorporated into the proposals at an early stage.  
 
Please do not hesitate to contact me on the details below to discuss further should you require additional 
information or clarification. 
 
 
Kind Regards  
 

Megan Berry BSc(Hons)  

Graduate Flood Risk Analyst 
  

BETTS HYDRO 
Specialists in Drainage and Flood Risk 
Old Marsh Farm Barns, Welsh Road, Sealand, Flintshire, CH5 2LY 
 

CHESTER OFFICE ‐ 01244 289041 
 

meganberry@betts‐associates.co.uk 
www.betts‐associates.co.uk 
 

CIVIL | STRUCTURAL | GEO‐ENVIRONMENTAL | HYDROLOGY | FLOOD RISK MANAGEMENT 
SUDS | STRUCTURAL SURVEYS | PARTY WALL DUTIES | INFILTRATION | GEO‐TECHNICAL 
 

Please consider the environment before printing this email. 
 

ELECTRONICALLY TRANSMITTED INFORMATION 
This electronic transmission is strictly confidential and intended solely for the addressee. It may contain information which is covered by legal, professional or 
other privilege. If you are not the intended addressee, you must not disclose, copy or take any action in reliance of this transmission. If you have received this 
transmission in error, please notify us as soon as possible. All emails transmitted by Betts Associates, Betts Geo or Betts Hydro are virus checked. This does not 
guarantee that transmissions are virus free. Reference should always be made to the hard copy of any electronically transmitted files. Electronic data does not 
constitute contract documentation. Use of the content of our files is at your own risk. You remain responsible for anything produced using all or part of the data 
supplied. 
 

Keep in touch  
Sign up for the Canal & River Trust e-newsletter https://canalrivertrust.org.uk/newsletter  
Become a fan on https://www.facebook.com/canalrivertrust  
Follow us on  https://twitter.com/canalrivertrust and https://www.instagram.com/canalrivertrust  

This email and its attachments are intended solely for the use of the intended recipient. If you are not the intended 
recipient of this email and its attachments, you must take no action based upon them; please delete without copying 
or forwarding and inform the sender that you received them in error. Any views or opinions expressed are solely those 
of the author and do not necessarily represent those of The Canal & River Trust. 

Canal & River Trust is a charitable company limited by guarantee registered in England & Wales with company 
number 7807276 and charity number 1146792. Registered office address First Floor North, Station House, 500 Elder 
Gate, Milton Keynes MK9 1BB. 

Cadw mewn cysylltiad  
Cofrestrwch i dderbyn e-gylchlythyr Glandŵr Cymru https://canalrivertrust.org.uk/newsletter  
Cefnogwch ni ar https://www.facebook.com/canalrivertrust  
Dilynwch ni ar  https://twitter.com/canalrivertrust ac https://www.instagram.com/canalrivertrust  

Mae’r e-bost hwn a’i atodiadau ar gyfer defnydd y derbynnydd bwriedig yn unig. Os nad chi yw derbynnydd bwriedig 
yr e-bost hwn a’i atodiadau, ni ddylech gymryd unrhyw gamau ar sail y cynnwys, ond yn hytrach dylech eu dileu heb 
eu copïo na’u hanfon ymlaen a rhoi gwybod i’r anfonwr eich bod wedi eu derbyn ar ddamwain. Mae unrhyw farn neu 
safbwynt a fynegir yn eiddo i’r awdur yn unig ac nid ydynt o reidrwydd yn cynrychioli barn a safbwyntiau Glandŵr 
Cymru. 
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Megan Berry

From: Tony Brummell <Tony.Brummell@cherwellandsouthnorthants.gov.uk>
Sent: 03 April 2018 09:24
To: Megan Berry
Subject: Site off Oxford Road Bodicote - Flood Risk (nearest post code OX15 4QL)

Hello, I have received your emailed enquiry of 20th March. 
 
You are probably aware that the site is shown to be in Flood Zone 1.  Reference to the surface water flood risk maps 
show there may be a small risk of surface water flooding within the site. 
 
We are not aware that the site has been affected by flooding.  However, because of its current use and nature, we 
may not necessarily have been notified if it has. 
 
Tony Brummell CEng FICE 
Building Control Manager 
 
Cherwell and South Northants Building Control Service 
Place and Growth Directorate 
Cherwell and South Northants Councils 
 
Direct Tel:  01327 322273 
tony.brummell@cherwellandsouthnorthants.gov.uk 
www.cherwell.gov.uk   |   www.southnorthants.gov.uk  
 

 

This e-mail (including any attachments) may be confidential and may contain legally privileged 
information. You should not disclose its contents to any other person. If you are not the intended recipient, 
please notify the sender immediately.  
 
Whilst the Council has taken every reasonable precaution to minimise the risk of computer software viruses, 
it cannot accept liability for any damage which you may sustain as a result of such viruses. You should 
carry out your own virus checks before opening the e-mail(and/or any attachments).  
 
Unless expressly stated otherwise, the contents of this e-mail represent only the views of the sender and 
does not impose any legal obligation upon the Council or commit the Council to any course of action.  
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Megan Berry

From: FOI - E&E <FOI-E&E@Oxfordshire.gov.uk>
Sent: 28 March 2018 15:53
To: Megan Berry
Cc: FOI - E&E
Subject: 13380 EIR Acknowledgement

Dear Ms Berry, 
 
Thank you for your request of 20 March 2018 in which you asked for the flood risk assessment 
and drainage management strategy for Oxford Road, Bodicote. 
 
Your request is being considered and Oxfordshire County Council will respond within 20 working 
days in compliance with the Freedom of Information Act 2000. This means that the council will 
send a response to you by 19 April 2018. 
 
Please note that there will be a fee payable for this information and we would be grateful if you 
notify us if you wish to proceed with your request.  
 
If appropriate, the information requested can be made available in alternative formats, including 
other languages, Braille, large print, and audiocassette. If you require any of these formats then 
please let us know. 
 
Please contact us if you have any have further enquiries about your request. We would be grateful 
if you could quote the reference number given at the top of this email.  
 
Kind regards 
Renata Malinowski 
 
E&E Freedom of Information and Complaints Support Officer 
Joint Commissioning and E&E 
Email: E&E-FOI@oxfordshire.gov.uk and JointCommissioningFOI@oxfordshire.gov.uk 
 
 
Save money and paper - do you really need to print this email. 
 

 
This email, including attachments, may contain confidential information. If you have received it in 
error, please notify the sender by reply and delete it immediately. Views expressed by the sender 
may not be those of Oxfordshire County Council. Council emails are subject to the Freedom of 
Information Act 2000. http://www.oxfordshire.gov.uk/emaildisclaimer. 
 
This email, including attachments, may contain confidential information. If you have received it in error, 
please notify the sender by reply and delete it immediately. Views expressed by the sender may not be those 
of Oxfordshire County Council. Council emails are subject to the Freedom of Information Act 2000. 
http://www.oxfordshire.gov.uk/emaildisclaimer.  
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LOCATION PLAN  
Oxford Road, Bodicote. 
 

 
 
 

OS X (Eastings)     446170 

OS Y (Northings)    238398 

Nearest Post Code   OX15 4QL 

Lat (WGS84)         N52:02:31 (52.042065) 

Long (WGS84)        W1:19:42 (-1.328260) 

Lat,Long            52.042065,-1.328260 

Nat Grid            SP461383 / SP4617038398 

mX                  -147861 

mY                  6774022 
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SURFACE WATER RUN-OFF CALCULATION SHEET

Development
Project No.

Revision Completed by
Date Checked by

2.204 ha SAAR 700 mm
1.806 ha SPR 0.1 %
0.430 ha i1 13.9 mm/hr

0.430 ha i30 30.8 mm/hr

1.774 ha i100 40.0 mm/hr
1.376 ha
0.878 ha
0.878 ha

Run-off Rates Volumes
Pre-development Pre-development

1yr 16.6 l/s 1yr 0.0 cu.m
30yr 36.8 l/s 100yr 0.0 cu.m

100yr 47.8 l/s 1yr 19.3 cu.m
50mm/hr 59.7 l/s 100yr 97.8 cu.m

1yr 0.6 l/s 1yr 19.3 cu.m
30yr 1.7 l/s 100yr 97.8 cu.m

100yr 2.3 l/s
QBar 0.7 l/s Post-development 

1yr 17.2 l/s 1yr 0.0 cu.m
30yr 38.5 l/s 100yr+CC 0.0 cu.m

100yr 50.1 l/s
Post-development 

1yr 34.0 l/s
30yr 75.2 l/s

100yr+CC 126.9 l/s
1yr l/s

30yr l/s
100yr+CC l/s

Quick storage Estimates
low high mean Imp. Area (ha) Max. Discharge (l/s) Rainfall CC

Return Period 1yr 65 108 86.5 0.878 7.9 * FEH 0
Return Period 30yr 215 305 260 0.878 7.9 * FEH 0
Return Period 100yr+CC 387 526 456.5 0.878 7.9 * FEH 20%
Return Period 100yr+CC 469 636 552.5 0.878 7.9 * FEH 40%
* Based on a soil factor of 0.45

1.0
13/04/2018

MB
DK

OXFORD ROAD BODICOTE
HYD317

Proposed Impermeable (total)

Total Site

Proposed Impermeable (domestic only)

Areas Catchment Charateristics

Development Area (for SW Strategy)
Existing Impermeable

Existing Impermeable (for SW Strategy)

Existing Pervious
Existing Pervious  (for SW Strategy)

Impermeable

Pervious

Total

Impermeable

Pervious

Total

Impermeable (total)

Impermeable (total)

Impermeable (domestic only)



SURFACE WATER RUN-OFF CALCULATION SHEET

Development
Project No.

