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1.0

2.0

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.

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.
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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:

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

e 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

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);

Sulfficient 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.

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.

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.

BN NRY -

Figure 4 — Proposed Architectural Site Plan — (East)
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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 3,333m?
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

SIB/ss9206/B142/Reports -1-
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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.
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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

SIB/ss9206/B142/Reports -2 -
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1.8

1.9

1.10

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.

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.

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.

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.

SIB/ss9206/B142/Reports -3-
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2.0

2.1

2.2

2.3

2.4

BASELINE PARAMETERS

Existing Site

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.

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

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.

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

SIB/ss9206/B142/Reports -4 -
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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):

SIB/ss9206/B142/Reports -5-
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2.6

2.7

Figure 3 - Extract of the Topographical Survey

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.

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:

SIB/ss9206/B142/Reports -6 -



LAND AT PM9, NORTH-EAST GRAVESEND B142-03

FLOOD RISK AND DRAINAGE ASSESSMENT JANUARY 2011

2.8

2.9

Figure 4 - Land Drainage Regime

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.

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

SIB/ss9206/B142/Reports -7-
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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 AOQOD). 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.

SIB/ss9206/B142/Reports -8 -
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2.14 To dispose of the surface water run-off generated by the

2.15

2.16

2.17

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 6™ July
2000.

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.

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:
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Figure 5 - Extract of Groundwater Source Protection Zones

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.

SIB/ss9206/B142/Reports -9 -
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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

SIB/ss9206/B142/Reports -10 -
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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.

SIB/ss9206/B142/Reports -11 -



LAND AT PM9, NORTH-EAST GRAVESEND B142-03

FLOOD RISK AND DRAINAGE ASSESSMENT JANUARY 2011

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:
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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:

SIB/ss9206/B142/Reports -12 -
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. Providing a FRA which demonstrates:
i) whether any proposed development is likely to be

3.5

affected by current or future flooding from any source;

i) to the Local Planning Authority that the development is

safe and where possible, reduces flood risk overall;

i) 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

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:

Hood Risk Essential Water Highly Maore
Vulnerability Infrastructure | compatible | Vulnerable | Vulnerable | Vulnerable
dlassification
{see Table D7)
v v

Zone 1 ¥

= fone 2 v W Exception

E Test

= required

E fone 33 | Exception Test ¥ X Excieption ¥
- required Test

s required

'?é Zone 3b | Exception Test v X x X
= | Functional required

Rood plain’

Ky
+" Development s appropriate
X Dewalopment showd not be parmitied

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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3.17

3.18

3.19

3.20

greater than elsewhere (compared with 1:100 year for non-tidal and
1:200 year for tidal flooding).

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.

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

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).

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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3.21

3.22

3.23

which related to a breach in the flood defences, as identified in

Figure 9 below:

Figure 9 - SFRA Breach Location

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.

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

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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3.24

3.25

negligible changes (i.e. <5mm) and can therefore be considered

unaffected by the development.

To accommodate the development proposals and maintain the pre-
development floodwater levels in the event of a breach, a
compensatory storage volume of approximately 7,200m? 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.

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;

SIB/ss9206/B142/Reports - 20 -



LAND AT PM9, NORTH-EAST GRAVESEND B142-03

FLOOD RISK AND DRAINAGE ASSESSMENT JANUARY 2011

« 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

4.1

4.2

4.3

4.4

SURFACE WATER DRAINAGE STRATEGY

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).

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.

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

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

4.6

4.7

4.8

4.9

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 6™ July 2000 appended to this report).

Attenuation Provision

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).

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.

Adopting the design parameters outlined below, a preliminary
attenuation assessment has been conducted using Micro Drainage's

WinDES hydraulic modelling suite.

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:
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Figure 11 - Feasibility Attenuation Assessment
4.11 Based on the above-mentioned design parameters, the preliminary
attenuation simulations predict that in the region of 1,403m? to
1,905m? 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
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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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4.13

4.14

4.15

4.16

4.17

permit (but this could also affect the performance/levels of the

levees).

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.

Furthermore, the Groundwater Vulnerability mapping for the area
indicates that the site is also situated above a major aquifer, with

high leaching potential.

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.

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

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:

e The ambient water level in the open watercourse channel is
1.70m AQOD;
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e Post-development 1:100 year floodwater level within the

watercourses shall not exceed 2.04m AOD;

e 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);

e 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 1,905m> (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;

e 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

5.1

5.2

5.3

FOUL WATER DRAINAGE

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 llustrated in Figure 12 below:

Figure 12 - Extract of Public Sewer Record Plan

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’).

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

5.5

5.6

5.7

5.8

5.9

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

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.

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.

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.

The drainage strategy has been designed to demonstrate compliance
with both Sewers for Adoption - 6™ Edition and The Building
Regulations 2000 - Part H: Drainage and Waste Disposal.

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

6.2

6.3

6.4

6.5

6.6

Local Plan is an allocated site identified for the potential
implementation of a suitable industrial and residential development

scheme.

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.

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.

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.

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.

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
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6.13

6.14

6.15

6.16

6.17

land, as desired by Natural England will be achieved by

implementing the previously agreed reprofiling.

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.

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

watercourse is to be retained within the development layout.

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;

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.

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.

SIB/ss9206/B142/Reports -32-



Appendix A

Topographical Survey



No.33 g%
Garden &
No.3

2
Garden \,_,s‘

/e
No29 &

GARAGE

044’;& P o SBge 5 No.28
%, §3L 98
S

N/ Garden
S5,




Appendix B

Public Sewer Record Plans
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Appendix C

Masterplan Development Layout
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Foview of Kent Thamesido SFRA HR Wallinglerd

1. Introduction;

Ardent Consulling Engineers, on behalf of Fert Knight Group Ple, commissioned HRE
Wallingford (HREW) to undertake the following tasks in relation 1o a proposed development in
Morth East Gravesand:

o nitial Review of the Kent Thameside Steategic Flood Risk Assessment (SFRA )

o Response (0 the copclusions of SFRA and an objection mised by the Environment
Agency (EAY;

= [nitial discussion of any potential mitigation measures necessany.,

This Technical Note describes the findings of the review of the SFRA end pssesses the
impiications on the proposed development.

11 PROPOSED DEVELOPMENT

The proposed development comprises a number of 3ites in Morth East Gravesend as detailed on
the plan shown in Appendix A provided by Andent Consulting Engineers, The proposed zites
include Site 3 for which previous planning consent [or industrial development has been granted.

The intenticn of the client is fo obiain planning consent for mixed use development {residential
and commercial) for Sfe 3 in the first instance, and to subsequently seek consent for the overall
development shown in Appendix A. This study takes into aceount these {wo separate phases,

A large part of the proposed development, including Site 3, 15 within Flood Zone 3 (High
Probability) as defined in PPS2S, The flood zones are defined on the assumption that the flood
defences are not in place although the sites are defended by the Thames Flood Defences as
detailed in the SFRA.

2. Review of the Kent Thameside SFRA

The requirements for an SFRA are coversd by Sections E5 (0 E7 of Planning Policy Statement
5 (PP325),

An SFRA is intended to consider flood risk, identify suitable sites in priority order based on the
Sequential Test in PPS25, and then allocate development sites. For the Kent Thameside SFRA,
g general assessment of Mood msk for the @rea has been undertaken, along with a more detailed
Tevel of assessment for a number of pre-determined development sites.

Paragraph ES of PPS25 states thar decision-makers should use the SFRA to inform their
knowledge of Nooding and determine the variations in flood sk across their area, Paragraph
Ef indicates that flood outlines should be produced for different event probabilities, impact,
speed of onset, depth and velocity, Eking into account the presence of Mood risk management
infrastructure, Inthe case of the Kent Thameside SFRA, flood outlines heve not been generated
for different probability events, and the flood risk management infrastructure has not been
accounted for in a probabilistic approach.
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21 FLOOD SCENARIOS EVALUATED IN THE SFRA

The floodplzins of the Shorne marshes and Gravesend are defended by the Thames Flood
Defences. The Kent Thameside Strategic Flood Risk Assessment (SFRA) identifies the main
pathways of flooding to be overtopping, breaching of flood defences and failure 1o close
frontager gates. As an assessment of risk the Kent Thameside SFRA defines the following:

Sparee Puthway Likelihood | Consequence | Rish
Flooding due w udal sorge in | Overtopping Wery High High
excess of the (.1% event Remote
| Flooding during the 0.1% event Breach Remole High High
Flooding during the 0.1% event Failure fo close | Likely Medium High
flood gates

2.1.1 Qvertopping of Defences

The SFRA modelling uses defence heights of around 6.7 m AOQD in Gravesend, then fower
elevations of 5.6 w & m AOD on the wesiern Shome marshes taken from LiDAR (Figurs 2.4
gnd Appendix C in the SFRA vol2 Report). The overtopping model is an ISIS model of the
River Thames with spill units representing the defences in Gravesend and the Shome Marshes.
These are connected to a reservair unit representing the whole of the Gravesend Embayment.
The reservoir unit specifies a refationship between area and fevel, which is used to calcuiate the
water level in the embayment for a given inflow volume of water. This model does not include
the other floodplains/embayments of the Thames Estwary which would also be inundated in an
exireme owvent.

The fland event on the River Thames is a tidal event, with a tofal tide level ot Southend of 6.4 m
ADD, This is derived from 2 3 m astronomic tide with a surge of 3.1 m (2.7 m surge from 1953
with an additional 0.4 m for waves) and (.3 m sea level rise from the DEFRA 2003 climate
change scenario for 2050 (page 28 in the SFRA vol2 Report), The Halerow 2002 repon
calculates that the 1 in 10,000 vear, or (L031% probability event is approximately 533 m AQD,
This is also the present day 0.01% event used in the TEZ100 projects, The event used in the
SFRA is preater than the 0.0]1% event {even if the climate change is taken into account and the
wave component viewed as uncertaintyl,

The results of the SFRA model shew fload depths of approximately 1 to 2 m over the enfire
Gravesend embayment (Figure 4.3 in the 5FRA woll Report). Because the relationship
between storage area and level has been generated for the entire embayment (Figure 4.1 and
Appendix B in the SFRA vol.2 Report) this does not include the impact of local floodplain
topotraphy {faatures which act as secondary defences) on the spatial distribution of flaoding in
the embayvmenl. All areas with low topography are shown o be flooded whether there is a valid
flow path or not

2.1.2 Breaching of Defences (SFRA Breach GR_S)

The breach inflow is determined from the 1515 model. The breach dimensions are 50 m wide at
the base with side slopes of 1 m in 0.5 m. The base of the breach is assumed o be at ground
level {approximately 2Zm AOD), The discharge coeffrcient of the spill wnit is 1.7, The fleod
extents and depths on the floodplain are modelled using JELOW, which spreads the flow from
the beeach according to topography.
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The SFRA dismisses the results of the HR Wallingford 1996 study (refer to Section 2.2 below)
into the impact of breaching on flooding behind the Nood defences, because it did not use the
present day EA guidance on the size of breach and used a simplified method to calculate flood
BXREnig,

The SFRA does use current EA guidelines on breach dimensions and a 50 m wide breach i the
floed defence for the Shome Marshes is modellad. Due to the low ground levels in the vicinity
of the breach, large low volumes piss on o the floodplain. These are enough to overtop the
raibway embankment and food the area o the south, including the development site, to depths
of 2 to 25 m{Figure 511 inthe SFEA vel.2 Report),

The volume of flow through the breach is such that the entire low lying area of the embay ment
is flooded to significant depths, However, the railway embeankment is likely to delay the onset
of flooding in the southern marshes from the breach in the main flood defence.

