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1.0 Introduction 

Manhire Associates have been appointed by O'Halloran & O'Brien Ltd to prepare a 
Flood Risk Assessment (FRA) and Surface Water Drainage Strategy in support of a 
Planning Application for the redevelopment proposals for open storage (Use Class B8) 
for the eastern plot within the larger existing industrial land plot. 
 
The existing site on Dalefield Way, Gravesend, Kent DA12 2JH is known as Dalefield 
Way Industrial Estate, which includes the offices, workshops and storage areas used by 
B&T plant hire, O'Halloran & O'Brien & Keady Construction. 
 
 

 
 
Figure 1 - Arial Image of site. 
 
 
Proposals are to construct 1260m2 of asphalt surfacing and associated drainage that 
will connect into the overall SuDS system already constructed  and provide 7379m2 of 
permeable hardstanding for storage. 
 
The purpose of this report is to provide a review of existing Flood Risk Assessments 
and to demonstrate to the planning authority and consultees that the industrial element 
has been assessed and is considered to be safe throughout its design life. It also 
confirms how surface water run off from the development can be dealt with within the 
existing sites sustainable drainage network previously constructed for the original 
development. 
 

2.0 Review of previous Flood Risk Assessments 

A site-specific Flood Risk Assessment was prepared by Ardent Consulting Engineers in 
January 2011 to support the planning application for consent to implement the Phase 2 
industrial development scheme which was submitted in May 2010 (Planning reference  
GR/2010/0436) directly north of the Phase 1 residential development and subject of a 
combined Environmental Impact Assessment covering both sites. 
 
 
A site-specific Flood Risk Assessment was prepared by Ardent Consulting Engineers in 
July 2007 to support the planning application for consent to implement what is known 
as the Phase 3A industrial development scheme which was previously granted consent  
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in 2002 which expired in 2006 and was re submitted in 2007 (Planning reference 
GR/2007/0678). 
 
The site-specific Flood Risk Assessments prepared by Ardent Consulting Engineers in 
January 2011 and 2007 has been provided in Appendix A & D respectively. 
 
 

 
Figure 2 - Extant Planning Applications 
 
 
An addendum to the Site-Specific Flood Risk Assessment was prepared by Ardent 
Consulting Engineers in November 2011 and reissued again in May 2016 following the 
receipt of new data from the Environment Agency on the existing flood defence crest 
heights. 
 
During the determination of planning applications 2010/0436 (Industrial) and 2010/0197 
(residential) Gravesham Borough Council (BC) identified that portions of the tidal flood 
defences around Gravesend may be at a lower level than that stated in the HR 
Wallingford Technical Note MCM57553/01 published in 2007.  
 
This Flood Risk Addendum was used to support the Planning Applications and the 
Hydraulic Modelling, with the latter having been previously approved by the 
Environment Agency. At that time the proposals were confirmed as being safe. 
 
On receipt of the information from Gravesham BC a joint meeting was held with senior 
representatives of the Council, the Environment Agency and Ardent Consulting 
Engineers.  The meeting was held at the Environment Agency’s offices on the 12  
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October 2011. During this meeting the impact of the lowered defence levels was 
discussed, and it was agreed that: 
 

• Gravesham Borough Council, would benefit from further evidence to support the 
Sequential Test for the Site from the Applicant; and,  
 

• The impact of the lowered defences needs to be agreed with the Environment 
Agency. 

 
The Flood Risk Assessment Addendum concluded that the existing flood defence 
infrastructure and alignment of the railway line provide an adequate level of flood 
defence for the residential and industrial proposals up to 2055. Consequently, the 
industrial element is considered to be safe throughout its design life. 

 
The site-specific Flood Risk Assessment Addendum prepared by Ardent Consulting 
Engineers in November 2011 has been provided in Appendix B with the May 2016   
reissued Addendum provided in Appendix C 
 

3.0 Review of previous Surface Water Drainage Strategy  

 
As part of the Flood Risk Assessment prepared by Ardent Consulting Engineers in 
January 2011 to support the planning application for consent to implement the Phase 2 
industrial development scheme which was submitted in May 2010 (Planning reference 
GR/2010/0436) a surface water drainage strategy was prepared based upon the 
parameters and flow conditions previously established and agreed by Ardent and 
Buchanan Consulting Engineers, HR Wallingford, the Environment Agency and English 
Nature/Natural England on the Heronsfield Development (GR/99/168) and the adjacent 
industrial consented scheme known as Phase 3A (GR/2007/0678). 
 
In view of the requirements of PPS25, the design parameters and constraints 
associated with developing this particular site, a surface water drainage strategy has 
been devised to demonstrate that the scheme can be suitably implemented without 
increasing the level of flood risk when the drainage system experiences a 1:100 year  
rainfall event (including an additional 30% for any potential climate change impact).  
The adopted design principles are as follows:  
 

• The ambient water level in the open watercourse channel is 1.70m AOD. 
 

• Post-development 1:100-year floodwater level within the watercourses shall not exceed 
2.04m AOD.  
 

• Attenuation provision has been assessed based on the previously agreed total 
greenfield discharge rate of 32.20 litres/sec, although the run-off will freely discharge into 
the receiving open channel watercourses and the flows controlled to agreed Greenfield 
rates downstream by the existing devices that have previously been installed to the north 
of the application site (adjacent to the railway line);  
 

•  Sufficient on-line attenuation shall be provided in accordance with the previously agreed 
strategy by excavating on-line flood levees to accommodate the volume of surface water 
run-off generated by the development scheme when subjected to a 1:100 year event 
(including climate change) to provide a maximum volume of 1,905m3 (effective storage 
depth of 0.34m);  

 
•  
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• Flood levees shall be excavated from a level of 1.65m AOD (i.e. below the ambient 
water level) to provide regular wetting, but the effective volume of attenuation has only 
been considered above the ambient water level of 1.70m AOD. 
 

• The development's total impermeable catchment area is anticipated to be in the region 
of 3.0 hectares. 
 
Details illustrating the extent of the intended watercourse provision and flood levee 
excavation works are presented below. 
 
 

 
 
Figure 3 - Watercourse provision and flood levee excavation work. 
 

4.0 Review of existing underground drainage layouts 

 
In 2016 Stephen Wilson Partnership Ltd. prepared a drainage layout for the current 
offices, workshops and storage areas used for B&T plant hire, O'Halloran & O'Brien & 
Keady Construction. A copy of the drawings is provided in Appendix E. 
 
The drainage network comprises a number of separate surface water drainage 
systems. Surface water collected from roads and storage areas in the yard are routed 
through full retention fuel /oil separators before discharging into the watercourse and 
flood levee corridors as described in section 3.0. Rainwater collected from the roofs of 
the buildings is relatively uncontaminated and is discharged through a separate system 
which discharges to the watercourses without going through the separators. 
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Foul water from the site is collected separately and routed to a private package 
pumping station to the south of the site adjacent to the site access road. From here it is 
pumped to a private chamber before discharging via gravity into a Southern Water Foul 
Manhole. 
 

5.0 Proposed Drainage Strategy 

 
As described in section 4.0 the existing site drainage networks currently discharges into 
the watercourses and flood levee corridors that were designed and implemented as part 
of the previous industrial development planning applications. 
 
The introduction of 8377m2 of concrete surfacing will have no adverse impact on the 
existing watercourses and flood levee corridors. 
 
Run-off from the new concrete areas will connect into the existing drainage ditches 
currently installed and discharge into the flood levee corridors as originally proposed. 
 
Surface water collected from the impermeable road / storage areas will be routed 
through full retention fuel /oil separators before discharging into the watercourse and 
flood levee corridors as described in section 3.0. 
 
A copy of the Proposed Drainage Layout in Provided in Appendix G. 
 

 
 
Figure 4 – Proposed Architectural Site Plan – (East) 
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6.0 Conclusions 

 
A review of the existing Flood Risk Assessments for the site from 2007, 2011 and 
Addendums from 2011 and 2016 concluded that that the existing flood defence 
infrastructure and alignment of the railway line provide an adequate level of flood 
defence for the residential and industrial proposals up to 2055. Consequently, the 
industrial element is considered to be safe throughout its design life. 
 
As part of the Flood Risk Assessment prepared by Ardent Consulting Engineers in 
January 2007 & 2011 to support the planning application for consent to implement the 
Phase 2 industrial development scheme a surface water drainage strategy was devised 
to demonstrate that the scheme can be suitably implemented without increasing the 
level of flood risk when the drainage system experiences a 1:100 year rainfall event 
(including an additional 30% for any potential climate change impact).   
 
Surface Water run-off from the site will freely discharge into the receiving open channel 
watercourses and the flows controlled to an agreed Greenfield rate of 32.20 litres/sec 
by the existing devices that were previously installed to the north of the application site 
(adjacent to the railway line). 
 
Sufficient on-line attenuation has been provided in accordance with the previously 
agreed strategy by excavating on-line flood levees to accommodate the volume of 
surface water run-off generated by the development scheme when subjected to a 1:100 
year event (including climate change) to provide a maximum volume of 1,905m3. 
 
The site adjacent site is presently drained by a series of surface water networks which 
discharge into the watercourse and flood levee corridors.  
 
The introduction of 8377m2 of concrete surfacing will have no adverse impact on the 
existing watercourses and flood levee corridors. 
 
Run-off from the new concrete areas will connect into the existing drainage ditches 
currently installed and discharge into the flood levee corridors as originally proposed. 
 
The overall conclusion of the initial FRA`s remain applicable to overall flood risk within 
the terms and requirements of National Planning Policy Framework. 
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Appendix A – Phase 2 Flood Risk Assessment - January 2011 
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1.0 INTRODUCTION 

1.1 Ardent Consulting Engineers has been appointed by a consortium 

comprising Fort Knight Group, Sunray Development Ltd and Kent 

County Council to prepare a formal Flood Risk Assessment (FRA) and 

identify a strategy for the disposal of the foul water flows and 

surface water run-off arising from the proposed residential 

development scheme. 

1.2 The following report has been prepared to support a planning 

application for permission to provide up to 130 residential dwellings 

with associated supporting infrastructure comprising internal access 

roads, car parking courtyards and a suitable landscaping scheme.  

The extent of the application and adjoining sites previously 

consented or submitted for the planning approval, as shown over 

the page. 

1.3 The site is deemed to partially lie within the indicative undefended 

floodplain associated with the River Thames (albeit appropriately 

defended) and, to comply with the requirements of 'Planning Policy 

Statement 25: Development and Flood Risk' (PPS25), a site-specific 

FRA has been prepared to accompany the planning application. 

1.4 The adjacent site to the north-west was granted outline planning 

consent in June 2001 for a scheme comprising a total of 3,333m2 

gross floor area (GFA) for employment use (Classes B2 - industrial 

and B8 - distribution warehousing). This consent was subsequently 

renewed in August 2004. Expiry of that outline consent necessitated 

the resubmission of this application for an identical scheme in July 

2007. This application was approved in October 2007 by Gravesham 

Borough Council (GBC) under the reference GR/2007/0678 but has 

not yet been built out. However a Reserved Matter application was 

submitted in October 2010 and is currently under consideration by 

Gravesham Borough Council 
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1.5 A site-specific Flood Risk Assessment has also been prepared by 

Ardent Consulting Engineers to support the planning application for 

consent to implement an industrial development scheme which was 

submitted in May 2010 (Planning reference GR/2010/0436), directly 

north of this proposal and subject of a combined Environmental 

Impact Assessment covering both sites. 

1.6 The drainage proposals outlined within this report follows the 

methodology adopted for previous phases of both residential and 

industrial development granted planning permission by the Local 

Planning Authority. 

 

1.7 The development, drainage and flood mitigation proposals have 

been devised in accordance with the position reached with the 

Environment Agency at the meeting held on 19th October 2009 and 
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subsequent meetings with Natural England.  A copy of the minutes 

of the meeting has been included within Appendix F of this report 

for further reference.  Furthermore, meetings have also been held 

with Natural England on 20th November 2009 and 27th April 2010 to 

discuss the principle of development and the surrounding SSSI area.  

1.8 It is anticipated that where additional and/or further detailed 

information is required, the Authorities will recommend standard 

conditions to be assigned to any planning decision for future 

consideration and determination. 

1.9 This report is to be submitted to the Local Planning Authority 

(Gravesham Borough Council) and its Statutory Consultees to obtain 

an approval to the drainage strategy and associated flood risk 

matters.  The objective of the report is to allow the planning 

application to progress without objection from the Authorities. 

1.10 It is anticipated that where additional and/or further detailed 

information is required, the Authorities will recommend standard 

conditions to be assigned to any planning decision for future 

consideration and determination. 
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2.0 BASELINE PARAMETERS 

Existing Site 

2.1 The land which forms the basis of this particular planning application 

is situated approximately 500m north of the A226 Rochester Road, 

700m south of the disused Thames and Medway Canal which lies 

adjacent to the London to Medway Towns North Kent railway line. 

2.2 The site is centred on an Ordnance Survey grid reference of 

567100mE, 173300mN, as illustrated in the site location plan below 

and as outlined in red in the key plan within the introduction:  

 

 

Figure 1 - Site Location Plan 

2.3 The site lies within an area known as Westcourt which is situated to 

the north-east of Gravesend and occupies a portion of land allocated 

as PM9 within Gravesham Borough Council's Local Plan. 

2.4 The PM9 area is currently allocated in Gravesham Borough Council's 

Adopted Local Plan First Review of 1994 for industrial and residential 

development, open space and further education facilities, and also 
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allocated in the Review Local Plan of 2000 (Policy MDS5) for a 

similar range of uses. 

 

Figure 2 - Aerial Photograph 

2.5 A topographical survey that was prepared by Randall Surveys in 

June 2005, establishes the ground levels for the existing site to be 

between 2.1m to 8.0m AOD (as illustrated in Figure 3 below): 
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 Figure 3 - Extract of the Topographical Survey 

2.6 To enable a breach analysis to be modelled, Light Detection and 

Ranging (LiDAR) data was also obtained from the Environment 

Agency to establish the existing ground topography across the 

associated embayment. 

2.7 The existing surface water land drainage regime comprises a 

 number of open channels which inter-connect with a wide network 

 of watercourses within the north-east area of Gravesend i.e. 

Westcourt, East Shorne and beyond.  Ultimately, the flows in the 

watercourse network drain in a northerly direction towards the River 

Thames, which is located approximately 850m to the north of the 

site, via culverts which pass under the North Kent railway line and 

disused canal.  An extract of the original land drainage regime is 

shown in Figure 4 below for reference: 
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 Figure 4 - Land Drainage Regime 

2.8 Being part of an inter-connected network of watercourses, hydraulic 

continuity is evident across the catchment and any subsequent local 

rise in water level is naturally dissipated around the catchment until 

it reaches hydraulic equilibrium. 

2.9 In March 1999, Buchanan Consulting Engineers prepared a surface 

water drainage strategy to support a planning application for the 

provision of 165 residential dwellings and the associated 

implementation of these initial phases of development associated 

with the Heronsfield scheme (Phases 1 and 2 of GR99/168).  The 

surface water drainage strategy utilised a freely discharging outfall 

from the parcels of development which were controlled to greenfield 

rates for the catchment-wide area (off-site, adjacent to the railway 

line).  This strategy identified the requirement for supplementary 

improvement works along a linear length of the existing 

watercourses present within the SSSI land for approximately 650m 
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to provide the necessary on-line attenuation required to facilitate 

the development proposals.  