Revision Completed by
Date Checked by

2.184 ha SAAR 700 mm
1.807 ha SPR 0.1 %
0.044 ha i1 13.9 mm/hr
0.044 ha i30 30.8 mm/hr
2.140 ha i100 40.0 mm/hr
1.763 ha
0.904 ha
0.904 ha

Run-off Rates Volumes
Pre-development Pre-development

1yr 1.7 l/s 1yr 0.0 cu.m
30yr 3.8 l/s 100yr 0.0 cu.m

100yr 4.9 l/s 1yr 19.3 cu.m
50mm/hr 6.1 l/s 100yr 97.8 cu.m

1yr 0.6 l/s 1yr 19.3 cu.m
30yr 1.7 l/s 100yr 97.8 cu.m

100yr 2.3 l/s
QBar 0.7 l/s Post-development 

1yr 2.3 l/s 1yr 0.0 cu.m
30yr 5.5 l/s 100yr+CC 0.0 cu.m

100yr 7.2 l/s
Post-development 

1yr 35.0 l/s
30yr 77.4 l/s

100yr+CC 130.6 l/s
1yr l/s

30yr l/s
100yr+CC l/s

Quick storage Estimates
low high mean Imp. Area (ha) Max. Discharge (l/s) Rainfall CC

Return Period 1yr 174 268 221 0.904 0.7 * FEH 0
Return Period 30yr 437 589 513 0.904 0.7 * FEH 0
Return Period 100yr+CC 724 923 824 0.904 0.7 * FEH 20%
Return Period 100yr+CC 874 1097 986 0.904 0.7 * FEH 40%

0.0
13/04/2018

MB
DK

OXFORD ROAD BODICOTE
HYD317

Proposed Impermeable (total)

Total Site

Proposed Impermeable (domestic only)

Areas Catchment Charateristics

Development Area (for SW Strategy)
Existing Impermeable
Existing Impermeable (for SW Strategy)
Existing Pervious
Existing Pervious  (for SW Strategy)

Impermeable

Pervious

Total

Impermeable

Pervious

Total

Impermeable (total)

Impermeable (total)

Impermeable (domestic only)



Betts Associates Ltd Page 1

Old Marsh Farm Barns OXFORD ROAD

Welsh Road BODICOTE

Sealand  Flintshire  CH5 2LY

Date 13.04.18 Designed by MB

File Checked by DK

Micro Drainage Network 2014.1.1

Rainfall profile

©1982-2014 XP Solutions

Storm duration (mins) 360

FSR Data
Region England and Wales

M5-60(mm) 19.800
Ratio R 0.412

Peak Intensity (mm/hr) 13.930
Ave. Intensity (mm/hr) 3.553
Return Period (years) 1
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Sealand  Flintshire  CH5 2LY

Date 13.04.18 Designed by MB

File Checked by DK

Micro Drainage Network 2014.1.1

Rainfall profile

©1982-2014 XP Solutions

Storm duration (mins) 360

FSR Data
Region England and Wales

M5-60(mm) 19.800
Ratio R 0.412

Peak Intensity (mm/hr) 30.824
Ave. Intensity (mm/hr) 7.863
Return Period (years) 30
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Old Marsh Farm Barns OXFORD ROAD

Welsh Road BODICOTE

Sealand  Flintshire  CH5 2LY

Date 13.04.18 Designed by MB

File Checked by DK

Micro Drainage Network 2014.1.1

Rainfall profile

©1982-2014 XP Solutions

Storm duration (mins) 360

FSR Data
Region England and Wales

M5-60(mm) 19.800
Ratio R 0.412

Peak Intensity (mm/hr) 40.019
Ave. Intensity (mm/hr) 10.209
Return Period (years) 100
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File Checked by DK

Micro Drainage Source Control 2014.1.1

ICP SUDS Mean Annual Flood

©1982-2014 XP Solutions

Input

Return Period (years) 1 Soil 0.150
Area (ha) 1.807 Urban 0.000
SAAR (mm) 700 Region Number Region 6

Results l/s

QBAR Rural 0.7
QBAR Urban 0.7

Q1 year 0.6

Q1 year 0.6
Q30 years 1.7
Q100 years 2.3
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Micro Drainage Source Control 2014.1.1

ICP SUDS Mean Annual Flood

©1982-2014 XP Solutions

Input

Return Period (years) 1 Soil 0.450
Area (ha) 1.807 Urban 0.000
SAAR (mm) 700 Region Number Region 6

Results l/s

QBAR Rural 7.9
QBAR Urban 7.9

Q1 year 6.7

Q1 year 6.7
Q30 years 18.0
Q100 years 25.3
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©1982-2014 XP Solutions

FSR Data

Return Period (years) 1
Storm Duration (mins) 360
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Results

Percentage Runoff (%) 5.00
Greenfield Runoff Volume (m³) 19.287
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File Checked by DK

Micro Drainage Source Control 2014.1.1

Greenfield Runoff Volume

©1982-2014 XP Solutions

FSR Data

Return Period (years) 100
Storm Duration (mins) 360

Region England and Wales
M5-60 (mm) 19.800

Ratio R 0.411
Areal Reduction Factor 1.00

Area (ha) 1.807
SAAR (mm) 700

CWI 105.000
Urban 0.000
SPR 10.000

Results

Percentage Runoff (%) 8.83
Greenfield Runoff Volume (m³) 97.833



Oxford Road, Bodicote  
Flood Risk Assessment and Drainage Management Strategy  

 

HYD317_OXFORD.ROAD_FRA&DMS  

APPENDIX J: IMPERMEABLE AREAS PLANS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This page has been left intentionally blank 
  



13

C
 o

f E
 P

rim
a

ry
 S

c
h

o
o

l

36

1

G
a

ra
g

e

23

30

1

3

A4260

White Post Road

W
hite Post R

oad

C
 o

f E
 P

rim
a
ry S

ch
o
o
l

O
xford R

oad

G
re

en
 C

or
rid

or

H
edgerow

 Enhanced

Spe
ci
es

R
ic
h

G
ra

ss
la

nd
s

In
fo

rm
a
l F

o
o
tp

a
th

SU
D
s

01

02

03

04

05

06

07

08

09

10

11

12

13

14

15

16
-1

9

20

21

22

23

24

25

26

27
28

29

30

31

32

33

34

35

36

40
41

39
38

42

43

37

44 51

52

45
48

49

50

47

46

LA
P

13

C
 o

f E
 P

rim
a

ry
 S

c
h

o
o

l

36

1

G
a

ra
g

e

23

30

1

3

A4260

White Post Road

W
hite Post R

oad

C
 o

f E
 P

rim
a
ry S

ch
o
o
l

C
 o

f E
 P

rim
a
ry S

ch
o
o
l

O
xford R

oad

G
re

en
 C

or
rid

or

G
re

en
 C

or
rid

or

G
re

en
 C

or
rid

or

H
edgerow

 Enhanced

H
edgerow

 Enhanced

Spe
ci
es

R
ic
h

G
ra

ss
la

nd
s

In
fo

rm
a
l F

o
o
tp

a
th

SU
D
s

SU
D
s

SU
D
s

SU
D
s

SU
D
s

SU
D
s

SU
D
s

01

02

03

04

05

06

07

08

09

10

11

12

13

1414141414

15

16
-1

9

20

21

22

2323232323

2424242424

25

26

27
28

29

30

31

32

33

34

35

36

40
41

39
38

42

43

37

44 51

52

45
48

49

50

47

46

LA
P

LA
P

LA
P

LA
P

LA
P

D
O

 N
O

T
 S

C
A

L
E

P
R

E
L
IM

IN
A

R
Y

A
1
0
1

H
Y

D
3
1
7

IM
P

E
R

M
E

A
B

L
E

 A
R

E
A

S
 P

L
A

N

P
R

E
-D

E
V

E
L
O

P
M

E
N

T

B
O

D
IC

O
T

E

O
X

F
O

R
D

 R
O

A
D

L
E

G
E

N
D

T
O

T
A

L
 S

IT
E

 A
R

E
A

- 2
.2

0
4

h
a

D
E

V
E

L
O

P
M

E
N

T
 A

R
E

A
- 1

.8
0

6
h

a

P
R

E
-D

E
V

E
L

O
P

M
E

N
T

 IM
P

E
R

M
E

A
B

L
E

 A
R

E
A

S
- 0

.4
3

0
h

a

  A
0

5
.0

4
.1

8
    M

B
P

R
E

L
IM

IN
A

R
Y

 F
O

R
 IS

S
U

E
  K

W



1

3

C
 
o

f
 
E

 
P

r
i
m

a
r
y
 
S

c
h

o
o

l

3

6

1

G
a

r
a

g
e

2

3

3

0

1

3

A

4

2

6

0

White Post Road

W

h

i

t

e

 

P

o

s

t

 

R

o

a

d

C

 

o

f

 

E

 

P

r

i
m

a

r

y

 

S

c

h

o

o

l

O

x

f

o

r

d

 

R

o

a

d

G

r

e

e

n

 

C

o

r

r

i

d

o

r

H

e

d

g

e

r

o

w

 

E

n

h

a

n

c

e

d

S

p

e

c

i

e

s

R

i

c

h

G

r

a

s

s

l

a

n

d

s

I

n

f

o

r

m

a

l
 

F

o

o

t

p

a

t

h

S

U

D

s

0

1

0

2

0

3

0

4

0

5

0

6

0

7

0

8

0

9

1

0

1

1

1

2

1

3

1

4

1

5

1

6

-

1

9

2

0

2

1

2

2

2

3

2

4

2

5

2

6

2

7

2

8

2

9

3

0

3

1

3

2

3

3

3

4

3

5

3

6

4

0

4

1

3

9

3

8

4

2

4

3

3

7

4

4

5

1

5

2

4

5

4

8

4

9

5

0

4

7

4

6

L

A

P

D
O

 
N

O
T

 
S

C
A

L
E

P
R

E
L
I
M

I
N

A
R

Y
 

A
2
0
1

H
Y

D
3
1
7

I
M

P
E

R
M

A
B

L
E

 
A

R
E

A
S

 
P

L
A

N

P
O

S
T

 
D

E
V

E
L
O

P
M

E
N

T

B
O

D
I
C

O
T

E

O
X

F
O

R
D

 
R

O
A

D

L
E

G
E

N
D

T
O

T
A

L
 
S

I
T

E
 
A

R
E

A
-
 
2

.
2

0
4

h
a

D
E

V
E

L
O

P
M

E
N

T
 
A

R
E

A
-
 
1

.
8

0
6

h
a

P
O

S
T

-
D

E
V

E
L

O
P

M
E

N
T

 
I
M

P
E

R
M

E
A

B
L

E
 
A

R
E

A
S

-
 
0

.
8

7
8

h
a

B
U

I
L

D
I
N

G
S

-
 
0

.
3

2
8

h
a

R
O

A
D

S
-
 
0

.
4

0
3

h
a

D
R

I
V

E
S

 
-
 
0

.
1

4
7

h
a

 
 
A

0
5

.
0

4
.
1

8
 
 
 
 
M

B
P

R
E

L
I
M

I
N

A
R

Y
 
F

O
R

 
I
S

S
U

E
 
 
K

W



Oxford Road, Bodicote  
Flood Risk Assessment and Drainage Management Strategy  

 

HYD317_OXFORD.ROAD_FRA&DMS  
  

 
 
 

 
  

 

 

This page has been intentionally left blank 
  



Oxford Road, Bodicote  
Flood Risk Assessment and Drainage Management Strategy  

 

HYD317_OXFORD.ROAD_FRA&DMS  

APPENDIX K: PRELIMINARY PROPOSED DRAINAGE PLANS  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This page has been left intentionally blank 
  



LEGEN
D 

  
Site Extents 

 
 

Existing Land
Features 

 
G

eneral Topographic Fall 
 Existing Drainage Features 

TBC 

Existing Sew
er Infrastructure  

 
Surface W

ater Sew
er (public) 

 
Foul W

ater Sew
er (public) 

 
 

FU
RTHER N

O
TES: 

This draw
ing is not a drainage 'design' it is a 

prelim
inary drainage strategy show

ing existing 
sew

er locations. 
 No hydraulic sim

ulation or assessm
ent of these 

proposals has been undertaken.  
 Proposed points of connection to the existing 
w

atercourse and sew
er require invert levels to 

be accurately established. Refer to proposed 
drainage plan.   
 Surcharging of the proposed outfall w

ill require 
m

odelling to satisfy the requirem
ents of united 

utilities along w
ith full hydraulic analysis. 