Anulysis of the probability of the breach in addition to the probability of the event to determine
the overall probability of flonding is not underaken as part of the SFRA.

2.1.3 Failure to Close Flood Gates (Breach GR_7)

This breach is & failere of the flood gates of the canal basin in Gravesend, The breach
dimensions are different to that used for breach GR_3. The breach is 7.3 m wide and the base
depth is at -1.8 m AOD, the side slopes will be vertical. The SFRA results show extensive
flooding throughout the embayment with greatest flood depths in low lying areas close to the
breach location in Gravesend. On the marshes flood depths are up to a maximum of 1 m (Figure
5,10 in the SFRA wol2 Report). The volume of water passing throwgh the breach is
approximiately hall that in Breach OF_S.

In the SFRA model it appears that the breach allows free flow into the storage area for the entire
embayment. [t may therefore over estimate the amount of flood water that can Bow through the
breach because of constraints caused by local topegrmphy. The topographic map (Figure 2.3 in
the SFRA vol.2 Report) shows ground levels are penerally between 3 and 5 m AQD in
Ciravesend, which Hmits the duration of and amount of water that can flow through the breach,

2.1.4 QOwverall Assessment of Risk

The Kent Thameside SFRA does not provide quantitative information on the veriation of flood
risk across the area. This statement is based on the following observations:

o Flood risk is defined in flood risk manzgement as *probability x consequence’.

s A% he SFRA s concerned with new development, the consequence is a function of the
development design. The key variable that must therefore be considered is the
probability.

» Mo aftempt has been made 1o assess the probebility of flooding of the scenarios used in
the SFRA. The SFRA provides the following:

o Extent of the floodplain with an 0.5% (1 in 200-year) annual probability of
flooding (Zone 3 in PPS25),

o Extent of the floodplain with an 0.1% (1 in 1000-yeary annual probability of
flonding {Fones 2 and 3 in PP525)

o Areaoutside the floodplain with an 0.1% (1 in 1000-year) anneal probability of
flooding (Zone 1 in PPE2E)

o Extent of the defendad floodplain and associated Standard of Protection (SoP).
In the case of Morth Esst Gravesend, the area has tidal flood defences that
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profect apainst a flood with an 0.1% (1 in 1000-year) annual probability of
flooding.

o Within Zone 3, areas of High, Medium and Low residual risk are defined in the
SFRA.  However, these are subjeciive definifions thal are wnrelated to
probability,

The SFRA only provides qualitative information on flood risk.  This cannot be directly
compared with results from SFRAs which cover defended areas elsewhere in the country as the
Standerd of Protection (SoP) on the Thames is higher.

The Sol provided by the Thames: Tidal defences i3 unigue in the UK, and much higher than the
indicative standards adopied elsewhere (1% or | in 100-years for non-tidal flooding and 0.5% or
1 in 200-years for tidal flooding). The presence of the Thames Tidal defences means that the
annual probability of fooding at the development site is less than (11%.

2.2 PREVIOUS STUDY - HR WALLINGFORD 1996 5TUDY

The HE Wallingfoed 1996 study wsed historical breach sizes observed on the defences in the
1953 tidal flood on the Thames. The geometry of the modelled breach s as follows; 13,3 m
wide and 2 m in depth below the defence crest (2 the crest level of the breach i< about 4.2m
ADD)Y The study also assumed that the breaches ovcurred at HW, which was what was
observed in the 1953 event.

The weir equations used by HR Wallingford in 1996 are unlikely to be greatly different to those
used in the spill unit of the 1SIS model in the SFRA 10 caleulate the flow through the breach.
The study assumed that (he pround level on the foodplain was 2 m ACD. Because the
topography of the area is so flat and well defined the storage area relationships derived from O
miaps ane unlikely to be greatly different from those derived from LiDAR.

This produces smaller volumes of fow through the breach i a | in 1000 vear event than the
SFRA method, mainly because the bresch width and depihy are both less than the dimensions
used in the SFRA. The results showed water depths of around 0,06 m for o single tide, and for &
further two consccutive tides would raise & by another .14 m. The smaller volumes of flow
through the breach calculated by HR Wallingford were notl enouph to overtop the rajiway
embankment and flood the development site. The calculations tie in with the historical evidence
that the railway embankment was not overiopped in the 19353 event.

2.3 INDEPENDENT ANALYSIS

Az part of this study, simple checks of the results of the SFRA wene underiaken using avallable
models and data, [t showld be noted that these analyses do not include local survey detail and as
such the resulits are nod sultable for detailed design purposes.

2.3.1 Defence levels

Existing defence data shows that crest levels af Gravesend generally vary between 6.7 and 7.2 m
ADD. There are a few low points at around & m ADD and also some higheér peints, On the
Shorne Marshes the defence crest levels are generally between 6.5 and 6.7 m AOQD with some
lower spods at 5,33 m AOD,
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2,.3.2 Qverfopping of Defences

The analysis undertaken as part of this study, using an 1515 flood cell model, indicates that the
Shorne Marshes are not flooded in the 1,004 year or 10,000 year tidal events. The peak level for
the present day 1,000 year event is 503 m AOD and for the 10,000 year event is around 5.51 m
AQD at Southend. At the Shorne Marshes this level is approximately 3,75 m AQD in the 1,008
vesr event and 6.1 m AOE in the J0.000 vear event, The defence crest levels tend jo be 0.5 m
to 1 m above the 0.1% water level. This is becavse of the Freeboard built into the defences 1o
gecount for uncertainty in the estimated water level and the impact of waves. The defence levels
are also at least 0.2 m AQD above the 0.01% water bevel. The Shorne Marshes and the
development sites are therefore not flooded in this event. The probability of inundation of the
marshes from overtopping of the defences is therefore less than 0,013, although this does not
take account of frecboard on the food defences. This is undersiood to be about O.7m at
Crravesend.

A fest was carried out with the same boundary conditions for the River Thames as wsed in the
SFRA study for overtopping. The 1515 flood cell model of the estuary used for the modelling
included overtopping in other parts of the estuary, this reducing tidal volume and water levels at
Gravesend. This is more realistic than the assumption wsed in the SFRA that flooding would
only occur in the vicinity of the development site {refer to Section 4.4 of the SFRA vol.2
Report) site, The results of this model show that there is litthe inundation sowth of the railway
embankment,  This model did not however include flow through culverts under the railway
embankment, which may lead to greater flood depths if there are not tide flaps on the culverts.

2.3.3 Breaching of Defences/Fallure of Flood Gales

The [515 flood e2ll model of the estuary was used to calculate the flovw through the breach and
water levels on the floodplain. This method calculates the flow velumes in a similar way to the
SFRA model bwt includes the impact of local topography 1o the breach. The fleodplain
imumdation is & simplified method compared to the epproach used in the SFRA because it does
not account for flow times across the Ooodplain, but the peak water level should be similar.
This model is used as a check that the rallway embankment is overtopped and the area 1o the
south, Tncluding the development site, would be flooded. The 1 in 1,000 year or O.1%
probability event on the Thames was used for the breach modelling, as in the SFRA (Page 38
and Section 3 in the SFRA vol.2 Report).

The model results for the Breach GR 8, a 50 m wide breach in the earth embankment defences
on the Shome Marshes, shows similar inflow volumes and flood extents as the SFRA modelling,
This confirms that breach flow volumes are such that the railway embankment would be
averiopped and the development site flooded to depths of | to 2 m. 1f the breach was located
further away from the development site the depth of flooding at the site may be reduced.

The results for Breach GR 7, failure of flood gates, are significantly different from those of the
SFRA model. The flow volume through the breach is significantly smaller, approximately
400,000 m* compared to 3,100,000 m’. This is because the topography locel to the breach in
Gravesend constraing the volume of flow through the breach. This does not flood the
development site 10 the south of the railway embankment. The breach was also re modelled
using the storape area relationship for the entire embayment which gave similar inflow volumes
as the 5FRA maodel,

2.3.4 Fragility of Defences

The probability of the breach needs o be taken into account in addition to the probability of the
source event, This can be expressed in the form of fragility curves which relate a defence

TH MOS0 5 B



Wemtcoun Marshes "'
Review of Kent Thamesids SFRA il ik valbngioe

condition grade to probability of failure for different water levels, The generic fragility curve
wsed for defences of condition grade 2, the condition of defences on the Shorne Marshes, is
ghown in Figure 1.

The fragility curve shows that the probability of defence failure when water levels are below the
defence crest level is around 0.02%. The [ in 1,000 vear water lavel is considerably below the
crest level and a breach is therefore unlikely., Onece the water level becomes greater than the
crest level the probahility of a breach increases rapidly. However this would require an event of
around 1 in L0006 vears,

It should be noted that these fragility curves are currently under review and that site specific

data has not been used. Howewver, these fragility curves provide an initial estimate of the
likelihood of defence feilure for a given event
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2.4 CONCLUSIONS

With regards to the three pathways of flooding covered by he SFRA the following conclusions
have been made.

241 Owvertopping of Defences

o It would take an extraordinary overtopping event to cause flooding at the site {annweal
probability of occurrence far less than 0.1%). The following observations are made on
the SFRA analyvsis:

o The SFEA defence levels are about 0.5m to Tm lower than those obtained fnom
existing records;

& The SFRA flood levels are preater than an 0.01% (1 in 10,000-year} anrual
probability of flooding event;
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242

24.3

244

o The SFRA analvsis treats the marshes as a single reservoir and does nol appear
to take account of the canal and railway embankment,
An independent hydraulic analysis using the same tide as the SFRA Indicates thar thepe
would be litle inundation south of the railway embankment,
[t is concluded that the overtopping event used in the SFRA {which has an annual
probability of <0005 would be unlikely to canse flooding at the site. Smaller events
would not overtop the defances.,

EBreaching of Defences

A S0m breach was modelled in the embankment protecting Shorne Marshes. This size
15 consistent with EA guidance.

Fiooding is predicted in the area south of the canal and reilway, including the
development site, to depths of 2 to 2.5 m.

An independent hydraulic analysis shows that the SFRA model results for this scenario
are reasonable.