2.10 The storage provision essentially comprised excavation of flood 

levees marginally below the ambient water level of 1.70m AOD (at 

1.65m AOD).  This methodology has also been adopted for 

successive phases of development, namely in the area associated 

with the Phase 3A scheme which was also recently granted planning 

permission by Gravesham Borough Council in October 2007 under 

the planning reference GR/2007/0678, to provide a similar industrial 

development scheme on the adjacent site. 

2.11 Also associated with the previously approved surface water drainage 

strategy were the provision of two outfall structures immediately 

south of the railway which limits the flows to a commensurate 

greenfield run-off rate. 

2.12 Detailed design drawings for the off-site watercourse improvement 

works were subsequently produced and approved by both English 

Nature/Natural England and the Environment Agency.  A copy of the 

consented drawings has been appended to this report for further 

reference (Drawing numbers U481-001 Rev. E and U481-002 Rev. 

D). 

2.13 The surface water drainage strategy devised for this latest phase 

has also been based on the principles previously agreed with the 

Environment Agency and English Nature/Natural England and 

subsequently implemented in the area.  In essence, the strategy 

seeks to provide appropriate mitigation measures above the ambient 

water level of 1.70m AOD to ensure the water level does not rise 

above the 1:100 year level of 2.04m AOD, as a result of 

implementing the development proposals (based on the hydraulic 

assessment of the existing land drainage regime prepared by HR 

Wallingford in September 2001 contained within Appendix I of this 

report).  A copy of the relevant correspondence has been included 

within Appendix G of this report for further reference. 
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2.14 To dispose of the surface water run-off generated by the 

development site, it is anticipated that the existing watercourses 

located to the east of the site will accept run-off from the scheme, in 

accordance with the previously approved strategy for the area as a 

whole and as acknowledged by the Environment Agency on 6th July 

2000. 

2.15 The current development proposals for the area, allow for the vast 

majority of the existing watercourse to be retained, whilst providing 

a compensatory length of new watercourse, to ensure there is no 

net loss in watercourse length (culverted for access reasons only).  

To offer betterment, the scheme also seeks to implement additional 

watercourses to promote the aquatic biodiversity in the area. 

2.16 A search of the Environment Agency's website confirms that the site 

does not lie within a groundwater source protection zone, as 

illustrated in Figure 5 below: 

  

 Figure 5 - Extract of Groundwater Source Protection Zones 

2.17 To the north-west of the site lies Southern Water's Sewage 

Treatment Works into which, the surrounding development schemes 

to the west, discharge foul water flows. 
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2.18 A copy of the public sewer record plans has been provided in 

Appendix B of this report to illustrate the location of the existing 

public sewers and Sewage Treatment Works mentioned above. 

Development Proposals 

2.19 The planning application for the proposed residential scheme is to 

comprise up to 130 dwellings with associated infrastructure 

comprising internal access roads, parking courtyards, amenity space 

and supporting landscaping scheme.  Vehicular access will be 

achieved off an extension to the distributor road known as Dalefield 

Way, including inter-connectivity with the adjacent residential 

scheme. 

2.20 A development masterplan layout has been prepared by Kember 

Loudon Williams Limited (see Figure 6 below for an extract) which 

has also been included within Appendix C of this report for further 

reference. 

 

Figure 6 - Extract of Development Masterplan 
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2.22 The overall developable area associated with this planning 

application is approximately 4.60 hectares (excluding the off-site 

flood mitigation works - refer to Section 3.0 of this report for 

details), with an approximate impermeable area of 3.0 hectares 

which equates to 65% of the total area.  The remainder of the land 

will be suitably landscaped, which will also include the provision of 

supporting buffer zones and proposed watercourse provisions. 

2.23 In addition to the above, the works will also comprise locally raising 

lower lying areas of the site for development by up to 1.7m to 3.9m 

AOD, to mitigate the risk of floodwater inundation from the River 

Thames in the event of a breach to the existing defences. 
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3.0 FLOOD RISK ASSESSMENT 

3.1 'Planning Policy Statement 25: Development and Flood Risk' (PPS25) 

was originally published in December 2006 (subsequently revised in 

March 2010) and is the acknowledged standard for conducting Flood 

Risk Assessments (FRA).  This study is based on the guidance stated 

within PPS25.   

3.2 Following an inspection of the Environment Agency's website, the 

development site is shown to partially lie within the indicative 

undefended floodplain of the River Thames which also benefits from 

the presence of existing flood defence systems - as illustrated in 

Figure 7 below: 

  

Figure 7 - Indicative Floodplain Mapping 

3.3 As the site is classified by the criteria specified in PPS25 as being 

situated within a Flood Risk Zone 3 area (high probability), the 

planning application is required to be accompanied by a site-specific 

FRA, to comply with the requirements of paragraph E9 of PPS25. 

3.4 PPS25 primarily places the onus upon Developers for: 
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•  Providing a FRA which demonstrates: 

i) whether any proposed development is likely to be 

 affected by current or future flooding from any source; 

ii) to the Local Planning Authority that the development is 

 safe and where possible, reduces flood risk overall; 

  iii) whether it will increase flood risk elsewhere; and 

iv) the measures proposed to deal with these effects and  

  risks; 

• Producing designs which reduce flood risk to the development 

 and elsewhere by incorporating sustainable urban drainage 

 systems  (SUDS) and where necessary, flood resilience 

 measures; and 

• Identifying opportunities to reduce flood risk, enhance 

 biodiversity and amenity, protect the historic environment 

 and seek collective solutions to managing flood risk; 

Sequential Test 

3.5 The guidance uses the concept of sequential testing and the risk 

based approach to flood risk and development.  Development 

priorities are based on the specific flood risk zones which are 

outlined in Table D.1 of PPS25 and briefly summarised below: 

Zone 1 - Low probability.  Land assessed as having a less than 1 in 

1,000 year chance of river and sea flooding in any year  (<0.1%); 

Zone 2 – Medium probability.  Land assessed as having between a 1 

in 100 and 1 in 1,000 chance of river flooding (1%-0.1%) and 

between a 1 in 200 and 1 in 1,000 chance of sea flooding (0.5%-

0.1%) in any year; 
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Zone 3a – High probability.  Land assessed as having a 1 in 100 

year or greater chance of river flooding (>1%) and a 1 in 200 year 

or greater chance of flooding from the sea (>0.5%) in any year; 

Zone 3b – Functional floodplain.  Land where water has to flow or 

be stored in times of flood; 

3.6 Reviewing the content of Table D.2 of PPS25 classifies a residential 

development scheme as 'more vulnerable' in terms of flood risk.  

Reviewing Table D.3 of PPS25 considers the provision of a 'more 

vulnerable' land class usage in a Flood Risk Zone 3 area, will require 

the Sequential Test to be applied to ensure the Exception Test is 

satisfied,  as illustrated in Figure 8 below: 

  

 Figure 8 - Table D.3 of PPS25: Flood Risk Vulnerability and 

Flood Zone Compatibility 

3.7 The document ‘Development and Flood Risk: A Practice Guide 

Companion to PPS25’ also confirms that the on-going regeneration 

of a particular area should be supported, considering the initial 

commitment to redevelop certain local areas and the implementation 

of major infrastructure to support this (i.e. Dalefield Way and its 

potential for ultimate extension to the A226 and Canal Basin). 

3.8 A proportion of the PM9 land has already been successfully 

developed and regenerated for the North-East Gravesend area over 
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the last 15 years in accordance with the current Local Plan Policy its 

allocation and will require continued support if the longer term 

objectives and needs of the area are to be properly realised. 

3.9 At present, eight hectares of land remaining under the PM9 

allocation which is undeveloped to date and the significant 

infrastructure mentioned above, is in place to deliver these 

requirements locally, whilst also serving the wider aspirations for the 

North-East Gravesend area.  The implementation of this 

development scheme would also allow the opportunity for the 

degraded SSSI land to the north of the application site to be suitably 

reinstated to a form and condition that would improve the habitat in 

accordance with a scheme agreed with Natural England. 

3.10 As part of the development proposals, it is anticipated that the 

existing ground levels within the built area will be raised sufficiently 

(refer to the following sections for specific details) to remove the 

site from the Flood Risk Zone 3 area. 

3.11  Taken as a whole, the wider development proposals are zoned 

sequentially, whereby the lower vulnerability flood risk land-class 

usage (industrial scheme) is located nearer to the River Thames, 

with the residential scheme sited further away to the south of the 

distributor road extension. 

Exception Test 

3.12 The Exception Test provides a method of flood risk management 

whilst permitting necessary development.  For a proposed 

development to meet the Exception Test, three key criteria must be 

met.  The criteria are as follows: 

• It should be demonstrated that the development provides 

wider sustainability benefits to the community that outweigh 

flood risk, informed by a Strategic Flood Risk Assessment 

where one has been prepared.  This element of the test is 

applied by the Local Planning Authority; 
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• The development should be on developable previously 

developed land or, if it is not on previously-developed land, 

that there are no reasonable alternative sites on developable 

land; and 

• A Flood Risk Assessment must demonstrate that the 

development will be safe, without increasing flood risk 

elsewhere and, where possible, will reduce risk overall; 

Strategic Flood Risk Assessment 

3.13 The Kent Thameside Strategic Flood Risk Assessment (SFRA) was 

 produced by Entec UK Limited in 2005 and subsequently updated in 

December 2009.  The SFRA was updated as a requirement of PPS25 

and identifies the flood risk in the area. 

3.14 The SFRA includes the assessment of flood risk due to breaches of 

the River Thames flood defences which have a design standard in 

excess of 1:1,000 years.  A number of Tuflow breach models were 

developed based on a 1:1,000 year tidal/fluvial flood levels in the 

River Thames across the area.  These breach models were 

determined from locations in the flood defences deemed most likely 

to fail. 

3.15 An independent study of the SFRA was prepared by HR Wallingford 

in 2007 (refer to Appendix D) which concluded that the report did 

not provide quantitative information on the variation of flood risk 

across the embayment and in actual fact, flood risk is defined in 

flood risk management terms as 'probability x consequence'.  As the 

SFRA is concerned with the implementation of new development, the 

consequence is a function of the development design. 

3.16 The SFRA only provides qualitative information on flood risk and it 

remains for the impact of the development to be evaluated.  The 

standard of protection offered by the Thames Tidal Defences is 

unique compared to the rest of the UK (1:1,000 year) and is far 
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greater than elsewhere (compared with 1:100 year for non-tidal and 

1:200 year for tidal flooding). 

3.17  Fragility curves have been derived for the defence system along the 

Shorne Marshes by HR Wallingford which illustrate that the 

probability of failure when the water levels are below the defence 

crest level.  The technical note assessed that the statistical return 

period of a breach at GR8 together with a 1 in 1,000 year tidal event 

is likely to occur less than once every 100,000 years.  Overtopping 

of the flood defences would also occur less than once every 10,000 

years. 

3.18  The presence of the Thames Tidal Defence System means that the 

annual probability of flooding at the development site is significantly 

less than 0.1% and the result of any breach scenario occurring 

under these conditions would in actual fact, be a probability less 

than 0.0001% to 0.00001%. 

Breach Analysis 

3.19 A breach analysis has recently been undertaken by Ardent 

Consulting Engineers and is appended to this report (Appendix E - 

Report Ref. B142-01: Flood Risk Modelling Report).  The breach 

analysis sought to determine the impacts of the development on 

flood levels during the event of the River Thames flood defences 

being breached.  The breach assessment also considered the 

possible introduction of the proposed industrial scheme that may be 

constructed to the north of Dalefield Way, which is currently being 

considered for consent, and the previously consented industrial area 

Phase 3 to the west (GR/2007/0678). 

3.20 The breach analysis was developed using Tuflow and was based 

upon the updated Kent Thameside SFRA which was revised in 

December 2009.  Hydrology data was obtained from the 

Environment Agency which had been used within the SFRA for an 

event modelled in the Gravesend area at a location named “GR8”, 
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which related to a breach in the flood defences, as identified in 

Figure 9 below: 

  

 Figure 9 - SFRA Breach Location 

3.21 LiDAR data was used to provide the geometry for the Tuflow model.  

The breach analysis included a model of the 1:1,000 year probability 

event, as provided by the Environment Agency.  

3.22 The breach model analysis predicts a flood level at the development 

site of 3.38m AOD during the 1:1,000 year return period event 

during the existing scenario.  With the proposed land raising to 

approximately 3.9m AOD at the development site, the Tuflow 

modelling predicted that the depth of flooding would marginally 

increase in the event of the River Thames flood defences failing.  

The standing advice generally offered by the Environment Agency 

however, only requires a 1:200 year breach event to be assessed 

and as such, the study of a 1:1,000 year event (due to the absence 

of any data relating to the 1:200 year tidal event), is an extremely 

conservative approach for a development scheme of this nature  

3.23 The breach model was re-run to establish the impact of raising the 

ground levels in this particular area and identified that the water 

level would marginally rise by approximately 10mm at the 

development site (to a level of 3.39m AOD).  Other areas away from 

the development site within the breach embayment showed 
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negligible changes (i.e. <5mm) and can therefore be considered 

unaffected by the development.  

3.24 To accommodate the development proposals and maintain the pre-

development floodwater levels in the event of a breach, a 

compensatory storage volume of approximately 7,200m3 will need to 

be provided for the residential scheme.  To deliver the compensatory 

flood mitigation measures, degraded SSSI land to the north of the 

site has been identified for land lowering and recent discussions with 

Natural England has established an agreement to the principle of 

this provision and the ultimate restoration of the SSSI land. 

3.25 To offset this predicted marginal rise in water level, compensatory 

flood storage is proposed within the degraded SSSI land to the north 

of the development site.  It is anticipated that this flood storage will 

be provided by lowering the land in these areas up to a maximum 

depth of 200mm, as illustrated in Figure 10 below.  This is an 

additional 100mm lower than the proposed reduction offered as 

compensation area for the proposed employment area located 

directly to the north of this proposed residential development.   

  

 Figure 10 - Extent of Flood Compensatory Works Area 
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3.26 The Tuflow model demonstrates that following the reduction in levels 

on the SSSI (i.e. <5mm), the additional increase of flood depths are 

negligible and there is no increase to the extent of the flood outline 

i.e. maintaining the status quo. 

3.27 Meetings have been held with representatives of Natural England in 

both November 2009 and April 2010, to discuss the implications 

associated with lowering the existing ground levels in this area.  It 

was acknowledged that the SSSI land identified is damaged and of 

poor condition in this particular location and the implementation of 

the development would provide the opportunity to improve the 

quality of the ecology and biodiversity. Having discussed these 

particular matters in detail, the Applicant’s Ecology Consultant 

(Ecology Consultancy) has been continuing to liaise with each party 

to devise a suitable scheme which will allow the enhancement and 

improvement of the SSSI land to be achieved whilst addressing the 

future maintenance requirements of these areas. 

3.28 Remodelling the breach analysis to include the proposed 

development and associated compensatory works confirmed that the 

predicted flood levels will be approximately the same as the 

predicted existing flood levels (i.e. pre-development level of 3.38m 

AOD). 