EXISTIN
G DRAIN

AGE 
 SITU

ATIO
N

 PLAN
 

REF: HYD317  

DATE: 06.04.18 
REV: 0 

SITE: O
XFO

RD RO
AD, BO

DICO
TE

BO
DICO

TE 
FLYO

VER  
FARM

 SHO
P 

BISHO
P LO

VEDAY 
PRIM

ARY 
S CHO

O
L 

CHERW
ELL DISTRICT CO

U
N

CIL 
O

FFICES 



LEG
EN

D 
  

Site Extents  
 Existing Drainage Features 

 
TBC 

 Existing Sew
er Infrastructure  

 
Surface W

ater Sew
er (public) 

 
Foul W

ater Sew
er (public) 

 Proposed Drainage Route/Connection(s) 

 
Infiltration (1) 

 
Surface W

ater (2) 

 
Foul W

ater  

 FU
RTHER N

O
TES: 

This draw
ing is not a drainage 'design' it is a 

prelim
inary drainage strategy show

ing existing 
sew

er locations. 
 N

o hydraulic sim
ulation or assessm

ent of these 
proposals has been undertaken.  
 Proposed points of connection to the existing 
w

atercourse and sew
er require invert levels to 

be accurately established. Refer to proposed 
drainage plan.   
 Surcharging of the proposed outfall w

ill require 
m

odelling to satisfy the requirem
ents of united 

utilities along w
ith full hydraulic analysis. 

PRELIM
IN

ARY  
PRO

PO
SED DRAIN

AGE PLAN
 

REF: HYD317 

DATE: 06.04.18 
REV: 0 

SITE: O
XFO

RD RO
AD, BO

DICO
TE

Foul W
ater:  

Review
 of the TW

 sew
er records identify there to be lim

ited public sew
er infrastructure in proxim

ity to the site how
ever, the nearest foul w

ater sew
er (150m

m
 dia.) is located north-east of 

site w
ithin O

xford Road.Due to the site being brow
nfield there is a possibility there is an existing connection, how

ever further investigation is required to confirm
 the condition and capacity 

of the existing sew
er netw

ork. Detailed design w
ill be required to confirm

 feasibility based on the topographic levels follow
ing further detailed investigation. Consents and relevant 

agreem
ents w

ill be required from
 TW

 prior to com
m

encem
ent of w

orks. Early consultation w
ith TW

 is recom
m

ended to identify any additional constraints and their preferred point(s) of 
connection. 

Surface W
ater:  

Based on the ground conditions identified by the online datasets it can be considered that infiltration m
ay be likely offer a part or fully viable drainage solution for the developm

ent site 
due to the perm

eable strata.  Further investigation is recom
m

ended to take place prom
ptly as infiltration w

ould be the prim
ary m

eans of discharging surface w
ater run-off. Should 

infiltration not be feasible for all of the site due to other constraints then the next outfall in the hierarchical approach is to discharge to the w
atercourse. At present, there are no 

w
atercourses suitable for outfall w

ithin close proxim
ity of the site, therefore discharge to the sew

er netw
ork (subject to the relevant consents/agreem

ents), w
ould be required to be 

explored. Detailed design w
ill be required to confirm

 the possibility of a site w
ide gravity connection follow

ing further investigations. If a gravity system
 is not feasible a pum

ped surface 
w

ater system
 m

ay be required to cater for the proposals. 

BISHO
P LO

VEDAY  
PRIM

ARY SCHO
O

L 

(1) 

(2) 



Oxford Road, Bodicote  
Flood Risk Assessment and Drainage Management Strategy  

 

HYD317_OXFORD.ROAD_FRA&DMS  
  

 
 
 

 
  

 

 

This page has been intentionally left blank 
  



Oxford Road, Bodicote  
Flood Risk Assessment and Drainage Management Strategy  

 

HYD317_OXFORD.ROAD_FRA&DMS  

APPENDIX L: STORMWATER STORAGE ESTIMATES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This page has been left intentionally blank 
 
  



QUICK STORAGE ESTIMATES    OXFORD ROAD, BODICOTE   

1 YEAR RETURN PERIOD STORM EVENT 

 

 

30 YEAR RETURN PERIOD STORM EVENT 

 

 



QUICK STORAGE ESTIMATES                     OXFORD ROAD, BODICOTE   

100 YEAR RETURN PERIOD STORM EVENT + 20% CLIMATE CHANGE 

  

 

100 YEAR RETURN PERIOD STORM EVENT + 40% CLIMATE CHANGE 

 

 



QUICK STORAGE ESTIMATES    OXFORD ROAD, BODICOTE   

1 YEAR RETURN PERIOD STORM EVENT 

 

 

30 YEAR RETURN PERIOD STORM EVENT 

 

 



QUICK STORAGE ESTIMATES                     OXFORD ROAD, BODICOTE   

100 YEAR RETURN PERIOD STORM EVENT + 20% CLIMATE CHANGE 

  

 

100 YEAR RETURN PERIOD STORM EVENT + 40% CLIMATE CHANGE 

 

 



Oxford Road, Bodicote  
Flood Risk Assessment and Drainage Management Strategy  

 

HYD317_OXFORD.ROAD_FRA&DMS  
  

 
 
 

 
  

 

 

This page has been intentionally left blank 
  



Oxford Road, Bodicote  
Flood Risk Assessment and Drainage Management Strategy  

 

HYD317_OXFORD.ROAD_FRA&DMS  

APPENDIX M:  OVERLAND FLOOD FLOW ROUTING PLANS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This Page Has Been Left Intentionally Blank 
  