It 15 conciuded thet the breaching event would flood the site. However the anmuoal
probability of this event would be <0.1% (1 in [000-years). This is because the SoP
provided by the defences is about 0.1%, and the probability of failure is small (much
less than 1}

Failure to Close Flood Gates

The failure of the Aood pates of the canal basin in Gravesend is represented by a breach
7.3 m wide with a base level at -1.8m AOD, The SFRA results show that this would
flood the site,

An independent hydreulic analysis indicates that flooding of the site would not occur,
The SFRA analysis appears to over-estimate the flood velume. The independent
analysis shows thal flow inde the embayment is resiricied by ground levels in
Crravesend,

It is concluded that failure of the gates at the canal basin would be unlikely to cause
Mooding af the site,

Summary of Independent Analyses

Owerall, it is concluded that only scenario 2 (breaching) would cause flooding ab the site.
Howewver, the probability of thiz event is remode (<10 1% per annum),

3. PPS25 and Implications on Development

3.1 SEQUENTIAL TEST

The PPE23 sequential test aims to direct development towards low probability hazards identified
by flood zone | or 2. The Thames embavmenis. are in zone 3 which means they would be
inundated by the 0,5% flood if the Oood defences were not there. The policy in PPS25 is that,
“only where there are no reasonably available sites in Flood Zones 1 or 2 should decision-
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makers consider suitability of sites in Flood Zone 3, taking into sccount the flood vulnerability
of land wses and applving the Exception Test if required”.

Therefore, to satisfy the above poficy, it needs to be demonstrated that no appropriate sites
within Flood Fones 1 and 2 are available before development in Flood Zone 3 can be
considered. In this case, the Exception Test is applied.

3.2 EXCEPTION TEST

Oinly where it is not possible o allocate development to sites in accordance with the Sequential
Test 15 the Exception Test applied. The Exception Test is intended to make provision for sites
where flood risk is outweighed by wider sustainability considerations and is designed to ensure
that the flood risk is controlled and mitigated to an acceptable level,

The Exception Test includes three conditions, all of which must be fulfilled by all {other than
minor developments) planning applications:

a} it must be demonstrated that the development provides wider sustainability benefits
to the community that outweigh flood risk;

b} the development should be on developable previouslv-developed land or, if it 15 not
on previousty developed Tand, that there are no reasonable altermative sites on
developable previously-developed land; and

¢} a FRA must demonstrate that the development will be safe, without increasing flood
risk elsewhere, and, where possible, will reduce flood risk overall,

Conditions a) end b) are planning issues and are therefore outside the scope of this study.
However, the client will need to identify and prove that there are insufficient sites on
developable previously-developed land and also demonstrate that wider sustainability benefits
will be delivered to satisfy these conditions.

It 15 also worth noting that Site 3 has previously been granted consent for industrial development
gnd therefore the Local Planning Authority may consider treating this site differently to other
greenfisld sites, thus making condition b) less stringent for this specific application.

Condition ¢} has been considered & part of this study as outlined helow,

4. Impacts of Proposed Development on Flood Risk

Tao ensure the proposed developmeent is safe, one oplion would be o raise land levels above the
design flood level. However, the impact of this loss of floodplain storage on surrounding areas
would need to be mitigated. As part of this study a preliminary assessment of the impacts of this
land raising on water levels has been undertaken Tor the Srevrohimg of deforcr scenario only,

This assessment as been undertaken Tor Both the inital planning application (3ire 3) and for the
overall development.
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41 SMALL APPLICATION (SITE 3 — PREVIOUSLY CONSENTED
INDUSTRIAL LAND)

For the mall application it has been assumed that Sife 3 is entirely raised to 3.8m AQD. The
relationship between area and level has been modified for this storage arca to account for the

land raizing, as shown in Figure 3, with the areas of floodplain lost 2lso tebulated in Table | on
wortical imtervals of 005,

10 1
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Figwre 3 Relmionship befween storape orea and level Including the impact of raised
davelapment

Table 1 Tabulaiion af the area lost due to developrent of differant elevations

Elevation {m AOD) | Arca {Eni
§.3 1]

240 4500

25 17000

340 | 7486

1.5 | 7486

4.0 | 7486

The breaching of defences scenario has been evaluated using this modified storage relationship
1o cileulate the change in peak water level in the embayment, The results of this are shown in
Table 2.
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Toble 2 Water level difference due to initial development

Location Water level difference (mm) |
following raised development
Morth of ratlwey, west of breach
Morth of railway, Breach

Morth of railway, east of Breach
Maorth of reilway, east of Breach
Morth of reil wav, east of Breach
Morth of railway, east of Breach
South of railway, west of Breach
__South of railwiy, south of Breach
South of railway, east of Breach

—_—t
slole|elelelelole

These results show that there is little change in peak water levels due to the loss of storage area
frinnt the raised development. Flood levels are inereased by 10 mm in the marshes south of the
railway line where there is some existing development.

4.1.1 Propased Mitigation

To satisfy condition c) of the Exception Test within PPS 25, adequate mitigation to ensure flood
risk is mot increased elsewhere would need to he demonstrated.

T provide adequate mitigation compensatory ocdplain storage could b provided within the
5551 land area as part of an overall ecological enhancement project linked to the proposed
development. Detailed anatvsis would be required to demonstrate that the compensation would
mitigate the increase in flood levels and the environmental impacts of lowering levels within the
E55] site would need to be considered as part of a broader environmental assezsment, Typically,
compensation would peed o be provided on a level for level basis alihough the Environment
Agency may aceept compensation af lower levels if this can be demonsirated as being effective
in mifigating the increased flood levels resulting from the proposed develepment.

4.2 LARGE APPLICATION (OVERALL DEVELOPMENT)

This nssessment has conservatively assumed that the entire development site, including the §351
zone, of 458,555 m’ is raised 1o a level of 3.8 m AOT, The relationship between area and level
for this flood storage area has been modified to account for the land raising, as hizhlighied in
Figure 4 below, Table 3 summarises the areas of fleod plain storage lost in 0.5m horizontal
shices,
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Figtre 4 Relgitonship between storage area and level, including the impact of raived
davelapment

Tahils 3 Tabedarian of the areq fosr due fo develogwent ar different elevatians

Elevation (m AQDY) | Area (m2)
0.5 ]
L0 L 300

[ 1.5 3500
1.0 2249032
2.5 417308
3.0 430392
35 440336
4.0 445460

The breaching of defence scenario has been run with this modified storage relationship 10
caleulate the change in peak water level in the embayment. The results of this are shown in
Takle 4.

Table 4 Water levels with aod without valsed devilopment

Location Water  lewvel  difference  (mm)
following raised development

Marth of raibway, west of breach 1]
Morth of railway, Breach 0
3

Morth of raibway, east of Breach 1]
Morth of railway, east of Breach 0
Morth of railway, cast of Breach V]
Worth of railway, east of Breach [t}
South of railway, west of Breach 280
Sauth of railway. south of Breach 310
South of railway, east of Breach 310
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Flood levels are increased by 30mm in the immediate vicinity of the breach, This land is
undeveloped marsh. The small change in water level is due 1o the large storage volume in the
embayment. [t should be noted that the peak increse in water level iz approximately 300 mm in
storsge areas south of the railway, This eceurs for a short duration, afler which the increase in
waker levels are 100 mim.

421 Proposed Mitlgation

To satisfy condition ¢) of the Exception Test within PPS 25, adequate mitigation 1o ensure flood
risk is not increased elsewhere would need to be demonstrated, Due to the increase in water
levels, mitigation measures would need to be provided. These could include:

s Construction of new defences around existing development that would be affected by
the increase. These should not affect existing land drainage. Areas where defences are
requitesd may include:

o Existing development at West Court;
o The sewage works and adjacent development;

Mew defemces will further rajse water levels in the arce, and will also require
enhancement of the land dréinage svitem to avoid increasing fluvial flood risk. If this
increase in food levels is limited to the murshes and away from developed areas then
this may be scceptable to the Environment Agency,

o [mproving flow paths across the marshes so that foodwater is diverted eastwards inio
the main marsh areas. This could of course worsen flooding elsewhere, and new local
defences may be needed.

Any proposed mitigation measures would require detailed analysis to ensure that adequate
mitigation could be provided and the envirenmental impacts of any such measures would also
need to be considered. The location of any proposed mitigation measures would need to be a
key considerstion in the development design process and in determining the final layout of the
development.
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5. Conclusions

Following a review of the Kent Thameside SFRA, and consideration of the location of the
proposed development sites. it 5 concluded thar all the sites at North East Gravesend are wall
defended from mundation end that only the breaching of defences scenario identifiad in the
SFRA would cause flooding at the site. However, the probability of this event is considered as
remote and would be contingent upon & serions breach during a large (1 in 1000 vesr return
period) surge event. Further to this, it is highly probably that existing flood defences in this area
will be maintained by the EA into the fiture, and therefore significant deterioration of these
defences is unlikely.

However, the Local Planning Authority and the Environment Agency may still object on the
basis of the pabcies defined in FP32A, and in particular the conditions relating to the Excepiion
Test. 1§ conditions a) and b} of the Exception Test can be satisfied on planning grounds then it iz
recommended that detailed mvestigation of potential mitigation measures for both the Small
(Fire 3} and Large applications is undertaken.

At this stage 1t s recommended that any further amalvsis or detailed modelling and investigation
of mitigation measures awaits the resolution of the plmning issues and confirmarion that
development of the sites is acceptable in principle by the local planning authority.
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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.

KW/SS8560/B142/REPORTS 1



LAND AT PM9, NORTH-EAST GRAVESEND B142-01

FLOOD RISK MODELLING REPORT JANUARY 2011

2.1

2.2

2.3

BACKGROUND

Site Setting

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

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.

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

KW/SS8560/B142/REPORTS 2



LAND AT PM9, NORTH-EAST GRAVESEND B142-01

FLOOD RISK MODELLING REPORT JANUARY 2011

2.4

2.5

2.6

2.7

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.

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.

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

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.

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.

KW/SS8560/B142/REPORTS 3
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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 (GRS8).

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

KW/SS8560/B142/REPORTS 4
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3.1

3.2

3.3

3.4

that the statistical return period of a breach at GR8 together with
a 1l 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.

TUFLOW MODELLING METHODOLOGY

Model Geometry

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
35km? 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.

The Tuflow model was built using the following parameters:

B142-01

JANUARY 2011

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

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.

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

are raised above the natural ground level. The railway

KW/SS8560/B142/REPORTS 5
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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 Ilevels. 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

KW/SS8560/B142/REPORTS 6
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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 GRS.
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

KW/SS8560/B142/REPORTS 7
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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.

KW/SS8560/B142/REPORTS 8
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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.

KW/SS8560/B142/REPORTS 9
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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.

Maximum Flood Elevation (m AOD)
Location
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

KW/SS8560/B142/REPORTS 10
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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.

Differences in Flood Depths over Time between Pre- and Post-
Development Scenarios

0.01
0.008
e G CL
——Eastcourt
0.006
- = Filborough
E, g
a9 m—\\estcourt
5 0.004
E Danger Area
a = Filborough West
0.002
Denton
w1
0 . — GCL south
1 2 3 4 7 8

-0.002
Time (hours)

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.

KW/SS8560/B142/REPORTS 12



LAND AT PM9, NORTH-EAST GRAVESEND

FLOOD RISK MODELLING REPORT

B142-01

JANUARY 2011

Maximum Flood Elevation (m AOD)

Location
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 Iland lowering
compensation works results in a return to existing flood levels.