3.29 The existing degraded SSSI land is to be rejuvenated to a 

favourable condition in consultation with Natural England and will be 

formally documented within a SSSI Grassland Management Plan, 

primarily comprising proposals to ensure: 

• That the water quality and quantity in the existing ditches within the 

SSSI and Ramsar land is maintained, in accordance with the 

previously agreed strategy.  To address this matter, off-site 

improvement/widening works to the existing ditches are proposed to 

attenuate the surface water run-off generated by the development 

proposals, supplemented by the introduction of a new watercourse; 
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• The lowered grazing marsh also provides specific lower areas of 

undulation to provide further habitat niches; 

• The creation of topographical variety to maximise moisture variation 

and ecological areas; 

• Development of a suitable planting plan to enhance the SSSI land 

and the new watercourse; 

• Avoidance of works within 10m of the existing ditches (where 

possible); 

• A suitable seed mix is used for grazing; 

• On-going grazing/cutting to provide further ecological niches;  

• The SSSI grassland management plan shall also include a post-

construction planting list to aid the re-creation  of typical grazing 

marsh flora; 

• Appropriate consideration offered to undertaking the majority of the 

works during the summer months to minimise the potential for 

disturbance to wintering birds; 

• A detailed mitigation and compensation strategy is prepared 

outlining a suitable action plan to manage any water voles, if 

encountered on-site; 

• The on-going management and maintenance of the SSSI land 

(including the regular removal of fly-tipped material); 

• The provision of suitable information boards outlining the restored 

SSSI character and associated access restrictions; 

• To protect the water quality during the construction stage, a formal 

Construction Management Plan will be devised and agreed with the 

LPA to ensure that the construction operations are suitably 

controlled and managed; 

3.30 Further details relating to the proposed flood compensatory works 

have been illustrated on drawing no. B142-010 appended to this 

report. 

Access/Egress Routes 

3.31 The adjacent access road known as Dalefield Way has previously 

been constructed to a level in the region of 3.5m AOD and will offer 
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occupants a means of dry and safe escape from the site, should a 

1:1,000 year breach event occur in the Thames Tidal Defence 

System.  Furthermore, the adjoining properties to the south of the 

site are located on higher land and will also offer a means of dry and 

safe escape from the site. 

3.32 The residential development is located at a level approximately 

500mm higher than the predicted flood level within the breach 

model undertaken as part of this assessment for the 1,000 year 

breach of the River Thames flood defences.  Interrogation of the 

flood extents from the SFRA drawings and paired against the LiDAR 

suggests that the SFRA predicts a breach flood level of 3.45m AOD 

which again is well below the proposed level at the development of 

3.9m AOD. 

3.33 It is recommended that the units are registered with the 

Environment Agency's 'Floodline Warnings Direct Service' to receive 

advanced information regarding the flood risk status in the area, 

thus allowing appropriate evacuation measures to be implemented 

as necessary. 
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4.0 SURFACE WATER DRAINAGE STRATEGY 

4.1 This drainage strategy has been prepared based upon the 

parameters and flow conditions previously established and agreed 

by Ardent and Buchanan Consulting Engineers, HR Wallingford, the 

Environment Agency and English Nature/Natural England on the 

Heronsfield Development (GR/99/168) and the adjacent industrial 

consented scheme known as Phase 3A (GR/2007/0678). 

4.2 HR Wallingford previously constructed an ISIS model of the existing 

drainage watercourse regime to establish the post-development 

water level in the open channels for the over-arching drainage 

strategy.  The analysis determined that the ambient water level in 

the open channels was approximately 1.70m AOD with levels rising 

to 2.04m AOD when subjected to a 1:100 year event.  Refer to 

Appendix I of this report for confirmation of the methodology 

adopted and the results of the assessment. 

4.3 As mentioned in the previous section of this report, the existing 

watercourse channels modelled by HR Wallingford are inter-

connected around the application site and the wider area, thus 

providing hydraulic continuity.  For the purposes of this strategy, the 

objective is to provide sufficient on-line attenuation to ensure that 

the water levels in the open channels do not rise above the post-

development level of 2.04m AOD when the site is developed, thus 

maintaining the status quo. 

Pre and Post-Development Run-off 

4.4 The surface water drainage strategy for the scheme proposes to 

discharge freely into the adjacent watercourse with the necessary 

volume of attenuation provided on-line, with modification of the 

existing watercourse to implement the necessary flood levees.  Off-

site flows continue to be controlled to previously agreed rates in 

accordance with the consented drainage strategy implemented in 

2001 (Ref. GR/99/168). 
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4.5 As the existing site is greenfield in nature, the surface water 

drainage proposals will be assessed adopting a commensurate 

discharge rate.  Using the following design parameters and the rates 

previously agreed for the catchment area of 7 litres/sec per hectare 

(as agreed with the Environment Agency), the application site has 

been assessed using a dummy limiting flow of 32.20 litres/sec.  Any 

significant lower rate will deviate from the strategy previously 

agreed for the site-wide area and may cause lower water levels to 

occur - thus, preventing the frequent wetting of the adjacent 

land/flood levees desired by Natural England.  The Environment 

Agency has previously confirmed that the drainage strategy and run 

off rates previously implemented for the earlier phases of 

development will be suitable in this instance (refer to the letter 

dated 6th July 2000 appended to this report). 

Attenuation Provision 

4.6 To drain the development scheme in a sustainable manner, whilst 

complying with the requirements of PPS25, the strategy should seek 

to implement an appropriate sustainable urban drainage systems 

(SUDS). 

4.7 Typically these forms of SUDS provision could comprise utilisation of 

either infiltration drainage devices to discharge surface water to the 

underlying soil stratum (where ground conditions permit), basins 

and ponds, on-line watercourses and flood levees, filter strips and 

swales, permeable surfaces, geo-cellular infiltration/attenuation 

units and over-sized pipes/culverts.  

4.8 Adopting the design parameters outlined below, a preliminary 

attenuation assessment has been conducted using Micro Drainage's 

WinDES hydraulic modelling suite. 

4.9 Within the simulations, we have also included an additional 30% 

provision as an allowance for any potential climate change impact, 
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in accordance with the requirements specified in Table B.2 of PPS25 

for the scenario 2085 to 2115 associated with a residential scheme. 

4.10 Refer to the summary tables below for the attenuation volume 

predicted for the proposed development scheme: 

  

  

  Figure 11 - Feasibility Attenuation Assessment 

4.11 Based on the above-mentioned design parameters, the preliminary 

attenuation simulations predict that in the region of 1,403m3 to 

1,905m3 will be required to maintain the existing water levels within 

the receiving watercourses.  

Infiltration Drainage 

4.12 The volume of attenuation stated above, assumes that all of the 

surface water run-off is conveyed to the receiving watercourse.  This 

volume however, could potentially be reduced if the flows are also 

conveyed to the underlying soil stratum, should soil conditions 
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permit (but this could also affect the performance/levels of the 

levees). 

4.13 An inspection of the British Geological Survey mapping for the area 

shows the site to be located on a geological drift boundary indicating 

the potential for alluvium drift deposits (comprising peaty silt and 

clay) to be underlying the land. 

4.14 Furthermore, the Groundwater Vulnerability mapping for the area 

indicates that the site is also situated above a major aquifer, with 

high leaching potential. 

4.15 An intrusive site investigation has been undertaken for the 

application site by Lustre Consulting.  Reviewing the content of 

these reports, confirms that the site is underlain by silty sub soil, 

peat and alluvium over upper chalk and depth.  Ground water was 

encountered in all intrusive test locations ranging from 0.7m to 

1.7m, BGL. 

4.16 In view of the findings outlined above and the intended future use 

for the land, it is considered that infiltration drainage techniques 

should be excluded from any further consideration due to the 

unsuitable ground conditions encountered on-site. 

Surface Water Drainage Strategy 

4.17 In view of the requirements of PPS25, the design parameters and 

constraints associated with developing this particular site, a surface 

water drainage strategy has been devised to demonstrate that the 

scheme can be suitably implemented without increasing the level of 

flood risk when the drainage system experiences a 1:100 year 

rainfall event (including an additional 30% for any potential climate 

change impact).  The adopted design principles are as follows: 

• The ambient water level in the open watercourse channel is 

1.70m AOD; 
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• Post-development 1:100 year floodwater level within the 

watercourses shall not exceed 2.04m AOD; 

• Attenuation provision has been assessed based on the 

previously agreed total greenfield discharge rate of 32.20 

litres/sec, although the run-off will freely discharge into the 

receiving open channel watercourses and the flows controlled 

to agreed Greenfield rates downstream by the existing 

devices that have previously been installed to the north of the 

application site (adjacent to the railway line); 

• Sufficient on-line attenuation shall be provided in accordance 

with the previously agreed strategy by excavating on-line 

flood levees to accommodate the volume of surface water 

run-off generated by the development scheme when 

subjected to a 1:100 year event (including climate change) to 

provide a maximum volume of 1,905m3 (effective storage 

depth of 0.34m); 

• Flood levees shall be excavated from a level of 1.65m AOD 

(i.e. below the ambient water level) to provide regular 

wetting, but the effective volume of attenuation has only 

been considered above the ambient water level of 1.70m 

AOD; 

• The development's total impermeable catchment area is 

anticipated to be in the region of 3.0 hectares; 

4.18 Details illustrating the surface water drainage strategy proposals 

have been provided on drawing no. B142-009, whereas the extent of 

the intended watercourse provision and flood levee excavation works 

are presented on drawing no. B142-010 for reference. 
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5.0 FOUL WATER DRAINAGE 

5.1 The public sewer record plan provided by the Drainage Authority for 

the area (Southern Water), illustrates that there is an existing 

300mm diameter foul water public sewer (increasing to 450mm in 

diameter further downstream) that crosses the site and continues 

through the adjacent Heronsfield development to the Sewage 

Treatment Works, as illustrated in Figure 12 below:  

 

 

 Figure 12 - Extract of Public Sewer Record Plan 

5.2 The post-development peak foul water flows associated with this 

particular planning application for up to 130 residential dwellings is 

calculated to produce a peak flow of 6.1 litres/sec (based on 4,000 

litres/unit dwelling per 24-hours, as per ‘Sewers for Adoption’). 

5.3 A Level 1 capacity assessment (refer to Appendix H) has been 

prepared by Southern Water which confirms that the downstream 

sewer network will need to be locally upgraded to accommodate the 

foul water flows from the development.  At present, the assessment 

has identified a potential connection location at the manhole 

referenced TQ66736502 which is situated within Dering Way and 

approximately 400m to the west of the site. 
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5.4 It is anticipated that the alignment of the existing 300mm diameter 

foul water public sewer will either be accommodated within the 

development layout (and the associated easement) or locally 

diverted under formal agreement with Southern Water’s consent.  In 

the event that the sewer is diverted, it could be upgraded to accept 

the development flows. 

Strategy 

5.5 To dispose of the foul water flows from the development, it is 

anticipated that a gravity draining system will be constructed on-site 

to direct flows into the public sewer network and utilise two points of 

connection. 

5.6 As mentioned in the previous section of this report, the downstream 

section of the foul water public sewer will be locally upgraded in 

consultation with Southern Water to accept the additional flows 

generated by the development.  

5.7 A foul water drainage strategy has been prepared and identifies the 

proposals to dispose of the foul water flows from the development 

scheme.  These proposals are outlined on drawing no. B142-009. 

5.8 The drainage strategy has been designed to demonstrate compliance 

with both Sewers for Adoption – 6th Edition and The Building 

Regulations 2000 - Part H: Drainage and Waste Disposal. 

5.9 Based upon the design parameters and principles discussed 

previously in this report, it is concluded that following localised 

upgrading works (to be implemented by Southern Water under 

requisition) a suitable drainage system can be provided without 

having a significant material impact on the existing public sewer 

network. 
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6.0 SUMMARY 

6.1 The land identified as PM9 in Gravesham Borough Council’s adopted 

Local Plan is an allocated site identified for the potential 

implementation of a suitable industrial and residential development 

scheme.  

6.2 Following an inspection of the Environment Agency's indicative 

floodplain mapping, the site is shown to partially lie within a Flood 

Risk Zone 3 area, albeit appropriately defended by the Thames 

Defence System for a 1:1,000 year event. 

6.3 The level of flood risk associated with the site has virtually been 

eradicated due to the high standard of protection offered by the 

Thames Defence System.  The fragility curves prepared by HR 

Wallingford confirm that the statistical return period of a breach 

occurring coinciding with a 1:1,000 year tidal event is likely to occur 

for a probability of less than 1:100,000. 

6.4 The development proposals for the balance of the PM9 area have 

been sequentially zoned to locate less vulnerable flood risk 

properties (i.e. industrial units) nearer to the River Thames, with the 

residential houses being place on higher land outside of the flood 

inundation zone. 

6.5 The Dalefield Way distributor road and its potential extension is of 

wider strategic importance for the future development of other areas 

of Gravesend, without which the successful delivery of these 

schemes cannot be easily foreseen. 

6.6 The Environment Agency has confirmed that generally, the standard 

breach event to be considered relates to the 1:200 year scenario.  

However, in the absence of this event's base data, the breach 

assessment has been conducted using the 1:1,000 year hydrograph 

data (i.e. offering a precautionary approach to the modelling 

procedure). 
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6.7 Ardent Consulting Engineers has prepared a Tuflow model to assess 

the floodwater levels associated with a 1:1,000 year tidal breach 

event and established that the implementation of the development 

scheme without compensation would cause the water levels to 

marginally rise by 10mm to 3.39m AOD. Appropriate compensatory 

measures have therefore been proposed to mitigate this impact. 

6.8 The Tuflow model previously prepared by Ardent for the 2009 

industrial application has been re-run and established that the 

damaged SSSI land to the north of the site could be lowered by a 

further 100mm (approximately) to mitigate the impact of the 

residential development scheme (circa 200mm in total) and ensure 

the level of flood risk is not increased locally or to nearby properties.  

This 100mm reduction is in addition to the 100mm lowering 

proposed as part of the proposed employment site located to the 

north. 

6.9 The proposed development is located within Flood Zone 3.  A 

residential development would be subject to the Exception Test, 

however with the proposed land raising, the site would no longer be 

located within Flood Zone 3.  With the proposed land raising, safe 

site access/egress is available from the site in the event of a breach 

of the River Thames’s flood defences. 

6.10 The proposal to undertake the compensatory mitigation measures 

also offers an opportunity to improve the quality of the SSSI land, 

particularly the ecology and biodiversity in the area. 

6.11 To ensure the SSSI land is suitably reinstated, a suitable 

management plan will be formally produced and agreed with Natural 

England. 

6.12  The water level within the watercourse networks will be controlled 

adopting the previously agreed site-wide strategy to ensure the 

existing conditions are maintained. Frequent wetting of the flood 

levees to promote the aquatic biodiversity of the reinstated SSSI 



LAND AT PM9, NORTH-EAST GRAVESEND B142-03 

FLOOD RISK AND DRAINAGE ASSESSMENT JANUARY 2011 

 

 

SJB/ss9206/B142/Reports - 32 - 

land, as desired by Natural England will be achieved by 

implementing the previously agreed reprofiling. 

6.13 The site has been assessed adopting a greenfield discharge rate of 7 

litres/sec per hectare (as previously agreed with the Environment 

Agency) and restricted by the slot weir devices previously installed 

downstream, adjacent to the railway line to control the flow for the 

catchment.  The additional flows up to and including the 1:100 year 

event (plus an additional 30% as an allowance for any potential 

climate change impact) will be attenuated within the proposed open 

watercourse channel and flood levees to be constructed to the north 

of the application site. 

6.14 The 8m wide buffer zone/easement associated with the existing 

watercourse is to be retained within the development layout. 

6.15 It is considered that the requirements of PPS25 are satisfied as: 

 i. The development and its occupants are not at an increased  

  risk of flooding; 

 ii. The development will not increase the level of flood risk to  

  any existing development; and 

 iii. The development can be drained in a sustainable manner; 

6.16 Southern Water has advised that there will be adequate capacity 

within the existing downstream system to accommodate the 

predicted peak foul water design flows from the development 

scheme once the off-site improvement works are undertaken to the 

length of public sewer between the site and the manhole referenced 

6502 within Dering Way. 