S
T

N
1

1
2
1
.5

2
2

S
T

N
1
A

S
T

N
2

1
2
2
.0

5
3

S
T

N
3

1
2
3
.4

8
5

S
T

N
4

1
2
3
.7

6
0

S
T

N
5

1
2
1
.5

0
1

S
T

N
5
A

1
2
1
.2

4
4

S
T

N
6

1
2
0
.8

5
8

S
T

N
5
B

1
2
0
.8

6
3

S
T

N
7

1
2
1
.1

4
5

121.190

121.294

121.341

121.437

121.491

121.582

121.618

121.723

121.744

1
2
1
.7

7
5

1
2
1
.7

6
9

1
2
1
.7

7
9

1
2
1
.8

0
7

1
2
1
.8

5
0

1
2
1
.8

6
0

1
2
1
.8

6
6

1
2
1
.9

1
4

1
2
2
.3

1
3

1
2
2
.2

2
1

1
2
2
.1

1
4

1
2
2
.1

7
8

1
2
2
.2

1
0

1
2
2
.1

6
1

1
2
2
.0

3
8

1
2
1
.8

9
3

1
2
1
.9

0
6

1
2
1
.8

6
3

1
2
1
.8

3
1

1
2
1
.8

5
7

1
2
1
.8

5
9

1
2
1
.8

3
9

1
2
1
.9

0
8

121.856

121.956

122.049

122.152

122.270

122.367

1
2
2
.3

7
7

1
2
2
.4

0
0

123.170

123.094

123.011

122.866

122.813

122.782

1
2
2
.7

7
3

1
2
2
.7

7
8

1
2
2
.8

1
3

1
2
2
.7

8
8

1
2
2
.7

3
4

1
2
2
.7

3
5

122.711

122.6151
2
2
.6

0
8

1
2
2
.6

0
8

1
2
2
.6

4
4

1
2
2
.5

7
6

1
2
2
.5

0
9

1
2
2
.4

8
5

122.496

122.437

1
2
2
.4

2
8

1
2
2
.4

0
6

1
2
1
.9

5
2

1
2
2
.2

2
9

1
2
2
.2

3
7

1
2
2
.2

5
7

1
2
3
.5

0
9

1
2
3
.4

2
2

1
2
3
.2

5
7

1
2
3
.2

1
1

1
2
3
.1

9
8

1
2
3
.1

7
6

1
2
3
.1

9
7

1
2
3
.1

6
5

1
2
3
.1

5
6

1
2
3
.1

2
2

1
2
2
.9

3
2

1
2
2
.9

3
4

1
2
2
.9

4
6

1
2
2
.9

3
3

1
2
3
.0

3
6

1
2
3
.1

4
7

1
2
3
.1

6
8

1
2
3
.3

2
7

1
2
3
.4

2
4

1
2
3
.5

4
9

1
2
3
.5

6
5

1
2
3
.5

7
6

1
2
3
.6

0
6

1
2
3
.5

8
4

1
2
3
.5

6
1

1
2
3
.5

5
6

1
2
3
.5

0
5

1
2
2
.8

1
5

122.760

122.628

122.550

122.498

122.453

122.335

122.208

122.083

121.937

121.846

121.740

121.581

121.433

121.303

121.144

1
2
3
.6

5
5

1
2
3
.5

3
0

1
2
3
.4

8
0

1
2
3
.4

4
2

1
2
3
.4

0
6

1
2
3
.4

7
2

1
2
3
.4

8
1

1
2
3
.4

7
1

1
2
3
.4

6
7

1
2
3
.4

3
5

1
2
3
.3

9
1

1
2
3
.2

8
0

1
2
3
.1

7
7

1
2
3
.0

0
0

1
2
2
.8

6
3

1
2
3
.1

8
41

2
3
.2

2
41

2
3
.2

6
8

1
2
3
.4

5
6

1
2
3
.7

5
5

1
2
3
.8

9
6

1
2
3
.9

0
7

1
2
3
.9

1
8

1
2
3
.9

9
2

1
2
4
.0

0
0

1
2
3
.9

7
0

1
2
3
.9

2
9

1
2
3
.8

6
6

1
2
3
.7

2
9

1
2
4
.1

1
3

1
2
4
.1

3
9

1
2
4
.1

3
3

1
2
4
.0

9
7

1
2
3
.9

9
8

1
2
3
.7

8
5

1
2
3
.7

0
5

1
2
3
.5

4
9

1
2
3
.4

6
6

1
2
3
.4

1
6

1
2
4
.3

6
8

1
2
4
.4

0
0

1
2
4
.4

0
9

1
2
4
.4

0
1

1
2
4
.3

6
4

1
2
4
.3

5
2

1
2
4
.3

4
0

1
2
4
.3

3
9

1
2
4
.3

1
5

1
2
4
.3

0
5

1
2
4
.3

1
4

1
2
4
.3

2
0

1
2
4
.3

4
4

1
2
4
.9

7
9

1
2
4
.8

3
4

1
2
4
.6

1
4

1
2
4
.9

7
1 1
2
4
.9

8
3

1
2
4
.9

6
41

2
4
.7

1
8

1
2
4
.7

1
4

1
2
4
.6

8
9

1
2
4
.7

0
8

1
2
4
.7

3
2

1
2
4
.7

6
0

1
2
3
.2

8
8

1
2
3
.3

7
9

1
2
3
.4

3
8

1
2
3
.5

0
7

1
2
3
.4

9
3

1
2
3
.5

0
7

1
2
3
.4

7
7

1
2
3
.4

3
9

1
2
3
.3

9
3

1
2
3
.3

7
2

1
2
3
.3

1
0

1
2
3
.5

1
4

1
2
3
.7

4
8

1
2
3
.9

0
3

1
2
4
.0

5
6

1
2
4
.1

9
8

1
2
4
.3

4
5

1
2
4
.4

6
6

1
2
4
.6

0
3

1
2
4
.2

4
0

1
2
4
.2

2
5

1
2
4
.2

7
2

1
2
4
.3

1
7

1
2
4
.3

2
0

1
2
4
.3

1
3

1
2
4
.2

8
5

1
2
4
.2

8
5

1
2
4
.3

4
5

1
2
4
.2

1
2

1
2
4
.0

7
1

1
2
4
.0

2
7

1
2
4
.0

5
4

1
2
4
.2

0
6

1
2
4
.2

8
8

1
2
4
.2

7
7

1
2
4
.2

4
6

1
2
4
.1

6
1

1
2
4
.1

1
7

1
2
4
.1

0
7

1
2
4
.0

5
9

1
2
4
.0

4
7

1
2
4
.0

5
4

1
2
4
.1

4
1

1
2
4
.1

6
0

1
2
4
.2

9
3

G
121.247

G
121.343

G
121.489

G
121.721

G
1
2
1
.8

3
9

G
121.931

G
122.041

G
122.173

G
122.316

G
122.122

G
122.022

G
121.909

G
121.799

G
121.630

G
121.482

G
121.235

G
1
2
2
.2

1
2

G
1
2
2
.1

6
5

G
1
2
3
.1

6
8

G
1
2
2
.7

6
6

G
122.493

G
1
2
3
.4

8
3

G
1
2
3
.4

6
6

G
1
2
3
.4

7
2

G
1
2
3
.4

6
3

G
1
2
3
.2

3
0

G
1
2
3
.4

3
7

G
1
2
3
.5

2
7

G
1
2
3
.4

8
7

G
1
2
3
.9

0
2

G
1
2
3
.4

4
2

G
1
2
3
.8

0
8

G
1
2
4
.0

8
3

G
1
2
4
.5

3
5

G
1
2
4
.1

4
1

G
1
2
3
.2

9
6

G
1
2
3
.2

7
7

G
1
2
4
.0

2
5

G
1
2
4
.0

4
5

G
1
2
0
.8

6
7

G
1
2
0
.6

1
1

121.127

121.168

121.338

121.475

121.618

121.762

121.857

121.991

122.059

122.106

122.174

122.265

122.469

122.572

122.606

121.038

121.116

121.291

121.376

121.521

121.758

121.795

121.907

121.998

122.050

122.124

122.231

122.411

122.508

122.592

122.656

122.786

122.832

122.930

1
2
2
.9

8
6

1
2
3
.0

9
6

1
2
3
.3

0
3

1
2
3
.3

6
2

1
2
3
.5

2
7

1
2
3
.6

3
6

1
2
3
.6

3
8

1
2
3
.6

6
5

1
2
3
.6

4
9

1
2
3
.6

2
9

1
2
3
.6

4
4

1
2
3
.7

0
2

1
2
1
.1

9
3

1
2
1
.0

2
6

1
2
1
.1

5
3

1
2
1
.3

1
7

1
2
1
.3

5
4

1
2
1
.2

9
1

1
2
1
.3

1
4

1
2
1
.2

0
6

1
2
1
.1

9
3

1
2
1
.3

8
3

1
2
1
.2

3
1

1
2
1
.3

3
3

1
2
1
.4

7
1

1
2
1
.5

2
1

1
2
1
.5

5
9

1
2
1
.4

7
9

1
2
1
.3

7
8

1
2
1
.4

8
8

1
2
1
.6

0
9

1
2
1
.6

3
8

1
2
1
.6

7
7

1
2
1
.5

9
9

1
2
1
.5

2
5

1
2
1
.6

3
5

1
2
1
.7

2
8

1
2
1
.7

5
9

1
2
1
.7

5
4

1
2
1
.6

8
9

1
2
1
.7

5
8

1
2
1
.7

6
3

1
2
1
.8

6
8

1
2
1
.8

6
1

1
2
1
.7

8
4

1
2
1
.7

4
3

1
2
1
.6

9
1

1
2
1
.6

5
2

1
2
1
.6

6
1

1
2
1
.5

6
3

1
2
1
.5

2
8

1
2
1
.4

2
1

1
2
1
.3

5
9

1
2
1
.2

1
8

1
2
1
.2

0
7

1
2
1
.1

1
3

1
2
1
.0

9
7

1
2
1
.0

8
6

1
2
1
.8

6
1

1
2
1
.9

7
7

1
2
2
.0

1
5

1
2
2
.1

3
7

1
2
2
.2

4
3

1
2
2
.4

2
6

1
2
2
.2

2
2

1
2
2
.2

4
5

1
2
2
.4

2
6

1
2
2
.5

5
7

122.576

1
2
2
.6

0
1

122.562

1
2
2
.4

4
5

1
2
2
.5

6
8

1
2
2
.6

5
9

1
2
2
.6

6
9

1
2
2
.8

1
5

1
2
2
.8

5
1

1
2
2
.9

2
0

1
2
3
.0

0
3

1
2
3
.1

5
9

1
2
2
.8

7
7

1
2
2
.9

2
6

1
2
2
.9

6
8

1
2
3
.0

9
3

1
2
3
.1

6
9

1
2
3
.7

2
7

1
2
3
.6

6
1

1
2
3
.6

0
5

1
2
3
.7

4
3

1
2
3
.6

0
2

1
2
3
.5

9
7

1
2
3
.4

7
9

1
2
3
.3

9
6

1
2
3
.2

8
7

1
2
3
.2

5
2

1
2
3