Differences in Flood Depths over Time between Pre-
Development and Compensation Scenarios
0.06
0.04 e
— Eastcourt
E 0.02 === Filborough
§ —\Westcourt
@
g Danger Area
= 0 = Filborough West
1 2
Denton
0.07 Milton
GCL south
-0.04

Time (hours)

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 vyear
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% | -20% +20% *n’| -20% *n’
flow flow

Denton 0 0 0 0 0
Westcourt +0.01 +0.01 | O +0.02 0
Great Clane +0.01 | +0.01 |O +0.02 0
Lane

Eastcourt 0 0 0 0 0
Filborough +0.01 +0.01 | O +0.02 0
West

Filborough +0.01 |O 0 +0.02 0
“Danger 0 0 0 0 0
Area”

Milton 0 0 0 0 0

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

Maximum Flood Level Differences

KW/SS8560/B142/REPORTS 14
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Location Scenario Flood Level Difference (m)
Baseline| +20% | -20% +20% *n’| -20% *n’
flow flow

Denton 0 0 0 0 0
Westcourt 0 -0.01 -0.01 +0.01 -0.01
Great Clane 0 -0.01 -0.01 +0.01 -0.01
Lane

Eastcourt 0 0 0 0 0
Filborough 0 -0.01 -0.01 +0.01 -0.01
West

Filborough 0 -0.01 -0.01 +0.01 -0.01
“Danger 0 0 0 0 0

Area”

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.

KW/SS8560/B142/REPORTS 15
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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.

KW/SS8560/B142/REPORTS 16
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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:

Consulting Engineers)
Bob Meek (BM) (Kember Loudon Williams)

Gary Horton (GH) (Landowner)

Nigel Pye (NP), Niall O’'Connor (NO), Michael Wilkinson

(MW) (Environment Agency)

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

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 m*® compared with the SFRA hydrograph of
3.1million m?3.

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

10.

11.

12.

13.

14.

15.

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.

NP: Keen to see Natural England’s reaction to land lowering,
although he cant 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.

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

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.

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

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

NP: Sequential Test to be covered.

MW was unsure about Part B of the Exception Test and where
land could be developed elsewhere.

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

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.

NP, MW: Generally happy with overall proposal provided
Natural England is happy and that compensatory measures are
demonstrated to be adequate.

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
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Our ref: CRCETANOD0T20/bn
You Ref:

Date: 1 July 1999

Buchapnan Consulting Engineers
Mewecombe House

43-45 Notting Hill Gate
London
W11 30D

EFAQO Mr Simon Purcell
Dear Simon

@

ENVIRONMENT
AGENCY

& [ ]

JOB O, CUPY TG;
M :
LulLL 1999
CIRC.

DENTON MARSHES DEVELOPMENT AT DAMIGOES FIELD

Further to our telephone conversation of earlier today I can confirm that the proposed surface
water drainage strategy, as detailed in your repont dsted March 1999, is acceptable to the
Agency subject to the following comments:

1. The boundary of the application site is partially within the drainage district of the

Commissioner of Sewers Gravesend (West), an Internal Drainage Board. All the drains
ﬂﬂﬁuﬁmshcmaamnlmiﬁedasmﬂjmu-mmmamﬁmmmnhminﬂhyh
Agency or by the Intemnal Drainage Board. In the ebsence of any express agreement to the
contrary, maintenance is the responsibility of the riparian owners. Any culvert, diversion,
weir, dem, or like obstruction to the flow of the watercourse requires the consent of the
Agency under the Land Drainage Act 1991, cither acting in its own right or acting as the
Internal Dirainage Board. ' '

- The infilling or diversien of any watercourse, therefore, requires Land Drainage Consent

and will be subject to the Agency agreeing compensation, for cxample, a length of
replacement open chanmel, [lisﬁkulythatanyl.mdmﬂm;u{:unmtimmdniﬂurqa
mﬂiﬁmtnﬂmeﬂ&lmﬂmﬁmﬂwufmmuﬂhsmﬂmhﬂﬂaﬂﬁmmmdthal
there is no net loss of open channel,

- Furthermore, to safeguard conservation interests the Agency will request a condition of

plmnhghmmtﬁﬂﬂfﬂmnﬂﬂiﬂfﬂﬁ%uuuﬂhﬂlmsﬂtnfﬂw
development. For your information, the Agency does not consider roedside drainage as
suitable compensatory habitat for loss of watercourse and for conservation reasons, the
Agency seeks to avoid culverting and will not normally consent such works except for
access.

Cont/d..
Envirmment Agency

Orchard Hoese, Endesveur Park, London Reoad, Addipptan; West Malling, Kent, MET19 55H

Tel: 01732 675587 Fax: 01732 BT5057
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The Agency has no ohjection 1o the widening and deepening of existing charmels for
surface water attenuation. The storage provided must be useable and 2ccount must be
taken of the groundwater level, which we believe may be as high a5 1.9 metres AQD,
Storage will only be of use above the maximum potential ground water levels. Nor has it
any objection to the installation of control structures at the location of the culverts under
the railway. Maintenance responsibility for this storage area and the control structures
should be agreed prior to the commencement of the development. Land Drainage
Consent is required for the works and the Agency awaits information on the detailed
design of the storage facility with supporting calculations clearly showing the adopted
discharge rate, the available storage volumes and the adopted retum period.

At the site inspection attended by Agency staff on 18 September 1998 there appeared to
be hydraulic continuity in the ditch system. If, however, it is found that this is not the
case, further work will be required to assess the continuity of drainage, in particular
between the storage ditch system and the main Denton / Westcourt Marsh outfall. In
addition, the hydraulic continuity beneath the railway will need to be established.

To eafeguard the drainage interests of the ares, the Agency will request & condition of
planning that no development shall be commenced until a schemso for the provision of
surface water drainage has been approved and implemented to the reasonable satisfaction
of the Local Planning Authority, :

You should be aware that the Emrhunmemkgmcyndﬂhammmdingmamﬁmning
Authority directly concemning this application.

Yours sincercly

W

BARRIE NEAVES
Team Leader - Development Control

Direct Dial 01732 223122
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Our rel: KT/1999/001923(GR/99/168)bn
Your Ref:  CBP/stm6060MS9]

Date: & July 2000

Buchanan Consulting Fngineers
MNewcombe House

431-45 Notting Hill Gate
London

Wil 3QD

FAQ Mr Chris Baker-Pearce
Deear Chriz

PMS DENTON MARSHES, LAND AT DAMIGOES ROAD, GRAVESEND, KENT

Further to our telephone conversation of earlier today [ am pleased to enclose two application
forms for land drainage consent at the above site. -

I can also confinm that the Agency will not oppose development to the remainder of the site

providing it is line with the previously agreed development brief and drainage strategy. The
design principles already used on the firet land allocation are appliceble to the site as a whole,

short lengths on altemnate banks. I understand that this will involve the permission of third
party owners. However, the Agenoy aske that the feasibility of this is investigated,

I look forwand to receiving your completed application form(s), in the meantime, should you
wish to discuss any of the above please don't hesitate to contact me.

Yours sincerely

J Moo ey

BARRIE NEAVES
Team Leader - Development Control

Direct Dial 01732 223122

Ene.

Enviraonment Agency
Drehard House, Endenveur Park, London Rosd, Addington, West Mailing, Keni, SMIETD 55H
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Mr C Baker-Pearce 08 .
Buchanan Consulting Enginesrs I M‘ﬁ'mw Tk
MNewcombe House
43-45 Notting Hill Gete
Landon W11 3QD 10 1L 20Mm
DIRECTOR AT [CIRCZ2n | 1q77-10cp!
Elﬁq‘ @ Gth July 2001

Desr Mr Baker-Pearce C;,P‘?

Westcourt Marshes

OI site watercourse works _

South Thames Egtuary and Marshes Site of Special Sciontific Interest snd Thames Extuary and
Marshes Weiland of International Importance under the Ramsar Convention

Thank you for your latter of 2nd July and for the accompanying plans, U4B1/01A and 024,

To ensure that the works sre newtral or positive for the neture conservation interest of the Site of Special
Scientific Interest (SS5T) the impartani points are:

Thie new shelf in the ditch bank should be coverad by water constently for at least the latier part
of the winter, not just when there has been storm flow. The maximum level of water in the ditch
is presumably dictated by the level st which the subsurface field dmins discharge from the cast
bank of the ditch. Thus below this matimum level, the channel needs to be broad and deep
encugh to provide sorm storage capacity and a further volume of water for canstant cover of the
shelf.

The structure controlling discharge from the ditch should be set so thal water cannot drain off
below o level which provides a constant cover of water over the new shelf for most of the
winter, Thiz additional depth of water could be shown as another hand of colour underneath the
yellow band (extent of 250mm desp storage area) in the cross sections. It should be of sufficient
depth for urface water to remain over the shelf ontil early to mid summer, but shallow enough
for it to dry out in later summer (July or August) Before we accept the proposed works, we will
nesd 1o agree on the minimum winler water level and & means of ensuring that this requirement
is observed.

The arisings from the excavation should either be moved from the 8551 or spread very thinly
(less than 10cm) on the adjacent ground.

If any of these points are unclear, please do not hesitate to contact Lionel Sally or me, Lionel will ewait
your call to arranpe & site mesting.

Yours sinceraly

&

'We Wt o

Robert Cameron
Team Menager

Deputy




Our ref: ET/2001/006047/002/A8
Your ref: ATH/BOB/SE(v/9558
Date: 13 July 2001

) ENVIRONMENT
! AGENCY

Brand Leonard
The Mill House
Bishop Hell Lane
Chelmsford
Essex

CM1 1LG

FAD Mr B Brewster

Deer Mr Brewster
Land Off Deering Way, Gravesend

Thank you for your letter of 2 July. Wﬁhmehmhneguﬁnﬁnmmlhﬂum
concerning the drainage mtugjrﬁrﬁudﬂnlupmtmdﬂhuhnmw&ndthatﬂlmwﬂ]
be&udiarhm;nsﬁumﬂ::dﬂppmmtﬂﬂmhuﬂwmwihh“{ﬂhtw
audmnt-nﬂndbﬂjrum!th:dewiupmmtsitn miﬁatduwmtmmlmdnwmwiﬂmth

‘H?illht:ﬂlﬁl‘:imtlnﬂﬂmtﬁﬁl in 100 year storm and you will need 1o
dMEEhMWﬂntmpﬂ]msimﬁmmeﬂmiupmsﬂﬁstﬂwﬁﬂmmM
flooding within the development. You will also need g check that the receiving watercourse
willﬁnﬂwdwehpmmhasnlpmﬁymrmﬁwmumnﬂmum discharge and it is quite
possible mm:impmvunmmwﬂlh:rqu&tdtuﬁmhin the 1 in 100 year storm flows,

Eﬂﬂmﬁugmedﬂmmtnlﬁﬁﬂmmﬂﬂ“dﬂﬂﬁﬂitnbﬂinnmuadhmpﬁtjuﬂm}f

ba]iuvnthemnuihuﬁngmialugwﬂimuﬁgimnfd:tmﬂﬂ. These issues could result in
amendments !athtﬂmagnpmﬁlsmdwsmmﬁnip:ﬁngmmﬁng with Smhenane sn4h A EInS
next few weels to finalise these meatters. HE‘EE“‘EE 1

El'l'l’l'mrrrrmlimn:}- e = _.J
Orchard House, Endeavour Park, Lopdon Road, Addington, West Malling, Kend, ME19 5S5H
Tel: 01732 675587 Fax: 01732 875057

(phied & Al



Ne connections to the stream shall be made until the flood storage compensating works have
been agreed and carried out as the developer would be Hable for eny flooding which ensued if
a connection was made prior to these works being completed.