6.17  We therefore conclude that the scheme satisfies the requirements 

specified within 'Planning Policy Statement 25: Development and 

Flood Risk' and therefore planning consent should be granted on 

flood risk and drainage matters. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix A 

 

Topographical Survey 



Stn No. Easting Northing Level
STN 2 642.844 428.515 3.897
STN 3 710.225 387.055 4.267
STN 4 685.375 499.449 3.087
STN 5 736.211 533.927 2.107
STN 6 823.599 570.676 2.156
STN 7 891.642 455.340 2.137
STN 9 732.109 417.467 4.285
STN 10 820.279 391.993 4.039
STN 12 750.545 494.206 1.963
STN 13 804.619 320.741 5.641
STN 14 815.578 257.737 6.862
STN 21 826.082 180.740
STN 22 807.797 213.793
STN 31 636.846 600.415 4.796
STN 32 692.973 552.527 3.936
STN 33 667.800 622.168 4.006
STN 37 618.252 633.185 4.778
STN 42 742.845 661.928
STN 43 976.020 639.774
STN 51 891.510 415.989 2.740
STN 53 804.238 449.636

CONTROL SCHEDULE



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix B 

 

Public Sewer Record Plans 





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix C 

 

Masterplan Development Layout 





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix D 

 

HR Wallingford Report:  

Review of Kent Thameside SFRA Technical Note MCM5753/01 
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1 INTRODUCTION 

1.1 Ardent Consulting Engineers has been appointed by Fort Knight 

Group Limited, Sunray Developments Limited and Kent County 

Council to prepare a modelling report detailing the flood risk 

from a breach of the River Thames for a flood embayment at 

Gravesend.  The report has been prepared in support of a 

residential development proposal in the north-east Gravesend 

area.   

1.2 It is proposed by the Client to develop land located to the north-

east of Gravesend for residential purposes.  The site lies within 

an area known as Westcourt which is situated to the north-east 

of Gravesend and occupies a portion of land allocated as PM9 

within Gravesham Borough Council's Local Plan. 

1.3 This report summarises the two-dimensional modelling of a 

breach of the flood defences on the River Thames, based upon 

data obtained from the Kent Thameside Strategic Flood Risk 

Assessment (SFRA).  The modelling assesses the impact of land 

raising within the embayment on flood levels and also assesses 

the mitigation provided to reduce the impact of land raising.   

1.4 The report is submitted to support the planning application and 

to obtain an approval in principle that the proposed land raising 

and compensatory land lowering is acceptable.  The objective of 

the report is to outline the extent of land filling and cutting and 

outline the modelling methodology and results.  
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2 BACKGROUND 

Site Setting 

2.1 The proposed development scheme is situated in the north-east of 

Gravesend, Kent as shown on the site location plan of Figure 1, 

below).  The site is centred on the Ordnance Survey grid reference 

of 567100mE, 173300mN. 

 

Figure 1 – Site Location Plan 

2.2 The area of land set aside for land raising (herein referred to as the 

development site) lies within an area known as Westcourt which is 

situated to the north-east of Gravesend and occupies a portion of 

land allocated as PM9 within Gravesham Borough Council's Local 

Plan.  The existing landform of the larger area west of the marshes 

is generally at a level of between 3.0m – 8.0m AOD and comprises 

top soil above alluvium, underlain by clay and chalk material.   

2.3 The larger strategic development area is located within the defended 

floodplain of the River Thames and is classified as Flood Zone 3 

(greater than 1 in 100 year and 1 in 200 year chance of flooding 
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from fluvial and tidal sources respectively).  This places the site 

within an area of “high” risk of flooding, although the area benefits 

from well-maintained flood defences on the River Thames. 

2.4 The development site and the proposed industrial area lie within an 

area known as Westcourt, which is bound to the north by the 

railway embankment.  Within the north-west portion of the land lies 

a damaged SSSI site (see Drawing No. B142-04 Development 

Area).  Whilst the SSSI is low lying and flat, the proposed 

mitigation works would improve the quality of the damaged SSSI 

land.  The results of discussions with Natural England suggest that 

lowering of the land in the damaged SSSI area would promote 

enhancement and aid restoration of the SSSI. 

2.5 The total area of the development site is approximately 4.6 ha, 

ranging in ground level from 3m AOD in the north to approximately 

8m AOD in the south.  It is proposed that the development site is 

raised to a minimum level of 3.9m (where required) in order to 

allow for surface water drainage of the development and to reduce 

the level of flood risk to the site development.  

Strategic Flood Risk Assessment 

2.6 The Kent Thameside Strategic Flood Risk Assessment (SFRA) was 

completed in December 2005 by Entec (UK) Ltd to determine the 

flood risk at strategically allocated sites.  It was updated in 

December 2009, in-line with PPS25.   

2.7 The SFRA includes breach modelling of the River Thames within 

its study area, as the area forms part of the Thames Estuary 

floodplain.  The Thames Estuary is protected by flood defences 

along the River Thames up to a design standard exceeding 

1:1,000 year probability. 
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2.8 Of the breaches modelled in the SFRA, two are relevant to the 

Gravesend area: Gravesend Breach 7 (GR7) and Gravesend 

Breach 8 (GR8). 

2.9 GR7 is located at the entrance of the canal basin at Gravesend 

and represents a failure of the gates to the canal basin.  GR8 is 

located in the earth embankment defences protecting Eastcourt.  

This breach is significantly larger in size compared with GR7 at 

50m wide and 1:2 side slopes, with the breach elevation set to 

normal ground level.  The Tuflow modelling of the breach at GR8 

showed widespread flooding across the Gravesend flood 

embayment for a breach based on 1 in 1,000 year tidal levels.  

Flooding from the breach at GR7 was significantly less than for 

that from the breach at GR8 and is shown in the SFRA not to 

reach the development location.  Modelled breach extents for 

GR7 and GR8 derived from the SFRA are shown in Appendix C. 

Other Previous Reporting 

2.10 In 1996 a modelling report was produced by HR Wallingford 

detailing the level of tidal flood risk to the flood embayment at 

Gravesend.  It stated that the River Thames flood defences are 

higher than the predicted 1 in 1,000 year tidal levels.  It also 

concluded that any breach of the defences would be minor in 

flood volume with breached water likely to pond up behind the 

raised rail / canal embankment. 

2.11 In 2007, HR Wallingford also prepared a technical note on the 

Applicant’s behalf, reviewing the above-mentioned Kent 

Thameside SFRA, which was included as part of the Drainage 

Strategy and Flood Risk Assessment of “Land North of Dalefield 

Way, Westcourt, Gravesend” prepared by Ardent Consulting 

Engineers.  The SFRA intended to consider flood risk and 

sequentially identify areas within the Kent Thameside area that 

are suitable for development whilst also considering a number of 

pre-determined development sites.  The technical note assessed 
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that the statistical return period of a breach at GR8 together with 

a 1 in 1,000 year tidal event is likely to occur less than once 

every 100,000 years.  Overtopping of the flood defences would 

also occur less than once every 10,000 years. 

3 TUFLOW MODELLING METHODOLOGY 

Model Geometry 

3.1 A two-dimensional hydraulic model was built to simulate the 

flood embayment behind the flood defences using Tuflow version 

2009-07-AF-iDP.  The model has been built using an area of 

35km2 with 5m resolution Next Map digital terrain model (DTM).  

The area of the embayment is generally flat, so a resolution of 

5m is sufficient for the modelling purposes.  If the topography 

had been steeper or more undulating then a finer resolution 

would have been considered. 

3.2 The Tuflow model was built using the following parameters: 

Parameter Value 

Grid spacing 10 metres 

Origin 563724 mE, 172355 mN 

Model Width 10,109 metres 

Model Height 3,582 metres 

Time Step 2 seconds 

Simulation Time 7.5 hours 

Table 3-1: Tuflow Model Parameters 

3.3 The extents of the model are limited by the River Thames’s flood 

defences in the north, and areas of relatively higher ground (i.e. 

above 5m AOD) in the east, west, and south.  The extents of the 

model are represented by a 2d_code command. 

3.4 A railway and canal run east to west across the embayment and 

are raised above the natural ground level.  The railway 
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embankment acts as a secondary form of flood defence as it 

retains water in the northern section of the embayment before it 

is overtopped.  As the resolution of the DTM is not particularly 

detailed at 5m and the grid spacing within the built model is 

large in comparison to the embankment width, a z line 

represents the embankment in the Tuflow model by forcing grid 

point elevations to include the embankment levels.  The 

embankment levels are set to 4.0m AOD based on spot levels 

obtained from Ordnance Survey and the HR Wallingford report 

produced in 1996. 

3.5 There are numerous small culverts conveying water under the 

railway embankment.  Surcharging of the culverts would occur 

during the breach of the flood defences.  The impact of these 

culverts on the modelling has been assumed to be negligible as 

the capacity of the (surcharged) culverts is only a fractional 

proportion of the breach flow rates.  Therefore, these culverts 

are not included within the modelling.   

3.6 The raw DTM obtained does not represent the actual land levels 

associated with the recent development at Heron’s Field 

(planning reference GR/99/168), the recent industrial 

development at Lion Business Park, or the consented filling to 

site known as Phase 3a (see Drawing B142-05 Model 

Schematic).  Z shape polygons have been used in the model to 

enforce the Tuflow grid to represent the actual ground levels 

from 3.5m AOD to 4.0m AOD within these areas.  

3.7 A recent planning application has been submitted for approval 

for a proposed industrial estate to the north of the proposed 

development site (Ref: GR/2010/0436).  This includes an access 

road between the two sites.  The Tuflow model assumes that this 

planning application will be approved and thereby the Tuflow 

model includes a z shape polygon raising the industrial site to a 

level of 2.5m AOD and the access road to 3.5m AOD.  The recent 

planning application also included the removal of 100mm of 
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material from the damaged SSSI for the use of compensatory 

flood storage volume and this is also accounted for in the Tuflow 

model.   

3.8 The roughness of the floodplain terrain has been represented in 

the Tuflow model using a 2d_mat file and utilising the OS map of 

the area to determine land use type.  Roughness coefficients 

used in the model to represent the Manning’s number ‘n’ are 

summarised below: 

Land Use Type Manning’s ‘n’ 

Open Space / marshes (default) 0.060 

Buildings  0.250 

Ponds and other water 0.025 

Railway 0.050 

 Table 3-2: Floodplain Roughness Coefficients 

Hydrological Input 

3.9 Following a request for information, the Environment Agency has 

supplied a single-tide cycle hydrograph for the breach at GR8.  

The hydrograph is for the 1 in 1,000 year event and was the 

hydrograph used for the latest update of the SFRA according the 

the EA.  This hydrograph is essentially the output file from a 

River Thames ISIS model.  As a footnote, further requests were 

made to the EA to update the information received to include 

TE2100 considerations, three-tide cycle events, and the 1:200 

year hydrographs.  However, the EA has indicated that this 

information was not available and that a single tide cycle for the 

1 in 1,000 year event as used in the SFRA is suitable (see 

Appendix B).  The EA has also indicated that the hydrograph 

provided in 2009 was the same as the hydrograph used in the 

2009 SFRA update.   

3.10 Tidal breach analyses on the River Thames are required for the 

1:200 year level only so this analysis is considered to be 
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conservative (see EA report “Requirements for completing 

computer river modelling for Flood Risk Assessments” Chapter 

2.7, 2009). 

3.11 The hydrograph obtained from the SFRA model has been 

represented in the Tuflow model as a 2d_bc line at the identified 

location of the breach GR8.  It has been modelled using a flow 

time relationship as provided by the Environment Agency.  This 

hydrograph was the output file from the spill reservoir used in 

the ISIS model. 

Pre-Development Scenario 

3.12 The pre-development (existing) scenario was modelled using all 

the baseline characteristics mentioned above. 

Land Raising Scenario 

3.13 A z shape polygon has been used in the Tuflow model to 

represent the proposed land raising at the proposed 

development site.  For this model, the polygon enforces grid 

points to a level of 3.9m AOD at the development site where the 

existing grid points are below this.  Any grid points within the 

polygon above 3.9m AOD remain at their existing levels.   

Compensatory Storage Scenario 

3.14 To mitigate against the effects on flood water depths as a result 

of land raising, compensatory flood storage has been proposed.  

It is proposed to lower areas within the damaged SSSI in the 

north-west of the Westcourt and the Great Clane Lane Marshes 

(see Drawing B142-05 Model Schematic).  The extent of land 

level lowering will be covered in Section 5 and this land level 

lowering is enforced in the Tuflow model by a z shape polygon. 
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Output Locations for Result Files 

3.15 Nine Plot Output (PO) points were placed within the model 

extents to record water levels (see Drawing B142-05 Model 

Schematic).  These points were located in various locations 

across the model in order to assess the impact of land level 

raising.   
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4 MODEL OUTPUTS 

4.1 For the model simulations, flooding is shown across the entire 

canal basin and large extents of the land to the south of the 

railway embankment (see Drawings B142-06, B142-07, and 

B142-08).  The development site area is observed to lie 

partially within the modelled flood extents prior to land raising or 

compensation.  The extents shown replicate the extents 

produced in the SFRA within the acceptable tolerances of the 

model. 

4.2 Maximum output values at each of the PO locations at the site 

for the pre-development and post-development (with filling, but 

without compensation) simulations are summarised in the table 

below.  For a map of the locations and general schematic of the 

Tuflow model refer to Drawing B142-05. 

Location 
Maximum Flood Elevation (m AOD) 

Pre-development Post-development 

Denton 4.15 4.15 

Westcourt 3.38 3.39 

Great Clane Lane 3.38 3.39 

Eastcourt 4.26 4.26 

Filborough West 3.38 3.39 

Filborough 3.38 3.39 

“Danger Area” 3.95 3.95 

Milton 4.15 4.15 

 Table 4-1: Tuflow Modelled Outputs 

4.3 The raising of the land at the development site causes a slight 

increase in flood levels in the Gravesend embayment area in the 

vicinity of the development only.  Specifically the increases are 

observed near the development site as noted by the locations 

“Westcourt”, “Filborough”, “Filborough West”, and “Great Clane 
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Lane”.  No changes in flood levels are observed north of the 

railway. 

4.4 A comparison between the flood levels over time is presented 

below in Chart 1. 

 

Chart 1: Difference in Post-development Flood Levels 

Compared With Pre-development Flood Levels 
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5 FLOOD MITIGATION MEASURES 

5.1 The flooding of an embayment due to a breach failure of 

defences creates a situation where a flood cell fills with flood 

water.  Generally this means that the required compensation for 

an area will be largely, if not wholly, volumetric.     

5.2 The volume of fill used to raise the development site has been 

calculated to be approximately 18,500m3.  Land is available for 

compensatory land lowering within the damaged SSSI to the 

north-west of the site.   

5.3 In order to provide verification that the level of compensation 

proposed is adequate, the model geometry was updated to 

include the land lowering.  This was represented in the model by 

a z shape polygon.  To maintain the characteristics as much as 

possible, it is proposed to lower the compensation areas by a 

generic height rather than lowering to a specific level and 

creating a flat surface. 

5.4 For the purposes of this modelling exercise, land levels were 

reduced by 0.1m within the SSSI.  Summary results are 

presented in Table 5-1 whilst Chart 2 presents a comparison 

between the flood levels over time. 