.3

2
3

1
2
3
.3

4
2

1
2
3
.5

8
8

1
2
3
.6

4
5

1
2
3
.4

5
3

1
2
3
.4

7
9

1
2
3
.5

4
8

1
2
3
.6

4
0

1
2
3
.6

5
8

1
2
3
.6

8
3

1
2
3
.6

9
0

1
2
3
.6

5
7

1
2
3
.6

1
7

1
2
3
.5

4
6

1
2
3
.4

9
9

1
2
3
.3

5
4

1
2
2
.5

6
9

1
2
3
.0

6
5

1
2
3
.5

1
6

1
2
3
.6

1
2

1
2
3
.5

5
4

1
2
3
.1

3
0

1
2
2
.8

8
2

1
2
2
.8

6
8

1
2
2
.9

0
3

1
2
2
.9

5
5

1
2
3
.4

7
4

1
2
3
.6

0
8

1
2
1
.4

0
3

1
2
1
.4

1
7

1
2
1
.6

7
2

1
2
1
.9

9
7

1
2
2
.1

5
5

1
2
2
.2

4
8

1
2
2
.4

1
3

1
2
2
.4

1
3

1
2
2
.5

1
4

1
2
2
.5

2
0

1
2
2
.3

4
2

1
2
2
.3

8
4

1
2
2
.5

5
9

1
2
2
.6

2
4

1
2
3
.0

2
1

1
2
2
.8

5
3

1
2
2
.8

7
0

1
2
2
.8

4
8

1
2
2
.8

7
4

1
2
2
.6

2
5

1
2
2
.5

8
9

1
2
2
.4

1
3

1
2
2
.3

8
6

1
2
2
.3

4
8

1
2
2
.1

8
8

1
2
2
.1

0
4

1
2
1
.9

8
2

1
2
1
.8

1
9

1
2
1
.6

2
7

1
2
1
.4

9
5

1
2
1
.4

2
0

1
2
1
.3

5
7

1
2
1
.2

9
0

1
2
1
.3

2
1

1
2
1
.2

3
9

1
2
1
.1

7
0

1
2
1
.1

6
2

1
2
1
.0

4
9

1
2
0
.8

2
4

1
2
0
.6

8
9

1
2
0
.7

3
8

1
2
0
.7

2
1

1
2
0
.6

9
3

1
2
0
.7

3
6

B
T

B
T

B
T

B
T

B
T

B
T

B
T

B
T

F
H

F
H

F
H

L
P

L
P

L
P

L
P

L
P

L
P

L
P

L
P

L
P

L
P

L
P

L
P

L
P

L
P

L
P

L
P

L
P

L
P

L
P

S
P

S
P

S
P

S
P

S
P

S
P

S
P

S
P S

P

S
P

S
P

S
P

S
P

S
P

S
P

S
P

S
P

S
P

S
P

S
P

S
P

H
E

D
G

E

1
2
3
.1

4
2

1
2
3
.2

1
1

1
2
2
.9

7
5

1
2
2
.8

8
6

1
2
2
.8

1
0

1
2
2
.6

9
9

1
2
2
.4

8
0

1
2
2
.3

5
5

1
2
2
.2

4
1

1
2
2
.0

9
5

1
2
2
.0

2
7

1
2
1
.9

3
1

1
2
1
.7

9
8

1
2
1
.8

3
4

1
2
1
.6

3
3

1
2
1
.6

1
9

1
2
1
.5

3
8

1
2
1
.4

7
9

H
E

D
G

E

1
2
2
.6

0
0

1
2
2
.2

9
1

1
2
2
.6

1
9

1
2
2
.3

5
1

1
2
2
.3

6
2

1
2
2
.4

1
3

H
E

D
G

E

1
2
2
.6

3
9

1
2
2
.4

1
5

1
2
2
.3

2
9

1
2
2
.2

7
0

1
2
2
.2

2
5

1
2
2
.1

1
8

1
2
2
.0

1
0

1
2
1
.8

2
9

1
2
1
.7

9
9

1
2
3
.1

1
7

1
2
2
.9

1
2

1
2
2
.5

8
0

1
2
2
.5

4
2

1
2
2
.4

7
2

1
2
2
.4

2
3

1
2
2
.2

9
1

1
2
2
.1

5
3

1
2
2
.0

0
4

1
2
1
.7

9
8

1
2
1
.6

5
7

1
2
1
.5

6
0

1
2
1
.3

4
0

1
2
1
.2

8
0

1
2
1
.3

9
5

1
2
1
.3

0
5

1
2
1
.3

3
71

2
1
.2

3
9

1
2
1
.2

4
2

1
2
1
.1

8
2

1
2
1
.0

3
1

1
2
0
.8

5
3

1
2
0
.8

8
4

1
2
0
.8

4
3

1
2
0
.6

7
2

1
2
0
.5

8
4

1
2
0
.5

7
9

1
2
0
.6

6
2

1
2
0
.9

0
2

1
2
0
.9

1
2

1
2
1
.1

6
5

1
2
1
.2

5
0

1
2
1
.7

0
2

1
2
2
.0

9
8

1
2
1
.9

2
2

1
2
2
.0

8
2

1
2
2
.3

3
8

1
2
2
.2

8
1

1
2
2
.5

8
8

1
2
2
.6

3
1

1
2
2
.8

5
1

1
2
2
.8

6
4

1
2
3
.0

4
3

122.808

122.693

122.754

122.689

122.629

122.475

122.496

122.371

1
2
1
.8

0
1

1
2
2
.7

2
2

1
2
2
.7

8
3

1
2
2
.8

1
4

1
2
2
.6

5
1

1
2
2
.6

5
6

1
2
2
.9

4
7

1
2
3
.1

9
7

1
2
3
.0

8
8

1
2
3
.4

7
6

1
2
1
.8

5
8

1
2
2
.3

5
3

1
2
1
.7

2
3

1
2
2
.5

6
3

1
2
3
.0

0
7

1
2
2
.0

8
4

1
2
2
.0

7
2

T
R

E
E

 C
A

N
O

P
Y

1
2
1
.3

7
7

1
2
1
.3

3
3

1
2
1
.0

8
9 T

P

T
P

T
P

T
P

U
S

U
S

U
S

S
T

S
T

S
T

S
T

B
O

L

B
O

L

B
O

L

B
O

L

B
O

L

B
O

L

B
O

L

B
O

L

B
O

L

B
O

L

C
L
1
2
1
.9

9
3

M
H

C
L
1
2
2
.3

9
7

M
H

C
L
1
2
2
.0

1
7

IC

C
L
1
2
2
.9

2
8

IC

C
L
1
2
3
.4

6
6

IC

C
L
1
2
3
.4

2
3

IC

C
L
1
2
3
.5

6
8

IC

E
H

1
2
6
.5

6
4

E
H

1
2
6
.6

6
7

E
H

1
2
7
.1

3
9

E
H

1
2
4
.3

0
8

E
H

1
2
6
.2

5
3

E
H

1
2
4
.4

0
3

E
H

1
2
4
.4

4
8

E
H

1
2
4
.5

5
3

E
H

1
2
4
.6

2
6

E
H

1
2
6
.5

6
7

E
H

1
2
4
.3

2
9

E
H

1
2
3
.9

6
1

E
H

1
2
5
.6

2
5

E
H

1
2
4
.2

6
5

E
H

1
2
3
.7

5
7

E
H

1
2
4
.8

7
8

E
H

1
2
2
.7

8
7

R
H

1
2
7
.1

6
8

R
H

1
3
0
.8

3
6

R
H

1
3
0
.3

6
2

R
H

1
3
0
.2

6
6

R
H

1
2
9
.3

3
3

R
H

1
2
7
.5

3
8

R
H

1
2
7
.3

9
6

R
H

1
2
7
.2

8
8

R
H

1
2
7
.2

4
8

R
H

1
3
1
.1

0
7

R
H

1
2
9
.5

8
8

R
H

1
2
8
.1

8
6

R
H

1
2
5
.7

6
6

R
H

1
2
4
.3

1
9

R
H

1
2
5
.3

6
4

R
H

1
2
5
.0

2
6

R
H

1
2
5
.6

6
2

R
H

1
2
7
.6

5
5

R
H

1
2
8
.3

5
5

R
H

1
2
8
.2

4
1

R
H

1
2
4
.4

6
9

R
H

1
2
4
.3

9
7

R
H

1
2
5
.0

6
5

R
H

1
2
4
.0

5
4

R
H

1
2
5
.9

2
8

R
H

1
2
6
.7

8
6

R
H

1
2
4
.7

2
1

C
L
1
2
2
.9

1
6

M
H

C
L
1
2
3
.3

8
9

M
H

G
V

G
V

G
V

G
V

G
V

G
V

T
V

N
P

N
P

W
M

M
K

R

R
S

R
S

R
S

R
S

1
2
3
.0

0
5

1
2
3
.0

9
8

1
2
3
.3

5
2

1
2
3
.4

9
6

1
2
3
.5

5
7

1
2
3
.4

3
9

1
2
3
.4

5
0

1
2
3
.3

2
0

1
2
3
.5

4
8

1
2
3
.3

8
5

1
2
3
.2

3
5

1
2
2
.9

8
3

1
2
2
.4

8
5

1
2
2
.6

9
6

1
2
0
.7

9
3

1
2
0
.8

4
7

1
2
0
.9

5
3

1
2
1
.0

0
6

1
2
0
.9

6
8

1
2
1
.0

9
1

1
2
1
.1

2
5

1
2
0
.9

9
8

1
2
0
.9

9
8

1
2
0
.8

9
8

1
2
0
.9

2
5

1
2
0
.9

9
9

1
2
0
.9

3
1

1
2
1
.1

5
6

1
2
1
.1

1
4

1
2
0
.9

0
3

1
2
0
.8

8
6

1
2
0
.7

2
1

1
2
0
.7

4
0

1
2
0
.7

7
6

1
2
0
.7

0
6

1
2
2
.8

3
3

1
2
2
.4

9
9

1
2
2
.6

0
4

1
2
2
.5

9
5

1
2
2
.5

8
5

1
2
2
.8

1
5

1
2
2
.5

0
9

1
2
2
.8

6
4

1
2
3
.5

6
8

1
2
3
.6

0
1

1
2
1
.2

4
4

1
2
1
.1

9
1

1
2
1
.3

7
2

1
2
0
.5

6
7

1
2
0
.6

5
3

1
2
0
.8

5
0

1
2
0
.8

2
8

1
2
0
.7

3
6

1
2
0
.7

6
5

1
2
0
.6

2
4

1
2
0
.7

6
2

1
2
0
.7

8
4

1
2
0
.8

4
8

1
2
1
.1

6
9

1
2
1
.0

6
5

1
2
1
.1

5
0

1
2
1
.2

8
3

1
2
1
.2

4
7

1
2
1
.1

2
0

1
2
0
.9

7
0

1
2
0
.8

4
8

1
2
1
.0

7
5

1
2
1
.4

8
0

1
2
1
.3

6
1

1
2
0
.9

6
4

1
2
1
.1

4
1

1
2
1
.0

5
2

1
2
1
.0

6
6

1
2
1
.0

9
4

1
2
1
.0

3
7

1
2
1
.0

6
4

P
O

S
T

P
O

S
T

1
2
3
.6

0
2

S
T

O
N

E
 W

A
L
L

1
2
3
.6

8
1

1
2
3
.5

9
3

1
2
3
.6

7
8

1
2
3
.8

0
5

G
P

G
P

G
P

G
P

1
2
1
.0

9
6

C
O

N
C

R
E

T
E

1
2
1
.0

8
3

1
2
1
.0

3
0

1
2
0
.9

3
9

1
2
0
.9

6
9

1
2
0
.7

3
1

C
O

N
C

R
E

T
E

1
2
0