I hope this has explained the current situation concerning this site as far as the Agency is
concemned but if you have any queries I would be pleased to discuss them with you,

Y ma@
'l'l'ﬁl- ﬂlm____
Soloman

Development Control
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Our ref: E.T/1999/001923(GR/A%/168)hn
Your Rel:  CBP/lpT166/U481

Date: 74 August 2001

Buchanan Consulting Enginecrs : : s
Wewcombe House 108 MU, COFyY To:

43-45 Notting Hill Gate ULl

London

W11 30D 10 AUG 200 !
FAOQ Mr Chris Baker-Pearce DIRECTOR ]““’“ﬁﬁ o
Dear Chris T -

WESTCOURT MARSHES, GRAVESEND, KENT

Thank you for your letter of consultation regarding the sbove dated 10™ July. T note the
observations of English Mature.

I believe it should be possible to address the nature conservation concems raised whilst not
compromising the land drainage requirements of the Agency.

I awagit confirmation of the forthcoming site inspection.
Yours sincercly

51.\9 )
BARRIE NEAVES

Team Leader - Development Control
Direct Ddial 01732 223122

Emvironment A peney
Orchard House, Endeavour Fark, London Read, Addington, West Melling, Keot, ME1S 55H

Tel: 01732 #75587 Fax: 01732 575057 i Canealis 0



Dr Licnel Solley
English Nature (Kent Team)
The Countryside Menagement Centre

CBE/IpT358/U48)

Dear Dr Solley

Westcourt Marshes, Gravesend
DY Site Drainage Works

[ refier to our most helpful meeting on Wednesday with you and your colleague Ms Smally.

By way of record, we nofc the following:-

24 August 2001

1. Thmntdumﬂmnhimﬂ.ﬂﬁunﬁmmmmrﬁﬂnthuﬂﬂﬂﬂsiM1Tulliltnfﬂ'lﬂ

witercouTEeS.

2 Thul-hwilmmmdnﬂwrwgﬁtﬂliﬂnwﬁchmmminm:haSSEquﬂ:u‘ﬁ'ﬂtamBuknmbumlh'

cleared to facilitnts excavation of the storage shelf.

3. Ithmhhﬂuhgmnm:ﬁmmmpmﬁlﬁmﬂgﬂhnhmﬁmwmimuhj:ﬂsﬁﬂm

the watercourse,

4, The hydraslic modelling underisken by
should demonstrate that the requirements

Buchenans to be approved by the Environment Agency
identified in your letter of 6 July 2001, can indeed be met

Thark vou cnce again for your assistance, 1 look forward 1o speaking to you &5 matiers progress.

Yours sincercly

Chris Baker-Pearce

ce: 5 Bailey :
B Menves -
J Len &

beo: P Herton -

Barratt Eastern Countics
Environment Agency East Malling
Gravesham BC

Fort Knight Groop



Environment Agency

Eent Area Office

Orchard House

Endeavour Park, London Road
Addington, 'West Malling
Eent MEIL? 55H

For the attention of B, Neaves

CBP/stm7549/U481 13® September 2001

Dear Rir

Westcourt Marshes, Gravesend
Off-Site Drainage Works

Thank you for your prompt issue of Jand dreinage consent in respect of the sbove.

As discussed at our site meeting of 22* August, there were 2 number of issues which required further
investigation to conclude and 1 am pleased to advise you of our progress in these matiers s follows :

1. Existing Surface Watcr Fiped Outfall

Barratls have cleared the arca pear the Bailey Bridge and exposed two 600 mmi@ pipes. Their
record of the investigation is appended for your information and we have recalculated the flow to be
0.578 m’/s on the basis of their findings. We have also made enguiries of Southern Waisr, whe, in
the shsence of the requisite data have suggested applying full bore flow conditions at the outfall.

I have discussed this issue with Anita and 1 belicve she is heppy to accept this basis for the design of
the flow control at point Z.

2. Raihrack Culverts

Mike Manley hes confirmed the presence of the main outfell (control structure X) but suggested,
contrary to Gravesham Borough Council and the Apencies advice, that stroctures Y and Z are
surplus to requirements (a point which we have conlested). In sddition, he bas sizied that the culvert
iz silted and regoires jetting and requested that our Client should meet the cost of clearing. 'We have
written under separate cover to Mr. Manley (copied to youwrself) suggesting this is Railiracks
responsibility under land drainage law and we trust this will be enforced if our Clients right of
discharge is frustrated in any way.

3. Removal of Dumped Waste
I have discussed with our Client the disposal of the household sppliences ete, which have been

removed from the walercourse. Bamatts are inclined, as a pesture of pood will, to remove the
material and [ hope to receive formal confirmetion of this shortly.



e ——

4, Modelling Simulations

We have undertaken the final sensitivity tests as discuseed, which demonstrate that even with the
weir structure completely drowned out, the works are capeble of accommodating the 1:100 yr post
development flows. An explanation of the modelling methodology, results and emended drawings
are appended for your information &nd 1 coosider that the works, subject to your approval, ean sow
be built,

Thank you for your eontinued mppurf in this matter, I look forward to receiving confirmation’ of your
epproval to the enclosed st your earliest convenience,

With kind regards.
Yours faithfully

CLf’

Chriz Baker-Pearce

ce.  S. Bailey Esqg, - Barratt Eastern Countics
Dr L Solley - English Nature
J Lee Esqg - Gravesham BC
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Buchanzn Consulting Engineers e S .
MWewcombe House Our reference: BO4/6-43/22
43-45 Notting Hill Gate
London W11 3QD 19 September 2001
Dear Mr Baker-Pearce
L Westeourt Marshes, Gravesend
Off-site watercourse works

South Thames Estuary and Marshes Site of Special Scientific Interest (SS5I)
and Thames Estuary and Marshes Wetland of International Imporiance
under the Ramsar Convention (Ramsar site)

Thank you for sending me a copy of the revised plans for the off-site drainage scheme, and for

o — ——— e L T W e

- From-the revised plans; and nurdlst:nsalun; Tunderstend-that-the concems raised in owr letter of 6 -
July 2001 have been addressed. On this understanding | am therefore satisficd that the works will
Eﬂmmﬁﬂ:m"c for the nature conservation interest of the Site of Special Scientific Interest

Flease do ot hesitate to contsct me if there are other matters that you would like to discuss,
Yours sincerely

o

Conservation Officer




‘Our Ref : KT/2002009147-14/2
Your Ref ¢ TRE/STMB460/1484

Date : 12 Aupgust 2004

Tony Forcman

Buchanan Consulting Engineers
Newcombe House

43-45 Notting Hil Gate

London

W11 3QD

Dear Mr Foreman

WESTCOURT DEVELOPMENT, GRAVESEND

Thank you for your letter of 6th July.

ENVIRONMENT
AGENCY

The Agency can confirm that previously agreed principles for the development at Westcourt

Marshes are still accepiable.

The HR Wallingford report conchoded that the railway acts as secondary defence and

therefore this accounts for the agreed slab levels (sleeping

accommodation at 6.3 and

groundfloor levels at 3.8m aODN). The stormwates drainage strategy principles are also
acceptable, however, the Agency's engineer concludes that the drainage from this part of the
site should be directed to the eastern drain. Therefore, should the echeme adhere to the

original principles it is assumed that there should be no problems.

The Agency welcomes continued communications regarding the progress of the site and
appreciates consultation on any revised plans.

Yours sincerely

(7 Qve—

LAURA FULTON
Plenning Lisison Officer

E‘hﬂlﬂm“t“mr
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(@) ENVIRONMENT
Our Ref : ET/2005/021215-1/1 X, AGENCY
Your Ref : SJB/stk0105B100 -

Date : 15 August 2005

Steve Burton

Ardent Consulting Engineers
4th Floor

Dismond House

36/38 Hatton Garden
London

ECIN 8EB

Dear Sir

TOWN AND COUNTRY PLANNING ACT 1990
SURFACE WATER DRAINAGE STRATEGY
LAND NORTH OF DERING WAY, GRAVESEND

Thank you for your letter dated 28th July 2005. Please accept our apologies for the delayed
TCSpOnse:

The Environment Agency would like to offer the following advice,
RO A AND CONTAMINATED LAND
From the information provided, it would appear that the site is affected by confamination,

There must be no discharge into land impacted by contamination or land previously identified
as being contaminated. There must be no direct discharge to groundwater, a controlled water.
There should be no discharge to made ground.

1t is also apparent that Southern Testing produced a gite investigation report in 2004, The
Groundwater and Contaminated Land would request that & copy of the report be submitted to
us. Further more, we would also request the following condition is imposed on any
permission granted;

Condition:

No development approved by this planning permission shall be commenced until:

a) A desktop study has been camied out which shall include the identification of previous site
uses, potential contaminants that might reasonably be expected given those uses and other
relevant information. And using thizs  informstion a diagrammatical representation
(Conceptual Model) for the site of all potential contaminant sources, pathways and receptors
has been produced.

b} A site investigation has been designed for the site using the information obtained from the

Envlranmieel .ﬂ.:lnrlr
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desktop study and any diagrammatical representations {Conceptual Model), This should be
submitted to, and approved in writing by the LEA prior to that investigation being camried out
on the site. The investigation must be comprehensive enough to enable:

- a rigk assessment to be undertaken relating to groundwater end surface waters associated on
and off the site that may be affected, and

- refinement of the Conceptual Model, and

 the development of a Method Statement deteiling the remediation requirements.

¢} The site investigation has been underiaken in accordance with details approved by the LPA
and @ risk assessment has been undertalken.

d) A Method Stetement detsiling the remediation requirements, incloding measures to
minimige the impact on ground and surface waters, using the information obtained from the
Site Investigation has been submitted to the LPA. This should be approved in writing by the
LPA prior to that remediation being tarried out on the site.

Feagon:

To ensure that the proposed site investigations and remediation will not cause pollution of
Controlled Waters,

Yor information
According to current records there is & historic landfill site (GE.1) within 20 metres of this

property, at grid ref. T'Q 669 738. It should be noted that records for pre-1974 sites are from
District and Archive records and some of these ere incomplete. The site fill is thought to
have included mainly mert with some putrescible material,

WATER QUALITY
Site Drainage
Constrzction Phase

It bas been identified that groundwater at this location may be conteminated by previous land
usc gt this site. This may also have implications for surface watercourses at fhis location.

During the construction phase appropriate measures must be in place to protect surface
walercourses from contarmination. All risks of contamination of surfece watercourses muat
be assessed and a statement of the methodology for contamination removal/mitigation
produced. This must be submitted to the Agency for consultation/approval prior to the
commencement of the development.

Please refer to the Agency's Pollution Prevention Guidance (PPG) notes fior 'Construction
Sites' PPGG and '0il Storage/Disposal’ PPGE for general pollution prevention advice for the
construction phase of this development. These guidance notes are available from this office
or from the Agency's website www.environment-agency.pov.uk.

Permanent Development

The Agency is unlikely to object to the discharge of uncontaminated site drainage from any
permanent development af this site where it is proposed to be discharged to 2 surface
walcrcourse. ‘This should still pass throngh pollution prevention megsures, i.e. trapped gullies
before being discharged.