LAND AT PM9, NORTH-EAST GRAVESEND B142-01 

FLOOD RISK MODELLING REPORT JANUARY 2011 

 

 

 KW/SS8560/B142/REPORTS 13 

 

Location 
Maximum Flood Elevation (m AOD) 

Pre-development Compensation 

Denton 4.15 4.15 

Westcourt 3.38 3.38 

Great Clane Lane 3.38 3.38 

Eastcourt 4.26 4.26 

Filborough West 3.38 3.38 

Filborough 3.38 3.38 

“Danger Area” 3.95 3.95 

Milton 4.15 4.15 

Table 5-1: Tuflow Modelled Outputs Including Compensation 

5.5 As can be observed, the implementation of the land raising at 

the development site together with the land lowering 

compensation works results in a return to existing flood levels.   

 

Chart 2: Difference in Compensation Scenario Flood Levels 

Compared With Pre-development Flood Levels 
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6 SENSITIVITY TESTING 

6.1 To assess the accuracy of the Tuflow model, sensitivity testing to 

review the parameter assumptions was made.  Variations to the 

input parameters have the potential to create a wider 

discrepancy between pre and post-development scenarios 

although this has largely been allowed for with the conservative 

approach outlined in Section 5. 

6.2 Four additional simulations were made to test the sensitivity of 

the model to changes in the flow and roughness parameters.  

The four additional simulations were run using the 100 year 

event as the baseline event with a 20% increase and a 20% 

decrease to the Manning’s number ‘n’ used and a 20% increase 

and 20% decrease to the breach hydrograph.  A comparison of 

the flood level differences at the site locations are summarised in 

the tables below. 

Location Scenario Flood Level Difference (m)  

Baseline +20% 

flow 

-20% 

flow 

+20% ‘n’ -20% ‘n’ 

Denton 0 0 0 0 0 

Westcourt +0.01 +0.01 0 +0.02 0 

Great Clane 

Lane 

+0.01 +0.01 0 +0.02 0 

Eastcourt 0 0 0 0 0 

Filborough 

West 

+0.01 +0.01 0 +0.02 0 

Filborough +0.01 0 0 +0.02 0 

“Danger 

Area” 

0 0 0 0 0 

Milton 0 0 0 0 0 

Table 6-1: Pre-development / Post-development Scenario 

Maximum Flood Level Differences 
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Location Scenario Flood Level Difference (m) 

Baseline +20% 

flow 

-20% 

flow 

+20% ‘n’ -20% ‘n’ 

Denton 0 0 0 0 0 

Westcourt 0 -0.01 -0.01 +0.01 -0.01 

Great Clane 

Lane 

0 -0.01 -0.01 +0.01 -0.01 

Eastcourt 0 0 0 0 0 

Filborough 

West 

0 -0.01 -0.01 +0.01 -0.01 

Filborough 0 -0.01 -0.01 +0.01 -0.01 

“Danger 

Area” 

0 0 0 0 0 

Milton 0 0 0 0 0 

Table 6-2: Pre-development / Compensation Scenario 

Maximum Flood Level Differences 

6.3 As can be observed from the output results, there is only a minor 

difference between the output values and therefore it can be 

determined that the process of providing adequate floodplain 

compensation is largely unaffected by the roughness of the 

floodplain surface.  Equally, the flood level differences with a 

reduction and increase in the flow also demonstrate that the 

mitigation measures provided are sufficient even if the flow 

hydrograph used in the simulations is inaccurate.  
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7 INTERPRETATION OF RESULTS AND IMPLICATIONS FOR SITE 

DEVELOPMENT 

7.1 Through Tuflow modelling, the raising of land levels at the 

development site is shown to increase the flood depths across 

the Gravesend embayment by a negligible amount during a 

single cycle 1 in 1,000 year breach of the flood defences at 

Eastcourt (breach GR8).  To offset these flood level increases, 

mitigation is proposed by lowering land levels within the 

damaged SSSI area. 

7.2 The compensatory flood storage proposed in this report is for a 

further reduction in land levels of 100mm within the SSSI land.  

This is in addition to the 100mm reduction incorporated for the 

employment area to the north of the proposed residential 

application.  For the 1 in 1,000 year breach of the flood defences 

at Eastcourt, the modelling of the development proposals taken 

together with the mitigation measures, demonstrate that flood 

levels are practically identical to existing modelled levels. 

7.3 The volume of compensatory floodplain storage is less than the 

volume of fill proposed at the development site.  However, the 

results of the modelling conclude that the volume of 

compensation provided is sufficient to not cause an increased 

risk of flooding to the development area or other areas within 

the flood embayment under breach conditions. 
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Appendix F 

 

Minutes of Meeting with Environment Agency 

19th October 2009 

 



ARDENT CONSULTING ENGINEERS 

 

MINUTES OF MEETING 

Date: 19 October 2009 

Subject: Gravesend Masterplanning  

Ref: B330 ss7427 

Those Present: Kerry Wilkinson (KW), Chris Baker-Pearce (CBP) (Ardent 

Consulting Engineers) 

 Bob Meek (BM) (Kember Loudon Williams) 

 Gary Horton (GH) (Landowner) 

Nigel Pye (NP), Niall O’Connor (NO), Michael Wilkinson 
(MW) (Environment Agency) 

Apologies: Richard Bray (Barratt Eastern Counties) 

  

  ACTION 

1. Opening intros, roles, etc.  

2. CBP outlined background to the site and recapped points 
raised from previous meeting minutes from June 4.  Outlined 

proposal to raise land to the south of a proposed distributor 
road for residential development.  The road would serve to 
unlock the canal basin area to the north of the railway/canal. 

 

3. KW outlined the Tuflow modelling that was undertaken.  Model 
was created using Lidar and based upon information gleaned 

from the local SFRA.  Breach location GR8 modelled as this 
was shown to be the largest threat in the SFRA.  A dummy 
hydrograph was used to simulate the breach as tidal curves 

from the EA are still to be received.  This hydrograph used a 
volume of 4million m3 compared with the SFRA hydrograph of 

3.1million m3.   

Modelling indicated a slight increase in flood levels across the 
site with the development of the land to the south of the 

distributor road.  Further modelling indicated that floodplain 
compensation could be provided within the Great Clane Marsh 

(400mm depth) and the SSSI (200mm depth) which would 
reduce flood levels. 

MW wanted to see modelling recordings of flooding in the 

Denton area.  Indicated that a 10mm difference in flood levels 
would be deemed to be negligible and thereby acceptable. 

 



  ACTION 

4. NP:  On a strategic scale development plans for a north-south 
flood defence are still works in progress with Gravesham.  

Gravesham will need to provide input for this to get going 
again. 

 

5. NP:  Keen to see Natural England’s reaction to land lowering, 
although he can’t see too many reasons for possible 
objections.  CBP echoed this by indicating that there was a 

desire to return the marshes to a more “wet” state and 
lowering the marshes would likely achieve this. 

 

6. CBP:  Original objection was because of potential adverse 
increase in flood levels. 

 

7. NP:  Can see some benefit in raising defences for some 

properties adjacent.  Design of road to allow for tidal climate 
change increase as it would be acting as a tertiary form of 

flood defence. 

 

8. MW asked about land classification and whether it was 
greenfield or brownfield. 

 

9. BM explained that it is in part allocated in the adopted Local 
Plan for development as part of a regeneration area, and in 

part as a reserve area which could be brought forward for 
development if a clear “need to do so” could be shown. While 
the latter provision was omitted from a subsequent review of 

the adopted Local Plan, this review had not been adopted. The 
envisaged development of this area, and in particular the 

proposed relief road, would however support and allow the 
development potential of the Canal Basin area adjacent, to be 
realised through the Core Strategy process 

 

10. NP: Sequential Test to be covered.  

11. MW was unsure about Part B of the Exception Test and where 

land could be developed elsewhere. 

 

12. BM and NW suggested that the Core Strategy will clear up the 
allocation issues with the land. 

 

13. CBP: Part B of the Exception Test is for redevelopment of 
brownfield land for sustainability.  Only way brownfield area 

north of the railway to be used is by the development of the 
site.  Part C of the Exception Test will be fulfilled with the 

raising of the land to above the flood levels anticipated as a 
result of a breach in the flood defences. 

 

14. NP, MW:  Generally happy with overall proposal provided 

Natural England is happy and that compensatory measures are 
demonstrated to be adequate. 

 

15. Meeting concluded with next action to be submission of the  



  ACTION 

modelling report within a fortnight. 

   

Circulation: 

Gary Horton 

Niall O’Connor 

Chris Baker-Pearce 

Nigel Pye 

Richard Bray 

Bob Meek 

Michael Wilkinson 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix G 

 

Correspondence with Environment Agency and 

English Nature/Natural England 

  



















































 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix H 

 

Southern Water's Foul Water Capacity  

Assessment Letter Report 

 

 







 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix I 

 

HR Wallingford’s Report:  

Hydraulic Assessment of the Existing Drainage Channels 

13th September 2001 
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1.0 INTRODUCTION 

1.1 This Addendum to the Flood Risk Assessment has been written 

following the receipt of new data from the Environment Agency on 

the existing flood defence crest heights.  The information was 

provided on the 12th October. 

1.2 During the determination of planning applications 2010/0436 

(Industrial) and 2010/0197 (residential) Gravesham Borough 

Council (BC) identified that portions of the tidal flood defences 

around Gravesend may be at a lower level than that stated in the 

HR Wallingford Technical Note MCM57553/01 published in 2007.  

This note had been used to support the Planning Applications and 

the Hydraulic Modelling, with the latter having been previously 

approved by the Environment Agency.  At that time the proposals 

were confirmed as being safe. 

1.3 On receipt of the information from Gravesham BC a joint meeting 

was held with senior representatives of the Council, the 

Environment Agency and Ardent Consulting Engineers.  The meeting 

was held at the Environment Agency’s offices on the 12 October 

2011. During this meeting the impact of the lowered defence levels 

was discussed and it was agreed that: 

 Gravesham Borough Council, would benefit from further evidence 

to support the Sequential Test for the Site from the Applicant; 

and, 

 The impact of the lowered defences needs to be agreed with the 

Environment Agency.  

1.4 The Sequential Test evidence is to be provided under a separate 

cover. The impact of the lowered defences is the subject of this 

Addendum. 
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2.0 BACKGROUND 

2.1 The Environment Agency has provided copies of the Halcrow Survey 

undertaken in 2005. This survey data was inspected and 

interrogated using AutoCad and MapInfo. Regrettably, it was 

confirmed that portions of the defences were lower than that 

identified in the HR Wallingford Technical Note. HR Wallingford is in 

the process of verifying if the Halcrow 2005 survey data supersedes 

that used in its assessment. The data provided in the HR Wallingford 

report has been used in the development of the Environment 

Agency’s TE2100 project, but is not considered, by HR Wallingford, 

to be significant.  

2.2 During discussions with the Environment Agency and research into 

the potential failure mode of the defences it has been concluded 

that the worst case realistic failure mode would be as a result of 

overtopping of the defences triggering a progressive collapse of the 

defences.  

2.3 During the research the following sources were consulted / 

reviewed: 

 F.A. Buijs, H.A.J.M. van Gelder and J.W. Hall, Application of 

reliability-based flood defence design in the UK; 

 Joint Defra / EA R&D; Performance and Reliability of Flood and 

Coastal Defences, FD2318/ TR2 & TR1, October 2005; 

 Joint DEFRA / EA R&D, FD2411/TR1, Management of Flood 

Embankments, A good practice review;  

 FLOODsite, Failure Mechanisms for Flood Defence Structures, 

T04-06-01, February 2007; 

 Jonathan Simm, HR Wallingford, Fragility Curves and their Use in 

UK Flood Risk Management; and, 

 Tony L Wahl, Uncertainty of Predictions of Embankment Dam 

Breach Parameters, JOURNAL OF HYDRAULIC ENGINEERING © 

ASCE / MAY 2004 / 389; 
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2.6 From research regarding the failure mode of earth embankments 

due to overtopping, including a review of various fragility curves it 

was concluded that a 200mm depth of overtopping would have a 

significantly high probability of failure. However, research into the 

rate and extent of a progressive collapse of earth embankments has 

failed to produce a relationship between overtopping and rate of 

collapse which is suitable for the modelling being undertaken. 

2.5 In order to quantify the potential impact of the lower defence levels 

a review of the Environment Agency approved hydraulic model 

(TUFLOW) has been undertaken. The methodology for assessing the 

impact of the lower defence levels has been discussed with HR 

Wallingford and agreed with the Environment Agency. A summary of 

the methodology agreed with the Environment Agency (21 October 

2011) is as follows: 

 A 200mm level of water above the crest of the embankment is 

85% likely to trigger a structural failure. Consequently this depth 

of water should be used for the trigger depth at the agreed 

breach locations; 

 Four breach locations have been assumed to occur 

simultaneously, two are assumed to collapse to ground level 

(100%) and two to 50% of their height; and, 

 The breach locations have been agreed with the Environment 

Agency; through detailed consultation. 

2.6 As well as providing the Halcrow survey information the 

Environment Agency have also provided an updated hydrograph to 

be considered in the breach and overtopping analysis.  
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3.0 AMENDED MODEL PARAMETERS 

3.1 The baseline geometry, manning’s values and model set up follows 

the same methodology as that in the previously approved January 

2011 modelling report (Ardent, B142-01). 

3.2 At this stage it has not been possible to undertake the detailed 

sensitivity assessment presented in the previous modelling report. 

However, as the previous report identifies that the impact of the 

manning’s values on the impact of the flood levels within the model 

is nominal, it is considered that similar results would be expected 

for the amendments to the model outlined below. 

3.3 The Environment Agency have stated that the flood levels derived 

for  Node 3.28 – Gravesend as being appropriate for the breach 

scenario. As this Addendum is proposed to supplement the Planning 

Applications for the two submissions for different land uses, two 

flood risk thresholds need to considered. 

3.4 For industrial types of development it is usual to consider that the 

life of the development will be 50 years. Subsequently an allowance 

of 50 years of climate change should be considered when assessing 

the relevant flood risk design horizon. 

3.5 For residential types of development 100 years is considered to be 

the usual life of the development. Therefore a climate change 

allowance equivalent to 100 years should be considered. 

3.6 The most appropriate flood levels to be used are summarised as 

follows: 

 2005; 1:200 (present day 0.5%):   5.429m AOD 

 2055; 1:200 (industrial 0.5%):   5.798m AOD 

 2107; 1:200 (residential 0.5%):    6.416m AOD 

3.7 The lowest flood defence height on the existing bund is 5.69m AOD 

this is 100mm lower than the peak 1:200, 2055 flood level of 

5.789m AOD. Based on the review of existing literature on 

progressive collapse, 100mm of overtopping has a 20% probability 
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of causing a breach. Subsequently it is considered unlikely that a 

breach would occur up to the end of the Industrial Developments 

life-span. Consequently the TUFLOW model has only been run using 

the 2107 0.5% level i.e. the worst case that needs to be considered. 

3.8 Figure 3-1 below, provides the hydrograph used in the TUFLOW 

model and has been based on the hydrograph provided by the 

Environment Agency. In order to prevent any model instabilities the 

hydrograph has been cut at 2.8m AOD with any values below this 

level raised to 2.8m AOD. This fix solved early problems with large 

negative depth related instabilities in the amended model 

development. The peak water level is 6.416m AOD. 

 

Figure 3-1: Hydrograph 

3.9 Figure 3-2 below, provides a schematic of the main features of the 

amended TUFLOW model. The four breaches (A to B) inclusive are 

shown and Table 3-1 provides details of the geometry and model 

parameters used for these breaches. The entire length of the 

Halcrow survey has been modelled and the input hydrograph set 

along the top of this line. Consequently the model assess the 
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potential for overtopping of 5.1 Km of tidal flood defences along 

with the four breach locations agreed with the Environment Agency.  