.7

1
6

1
2
0
.7

7
5

F
L
1
2
0
.8

8
4

1
2
1
.1

8
5

1
2
1
.2

1
3

1
2
1
.3

6
8

1
2
1
.4

5
0

1
2
1
.3

1
7

1
2
1
.4

8
8

1
2
1
.7

1
5

1
2
1
.8

3
4

1
2
1
.4

7
1

1
2
1
.1

2
2

1
2
1
.1

8
6

1
2
1
.1

2
2

1
2
1
.0

6
3

1
2
1
.1

4
7

1
2
1
.1

4
1

1
2
1
.0

7
8

1
2
1
.0

8
1

1
2
1
.2

8
2

1
2
1
.3

2
5

1
2
1
.3

2
6

1
2
1
.1

7
5

1
2
1
.3

3
6

1
2
1
.2

7
0

1
2
1
.5

1
9

1
2
1
.6

5
0

1
2
1
.5

8
9

1
2
1
.5

4
9

1
2
1
.4

3
4

1
2
1
.5

1
8

1
2
1
.4

6
9

1
2
1
.4

6
3

1
2
1
.5

8
9

1
2
1
.4

1
9

1
2
1
.2

8
6

1
2
1
.3

2
6

1
2
1
.1

9
8

1
2
1
.5

6
7

1
2
1
.9

0
9

1
2
1
.9

3
7

1
2
1
.9

6
2

1
2
2
.0

8
4

1
2
1
.8

8
5

1
2
1
.9

0
5

1
2
2
.0

5
1

1
2
1
.9

5
9

1
2
1
.8

4
0

1
2
1
.7

9
1

1
2
1
.8

9
0

1
2
1
.8

9
8

1
2
1
.9

6
0

1
2
2
.0

8
7

1
2
1
.8

8
3

1
2
1
.8

0
9

1
2
1
.5

0
6

1
2
1
.3

8
9

1
2
1
.3

6
8

1
2
1
.3

3
3

1
2
1
.4

3
9

1
2
1
.5

0
1

1
2
1
.5

3
4

1
2
1
.5

3
2

1
2
1
.6

2
4

1
2
1
.6

9
8

1
2
1
.8

8
8

1
2
1
.8

6
9

1
2
2
.0

1
6

1
2
1
.8

7
5

1
2
1
.7

3
3

1
2
1
.7

0
6

1
2
1
.6

3
6

1
2
1
.5

7
6

1
2
1
.5

9
5

1
2
1
.4

2
9

1
2
1
.3

8
4

1
2
1
.3

6
9

1
2
1
.4

6
5

1
2
1
.3

2
9

1
2
1
.2

7
3

1
2
1
.1

8
2

1
2
1
.3

7
9

1
2
1
.5

2
2

1
2
1
.4

4
5

1
2
1
.5

0
5

1
2
1
.5

4
9

1
2
1
.6

5
6

1
2
1
.6

4
0

1
2
1
.6

8
8

1
2
1
.7

4
0

1
2
1
.8

0
1

1
2
1
.9

7
1

1
2
1
.9

7
3

1
2
1
.8

1
0

1
2
1
.8

0
9

1
2
1
.7

0
7

1
2
1
.7

0
1

1
2
1
.7

1
8

1
2
1
.5

8
0

1
2
1
.5

7
5

1
2
1
.5

3
4

1
2
1
.5

8
1

1
2
1
.4

4
2

1
2
1
.4

5
4

1
2
1
.3

5
0

1
2
1
.3

8
8

1
2
1
.4

3
7

1
2
1
.5

7
7

1
2
1
.6

3
2

1
2
1
.6

6
7

1
2
1
.6

8
4

1
2
1
.7

5
4

1
2
1
.6

9
9

1
2
1
.8

0
4

1
2
1
.8

4
4

1
2
1
.8

6
2

1
2
1
.7

8
3

1
2
2
.0

6
8

1
2
2
.0

1
6

1
2
1
.9

8
5

1
2
1
.9

6
2

1
2
1
.8

5
6

1
2
1
.9

0
7

1
2
1
.8

5
7

1
2
1
.7

5
7

1
2
1
.6

9
8

1
2
1
.6

9
1

1
2
1
.7

1
7

1
2
1
.5

9
3

1
2
1
.7

0
6

1
2
1
.8

3
3

1
2
1
.8

2
6

1
2
1
.8

2
1

1
2
1
.8

5
1

1
2
1
.8

5
4

1
2
1
.9

6
0

1
2
1
.9

0
4

1
2
2
.0

0
9

1
2
1
.9

9
7

1
2
2
.1

6
1

1
2
2
.2

0
8

1
2
2
.0

8
3

1
2
2
.1

2
5

1
2
2
.0

0
9

1
2
1
.9

7
0

1
2
1
.9

7
2

1
2
1
.8

8
9

1
2
1
.8

8
6

1
2
1
.8

7
1

1
2
1
.8

5
6

1
2
1
.8

6
6

1
2
1
.8

5
6

1
2
1
.9

2
0

1
2
1
.9

0
8

1
2
1
.8

9
1

1
2
1
.8

9
1

1
2
1
.9

7
9

1
2
2
.0

2
3

1
2
2
.0

4
2

1
2
2
.0

3
3

1
2
2
.1

5
3

1
2
2
.1

4
1

1
2
2
.1

5
7

1
2
2
.3

0
6

1
2
2
.4

3
3

1
2
2
.1

9
6

1
2
2
.1

9
2

1
2
2
.1

0
2

1
2
2
.0

4
6

1
2
2
.1

5
1

1
2
1
.9

7
9

1
2
1
.9

8
7

1
2
1
.9

9
0

1
2
1
.9

5
2

1
2
2
.0

4
0

1
2
1
.9

3
3

1
2
2
.0

6
0

1
2
2
.1

1
3

1
2
2
.0

5
0

1
2
2
.0

5
5

1
2
2
.1

9
3

1
2
2
.2

1
7

1
2
2
.2

7
9

1
2
2
.2

6
3

1
2
2
.2

9
9

1
2
2
.2

9
8

1
2
2
.2

4
8

1
2
2
.3

7
1

1
2
2
.4

5
7

1
2
2
.2

9
9

1
2
2
.3

4
7

1
2
2
.3

2
3

1
2
2
.2

5
6

1
2
2
.2

8
1

1
2
2
.2

0
5

1
2
2
.1

6
0

1
2
2
.1

3
4

1
2
2
.0

7
4

1
2
2
.0

8
2

1
2
2
.1

4
7

1
2
2
.1

7
0

1
2
2
.1

9
7

1
2
2
.0

6
5

1
2
2
.1

4
3

1
2
2
.2

0
2

1
2
2
.2

6
9

1
2
2
.3

5
5

1
2
2
.3

1
7

1
2
2
.5

6
6

1
2
2
.5

0
9

1
2
2
.3

8
0

1
2
2
.3

8
3

1
2
2
.3

9
1

1
2
2
.3

6
2

1
2
2
.3

5
9

1
2
2
.2

0
6

1
2
2
.2

4
5

1
2
2
.2

2
5

1
2
2
.1

3
2

1
2
2
.1

5
6

1
2
2
.1

5
9

1
2
2
.2

7
5

1
2
2
.2

9
6

1
2
2
.2

7
2

1
2
2
.3

7
3

1
2
2
.3

2
1

1
2
2
.4

8
8

1
2
2
.5

1
2

1
2
2
.4

8
0

1
2
2
.5

7
7

1
2
2
.6

2
7 1
2
2
.7

8
0

1
2
2
.7

4
6

1
2
2
.8

2
6

1
2
2
.6

1
3

1
2
2
.5

4
7

1
2
2
.2

6
5

1
2
2
.2

3
9

1
2
2
.2

9
4

1
2
0
.5

1
2

1
2
0
.5

6
8

1
2
0
.6

3
3

1
2
0
.5

9
2

1
2
0
.6

0
0

1
2
0
.7

9
8

1
2
0
.9

7
0

1
2
0
.6

5
9

1
2
0
.7

0
2

1
2
1
.0

5
8

1
2
1
.0

4
6

G
P

G
P

G
P

G
P

G
P

G
P

G
P

G
P

G
P

G
P

1
2
2
.4

6
91

2
2
.4

1
4

1
2
2
.3

2
0

1
2
2
.1

6
2

1
2
2
.2

1
2

1
2
2
.3

0
1

1
2
2
.2

5
1

1
2
2
.1

4
4

1
2
2
.1

2
0

1
2
1
.9

1
5

1
2
1
.9

5
5

1
2
1
.8

8
7

1
2
1
.8

7
2

1
2
1
.6

9
6

1
2
1
.5

4
2

1
2
1
.4

8
2

1
2
1
.6

9
0

1
2
1
.4

1
9

1
2
1
.7

7
6

1
2
1
.2

7
8

1
2
1
.2

0
4

1
2
1
.2

5
7

1
2
1
.0

3
5

1
2
1
.0

4
9

1
2
1
.0

3
1

1
2
1
.0

5
5

1
2
1
.0

6
9

1
2
1
.1

7
8

1
2
1
.2

7
4

1
2
1
.4

5
3

1
2
1
.5

8
0

1
2
1
.6

1
7

1
2
0
.8

0
8

1
2
0
.7

7
3

1
2
0
.5

4
1

1
2
0
.4

5
8

1
2
0
.4

7
1

1
2
0
.4

5
0

1
2
0
.4

1
0

1
2
0
.4

6
6

1
2
0
.3

3
4

1
2
0
.7

3
5

1
2
0
.8

9
4

1
2
0
.6

5
9

1
2
1
.1

3
9

1
2
1
.2

3
5

1
2
1
.3

1
0

1
2
1
.3

1
9

1
2
1
.4

2
3

1
2
1
.3

6
0

1
2
1
.3

1
1

1
2
1
.1

7
3

1
2
1
.2

5
5

1
2
1
.0

9
9

1
2
1
.0

5
7

1
2
1
.1

1
8

1
2
1
.2

2
4

1
2
1
.2

2
6

1
2
1
.3

0
9

1
2
0
.8

7
2

1
2
0
.9

8
0

1
2
1
.0

1
0

1
2
1
.0

5
4

1
2
1
.0

5
1

1
2
1
.0

3
7

1
2
1
.2

7
8

1
2
1
.0

6
6

1
2
1
.3

2
0

1
2
1
.5

2
0

1
2
1
.5

8
2

1
2
0
.5

7
1

1
2
1
.6

2
9

1
2
1
.6

3
9

1
2
1
.5

7
4

1
2
1
.7

7
0

1
2
2
.0

2
2

1
2
1
.8

8
3

1
2
1
.8

1
1

1
2
1
.9

6
4

1
2
2
.0

9
7

1
2
2
.0

8
1

1
2
2
.1

4
6

1
2
2
.2

1
8

1
2
2
.2

5
3

1
2
2
.4

0
5

1
2
2
.5

3
5

1
2
2
.5

1
3

1
2
2
.6

1
2

1
2
2
.6

7
6

1
2
2
.8

2
3

1
2
2
.8

9
0

1
2
2
.9

9
5

H
E

D
G

E

1
2
2
.6

4
4

1
2
2
.6

8
0

1
2
2
.4

1
5

1
2
2
.4

1
7

1
2
2
.4

6
6

1
2
2
.5

0
5

T
R

E
E

 C
A

N
O

P
Y

1
2
2
.4

5
0

1
2
2
.3

6
8

1
2
2
.3

5
8

1
2
2
.3

6
0

1
2
2
.7

9
2

T
R

E
E

 C
A

N
O

P
Y

1
2
2
.6

4
5

1
2
2
.7

4
0

1
2
2
.7

4
0

T
R

E
E

 C
A

N
O

P
Y

1
2
2
.5

8
5

1
2
2
.6

6
1

1
2
2
.7

9
5

1
2
2
.8

6
7

T
R

E
E

 C
A

N
O

P
Y

1
2
2
.7

4
8

1
2
2
.6

6
4

1
2
2
.6

2
7

1