Enviresment Agescy
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Any parts of the permanent development where site drainage is likely to become
contaminated from the activities occurring on it should be directed to the mains foul sewer or
io a sealed unit for off site disposal by a licensed contractor. The activities likely to cause
contamination include: HGV parking/maintenance bays, loading/unloading bays and vehicle
washdown facilities. In some instances (site specific) discharges from HGV bays can be
discharged fo surface watercourses, via appropristely sized oil interceptors. Any such
discharge to controlled waters shall require the discharger to obtain the prior written Congent
to Discharge, issued by the Agency, under the Water Resources Act 1991, Schedule 10 (as
amended by the Environment Act 1995). Please be aware Consent may not be granted,

Full details of the proposed site drainage arrangements for the permenent development must
be submitted to the Agency for their approval before construction commences.

DEVELOPMENT CONTROL

The Agency's records indicate that part of the site could be subject to tidal flooding should the
defences be breached or overtopped or more severely under the 200 year’ tidal condition, the
estimated level of which is 6,08 metres above Ordnance Datam Newlyn for a design horizon
of 2060. Therefore, any lend on site below this level is considered to be at risk 1o tidal
flooding under the above condition. Please find attached a map indicating the extent of the
area considered fo be at risk.

The site is offered protection by the presence of the Thames Tidal Defences. These defences
offer 2 standard of protection in excess of the 200 year' standard up until the year 2060,

You may also wish to enquire of the Local Authority who may have finther information on
localised flooding and flooding from other sources, such as highway drainage.

Any watercourse within the boundary of the site would be classified as an ordinary
watercourse and would not be maintained by the Agency or by en Intemnal Drainage Board. In
the absence of any express agreement to the contrary, maintenance is the responsibility of the
riparian owners. Any culver, diversion, weir, dam, or like ohstruction to the flow of the
watercourse requires the consent of the Agency and/or Internal Drainage Board, under the
Land Drainage Act 1991. For nature conservation reasons, the Agency seeks to avoid
culverting and will not normally consent such works except for access.

The Agency would recommend that a minimum 4 metre buffer strip is left between the top of
the watercourse banks and any built development. This margin would allow for an access
strip for maintenance works and provide & wildlife corridor.

The prineiple of discharging surface water to 2 watercourse may be acceptable providing it
can be demonstrated that the receiving watercourse has sufficient capacity and forms part of a
continuous drainage system. Any outfall structure should not protrude into the chammel or
obstruct flows in any way and suitable toc and bank protection should be incorporated if
necessary. As such, attenuation may be required but this would need to investigated further if
any development at this site progressed. The Agency would encourage the use of Sustainable
Urban Drainage systems where the site circumnstances allowed.,

In terms of any proposals for future development, unfortunately, the Apency would be unable
fo comment on requirements for minimum slab levels for the development site, without first
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receiving further detail indicating the nature and scale of the development. The site does
beacfit from an appropriste standard of defence but e Agency is likely to recommend
raising floor levels to a degree to offer an additional level of protection to any buildings on
site. 'We would be pleased to comment further on any proposals as they were developed.

BIODIVERSITY

Water voles are present at locations throughout the Denton Marsh area. 'Water vole hehitat is
protected under the Wildlife and Countryside Act (1981 - as amended). As such, when works
are proposed in the area, mitigation measures may be required in order to comply with the
requirements of the legislation. The Agency would request that the following condition of
planning is placed on any permission granted.

Condition:

Temporary protective fencing must be erected to clearly define the 3m buffer strip adjacent to
the drainage ditch. Following the erection of protective fencing no material or plant must be
stored within the 3m buffer strip,

Reason:

To protect the aquatic communities within the drainage ditch and redoce the rigk of
potentially damaging water vole hahitat or disturbing water vales while they are using such
habitat.

WASTE

It is unclear where the material to be used to raiee ground levels has come from, and if this is

flytipped material it will need to be tested and shown to be suitable before the Agency will
authorise its use,

It is possible that the use of inert waste to form a leve] hardstanding may benefit from

exemption from the need for a waste management licence. The applicant should seek to
register an exemption prior to any use of waste,

Yours faithfully

po

JO HOWITT
Planning Liaison Officer

Exmvironmead Apency
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Environment
. Agency

creating a better place

Our ref: KT/2006/024620/01-L01

Gravesham Borough Council Your ref: GR/20060671
132, Cygnet House
Windmill Street Date: 10 November 2006
Gravesend
Kent
DA1Z 1BQ
fite
f’&P/
Dear SirMadam

TOWN AND COUNTRY PLANNING ACT 1990
MIXED USE DEVELOPMENT.
LAND NORTH OF DALEFIELD WAY, GRAVESEND,

Thark you for your consultation, which was recorded as complete on 3 October
2006. The Agency would like to make the following comments.

Elood Risk

The Agericy’s records indicate that the site lies within a Zone 3 tidal flood risk ares
as depicted by the Agency's flood risk mapping, this is a High Risk area with a
statistical 0.5% or greater chance of flooding occuring In any one year,

The ground lavels are very low in this area, between 2.0m — 2.5mAQD and the
predicted *1000 year' flood level for this area, based upon the most recently available
information, is given as 6.0mAOD for a design horizon of 2060, If inundation were to
eccur in this area, the potential depth of flooding experienced could be significant
m therafore the consequences on dny development and Its occupants could be

us.

The Agency is aware of the previous planning history in this area and that planning
decisions have been made for adjacent areas, However, since permission was
granted for the last phase of development In this area, a significant amount of new
and updated information has been published, This new data must be considered in
detail, especially regarding the impacts and consequences for devalopmant In this
area. The Flood Risk Assessment (FRA) states that the site is defended by the
presence of the Thames Tidal Defences, and these defences do offer a high
standard of defence for the general area. However, the upkeep of these defences is
reliant on continuing long term funding and it should not be assumed that this money
will always be forthcoming. The Agency's flood risk maps are produced as if thers

Enviranment Agency
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wera no flood defences in place in order 1o determine the areas at risk should a
breach or overtopping of the defences occur so thal the residual risks can be fully
accounted for, In summary, even though defences are in place there should not be a
presumption that this makes a site suitable for development.

Putting this site Into context it must be considered as being a greenfield site and by
applying the sequential test under the guidance in PPG 25, the question should be
raised as to whether this site would pass the crileria lald out within this test for
allocating land for development. PPG 25 aims fo guide development away from
areas at risk to flooding by ensuring that sites within lower flood risk areas are
developed first. PPG 25 places this land within a Zone 3 flood risk area which Is
clearly not a low rigk flood zone. The recently published Kenl Thameside Strategic
Flood Risk Assessment contalns further detalls of tha nature and severity of the flood
risk at this site.

The SFRA denotes this slte as lying within a ‘High Risk’ residual flood risk area as
well as confirming the land lies within a Zone 3 flood risk area. The SFRA states that
within those high residual risk areas, that as a ‘general principle there would be a
presumption against development of those sites’ and goes further to slate 'delailed
modelling work would be needed to declde whether the proposed sites are within the
rapid inundation zone or In low lying areas and also to check whether, if
devaelopment took place, flood risk to adjacent areas would be Increased’. The
following from the SFRA should also be noted ‘In general a precautionary approach
should be adopted to proposed development in Zone 3." Reference is also made to
the function of the sequential test and in the SFRA the Local Authorities recognise
ihat as part of any Local Development Framework (LDF}, consideration should be
given to re-allocating sites outside the boundary of Zone 3. This is in line with the
guidance given in PPG 25, and draft PPS 25, in stearing development away from
high flood risk areas.

The FRA introduces the principle of landraising in order to achieve a development
platform 1o achleve sultable finished fioor levels. The ground levels are low in relation
to the predicted fiood level and therefore a relatively significant volume of landraising
would need to be undertaken lo ensure the safety of any dwellings. The Agency
does appreclate the guidance given up to now and the solution for existing
deavelopment in the area, but it Is vital to consider the Implications of any new data
and act on the best available information at a given time. In Section 8.4.2, the SFRA
discusses the issue of landraising on the Marshes in light of the new modelling which
has been undertaken. This states The use of landraising as mitigation measure
must be considered on Its merits depending on the lecal conditions of each
embayment. As a genaral principle, partial land raising within an embayment is not a
dasirabla option'.

Considering the Gravesend embayment as outiined in the SFRA in more detail, this
study looked to delermine the nature of the floed risk in more detall for this specific
area, The conclusions and future recommendations wera based on a breach
analysis scenario tied in with LIDAR data. An important conclusion reached for a
flood mitigating option is summarized as follows "Land raising would not be suitable
for any redevelopment in this area since it would reduce the local flood storage
volume and increase the local extent and depth of flooding. It Is therefore desirable
to ensure that any fiooding of the Marshes is contained within them, and that flooding
elsewhaera in the embayment Is conveyed to the marzhes as quickly as possible’ This
demonstrates the Imporiance of the Marshes as a flood storage area and again
raises the question regarding their sultabllity for development. The Agency does
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- appreciate that modelling work was undertaken in 1889 by HR Wallingford within this
area and reference iz made 1o this within the FRA for the site. However, further
information regarding the nalure of the flood risk in the area has become available
since this time and the modelling carmied out for the 1989 study is no longer
consistent with the [atest guidance provided by the Agency on this type of modelling
axercise.

We note the references made within the FRA to the surface water drainage strategy
for the area, which falls in line with the approach taken to development in adjacent
areas. The FRA demonstrates that the site area is linked to the surrounding
watercourse and that any works and resultant effects on one part of the drainage
system will be demonstrated in other areas due to hydraulic connectivity. However,
the SFRA states ‘Land raising could also be considered in areas that are
hydraulically independent from the rest of the embayment’. The FRA cleardy
demonstrates that this is not the case,

The Agency Is looking towards the imminent release of updated guidance on
Development and Flood Risk in the form of PPS 25. The draft guidance considers
residential housing as a ‘more vulnerable' use within Table D2. As the site lles within
a Zone 3 flood risk area, Table D1 in draft PPS 25 considers these "more vulnerable’
uses should only be permiited if the Exception Test Is passed. The Agency would
question whether this application should address those criteria as laid out within the

ion Test. It should also be noted that the Agency has received guidance from
DEFRA based on the FCDPAG3 Economic Appraisal which updates the existing
Climate change Policy for Flood and Coastal Management. This places greater
emphasis on the precautionary approach and offers further guidance on design
horizons when planning for climate change, and it has been concluded that
development should look towards the year 2115 when considering the climate
change implications. This places a greater emphasis on making sustainable
decisions at the planning stage as the evidence base for climate change improves
and allows for greater certainty in forward thinking.

With all the above in mind, the Agency would question the sultabllity of this proposal
in the light of the new data and information available. The longer term management
of the flood risk within the Gravesend area must be considered as part of this
proposal and the issue of long term sustainabllity needs to be addressed, these
considerations are beginning to be introduced with the Exception Test as part of PPS
25.

The Agency is therefore obliged lo raise an objection to this proposal, If you intend to
approve the application contrary to our objectlon, paragraph 65 of PPG25 advises
that you should re-consult the Agency in order to explain why and to give us the
opportunity to make further representations.