 

Figure 3-2: Hydraulic Model Schematic 

 

BREACH REFERENCE A B C D 

ORDNANCE SURVEY NGR 568231.26, 

174430.30 

568437.29, 

174451.12 

568799.56, 

174575.47 

569005.84, 

174705.82 

LENGTH (m) 68.4 46.7 66.6 44.3 

WIDTH (m) 73.9 68.3 82.5 72.3 

MIN. CREST LEVEL (m AOD) 5.73 5.84 5.69 5.79 

BREACHED LEVEL (m AOD) 3.0 4.12 3.2 4.1 

BREACH HIEGHT % 100% 50% 100% 50% 

BREACH START TIME (HRS) 2.5 2.5 2.5 2.5 

BREACH END TIME (HRS) 1.5 1.5 1.5 1.5 

Table 3-1: Breach Parameters 

3.10 Due to the spacing of the topographic points on the Halcrow Survey 

the length of the breach has been defined by using the node points 

in the Halcrow survey, and following the lower nodes along each 

section to identify the most likely locations for the breach. These 

breach locations were suggested by the Environment Agency and 

represent the most likely locations for a breach. The breach 

locations were selected based on the lowest defence height levels, 

which result in the maximum overtopping depth, therefore 

representing the most likely locations for a breach. Figure 3-3 

below, shows how once the flood level in the Thames is sufficient to 
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reach the 85% likelihood of breach (at 2.5 hours) the progressive 

collapse begins. After an additional 1.5 hours (4 hours total) the 

breach has reached its lowest point, this coincides with the highest 

level in the Thames being reached. 

 

Figure 3-3: Breach Levels & 1:200+CC Profile 

3.11 In order to model the worst case post development scenario the 

development plateau was set artificially high at 10m AOD. This 

enables the appropriate plateau level to be selected from 

comparison of the pre and post development flood levels, during 

inspection of the results. 
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4.0 IMPACT ON THE DEVELOPMENT 

4.1 The hydraulic models have been re-run and indicate that as a 

consequence of the overtopping of the defences, flood waters are 

impounded by the existing elevated railway line, effectively 

providing a secondary defence. – offering further protection. 

Subsequently should the defences be overtopped (without failure) 

by a 2107 event the residential application site would remain dry. 

Therefore no mitigation measures are required for this scenario. The 

extents of inundation as a result of a 2107 overtopping event are 

presented as Figure 4-1 below. It should be noted that these 

depths are the maximum depth occurring at any time during the 

simulation and may not occur concurrently. 

 

Depth 

(m) 

 

 

 

Figure 4-1: 2055, 1:200 Overtopping Flood Extent 

4.2 Should the simulated overtopping event occur at the same time as 

the flood defences being breached, then a significant volume of 

water would pass through the defences. The additional breach water 

would be sufficient to overtop the railway and cause a significant 

area of land to be inundated. The Site would also be affected by the 



NORTH EAST GRAVESEND SJBR/SS11385/B142 

Flood Risk Addendum November 2011 

 

 

 9 

predicted flood water levels. Table 4-1 below, provides a summary 

of the flood levels at selected plot output points.  

 

 
Pre Development  
(B142_BASE_T200+CC_B_104) 

Post Development  
(B142_PROP_T200+CC_B_104) 

GCL 5.574 5.578 0.005 

Eastcourt 5.569 5.574 0.004 

Filborough 5.555 5.558 0.004 

Westcourt 5.579 5.585 0.006 

Danger Area 5.518 5.525 0.007 

Filborough 

West 

5.567 5.571 0.004 

Denton 5.595 5.603 0.008 

Milton 5.612 5.618 0.006 

GCL south 5.772 5.772 0.000 

 

Table 4-1: Summary of Results 2107, 1:200 

4.3 As can be seen from Table 4-1 above, the increase in flood levels 

as a result of raising the residential element out of the floodplain, 

providing the compensation and improvements to the SSSI and 

lifting the industrial element to 2.8m AOD would result in a 

maximum increase in flood levels of 8mm, which is of a similar 

magnitude to that previously accepted by the Environment Agency. 

It is therefore considered that the mitigation proposals would have a 

negligible impact on flood levels around the residential site, and 

would not perceptibly increase flood risk. 
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Large Extents 

 

Depth (m) 

 

 

Site Extents 

 

Figure 4-2: Flood Plain Extents 1:200, 2107 

4.4 Although the Industrial element has been lifted to 2.8m AOD it is 

still at risk of flooding (around 2.7m), consequently the mitigation 

proposals for the Industrial element will need to include a detailed 

flood response plan, which is normally undertaken as part of the 
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discharge of planning conditions, prior to occupation, once the end 

user and their specific needs have been identified.   
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5.0 CONCLUSIONS AND RECOMENDATIONS 

6.1 The existing flood defence infrastructure and alignment of the 

railway line provide an adequate level of flood defence for the 

residential and industrial proposals up to 2055. Consequently the 

industrial element is considered to be safe throughout its design 

life. 

6.2 At the end of the residential lifespan, should a 1 in 200 year event 

occur within the predicted climate change conditions then the 

existing flood defences are likely to be compromised and cause a 

breach scenario.  

6.3 From the agreed scenarios modelled the resultant peak flood level at 

the Site would be 5.6m AOD. This has arisen out of the “new” data 

on flood crest heights being made available by the EA in October 

2011. In view of this the mitigation strategy for the residential units 

has been carefully re-evaluated with the Environment Agency. 

Discussions have been positive with solutions ranging from the 

provision of non-habitable accommodation on the ground floor of 

the previously proposed raised plateau (3.9 AOD), to the provision 

of contributions to support the improvement of the existing strategic 

flood defences.  This could include provision for the provision of new 

defences under TE2100 project once finalised. 

6.4 Placing non-habitable habitation at ground floor raises issues on the 

mechanics of treating the changes through the planning process.  As 

a consequence discussions have focussed on the means to secure an 

appropriate level of contribution that is directly related in scale and 

kind to the proposed residential development.  The Environment 

Agency has confirmed that this approach forms an appropriate and 

adaptive response to the predicted impacts of climate change. 

6.5 The key word here is ‘adaptive’.  Setting aside a bonded sum, held 

in escrow account, through the mechanics of a Section 106 Planning 

Obligation, provides the means to embrace future change and 

enables the scheme to respond in a positive manner to future 

changes in the flood regime.  



  24055 WP01:Land at Dalefield Way (East) Gravesend 
  Flood Risk Assessment 
  O'Halloran & O'Brien Ltd 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix C – Phase 2 Flood Risk Assessment Addendum – May 2016 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 

WARD HOMES 
 

 
 

 
 

RIVERDALE DEVELOPMENTS LIMITED 
 
 
 

  PROPOSED RESIDENTIAL DEVELOPMENT: 
LAND AT PM9, NORTH-EAST GRAVESEND  

 
 
 
 
 

FLOOD RISK ASSESSMENT ADDENDUM 
 
 
 
 
 

PROJECT NO. B142 
REPORT REF. B142-05A 

MAY 2016 
 



 

 
NORTH EAST GRAVESEND 

 

 

 

 

FLOOD RISK ADDENDUM 
 

 

 

 

 
Ardent Consulting Engineers 

Suite 207 
One Alie Street 

LONDON 
E1 8DE 

Tel: 020 7680 4088 
Fax: 020 7488 3736 

enquiries@ardent-ce.co.uk 

 

 

 

 

 

 

REPORT REF. B142-05A 
     PROJECT NO. B142 

                                                                                    MAY 2016





LAND AT PM9, NORTH EAST GRAVESEND B142-05A 

Flood Risk Addendum MAY 2016 

 

 

SJBr/ss11385/B142-05A/Reports 1 

1.0 INTRODUCTION 

1.1 This Addendum to the Flood Risk Assessment has been written 

following the receipt of new data from the Environment Agency on 

the existing flood defence crest heights.  The information was 

provided on the 12th October. 

1.2 During the determination of planning applications 2010/0436 

(Industrial) and 2010/0197 (residential) Gravesham Borough 

Council (BC) identified that portions of the tidal flood defences 

around Gravesend may be at a lower level than that stated in the 

HR Wallingford Technical Note MCM57553/01 published in 2007.  

This note had been used to support the Planning Applications and 

the Hydraulic Modelling, with the latter having been previously 

approved by the Environment Agency.  At that time the proposals 

were confirmed as being safe. 

1.3 On receipt of the information from Gravesham BC a joint meeting 

was held with senior representatives of the Council, the 

Environment Agency and Ardent Consulting Engineers.  The meeting 

was held at the Environment Agency’s offices on the 12 October 

2011. During this meeting the impact of the lowered defence levels 

was discussed and it was agreed that: 

 Gravesham Borough Council, would benefit from further evidence 

to support the Sequential Test for the Site from the Applicant; 

and, 

 The impact of the lowered defences needs to be agreed with the 

Environment Agency.  

1.4 The Sequential Test evidence is to be provided under a separate 

cover. The impact of the lowered defences is the subject of this 

Addendum. 
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2.0 BACKGROUND 

2.1 The Environment Agency has provided copies of the Halcrow Survey 

undertaken in 2005. This survey data was inspected and 

interrogated using AutoCad and MapInfo. Regrettably, it was 

confirmed that portions of the defences were lower than that 

identified in the HR Wallingford Technical Note. HR Wallingford is in 

the process of verifying if the Halcrow 2005 survey data supersedes 

that used in its assessment. The data provided in the HR Wallingford 

report has been used in the development of the Environment 

Agency’s TE2100 project, but is not considered, by HR Wallingford, 

to be significant.  

2.2 During discussions with the Environment Agency and research into 

the potential failure mode of the defences it has been concluded 

that the worst case realistic failure mode would be as a result of 

overtopping of the defences triggering a progressive collapse of the 

defences.  

2.3 During the research the following sources were consulted / 

reviewed: 

 F.A. Buijs, H.A.J.M. van Gelder and J.W. Hall, Application of 

reliability-based flood defence design in the UK; 

 Joint Defra / EA R&D; Performance and Reliability of Flood and 

Coastal Defences, FD2318/ TR2 & TR1, October 2005; 

 Joint DEFRA / EA R&D, FD2411/TR1, Management of Flood 

Embankments, A good practice review;  

 FLOODsite, Failure Mechanisms for Flood Defence Structures, 

T04-06-01, February 2007; 

 Jonathan Simm, HR Wallingford, Fragility Curves and their Use in 

UK Flood Risk Management; and, 

 Tony L Wahl, Uncertainty of Predictions of Embankment Dam 

Breach Parameters, JOURNAL OF HYDRAULIC ENGINEERING © 

ASCE / MAY 2004 / 389; 
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2.6 From research regarding the failure mode of earth embankments 

due to overtopping, including a review of various fragility curves it 

was concluded that a 200mm depth of overtopping would have a 

significantly high probability of failure. However, research into the 

rate and extent of a progressive collapse of earth embankments has 

failed to produce a relationship between overtopping and rate of 

collapse which is suitable for the modelling being undertaken. 

2.5 In order to quantify the potential impact of the lower defence levels 

a review of the Environment Agency approved hydraulic model 

(TUFLOW) has been undertaken. The methodology for assessing the 

impact of the lower defence levels has been discussed with HR 

Wallingford and agreed with the Environment Agency. A summary of 

the methodology agreed with the Environment Agency (21 October 

2011) is as follows: 

 A 200mm level of water above the crest of the embankment is 

85% likely to trigger a structural failure. Consequently this depth 

of water should be used for the trigger depth at the agreed 

breach locations; 

 Four breach locations have been assumed to occur 

simultaneously, two are assumed to collapse to ground level 

(100%) and two to 50% of their height; and, 

 The breach locations have been agreed with the Environment 

Agency; through detailed consultation. 

2.6 As well as providing the Halcrow survey information the 

Environment Agency have also provided an updated hydrograph to 

be considered in the breach and overtopping analysis.  
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3.0 AMENDED MODEL PARAMETERS 

3.1 The baseline geometry, manning’s values and model set up follows 

the same methodology as that in the previously approved January 

2011 modelling report (Ardent, B142-01). 

3.2 At this stage it has not been possible to undertake the detailed 

sensitivity assessment presented in the previous modelling report. 

However, as the previous report identifies that the impact of the 

manning’s values on the impact of the flood levels within the model 

is nominal, it is considered that similar results would be expected 

for the amendments to the model outlined below. 

3.3 The Environment Agency have stated that the flood levels derived 

for  Node 3.28 – Gravesend as being appropriate for the breach 

scenario. As this Addendum is proposed to supplement the Planning 

Applications for the two submissions for different land uses, two 

flood risk thresholds need to considered. 

3.4 For industrial types of development it is usual to consider that the 

life of the development will be 50 years. Subsequently an allowance 

of 50 years of climate change should be considered when assessing 

the relevant flood risk design horizon. 

3.5 For residential types of development 100 years is considered to be 

the usual life of the development. Therefore a climate change 

allowance equivalent to 100 years should be considered. 

3.6 The most appropriate flood levels to be used are summarised as 

follows: 

 2005; 1:200 (present day 0.5%):   5.429m AOD 

 2055; 1:200 (industrial 0.5%):   5.798m AOD 

 2107; 1:200 (residential 0.5%):    6.416m AOD 

3.7 The lowest flood defence height on the existing bund is 5.69m AOD 

this is 100mm lower than the peak 1:200, 2055 flood level of 

5.789m AOD. Based on the review of existing literature on 

progressive collapse, 100mm of overtopping has a 20% probability 



LAND AT PM9, NORTH EAST GRAVESEND B142-05A 

Flood Risk Addendum MAY 2016 

 

 

SJBr/ss11385/B142-05A/Reports 5 

of causing a breach. Subsequently it is considered unlikely that a 

breach would occur up to the end of the Industrial Developments 

life-span. Consequently the TUFLOW model has only been run using 

the 2107 0.5% level i.e. the worst case that needs to be considered. 

3.8 Figure 3-1 below, provides the hydrograph used in the TUFLOW 

model and has been based on the hydrograph provided by the 

Environment Agency. In order to prevent any model instabilities the 

hydrograph has been cut at 2.8m AOD with any values below this 

level raised to 2.8m AOD. This fix solved early problems with large 

negative depth related instabilities in the amended model 

development. The peak water level is 6.416m AOD. 

 

Figure 3-1: Hydrograph 

3.9 Figure 3-2 below, provides a schematic of the main features of the 

amended TUFLOW model. The four breaches (A to B) inclusive are 

shown and Table 3-1 provides details of the geometry and model 

parameters used for these breaches. The entire length of the 

Halcrow survey has been modelled and the input hydrograph set 

along the top of this line. Consequently the model assess the 
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potential for overtopping of 5.1 Km of tidal flood defences along 

with the four breach locations agreed with the Environment Agency.  

 

Figure 3-2: Hydraulic Model Schematic 

 
BREACH REFERENCE A B C D 

ORDNANCE SURVEY NGR 568231.26, 

174430.30 

568437.29, 

174451.12 

568799.56, 

174575.47 

569005.84, 

174705.82 

LENGTH (m) 68.4 46.7 66.6 44.3 

WIDTH (m) 73.9 68.3 82.5 72.3 

MIN. CREST LEVEL (m AOD) 5.73 5.84 5.69 5.79 

BREACHED LEVEL (m AOD) 3.0 4.12 3.2 4.1 

BREACH HIEGHT % 100% 50% 100% 50% 

BREACH START TIME (HRS) 2.5 2.5 2.5 2.5 

BREACH END TIME (HRS) 1.5 1.5 1.5 1.5 

Table 3-1: Breach Parameters 

3.10 Due to the spacing of the topographic points on the Halcrow Survey 

the length of the breach has been defined by using the node points 

in the Halcrow survey, and following the lower nodes along each 

section to identify the most likely locations for the breach. These 

breach locations were suggested by the Environment Agency and 

represent the most likely locations for a breach. The breach 

locations were selected based on the lowest defence height levels, 

which result in the maximum overtopping depth, therefore 

representing the most likely locations for a breach. Figure 3-3 

below, shows how once the flood level in the Thames is sufficient to 
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reach the 85% likelihood of breach (at 2.5 hours) the progressive 

collapse begins. After an additional 1.5 hours (4 hours total) the 

breach has reached its lowest point, this coincides with the highest 

level in the Thames being reached. 