2
2
.3

6
5

T
R

E
E

 C
A

N
O

P
Y

1
2
2
.2

5
7

1
2
2
.2

3
0

1
2
2
.1

8
9

1
2
2
.1

6
1

1
2
2
.1

3
5

1
2
2
.1

9
3

1
2
2
.2

5
6

1
2
2
.3

1
2

1
2
2
.2

4
8 1
2
2
.3

2
4

1
2
2
.3

8
0

1
2
2
.3

4
9

1
2
1
.9

7
4

T
R

E
E

 C
A

N
O

P
Y

1
2
1
.7

7
7

1
2
1
.9

0
8

1
2
1
.9

5
2

1
2
1
.9

9
7

1
2
1
.8

2
7

T
R

E
E

 C
A

N
O

P
Y

1
2
1
.7

0
7

1
2
1
.7

1
9

1
2
1
.6

3
7

1
2
1
.7

6
4

1
2
2
.0

1
5

1
2
2
.0

1
4

1
2
1
.9

5
0

1
2
1
.8

8
4

1
2
1
.9

2
4

1
2
2
.1

4
0

1
2
1
.4

6
3

T
R

E
E

 C
A

N
O

P
Y

1
2
1
.5

5
5

1
2
1
.7

2
8

1
2
1
.6

2
6

1
2
1
.5

8
7

1
2
1
.6

1
3

1
2
1
.5

0
1

T
R

E
E

 C
A

N
O

P
Y

1
2
1
.4

9
7

1
2
1
.5

0
4

1
2
1
.9

6
3

1
2
2
.2

6
4

1
2
1
.8

1
6

1
2
2
.0

8
8

1
2
1
.8

8
8

1
2
1
.6

9
9

1
2
1
.6

1
1

T
R

E
E

 C
A

N
O

P
Y

1
2
1
.5

1
5

1
2
1
.4

7
6

1
2
1
.5

1
1

1
2
1
.6

4
4

1
2
1
.6

3
9

C
O

N
TA

IN
E
R

1
2
1
.3

6
1 C

O
N

C
R

E
T

E

1
2
1
.0

7
1

S
T

O
N

E
 W

A
L
L

1
2
0
.8

6
8

1
2
0
.7

9
8

B
U

S
H

E
S

1
2
1
.4

1
6

1
2

2
.5

122.5

1
2
2
.0

122.0

122.0

1
2

1
.5

1
2
1
.5

1
2
1
.5

121.5

1
2
1
.5

1
2
2
.0

1
2
1
.5

122.0

1
2
1
.0

121.0

B
A

R
N

B
A

R
N

B
A

R
N

B
A

R
N

B
A

R
N

F
A

R
M

 S
H

O
P

G
R

A
V

E
L

G
R

A
V

E
L

G
R

A
V

E
L

G
R

A
V

E
L

C
O

B
B

L
E

D

G
R

A
V

E
L

T
A

R
M

A
C

T
A

R
M

A
C

G
R

A
S

S

G
R

A
S

S

G
R

A
S

S

G
R

A
S

S

G
R

A
S

S

G
R

A
S

S

C
/B

 T
IM

B
E

R
 F

E
N

C
E

C
/B

 T
IM

B
E

R
 F

E
N

C
E

C
/B

 T
IM

B
E

R
 F

E
N

C
E

C
O

N
C

R
E

T
E

 P
/W

 F
E

N
C

E

P
/W

 F
E

N
C

E

C
O

N
C

R
E

T
E

 P
/W

 F
E

N
C

E

C
O

N
C

R
E

T
E

 P
/W

 F
E

N
C

E

P
/W

 F
E

N
C

E

P
/W

 F
E

N
C

E

P
/W

 F
E

N
C

E

C
/B

 T
IM

B
E

R
 F

E
N

C
E

C
/B

 T
IM

B
E

R
 F

E
N

C
E

C
/B

 T
IM

B
E

R
 F

E
N

C
E

C
/B

 T
IM

B
E

R
 F

E
N

C
E

P
/W

 F
E

N
C

E

R
A

N
C

H
 S

T
Y

L
E

 F
E

N
C

E

R
A

N
C

H
 S

T
Y

L
E

 F
E

N
C

E

R
A

N
C

H
 S

T
Y

L
E

 F
E

N
C

E

R
A

N
C

H
 S

T
Y

L
E

 F
E

N
C

E

R
A

N
C

H
 S

T
Y

L
E

 F
E

N
C

E

R
A

N
C

H
 S

T
Y

L
E

 F
E

N
C

E

T
A

R
M

A
C

G
R

A
S

S

G
R

A
S

S

G
R

A
S

S

G
R
ASS

TA
R
M

A
C

T
A

R
M

A
C

TAR
M

AC

G
R

A
S

S

G
R

A
S

S

G
R

A
S

S

TARM
AC

TAR
M

AC

TARMAC

G
R

A
S

S

G
R

A
S

S

G
R

A
S

S

G
R

A
S

S

G
R

A
S

S

G
R

A
S

S

G
R

A
S

S

G
R

A
S

S

TARM
AC

TARM
AC

C
O

N
C

R
E

T
E

C
O

N
C

R
E

T
E

T
A

R
M

A
C

T
A

R
M

A
C

T
A

R
M

A
C

T
A

R
M

A
C

TAR
M

AC

G
R
ASS

TAR
M

AC

G
R
ASS

TAR
M

AC

G
R
ASS

TAR
M

AC

H
E

D
G

E

H
E

D
G

E

B
E

N
C

H

G
R

A
S

S

C
O

N
TA

IN
E
R

O
-H

-T-C
A
B
LE

S

D
O

 N
O

T
 S

C
A

L
E

P
R

E
L
IM

IN
A

R
Y

A
1
0
2

H
Y

D
3
1
7

O
V

E
R

L
A

N
D

 F
L
O

W
 P

L
A

N

P
R

E
-D

E
V

E
L
O

P
M

E
N

T

B
O

D
IC

O
T

E

O
X

F
O

R
D

 R
O

A
D

L
E

G
E

N
D

T
O

T
A

L
 S

IT
E

 A
R

E
A

- 2
.2

0
4

h
a

D
E

V
E

L
O

P
M

E
N

T
 A

R
E

A
- 1

.8
0

6
h

a

O
V

E
R

L
A

N
D

 F
L

O
W

 R
O

U
T

E
S

  A
0

5
.0

4
.1

8
    M

B
P

R
E

L
IM

IN
A

R
Y

 F
O

R
 IS

S
U

E
  K

W



1

3

C
 
o

f
 
E

 
P

r
i
m

a
r
y
 
S

c
h

o
o

l

3

6

1

G
a

r
a

g
e

2

3

3

0

1

3

A

4

2

6

0

White Post Road

W

h

i

t

e

 

P

o

s

t

 

R

o

a

d

C

 

o

f

 

E

 

P

r

i
m

a

r

y

 

S

c

h

o

o

l

O

x

f

o

r

d

 

R

o

a

d

G

r

e

e

n

 

C

o

r

r

i

d

o

r

H

e

d

g

e

r

o

w

 

E

n

h

a

n

c

e

d

S

p

e

c

i

e

s

R

i

c

h

G

r

a

s

s

l

a

n

d

s

I

n

f

o

r

m

a

l
 

F

o

o

t

p

a

t

h

S

U

D

s

0

1

0

2

0

3

0

4

0

5

0

6

0

7

0

8

0

9

1

0

1

1

1

2

1

3

1

4

1

5

1

6

-

1

9

2

0

2

1

2

2

2

3

2

4

2

5

2

6

2

7

2

8

2

9

3

0

3

1

3

2

3

3

3

4

3

5

3

6

4

0

4

1

3

9

3

8

4

2

4

3

3

7

4

4

5

1

5

2

4

5

4

8

4

9

5

0

4

7

4

6

L

A

P

D
O

 
N

O
T

 
S

C
A

L
E

P
R

E
L
I
M

I
N

A
R

Y
 

A
2
0
2

H
Y

D
3
1
7

O
V

E
R

L
A

N
D

 
F

L
O

W
 
P

L
A

N

P
O

S
T

-
D

E
V

E
L
O

P
M

E
N

T
 

B
O

D
I
C

O
T

E

O
X

F
O

R
D

 
R

O
A

D

L
E

G
E

N
D

T
O

T
A

L
 
S

I
T

E
 
A

R
E

A
-
 
2

.
2

0
4

h
a

D
E

V
E

L
O

P
M

E
N

T
 
A

R
E

A
-
 
1

.
8

0
6

h
a

O
V

E
R

L
A

N
D

 
F

L
O

W
 
R

O
U

T
E

S

 
 
A

0
5

.
0

4
.
1

8
 
 
 
 
M

B
P

R
E

L
I
M

I
N

A
R

Y
 
F

O
R

 
I
S

S
U

E
 
 
K

W



Oxford Road, Bodicote  
Flood Risk Assessment and Drainage Management Strategy  

 

HYD317_OXFORD.ROAD_FRA&DMS  
  

 
 
 

 
  

 

 

This page has been intentionally left blank 
  



Oxford Road, Bodicote  
Flood Risk Assessment and Drainage Management Strategy  

 

HYD317_OXFORD.ROAD_FRA&DMS  

APPENDIX N:  TYPICAL SUDS DETAILS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This Page Has Been Left Intentionally Blank 
 



IN
LE

T

IN
S

P
E

C
TIO

N
C

O
V

E
R

P
E

R
FO

R
A

TE
D

C
O

N
C

R
E

TE
 R

IN
G

S

H
IG

H
 V

O
ID

S
 M

E
D

IA

C
O

N
C

R
E

TE
FO

O
TIN

G

C
O

N
C

R
E

TE
C

H
A

M
B

E
R

O
IL &

 S
E

D
IM

E
N

T
C

O
LLE

C
TO

R

W
A

TE
R

 IN
FILTR

A
TE

S
TO

 S
U

B
 - S

O
IL

S
O

A
K

A
W

A
Y

 D
E

TA
ILS

(IN
C

LU
D

IN
G

 P
R

E
-TR

E
A

TM
E

N
T D

E
V

IC
E

)

D
O

 N
O

T S
C

A
LE

P
R

E
LIM

IN
A

R
Y

A
108

B
E

TTS

S
O

A
K

A
W

A
Y

S

TY
P

IC
A

L S
U

D
S

 D
E

TA
IL



B
'

P
IP

E
W

O
R

K
 B

E
N

E
A

TH
 S

TO
R

A
G

E
 TO

 B
E

 P
E

R
FO

R
A

TE
D

B

A
A

'

P
LA

N

FG
L

S
E

C
TIO

N
 A

 - A
'

TY
P

IC
A

LLY
0.5 - 1m

500
A

P
P

R
O

X
.