_Blodlversity
Water vole habitat Is protected under the Wildlife and Countryside Act 1981 (as

amended) and was given further protection by the Countryside Rights of Way Act
2000. This means it is an offence to intentionally or recklessly damage or destroy or
obsiruct access to any structure or place which water voles use for shelter or
protection, or disturb water voles while using such a place,

Disturbance Is defined as any activity which affects the survival chances, the
breeding success or the reproductive ability of one or more individuals ar which
leads to a reduction in the quality of occupled habitat. If the flood defence
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work/drainage plan adversely affect the water levels on the surmounding marsh, or  + -
the proposed plans reduce the continuity of the dilch systems, this can be classed as
disturbance to water voles.

As water voles have been found to accupy the ditches on and around the site
appropriate mitigation will need o be devised and agreed with the Agency before
any work staris. If the councll is minded to approve thie application, we would
therefore request the following conditions;

CONDITION: Prior to any works commencing a detalled water vole mitigation
strategy must be submitted and approved in writing by the Local Authority in
conjunction with the Environment Agency.

REASON: To protect water voles,

From the habitat description of the ditches on site it would Indicate that they are ideal
habitats for aquatic invertebrates. Many invertebrate species require different
habitats at different stages In their lifecycles. The possibility of a brackish influence
into the ditch would increase the diversity of the invertebrate species.that could be
present. We would like to see a full invertebrate survey of the ditches conducted,
The methodology of this will need to be checked by the Agency before the survey is
conducted. :

In regards to the proposed haedge planting fo create a buffer zone fo the surrounding
ditch networks we would like to see the hedge planted at least 5 metres from the
water courses edge for ‘ordinary water courses’ and at least 8 metres from draing
classed as 'Main River'. We would like to see the species used within this hadgerow
to be in keeping with species that would be present in a marsh system. The
proposed native wildflower meadow should also be planted with species that are
suitable to the marshy environment of the current site.

CONDITION: A scheme for the provision of local native flora (that is in keeping with
the marsh environment) within the planting scheme for the proposed development
shall be submitted to and approved by in writing by the Local Authority pricr to the
commencement of works on sife,

REASON: In order to ensure that: the visual quality and ecological diversity of the
area is maintained, and to ensure that no specles are introduced that will cause
adverse impacts on the ecology of the nearby watercourse and the locality,

The Agency.are extremely concerned that there is no proposed mitigafion or
compansation for the loss of marsh habitat and Natural England should be contacted
for further information regarding this issue.

Potential Contamination

According to current records there is a landfill site within 100metres of this proposal
site. The site closed pre-1976and the fill included inert and putrescible materials. The
site has not been extensively monitored, but we are unaware of any off-site problems
being discovered at any significant distance around the site. However it is
recommended, in line with good practise, that any building works are constructed to
&t least the minimum requirements of Approved Document C of the Building

Regulations and the BRE Guidance document "New Building on Gas Contaminated
Land".
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"DECISION NOTICE: Please forward a copy of the full decision nofice to this office,
quoting our reference numbear. A copy of this letter has been sent to the
applicant/agent.

Yours falthfully

MISS MICHAELA KENNARD
Seonlor Planning Liaison Officer

ce BARTON WILLMORE

End 5
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Study into the Options for Foul Water Drainage Provision at Dering Way, Gravesend-
Phase IIT

The impact of additional flows on system performance was identified and compared 1o
internal performance standards to determine whether the target level of perdormance
was breached by the additional flows. Twoe scenarics have been considerad in the
assessment of this development:

Scenario 1. Investigate the development in isolafion and determing improvements
necessary to accommodate the proposed development.

Scenarlo 2. Assess all the Phased developments and determine improvements
necassary o accommaodate the proposed development.

4. Results
Scenario 1:

This scenario considers discharging 255 Ws foul flow into manholas referance
TQEE737501. The InfoWorks model result indicates that the sewerage syetem upstream
the proposad connection point is surcharged and flooding is predicted at manhole
reference TQ67733205 and manhole reference TOET733206.

The improvements necessary to accommodate the proposed foul flow are shown in
Figure 1. The proposal is to increase the existing 375mm sewer between TQ&7738401
&nd TQG7736502 to 450 mm (Total length of 203 metres at approximately 2.75 metres
average depth).

Figure 1 Proposed Impravements.
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Study Into the Options for Foul Water Drainage Provision ai Daring Way, Gravesend-
Phase III

Scenario 2

This scenario considers flow from all phased developments added to the sEWerage
system as identified in the previous enquiries with exception of Job No 1002307,

Job No 1001830. Discharge 7.0 Vs split between manholes TQE7730401 and manhole
TOBE739401,

Job Ne 1002764, Discharge 7.8 I's into manhole TOBS737405,
Current Job No 1002973, Discharge 25.5 I/s into manhole TQE6737501.

The InfeWorks model result indicates that the sewsrage system upstream the proposed
connection polnt Is surcharged and flooding is predicted upstream at manhole reference
TOQET733205 and TOB7733206.

The improvemenls necessary to accommaodate all the phased development foul flows
are shown in Figure 2. The proposal is to increase the exisling 373mm sewer between
TOE7738401 and TQE7736502 to 450 mm (Total length of 203 metres at approximately
2.75m average depth).

Figure 2. Proposed Improvemimls.
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Study into the Options for Foul Water Drainage Provision at Dering Way, Gravesend-
Phase III

slo

There s no available capacily in the foul sewerage systemn at manhole TOGE737501 1o
accommodate the 25.5 I's foul flow. It is therefore necessary to increase the size of the
existing 375-mm sewer between manhole TQE7738401 and TQE7736502 to 450 mm in
diameter, The proposed improvements will also accommodate the proposed flow and
flow from the other phased developments as shown in Flgure 2.

Altermatively, connect to the proposed foul flow at manhole reference TQE5735801
located by the Wastewater Treatment Works located approximately 500 metres norih
west of the proposed development site.

Page 5of 5
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Appendix H

Southern Water's Foul Water Capacity
Assessment Letter Report



<= Southern ATKINS
=~ Water Tﬁlﬂll shlic

Atking Limited
fAnglo 5t lames House
A, Southigate Street

Winckiest e

Applicant: Hampshire 5023 9EH

Ardent Consulting Engineers Limited Talaphodens Bafio)1062 Bses0s

4" Floor P A REGH0 142
Diamond House winghadber. BaljuiresBatkinaglobalcom
36/38 Hatton Garden wves aCERRRGEN

London Date:

EC1iM BEB 1 July 2010

Dear Mr. Burton,

Site: Land off Dalefield Way, North-East Gravesend, Kent.

We have completed the capacity check for the above development site and the results are as
follows:-

Foul capacity check:

There is currently inadequate capacity within the local foul sewerage network to accommodate a
foul flow of 10 1/s at manhole reference TO66739303. The proposed development would increase
flows to the public sewerage system and existing properties and land may be subject to a greater
risk of flooding as a result. Additional off-site sewers, or improvements to existing sewers, will be
required to provide sufficient capacity to service the development.

The nearest point where capacity is currently available is at manhole reference TO66736502
tocated approximately 428m west of the proposed development site.

section 98 of the Water Industry Act 1991 provides a legal mechanism through which the
appropriate infrastructure can be requested (by the developer) and provided to drain a specific
location. Alternatively, carry out off site reinforcement works in order to provide capacity for the
proposed foul flow to be accommodated within the local sewerage system. The extent of the
works required to provide capacity for the development site could be obtained via a level 2
Capacity Assessment [Application forms enclosed).

Unfartunately, it may be several years before adequate infrastructure is provided via a prioritised
capital expenditure programme. Therefore, this proposed development would be considered
premature until such time adequate sewerage infrastructure could be provided.

Before any connections are made, an application form needs to be completed and approved by
Southern Water Services,

A Limdled: i a WS Alkira plc company
Eegivterad offios: Wodokone Grova | Ashloy Risad - Epagin Sursey T8 S8 e gland Regriered v England Bumber BES424



Surface water capacity check:

As surface water capacity check has not been requested it is assumed that surface water will be
disposed off by alternative means such as soakaways or any local drainage watercourses, subject
to all interested parties approval.

Should you require any further information, please contact us at the above mentioned phone
number or address.

Yours faithfully
|

n Network Developmant

Meaie mote; -

The infarmation provided sbove does not grant spproval far any detigni/deradngs submitted for the capacity amalysis. The results quated
ahowe are gnly ualid for 13 manths from the date efisswe of this le e,



Appendix I

HR Wallingford’s Report:
Hydraulic Assessment of the Existing Drainage Channels
13" September 2001
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d2 HR Wallingford Fax
To: Buchanan Consulting Engineers

For Attention of: Chris Baker-Pearce Date: 13 September 2001
Fax No: 020 7309 9056 No of Pages: 7

Copy To:

From: Rob Cheetham

Direct tel line: 01491 B22333 Qur Ref: MCM4918/RICH
Emaill: R.Cheetham @hrwallingford.couk Your Ref:

You can reply (o us by using FAX NUMBER +44 {0) 1491 825916 (Watcr Managemeat)
If the message is uoclear/incomplete telephone +44 (0) 1491 822499 (Carol King)

Subject: WESTCOURT MARSHES - REPORT

Dear Chris,

Further to our discussion on Friday 7 September 2001, please find attached & copy of the repar
deseribing our findings regarding water levels in the drainage channels to the norih of the
development at Gravesend.

Do net hesitate to contact me should you wish 1o discuss this fax in greater detail.

Yours sincerely

(A

Rob Chectham
River and Urban Catchments Group

Faes s exmsils are uzed by HR Wallngford as s convenience for contideraial and eften beggal 1y pri vilegedd, businery
comeunicationd both withie the firm and wily Chenls. mmmmmmummmm&mﬂm
enpying. printng, distribution oic requires HR Wellingfan!' s specific coosent. HR Wallingfoed is rot akis for unsierised
disclosures nar for sibsequest actions o amésiions i relisce upon them, [f you huve recetved this mesaps s erver pleas
makify us inmediately and destroy all coples of i1,

2

Addreas and Registeredd OfFice: HHE Wallinglard Lid, Hushery Fark, Wallingfond, Omon DX 10884, UK
Tol: 44 (0] 1451 BISIR] Fas: +dd (0] 1451 BITERY hutpolfmree hirwallinglord. eoudik

Beghieesd Iu Frglond o, BRE3ORG1 WM Wiatlag e Lad i gy ) i ary of HA Walllng fand Groep Lid




DEVELOPMENT AT WESTCOURT MARSHES
REPORT ON THE HYDRAULIC MODELLING

1. Introduction and modelling arsumplions

Buchanan Consulting Engineers (BCE), commissioned HR Wallingford to construct an iS15 model
of & network of drainage channels to determine the efficacy aof channel compensation works on
containing additional runoff from a new development in Gravesend.

An on-site surface water drainage strategy has been developed in accordance with design principies
agreed with the Environment Agency {the Agency) and English Nature for 165 dwellings, The
strategy is outlined in a report by Buchanan Consulting Engineers; ‘Proposed Development PMS
Cravesend (MS9L)'.