 

Figure 3-3: Breach Levels & 1:200+CC Profile 

3.11 In order to model the worst case post development scenario the 

development plateau was set artificially high at 10m AOD. This 

enables the appropriate plateau level to be selected from 

comparison of the pre and post development flood levels, during 

inspection of the results. 
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4.0 IMPACT ON THE DEVELOPMENT 

4.1 The hydraulic models have been re-run and indicate that as a 

consequence of the overtopping of the defences, flood waters are 

impounded by the existing elevated railway line, effectively 

providing a secondary defence. – offering further protection. 

Subsequently should the defences be overtopped (without failure) 

by a 2107 event the residential application site would remain dry. 

Therefore no mitigation measures are required for this scenario. The 

extents of inundation as a result of a 2107 overtopping event are 

presented as Figure 4-1 below. It should be noted that these 

depths are the maximum depth occurring at any time during the 

simulation and may not occur concurrently. 

 

Depth 
(m) 
 

 

Figure 4-1: 2055, 1:200 Overtopping Flood Extent 

4.2 Should the simulated overtopping event occur at the same time as 

the flood defences being breached, then a significant volume of 

water would pass through the defences. The additional breach water 

would be sufficient to overtop the railway and cause a significant 

area of land to be inundated. The Site would also be affected by the 
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predicted flood water levels. Table 4-1 below, provides a summary 

of the flood levels at selected plot output points.  

 

 
Pre Development  
(B142_BASE_T200+CC_B_104) 

Post Development  
(B142_PROP_T200+CC_B_104) 

GCL 5.574 5.578 0.005 
Eastcourt 5.569 5.574 0.004 
Filborough 5.555 5.558 0.004 
Westcourt 5.579 5.585 0.006 
Danger Area 5.518 5.525 0.007 
Filborough 
West 

5.567 5.571 0.004 

Denton 5.595 5.603 0.008 
Milton 5.612 5.618 0.006 
GCL south 5.772 5.772 0.000 

 

Table 4-1: Summary of Results 2107, 1:200 

4.3 As can be seen from Table 4-1 above, the increase in flood levels 

as a result of raising the residential element out of the floodplain, 

providing the compensation and improvements to the SSSI and 

lifting the industrial element to 2.8m AOD would result in a 

maximum increase in flood levels of 8mm, which is of a similar 

magnitude to that previously accepted by the Environment Agency. 

It is therefore considered that the mitigation proposals would have a 

negligible impact on flood levels around the residential site, and 

would not perceptibly increase flood risk. 
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Large Extents 

 

Depth (m) 

 

 

Site Extents 

 

Figure 4-2: Flood Plain Extents 1:200, 2107 

4.4 Although the Industrial element has been lifted to 2.8m AOD it is 

still at risk of flooding (around 2.7m), consequently the mitigation 

proposals for the Industrial element will need to include a detailed 

flood response plan, which is normally undertaken as part of the 
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discharge of planning conditions, prior to occupation, once the end 

user and their specific needs have been identified.   
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5.0 CONCLUSIONS AND RECOMENDATIONS 

5.1 The existing flood defence infrastructure and alignment of the 

railway line provide an adequate level of flood defence for the 

residential and industrial proposals up to 2055. Consequently the 

industrial element is considered to be safe throughout its design 

life. 

5.2 At the end of the residential lifespan, should a 1 in 200 year event 

occur within the predicted climate change conditions then the 

existing flood defences are likely to be compromised and cause a 

breach scenario.  

5.3 From the agreed scenarios modelled the resultant peak flood level at 

the Site would be 5.6m AOD. This has arisen out of the “new” data 

on flood crest heights being made available by the EA in October 

2011. In view of this the mitigation strategy for the residential units 

has been carefully re-evaluated with the Environment Agency. 

Discussions have been positive with solutions ranging from the 

provision of non-habitable accommodation on the ground floor of 

the previously proposed raised plateau (3.9 AOD), to the provision 

of contributions to support the improvement of the existing strategic 

flood defences.  This could include provision for the provision of new 

defences under TE2100 project once finalised. 

5.4 Placing non-habitable habitation at ground floor raises issues on the 

mechanics of treating the changes through the planning process.  As 

a consequence discussions have focussed on the means to secure an 

appropriate level of contribution that is directly related in scale and 

kind to the proposed residential development.  The Environment 

Agency has confirmed that this approach forms an appropriate and 

adaptive response to the predicted impacts of climate change. 

5.5 The key word here is ‘adaptive’.  Setting aside a bonded sum, held 

in escrow account, through the mechanics of a Section 106 Planning 

Obligation, provides the means to embrace future change and 

enables the scheme to respond in a positive manner to future 

changes in the flood regime.  



  24055 WP01:Land at Dalefield Way (East) Gravesend 
  Flood Risk Assessment 
  O'Halloran & O'Brien Ltd 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix D – Phase 3A Flood Risk Assessment - January 2007 
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  24055 WP01:Land at Dalefield Way (East) Gravesend 
  Flood Risk Assessment 
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Appendix E – Phase 2 SWP Underground Drainage Layouts 
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A 29.11.16 Concrete Bay Layout updated, Drainage updated to
Client comments. Safety Barrier Added.

DRAINAGE NOTES:

1. ALL DRAINAGE WORKS TO BE CONSTRUCTED IN STRICT
ACCORDANCE WITH SPECIFICATION OF THE LOCAL AUTHORITY,
BUILDING REGULATIONS, SEWERS FOR ADOPTION, BS8301 &
BSEN.752-1.

2. FOR LOCATION AND SETTING OUT OF BUILDING DRAINAGE POINTS
REFER TO ARCHITECTS DRAWINGS.

3. ALL PIPE RUNS NEAR BUILDINGS TO COMPLY WITH THE BUILDING
REGULATIONS 2002 PART H1. WHERE A PIPE IS WITHIN 1m OF A
FOUNDATION THE TRENCH SHALL BE FILLED WITH CLASS GEN3
CONCRETE UP TO THE LOWEST LEVEL OF THE FOUNDATION.
WHERE THE TRENCH IS FURTHER THAN 1m FROM THE FOUNDATION,
THE TRENCH SHALL BE FILLED WITH CLASS GEN3 CONCRETE TO A
LEVEL BELOW THE LOWEST LEVEL FOR THE FOUNDATION EQUAL
TO THE DISTANCE FROM THE FOUNDATION LESS 150mm. IN BOTH
CASES THE PIPE SHALL BE BEDDED AND SURROUNDED IN 150mm
THICK CLASS GEN3 CONCRETE.

4. WHERE PIPES, EXTERNAL TO THE STRUCTURES, HAVE A DEPTH TO
SOFFIT FROM GROUND LEVEL OF LESS THAN 450mm THEY SHALL
HAVE A CLASS GEN3 CONCRETE ENCASEMENT (150mm THICK).

5. WHERE A PIPE, UNDER A CARRIAGEWAY, HAS A DEPTH OF COVER
OF LESS THAN 1.2m THE PIPE SHALL BE LAID IN A CONCRETE BED
AND SURROUND.

6. IN ANY CIRCUMSTANCES WHERE PIPES ARE BEDDED AND
SURROUNDED IN CONCRETE FLEXIBLE JOINTS SHOULD BE
PROVIDED. COMPRESSIBLE BOARDS (FIBREBOARD OR
POLYSTYRENE) SHALL BE PROVIDED AT A MAXIMUM OF 8m
CENTRES (COINCIDING WITH PIPE JOINTS). THE BOARDS SHALL BE
PRE-CUT TO PIPE DIAMETER AND TO A HEIGHT AND WIDTH EQUAL
TO THE CONCRETE CROSS SECTION. A BOARD THICKNESS OF 18mm
FOR PIPES UP TO 450mm NOMINAL DIAMETER AND 36mm FOR PIPES
OVER 450mm NOMINAL DIAMETER.

7. ALL PRIVATE BUILDING DRAINAGE SHALL BE CONSTRUCTED IN
STRICT ACCORDANCE WITH BSEN.752-1. UNLESS OTHERWISE
SPECIFIED BUILDING DRAINAGE SHALL BE 100mm DIAMETER AND
SHALL BE LAID AT A MINIMUM GRADIENT OF (<1L/S = 1 IN 40/>1L/S = 1
IN 80) FOR FOUL DRAINS AND 1 IN 80 FOR SURFACE WATER DRAINS.
ALL BUILDING DRAINS SHALL BE LAID IN CONJUNCTION WITH 'NON
ADOPTIVE BEDDING DETAILS' (CLASS D, N OR B) UNLESS
OTHERWISE SPECIFIED.

8. ALL PIPES, BENDS AND JUNCTION FOR PRIVATE BUILDING
DRAINAGE  SHALL BE UPVC CONFORMING TO BS4660 AND BS5481
AS APPROPRIATE AND SHALL BE LAID IN ACCORDANCE WITH THE
MANUFACTURER'S SPECIFICATION. ALL PIPES, BENDS AND
JUNCTION MATERIALS FOR ADOPTABLE DRAINAGE SHALL BE
VITRIFIED CLAY, EXTRA STRENGTH OR SUPER STRENGTH TO
BSEN295, WITH FLEXIBLE JOINTS AND KITEMARK CERTIFIED

9. ALL BACK INLET GULLIES TO BE RODDABLE OR CONNECTED TO
INSPECTION CHAMBERS.

10. ALL GULLY CONNECTIONS OTHER THAN AT MANHOLES TO BE 'Y'
JUNCTIONS.

11. ALL ROAD GULLY CONNECTIONS TO BE 150mm DIAMETER.

12. ALL STUB STACKS TO BE FITTED WITH AIR ADMITTANCE VALVES
WHERE BRANCH DRAIN EXCEEDS 12m EXCEPT AT THE HEAD OF THE
RUN. SOIL VENT PIPES LOCATED AT THE HEAD OF A RUN TO
TERMINATE TO FRESH AIR.

13. ALL CONNECTIONS TO BE INVERT TO INVERT UNLESS OTHERWISE
NOTED.

14. ALL CONCRETE AND CONCRETE PRODUCTS TO BE IN ACCORDANCE
WITH BRE 363 FOR SULPHATES.

15. THE LOCATIONS OF ALL SVPS AND RWPS SHALL BE CROSS
REFERENCED AGAINST THE ARCHITECTS DRAWINGS DURING
SETTING OUT.

16. BEFORE CONNECTIONS ARE MADE TO EXISTING PUBLIC SEWERS
AN APPLICATION UNDER 106 MUST BE MADE TO THE APPROPRIATE
SEWERAGE PROVIDER.

17. THE PRECISE DEPTH AND LOCATION AND SIZE OF EXISTING PIPES
OR MANHOLES WHERE CONNECTIONS OR DIVERSION ARE
PROPOSED MUST BE CONFIRMED AND REPORTED TO THE
ENGINEER AT THE EARLIEST OPPORTUNITY.

18. SURFACE WATER FROM PRIVATE DRIVES MUST NOT DRAIN ON TO
THE PROPOSED OR EXISTING  PUBLIC HIGHWAY AND VICE VERSA.

PRELIMINARY

NOTES:

1. THIS DRAWING IS TO BE READ IN CONJUNCTION WITH ALL OTHER SWP
DRAWINGS, AND WITH ALL RELEVANT ARCHITECT'S AND ENGINEER'S
DRAWINGS AND SPECIFICATION AND ANY DISCREPANCIES FOUND ARE
TO BE REPORTED IMMEDIATELY TO THE ENGINEER.

2. NO DIMENSIONS ARE TO BE SCALED FROM THIS DRAWING. UNLESS
NOTED OTHERWISE ALL DIMENSIONS ARE IN MILLIMETERS AND ALL
LEVELS ARE IN METRES FROM THE SITE DATUM.

3. ALL DIMENSIONS TO BE CHECKED ON SITE.  ALL DETAILS AND
DIMENSIONS RELATING TO SUB-CONTRACTORS WORK MUST BE
CHECKED AND AGREED BETWEEN THE SUB-CONTRACTOR OR
SUPPLIER AND THE GENERAL CONTRACTOR.

4. THE ELECTRONIC INFORMATION FROM THIS DRAWING CAN NOT BE
GUARANTEED AS DIMENSIONALLY DRAWN EXACT. FIGURED
DIMENSIONS MUST BE USED FOR SETTING OUT AND DETAILING. SWP
LOGOS AND COMPANY INFORMATION MUST BE REMOVED FROM
COPIES IF INFORMATION IS RE-USED.

5. THE MAIN CONTRACTOR IS RESPONSIBLE FOR THE DESIGN OF ALL
TEMPORARY WORKS, AND IS ALSO RESPONSIBLE FOR THE SAFE
MAINTENANCE AND STABILITY OF EXISTING BUILDINGS AT ALL TIMES.

6. THE MAIN CONTRACTOR IS RESPONSIBLE FOR ALL OCCURRENCES OF
GROUND WATER DURING THE CONSTRUCTION PERIOD.

7. ANY INFORMATION GIVEN REGARDING EXISTING UNDERGROUND
SERVICES IS GIVEN IN GOOD FAITH AFTER CONSULTATION WITH THE
RELEVANT AUTHORITY, HOWEVER ACCURACY IS NOT CERTAIN. THE
MAIN CONTRACTOR IS RESPONSIBLE FOR CHECKING ALL
INFORMATION ON SITE PRIOR TO WORK COMMENCING AND TAKING
DUE CARE AND ATTENTION WHILST UNDERTAKING THE WORKS.

8. THE CONTRACTOR MUST COMPLY WITH ALL CURRENT LEGISLATION
RELATING TO HEALTH & SAFETY.

9. ALL PRODUCTS SPECIFIED SHALL BE INSTALLED IN STRICT
ACCORDANCE WITH THE MANUFACTURERS RECOMMENDATIONS AND
INSTRUCTIONS.  IF THERE ARE DISCREPANCIES BETWEEN THAT
INFORMATION AND THE DETAILS ON ANY SWP DRAWINGS, THE
MANUFACTURERS INSTRUCTIONS MUST BE USED.

B 21.12.16 Yard Area and Office Parking Bays layout updated as
per Architects revised plan. Drainage and levels
updated to suit.
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NOTES:

1. THIS DRAWING IS TO BE READ IN CONJUNCTION WITH ALL OTHER
SWP DRAWINGS, AND WITH ALL RELEVANT ARCHITECT'S AND
ENGINEER'S DRAWINGS AND SPECIFICATION AND ANY
DISCREPANCIES FOUND ARE TO BE REPORTED IMMEDIATELY TO
THE ENGINEER.

2. NO DIMENSIONS ARE TO BE SCALED FROM THIS DRAWING. UNLESS
NOTED OTHERWISE ALL DIMENSIONS ARE IN MILLIMETERS AND ALL
LEVELS ARE IN METRES FROM THE SITE DATUM.

3. ALL DIMENSIONS TO BE CHECKED ON SITE.  ALL DETAILS AND
DIMENSIONS RELATING TO SUB-CONTRACTORS WORK MUST BE
CHECKED AND AGREED BETWEEN THE SUB-CONTRACTOR OR
SUPPLIER AND THE GENERAL CONTRACTOR.