FG
L

TY
P

IC
A

LLY
0.5 - 4.5m

D
E

TA
IL 1

A
LL D

IM
E

N
S

IO
N

S
 A

N
D

D
E

P
TH

S
 D

E
P

E
N

D
E

N
T O

N
R

E
Q

U
IR

E
D

 V
O

LU
M

E
 A

N
D

LO
C

A
L G

R
O

U
N

D
 C

O
N

D
ITIO

N
S

B
A

C
K

FILL, B
U

ILD
-U

P
 A

N
D

S
U

R
FA

C
IN

G
 A

S
 A

P
P

R
O

P
R

IA
TE

100 M
IN

 S
A

N
D

V
E

N
TIN

G
 LA

Y
E

R
 - M

IN
 150m

m
(S

IN
G

LE
 C

LE
A

N
 S

TO
N

E
 25 - 40m

m
)

C
O

N
TA

IN
IN

G
 V

E
N

TIN
G

 P
IP

E
S

 D
E

TA
ILS

 TB
C

 B
Y

 S
U

P
P

LIE
R

G
E

O
TE

X
TILE

 M
E

M
B

R
A

N
E

 C
O

V
E

R
IN

G
TO

P
 FA

C
E

 O
F C

E
LLU

LA
R

 B
LO

C
K

S
1040m

m
 D

E
P

TH
C

E
LLU

LA
R

 S
TO

R
A

G
E

 B
LO

C
K

S
D

IS
TR

IB
U

TIO
N

 LA
Y

E
R

(S
IN

G
LE

 C
LE

A
N

 S
TO

N
E

 20 - 40m
m

)
FILLE

R
 TP

 P
R

O
V

ID
E

 P
R

O
TE

C
TIO

N
 FO

R
IM

P
E

R
M

E
A

B
LE

 M
E

M
B

R
A

N
E

. M
A

TE
R

IA
L A

N
D

TH
IC

K
N

E
S

S
 TO

 B
E

 C
O

N
FIR

M
E

D
 IN

 C
O

N
JU

N
C

TIO
N

W
ITH

 G
E

O
 - M

E
M

B
R

A
N

E
 S

U
P

P
LIE

R

P
E

R
FO

R
A

TE
D

D
IS

TR
IB

U
TIO

N
 P

IP
E

S
 W

ITH
M

IN
 150m

m
 S

U
R

R
O

U
N

D

100 S
A

N
D

IM
P

E
R

M
E

A
B

LE
 M

E
M

B
R

A
N

E

100 S
A

N
D

U
N

D
IS

TU
R

B
E

D
 FO

R
M

A
TIO

N

FG
L

S
E

C
TIO

N
 B

 - B
'

D
E

TA
IL 1

D
O

 N
O

T S
C

A
LE

P
R

E
LIM

IN
A

R
Y

A
113

B
E

TTS C
E

LLU
LA

R
 S

TO
R

A
G

E

TY
P

IC
A

L S
U

D
S

 D
E

TA
IL



D
R

Y
 S

W
A

LE

W
E

T S
W

A
LE

P
E

R
FO

R
A

TE
D

 P
IP

E
U

N
D

E
R

D
R

A
IN

S
 TO

 O
U

TFA
LL 300m

m
 P

E
A

 G
R

A
V

E
L LA

Y
E

R
 W

ITH
P

E
R

FO
R

A
TE

D
 U

N
D

E
R

D
R

A
IN

S

P
E

R
FO

R
A

TE
D

 P
IP

E
U

N
D

E
R

D
R

A
IN

S
 TO

 O
U

TFA
LL

1:4 O
R

 1:3 S
ID

E
 S

LO
P

E
 G

R
A

S
S

E
D

 TO
 R

E
S

IS
T E

R
O

S
IO

N

G
E

O
TE

X
TILE

 FILTE
R

900m
m

 S
A

N
D

 FILTE
R

 LA
Y

E
R

75m
m

 TU
R

F O
R

G
R

A
S

S
 LA

Y
E

R

50 TO
 100m

m
 D

R
O

P
 A

T
E

D
G

E
 O

F H
A

R
D

 S
U

R
FA

C
E

M
A

X
IM

U
M

D
E

P
TH

 LE
V

E
L

150m
m

FR
E

E
B

O
A

R
D

M
A

X
IM

U
M

D
E

P
TH

 LE
V

E
L

S
H

E
E

T FLO
W

 FR
O

M
H

A
R

D
 S

U
R

FA
C

E

150m
m

FR
E

E
B

O
A

R
D

1:4 O
R

 1:3 S
ID

E
 S

LO
P

E
 G

R
A

S
S

E
D

 TO
 R

E
S

IS
T E

R
O

S
IO

N

P
E

R
M

A
N

E
N

T W
A

TE
R

 LE
V

E
L

O
P

TIO
N

A
L 150m

m
 S

A
N

D
O

R
 G

R
A

V
E

L LA
Y

E
R

IM
P

E
R

M
E

A
B

LE
S

O
ILS

150m
m

 TU
R

F O
R

 G
R

A
S

S
 LA

Y
E

R

W
E

TLA
N

D
 P

LA
N

TIN
G

O
P

TIO
N

A
L V

-N
O

TC
H

W
E

IR
 (O

R
 O

TH
E

R
C

O
N

TR
O

L D
E

V
IC

E
)

50 TO
 100m

m
 D

R
O

P
 A

T
E

D
G

E
 O

F H
A

R
D

 S
U

R
FA

C
E

D
O

 N
O

T S
C

A
LE

P
R

E
LIM

IN
A

R
Y

A
103

B
E

TTS

S
W

A
LE

S

TY
P

IC
A

L S
U

D
S

 D
E

TA
IL

(1 of 2)



IN
LE

T
FLO

W
 S

P
R

E
A

D
E

R

G
R

A
S

S
 C

H
A

N
N

E
L

A
P

P
R

O
P

R
IA

TE
 P

R
E

-TR
E

A
TM

E
N

T
S

Y
S

TE
M

 (eg S
W

A
LE

, D
E

TE
N

TIO
N

B
A

S
IN

, FO
R

E
B

A
Y

, S
U

M
P

 O
R

P
R

O
P

R
IE

TY
 S

Y
S

TE
M

E
M

E
R

G
E

N
C

Y
 S

P
ILLW

A
Y

(W
H

E
R

E
 R

E
Q

U
IR

E
D

)

E
M

B
A

N
K

M
E

N
T

O
R

 B
A

S
IN

 E
D

G
E

E
R

O
S

IO
N

 C
O

N
TR

O
L

O
U

TLE
T S

TR
U

C
TU

R
E

&
 FLO

W
 C

O
N

TR
O

L

P
LA

N
 V

IE
W

IN
LE

T

D
E

S
IG

N
 LE

V
E

L

E
X

TR
E

M
E

FLO
O

D
 LE

V
E

L

IN
FILTR

A
TIO

N
S

TO
R

A
G

E

G
E

O
M

E
M

B
R

A
IN

E
 LIN

E
R

B
E

N
E

A
TH

 P
R

E
-

TR
E

A
TM

E
N

T S
Y

S
TE

M

P
R

E
-TR

E
A

TM
E

N
T

S
Y

S
TE

M

300m
m

 FR
E

E
B

O
A

R
D

 TO
E

M
E

R
G

E
N

C
Y

 S
P

ILLW
A

Y

O
U

TLE
T S

TR
U

C
TU

R
E

&
 FLO

W
 C

O
N

TR
O

L

E
R

O
S

IO
N

 C
O

N
TR

O
L

(IF R
E

Q
U

IR
E

D
)

E
LE

V
A

TIO
N

D
O

 N
O

T S
C

A
LE

P
R

E
LIM

IN
A

R
Y

A
109

B
E

TTS IN
FILTR

A
TIO

N
 B

A
S

IN
S

TY
P

IC
A

L S
U

D
S

 D
E

TA
IL



P
E

R
V

IO
U

S
P

A
V

E
M

E
N

T

G
E

O
TE

X
TILE

(O
P

TIO
N

A
L)

S
U

B
-B

A
S

E

S
U

B
G

R
A

D
E

TY
P

E
 A

: TO
TA

L IN
FILTR

A
TIP

N

O
U

TLE
T

P
E

R
V

IO
U

S
P

A
V

E
M

E
N

T

G
E

O
TE

X
TILE

(O
P

TIO
N

A
L)

S
U

B
-B

A
S

E

S
U

B
G

R
A

D
E

TY
P

E
 B

: P
A

R
TIA

L IN
FILTR

A
TIO

N

O
U

TLE
T

P
E

R
V

IO
U

S
P

A
V

E
M

E
N

T

G
E

O
TE

X
TILE

(O
P

TIO
N

A
L)

S
U

B
-B

A
S

E

S
U

B
G

R
A

D
E

TY
P

E
 C

: N
O

 IN
FILTR

A
TIO

N

S
U

B
G

R
A

D
E

50mm

20
1

450m
m

 M
IN

IM
U

M

LA
N

D
S

C
A

P
IN

G

O
U

TLE
T

G
E

O
TE

X
TILE

 (O
P

TIO
N

A
L - TY

P
E

S
 A

 &
B

) O
R

 G
E

O
M

E
M

B
R

A
N

E
 (TY

P
E

 C
)

A
G

G
R

E
G

A
TE

 S
U

B
-B

A
S

E
 (M

A
Y

 B
E

R
E

P
LA

C
E

D
 W

ITH
 G

E
O

C
E

LLU
LA

R
 B

LO
C

K
S

P
E

R
V

IO
U

S
 S

U
R

FA
C

E

LA
Y

IN
G

 C
O

U
R

S
E

LA
Y

IN
G

 C
O

U
R

S
E

P
E

R
FO

R
A

TE
D

 P
IP

E
C

O
LLE

C
TIO

N
 S

Y
S

TE
M

P
E

R
FO

R
A

TE
D

 P
IP

E
C

O
LLE

C
TIO

N
 S

Y
S

TE
M

K
E

R
B

TU
R

F O
V

E
R

 150m
m

 TO
P

S
O

IL/ P
A

V
IN

G
S

LA
B

S
/ 150m

m
 P

E
A

 G
R

A
V

E
L S

LO
P

IN
G

A
W

A
Y

 FR
O

M
 P

A
V

E
M

E
N

T

LA
N

D
S

C
A

P
IN

G
 D

E
TA

IL

D
O

 N
O

T S
C

A
LE

P
R

E
LIM

IN
A

R
Y

A
105

B
E

TTS

P
E

R
V

IO
U

S
 P

A
V

E
M

E
N

TS

TY
P

IC
A

L S
U

D
S

 D
E

TA
IL



Oxford Road, Bodicote  
Flood Risk Assessment and Drainage Management Strategy  

 

HYD317_OXFORD.ROAD_FRA&DMS  

APPENDIX O: NOTES OF LIMITATIONS 
 
The data essentially comprised a study of available documented information from various 
sources together with discussions with relevant authorities and other interested parties. There 
may also be circumstances at the site that are not documented. The information reviewed is not 
exhaustive and has been accepted in good faith as providing representative and true data 
pertaining to site conditions. If additional information becomes available which might impact our 
conclusions, we request the opportunity to review the information, reassess the potential 
concerns, and modify our opinion if warranted. 
 
It should be noted that any risks identified in this report are perceived risks based on the available 
information. 
 
This report was prepared by Betts Hydro Ltd for the sole and exclusive use of the titled client in 
response to particular instructions. Any other parties using the information contained in this 
report do so at their own risk and any duty of care to those parties is excluded. 
 
This document has been prepared for the titled project only and should any third party wish to 
use or rely upon the contents of the report, written approval from Betts Hydro Ltd must be sought. 
 
Betts Hydro Ltd accepts no responsibility or liability for the consequences of this document being 
used for the purpose other than that for which it was commissioned and for this document to any 
other party other than the person by whom it was commissioned. 

 
 
 
 
 
 
 
 
   
 
 