4. THE ELECTRONIC INFORMATION FROM THIS DRAWING CAN NOT BE
GUARANTEED AS DIMENSIONALLY DRAWN EXACT. FIGURED
DIMENSIONS MUST BE USED FOR SETTING OUT AND DETAILING.
SWP LOGOS AND COMPANY INFORMATION MUST BE REMOVED
FROM COPIES IF INFORMATION IS RE-USED.

5. THE MAIN CONTRACTOR IS RESPONSIBLE FOR THE DESIGN OF ALL
TEMPORARY WORKS, AND IS ALSO RESPONSIBLE FOR THE SAFE
MAINTENANCE AND STABILITY OF EXISTING BUILDINGS AT ALL
TIMES.

6. THE MAIN CONTRACTOR IS RESPONSIBLE FOR ALL OCCURRENCES
OF GROUND WATER DURING THE CONSTRUCTION PERIOD.

7. ANY INFORMATION GIVEN REGARDING EXISTING UNDERGROUND
SERVICES IS GIVEN IN GOOD FAITH AFTER CONSULTATION WITH
THE RELEVANT AUTHORITY, HOWEVER ACCURACY IS NOT CERTAIN.
THE MAIN CONTRACTOR IS RESPONSIBLE FOR CHECKING ALL
INFORMATION ON SITE PRIOR TO WORK COMMENCING AND TAKING
DUE CARE AND ATTENTION WHILST UNDERTAKING THE WORKS.

8. THE CONTRACTOR MUST COMPLY WITH ALL CURRENT LEGISLATION
RELATING TO HEALTH & SAFETY.

9. ALL PRODUCTS SPECIFIED SHALL BE INSTALLED IN STRICT
ACCORDANCE WITH THE MANUFACTURERS RECOMMENDATIONS
AND INSTRUCTIONS.  IF THERE ARE DISCREPANCIES BETWEEN
THAT INFORMATION AND THE DETAILS ON ANY SWP DRAWINGS,
THE MANUFACTURERS INSTRUCTIONS MUST BE USED.

10. PLEASE REFER TO DRAWING E6659/201 (DRAINAGE LAYOUT -
SHEET 1) FOR FULL SET OF DRAINAGE NOTES.

SCALE AT A1

JOB TITLE

DRAWING TITLE

CLIENT

ARCHITECT

DATE

ENG. CHECKED

DRAWN
JOB No. DRAWING No. REV.

DESCRIPTIONDATEREV.

RIVERDALE DEVELOPMENTS LTD

OFFSET ARCHITECTS

DALEFIELD WAY
GRAVESEND

DRAINAGE & LEVELS LAYOUT
(Sheet 2 of 4)

1:200
NOV16

LG

LG

-
E6659 202 E

PRELIMINARY A 29.11.16 Concrete Bay Layout updated, Drainage updated to
Client comments. Safety Barrier Added.

B 21.12.16 Yard Area and Office Parking Bays layout updated as
per Architects revised plan. Drainage and levels
updated to suit.

C 22.05.17 Office Building Surface Water Drainage updated.
Phase 2 Drainage and Levels updated

D 08.08.17 Added back inlet gully to Architect's latest office
building update.

E 08.08.17 Updated office building drainage to Architect's latest
comments.
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PROPOSED WATERCOURSE AND FLOOD
LEVEE CORRIDOR TO PROVIDE
APPROXIMATELY 1500m³ OF ON LINE

STORAGE FOR SURFACE WATER RUN OFF
FROM INDUSTRIAL AREA
Effective Storage Depth = 340mm
Length = 200m
Corridor Width = 25m
(Information taken from Ardent Drawings,
Topographical Survey required of constructed
ditches)

ARCHITECT TO CONFIRM
RWP AND SVP LOCATIONS.
BUILDING DRAINAGE TO
BE CONFIRMED
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FLOOD LEVEE CORRIDOR AREA IN
ABEYANCE
(Topographical Survey required of the
constructed ditches, in order to confirm
outfall details )
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(Hill & Smith, Flexbeam Steel Barrier or similar)
To be specialist designed.

Safety Barrier.
(Hill & Smith, Flexbeam Steel Barrier or similar)
To be specialist designed.
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CLIENT TO CONFIRM DRAINAGE
CHANNEL PROPOSAL IN ORDER
TO DETERMINE FINAL SLAB /
JOINT CONFIGURATION.

CLIENT TO CONFIRM DRAINAGE
CHANNEL PROPOSAL IN ORDER
TO DETERMINE FINAL SLAB /
JOINT CONFIGURATION.

CLIENT TO CONFIRM DRAINAGE
CHANNEL PROPOSAL IN ORDER
TO DETERMINE FINAL SLAB /
JOINT CONFIGURATION.
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A 29.11.16 Concrete Bay Layout updated, Drainage updated to
Client comments. Safety Barrier Added.
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C 24.02.17 Phase 2 Carpark levels and drainage added
D 22.05.17 Phase 2 Drainage and Levels updated
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10. PLEASE REFER TO DRAWING E6659/201 (DRAINAGE LAYOUT - SHEET 1)
FOR FULL SET OF DRAINAGE NOTES.

RIVERDALE DEVELOPMENTS LTD

OFFSET ARCHITECTS

DALEFIELD WAY
GRAVESEND

DRAINAGE & LEVELS LAYOUT
(Sheet 4 of 4)

1:200
NOV16

LG

LG

-
E6659 204 D

PRELIMINARY

A 29.11.16 Concrete Bay Layout updated, Drainage updated to
Client comments. Safety Barrier Added.

B 21.12.16 Yard Area and Office Parking Bays layout updated as
per Architects revised plan. Drainage and levels
updated to suit.

C 24.02.17 Phase 2 Carpark levels and drainage added
D 22.05.17 Phase 2 Drainage and Levels updated

AutoCAD SHX Text
2.46

AutoCAD SHX Text
2.41

AutoCAD SHX Text
2.31

AutoCAD SHX Text
2.21

AutoCAD SHX Text
2.43

AutoCAD SHX Text
2.72

AutoCAD SHX Text
2.63

AutoCAD SHX Text
2.44

AutoCAD SHX Text
2.34

AutoCAD SHX Text
2.28

AutoCAD SHX Text
2.36

AutoCAD SHX Text
2.38

AutoCAD SHX Text
2.39

AutoCAD SHX Text
2.42

AutoCAD SHX Text
2.38

AutoCAD SHX Text
2.37

AutoCAD SHX Text
2.25

AutoCAD SHX Text
2.30

AutoCAD SHX Text
2.36

AutoCAD SHX Text
3.20

AutoCAD SHX Text
2.98

AutoCAD SHX Text
2.30

AutoCAD SHX Text
3.95

AutoCAD SHX Text
2.75

AutoCAD SHX Text
2.61

AutoCAD SHX Text
2.48

AutoCAD SHX Text
2.27

AutoCAD SHX Text
2.16

AutoCAD SHX Text
2.09

AutoCAD SHX Text
2.10

AutoCAD SHX Text
2.13

AutoCAD SHX Text
1.98

AutoCAD SHX Text
2.25

AutoCAD SHX Text
2.36

AutoCAD SHX Text
2.35

AutoCAD SHX Text
2.07

AutoCAD SHX Text
2.02

AutoCAD SHX Text
2.17

AutoCAD SHX Text
2.01

AutoCAD SHX Text
2.15

AutoCAD SHX Text
2.17

AutoCAD SHX Text
2.01

AutoCAD SHX Text
2.15

AutoCAD SHX Text
2.04

AutoCAD SHX Text
2.05

AutoCAD SHX Text
2.08

AutoCAD SHX Text
2.37

AutoCAD SHX Text
2.37

AutoCAD SHX Text
2.36

AutoCAD SHX Text
2.34

AutoCAD SHX Text
2.31

AutoCAD SHX Text
2.19

AutoCAD SHX Text
2.05

AutoCAD SHX Text
2.01

AutoCAD SHX Text
2.11

AutoCAD SHX Text
1.97

AutoCAD SHX Text
2.18

AutoCAD SHX Text
2.09

AutoCAD SHX Text
2.03

AutoCAD SHX Text
1.97

AutoCAD SHX Text
2.09

AutoCAD SHX Text
2.30

AutoCAD SHX Text
2.78

AutoCAD SHX Text
3.13

AutoCAD SHX Text
3.57

AutoCAD SHX Text
3.05

AutoCAD SHX Text
2.33

AutoCAD SHX Text
2.06

AutoCAD SHX Text
1.96

AutoCAD SHX Text
2.06

AutoCAD SHX Text
2.09

AutoCAD SHX Text
2.14

AutoCAD SHX Text
2.11

AutoCAD SHX Text
2.08

AutoCAD SHX Text
2.02

AutoCAD SHX Text
1.99

AutoCAD SHX Text
2.13

AutoCAD SHX Text
2.08

AutoCAD SHX Text
2.08

AutoCAD SHX Text
2.13

AutoCAD SHX Text
1.99

AutoCAD SHX Text
2.14

AutoCAD SHX Text
2.18

AutoCAD SHX Text
2.13

AutoCAD SHX Text
2.12

AutoCAD SHX Text
2.04

AutoCAD SHX Text
3.81

AutoCAD SHX Text
3.94

AutoCAD SHX Text
4.08

AutoCAD SHX Text
4.20

AutoCAD SHX Text
4.15

AutoCAD SHX Text
2.08

AutoCAD SHX Text
2.11

AutoCAD SHX Text
2.12

AutoCAD SHX Text
2.26

AutoCAD SHX Text
2.72

AutoCAD SHX Text
3.38

AutoCAD SHX Text
3.73

AutoCAD SHX Text
2.06

AutoCAD SHX Text
2.73

AutoCAD SHX Text
2.81

AutoCAD SHX Text
2.76

AutoCAD SHX Text
2.69

AutoCAD SHX Text
2.51

AutoCAD SHX Text
2.56

AutoCAD SHX Text
2.61

AutoCAD SHX Text
2.59

AutoCAD SHX Text
2.69

AutoCAD SHX Text
2.72

AutoCAD SHX Text
2.70

AutoCAD SHX Text
2.52

AutoCAD SHX Text
2.58

AutoCAD SHX Text
2.58

AutoCAD SHX Text
2.41

AutoCAD SHX Text
2.43

AutoCAD SHX Text
2.36

AutoCAD SHX Text
2.39

AutoCAD SHX Text
2.22

AutoCAD SHX Text
2.15

AutoCAD SHX Text
2.46

AutoCAD SHX Text
2.41

AutoCAD SHX Text
2.31

AutoCAD SHX Text
2.21

AutoCAD SHX Text
2.43

AutoCAD SHX Text
2.72

AutoCAD SHX Text
2.63

AutoCAD SHX Text
2.44

AutoCAD SHX Text
2.34

AutoCAD SHX Text
2.28

AutoCAD SHX Text
2.36

AutoCAD SHX Text
2.38

AutoCAD SHX Text
2.39

AutoCAD SHX Text
2.42

AutoCAD SHX Text
2.38

AutoCAD SHX Text
2.37

AutoCAD SHX Text
2.25

AutoCAD SHX Text
2.30

AutoCAD SHX Text
2.36

AutoCAD SHX Text
3.20

AutoCAD SHX Text
2.98

AutoCAD SHX Text
2.30

AutoCAD SHX Text
3.95

AutoCAD SHX Text
2.75

AutoCAD SHX Text
2.61

AutoCAD SHX Text
2.48

AutoCAD SHX Text
2.27

AutoCAD SHX Text
2.16

AutoCAD SHX Text
2.09

AutoCAD SHX Text
2.10

AutoCAD SHX Text
2.13

AutoCAD SHX Text
1.98

AutoCAD SHX Text
2.25

AutoCAD SHX Text
2.36

AutoCAD SHX Text
2.35

AutoCAD SHX Text
2.07

AutoCAD SHX Text
2.02

AutoCAD SHX Text
2.17

AutoCAD SHX Text
2.01

AutoCAD SHX Text
2.15

AutoCAD SHX Text
2.17

AutoCAD SHX Text
2.01

AutoCAD SHX Text
2.15

AutoCAD SHX Text
2.04

AutoCAD SHX Text
2.05

AutoCAD SHX Text
2.08

AutoCAD SHX Text
2.37

AutoCAD SHX Text
2.37

AutoCAD SHX Text
2.36

AutoCAD SHX Text
2.34

AutoCAD SHX Text
2.31

AutoCAD SHX Text
2.19

AutoCAD SHX Text
2.05

AutoCAD SHX Text
2.01

AutoCAD SHX Text
2.11

AutoCAD SHX Text
1.97

AutoCAD SHX Text
2.18

AutoCAD SHX Text
2.09

AutoCAD SHX Text
2.03

AutoCAD SHX Text
1.97

AutoCAD SHX Text
2.09

AutoCAD SHX Text
2.30

AutoCAD SHX Text
2.78

AutoCAD SHX Text
3.13

AutoCAD SHX Text
3.57

AutoCAD SHX Text
3.05

AutoCAD SHX Text
2.33

AutoCAD SHX Text
2.06

AutoCAD SHX Text
1.96

AutoCAD SHX Text
2.06

AutoCAD SHX Text
2.09

AutoCAD SHX Text
2.14

AutoCAD SHX Text
2.11

AutoCAD SHX Text
2.08

AutoCAD SHX Text
2.02

AutoCAD SHX Text
1.99

AutoCAD SHX Text
2.13

AutoCAD SHX Text
2.08

AutoCAD SHX Text
2.08

AutoCAD SHX Text
2.13

AutoCAD SHX Text
1.99

AutoCAD SHX Text
2.14

AutoCAD SHX Text
2.18

AutoCAD SHX Text
2.13

AutoCAD SHX Text
2.12

AutoCAD SHX Text
2.04

AutoCAD SHX Text
3.81

AutoCAD SHX Text
3.94

AutoCAD SHX Text
4.08

AutoCAD SHX Text
4.20

AutoCAD SHX Text
4.15

AutoCAD SHX Text
2.08

AutoCAD SHX Text
2.11

AutoCAD SHX Text
2.12

AutoCAD SHX Text
2.26

AutoCAD SHX Text
2.72

AutoCAD SHX Text
3.38

AutoCAD SHX Text
3.73

AutoCAD SHX Text
2.06

AutoCAD SHX Text
2.73

AutoCAD SHX Text
2.81

AutoCAD SHX Text
2.76

AutoCAD SHX Text
2.69

AutoCAD SHX Text
2.51

AutoCAD SHX Text
2.56

AutoCAD SHX Text
2.61

AutoCAD SHX Text
2.59

AutoCAD SHX Text
2.69

AutoCAD SHX Text
2.72

AutoCAD SHX Text
2.70

AutoCAD SHX Text
2.52

AutoCAD SHX Text
2.58

AutoCAD SHX Text
2.58

AutoCAD SHX Text
2.41

AutoCAD SHX Text
2.43

AutoCAD SHX Text
2.36

AutoCAD SHX Text
2.39

AutoCAD SHX Text
2.22

AutoCAD SHX Text
2.15

AutoCAD SHX Text
97.80

AutoCAD SHX Text
C O L O U R E D  D R A W I N G REQUEST A COLOURED COPY IF THIS STAMP IS NOT RED



  24055 WP01:Land at Dalefield Way (East) Gravesend 
  Flood Risk Assessment 
  O'Halloran & O'Brien Ltd 

 
 
 
 
 

 
 
 
 

 
 
 
 
 

Appendix F – Proposed Architectural Site Layout - East  
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Appendix G – Proposed Drainage Strategy 
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