The development slte lies in low lying marsh, comprising of & netwock of inter-connected dminage
channels and is part of developable land which is bordered by Nonh Kent rallway and Medway
canal. For hydraulic modelling purposes, natural runoff from the marsh was agreed with the
Agency at 7 litres/hectare for the 100 year svent,

The narthern limit of the developable land is the North Kent railway and the drainage ditches
discharge bencath the railway via three potfalls. The Ageacy wishes o limit the discharge under
the railway to the natural runoff rates. The limit of discharge for cach gutfall was calculated based
on the 7 litres/hectares natural runoff.

The site of the new development is located to the south of the developable land and the runaff from
the 165 houses was calculated by BCE using a HydroWerks urban drainage model. The eritical
100 year storm duration for the development was calculated to be 4 hours and the peak runoff was
0.34m’s.

To comply with Agency requirements, the additional runoff from the new development will be
contnined within the drainage channels to the south of the railway line. BCE designed a berm far
the drainage channel running to the cast and north of the development to contain the runoff and the
locstion and dimensions of this berm are given in drawings U48 1/001&002.

2. Modelling methodology

The hydraulic modelling for the investigation was carried out using the iSIS suite of saftware. Two
hydraulic models were constructed: a pre-development and a post development model. The model
included all the drainage channels and the three outfalls beneath the milway. In addition, the runoff
from the developable land and the land to the east was represented using standurd flow boundaries
in 1515,

The aim of the modelling was to determine whether the runoff from the development could be
contained within the berm. [n order to assess the impact of the development runoff on water levels
in the drainsge channels, simulations for both the pre and post development were carmed oul.

The pre development model was constructed using cross section data as shown in Randall Surveys
drawing 6759/A/SP/1&32. The post development model was constructed using cross section dita
shown in drawings U481-001£002. The berm extends from cross section 6 10 the control structure
X, Manning's n for the drainage channels for the initial simulation (baseline scenario) were 0.045.

&
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A total of 9 inflows were incloded in the pre-developmem model. BCE Figure M391-07 shows the
locations and rates of the 7 inflaws for the contributing areas within the developable land and the
runeff rales range between 7.91Us to 43.05l/s. The 43.05Us inflow represents the nalural runaff
from the area where the development will be locaied. The two remaining inflows are from the
surface water sewer that drains to the west of the development (690 UVs) and the contributing area to
the cast of the site {134.95 Us). These 9 iaflows were included in the hydmulic model at the
appropriate locations and wese kept constant throughout the unsteady model simulations.

The downstream model bopndaries were modelled vsing abstraction units, which allowed the
discharge at the outfalls to be fixed at the agreed limits of discharge, which were;

Contml Structure X - 144 /s
Contml Strocture Y — 150 1/
Contral Structure £ - 717 Vs

The limit of discharge for Control Structure Z 2iso includes the 630 Ifs contribution from a surface
waler sewer draining pars of Gravesend,

For the post development simulations, the 43.05 Vs inflow was replaced by the £ hoar post

development hydrograph, from the BCE HydroWorks modelling. The peak flow from the
development was 0.34m3s and occirred 2.08 hours after the start of the rainfall.

Faor the pre development simulations, the natural runoff entering the drainage channels equalled the
amoun!? shstracted at the downstream baundaries. Under these steady conditions, the initial
conditions in the channel are critical as they will also be the final water levels, In view of this, 2
separate simulation was carried out (o determine the initial conditions using & model with weirs at
the downstream boundaries (the weir model), the dimensions of which were based on the strocture
shown In drawing U481-001,

The crest levels of all the weirs were set at 1.35mAD, 100mm above the bed leve] ai control
structire X, Coatmol structure X had a weir width of 0.23m and initdal simulations were carried out
to determine the widths of the other outfalls, ensuring each structure allowed only the maximum
apreed discharge through. The result was weir crest widths of 0.26 and 1.20m for coatro] structumes
Y and 7 respectively, The bed levels at controf structures Y and 7 were lower than at X and to
simplify the modelling methodology. the crest levels of each contro] structure were sef al
1.35mAD.

On definition of the initial conditions, the pre and post development simulations were carried out
using the models with abstraction units at the downstream boundaries. The following scenanos
were carried oul

+ Bateline scenerio;
«  Manning's n sensitivity test; and
- Drowned outfall sensitivity test.

Far each scenario, initial conditions were generated using the weir model. For the Manning's n
sensitivity test, Manning's n was increased from 0.045 w 0.055. For the drowned outfall scenario,
the water downstream of the structure was set at 1.9mAD, a level sufficient 10 cause drowning of
the weir,

The following section presents the results of the simulations.
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1. Resulis

The following tables show the results of the hydraulic modelling simulations. Table | gives the pre
and past development water levels for the baseline case, Table 2 shows the results of the Manning's
n sensitivity test and Table 3 glves the results of the drowned outfall seneitivity test.

It can be scen from Tables 1-3 that post development water levels in the reach from cross section |
tn cross seclion § increase by up to 0.25m. This is because the channel improvemenl works
commence 4t cross section 6 and the additional runoff from the development is nol compensated
for throughout this reach, Water levels in the reaches upstream of the outfall structures (including
the reach containing the berm) are predicted to increase by up to 0.08m with the inclusion of the
development runoff

It can be seen by comparing the results presented in Tables 1 and 2 that changes in Manning's o
have little impact on water levels in the drainage channels. This indicates waler levels are
predominantly controlied by the outfall stractures. However, in the reach from cross section | to 6,
the past development water levels are predicted to increass slightly.

For the drowned outfall conditions, the post development water levels increase by approximately
0.06m In the reach containing the berm.

v
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Table 1 Baseline conditions

Pre development | Post development |Difference
water levels water levels

(mAOD) (mAOD) (m)
1.59 2,22 0.23

1.899 213 022

1.99 2322 0.22

1.57 .14 0.7

1.96 203 0.06

1.96 .98 0.02

1.96 1.58 0.02

1.96 198 0.02

1.96 1.98 0.02

1.96 198 0.02

1.96 1.98 0.02

1.86 198 0.02

1.96 1.98 0.0z

1.94 1.98 0.04

1.93 1.98 0.06

1.91 1.98 0.a7

1.91 .98 0.07

1.9 1.98 0.07

1.91 1.98 0.07

1.9] 1.98 0.07

1.91 1.98 .07

_ 1.50 1.98 0.08
| 1.90 1.98 0.07
' 1.90 1.98 0.08
1.90 1.98 0.08

1.90 1.98 0.08

1.90 1.98 0.08

1.80 1.98 0.08

191 1.98 0,07

1.91 1.98 Q.07

1.9 1.98 0.07

19] 1.98 0.07

191 1.98 0.07

191 1.98 0.07

191 1.98 0.07

1.91 1.98 0.07

1.91 1.98 0.o7

1.94 1.84 0.05

1.99 2.00 0.0l
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Table 2 Manning's n sensitlvity test

n Pre development | Paost development | Difference
water levels water levels
({mAOD) (mAOD) (m)
GR-PREd.dat GR-POST6.dat
1.99 1.24 0.25
1.99 2.24 0.25
1.98 1.24 0.25
1.98 2.16 0.19
1.97 2,04 0.08
.96 1.99 0.03
1.86 |.B9 0.03
1.96 1.99 0.03
1.96 1.99 0.03
.96 1.99 0,03
1.96 1.99 0,03
1.96 .99 0.03
1.96 1.99 0.03
|96 1.99 003
[.54 1.09 .0
1.93 1.98 0.06
1.31 1.98 ooy
1.81 1.98 0.07
1.2] 1.98 0.07
1.91 1.98 0.07
1.91 .98 o.o7
1.91 1.98 0.07
1.50 1.98 008
1.50 1.98 0.0
1.50 1.88 0.08
1.8q |98 0.08
.00 1.98 0.08
1.90 198 0.08
1.90 1598 Q08
191 1.98 0.7
1.91 1.98 0.07
1.91 1.98 0.07
1.91 1.98 0.a7
.91 1.98 0.07
1.o1 1.98 0.07
1.91 1.98 0.07
1.1 1.98 0.07
.92 1.99 0.07
1.94 202 0.08
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Table 3 Drowned outfall sensitivity test

de 5 Pre development | Post development | Difference
beed waler levels water levels
(mAOD) (mAOD) _(m) |
204 2.2 0.18
2.04 222 0.18
2.04 222 0.18
2.03 2.15 0.13
2.02 2.07 0.05
2.02 2.04 0.02
2.02 2.04 0,02
2.02 2,04 0.02
202 2.04 0.02
.02 204 0.02
20 2.04 0.02
2.02 2.04 0.02
2.02 2.04 0.0z
2.01 204 0.03
2,00 2.04 0.04
1.99 204 0.05
1.9 204 0.05
1.53 204 0.05
1.99 2.04 0.05
1.99 204 0.05
1.99 204 0.05
1.98 2.04 0.06
1.98 204 0.05
1.98 204 0.05
1.98 204 0,06
1.98 2.04 0.06
1.98 2.04 0.06
1.98 2.04 0.06
~ 199 2.04 0.05
1.99 204 0.05
1.99 204 0.0s
L.99 204 0.05
1.99 204 0,05
1.99 2.04 0.05
1.99 2.04 0.03
1.99 2.04 0.05
1.99 2.04 0.05
2.01 2.05 0.04
.04 2.06 0.02
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(NOTES:

1. THIS DRAWING IS TO BE READ IN CONJUNCTION ARDENT
CONSULTING ENGINEERS 'FLOOD RISK AND DRAINAGE STRATEGY
REPORT' REFERENCED B142-003.

2. DO NOT SCALE FROM THIS DRAWING. WORK FROM FIGURED
DIMENSIONS ONLY.

3. ALL DIMENSIONS SHOWN ON THIS DRAWING ARE IN METRES
UNLESS OTHERWISE STATED.

D 4, ALL DIMENSIONS, LEVELS AND SURVEY GRID CO-ORDINATES ARE
TO BE CHECKED ON SITE AND THE ENGINEER NOTIFIED
IMMEDIATELY OF ANY DISCREPANCIES PRIOR TO THE

COMMENCEMENT OF THE WORKS.
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SET TO 144 LITRES/SEC (GREENFIELD RATE 7 LITRES/SEC/HECTARE)
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IMPLEMENTED IN ACCORDANCE WITH THE PRINCIPLES
OUTLINED WITHIN THE REPORT PRODUCED BY RSPB IN
JUNE 2005 ENTITLED 'WET GRASSLAND PRACTICAL
MANUAL : BREEDING WADERS'

1203 PREVAILING DIRECTION OF LAND FALL FOLLOWING
THE FLOOD COMPENSATION LOWERING WORKS

HIGH LEVEL GRAVEL GRIP TO ALLOW STANDING WATER
% TO DRAIN OUT INTO THE ADJACENT WATERCOURSES
FOLLOWING EXTREME EVENTS

ALL SITES TO FREELY DISCHARGE WITH
BALANCING TO BE PROVIDED ON-LINE IN
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@ SET TO 150 LITRES/SEC (GREENFIELD RATE 7 LITRES/SEC/HECTARE) I
| 5/ /’/ /
. ; 7 T Hhead
i /"’ ,"” !
AREA OF DEGRADED SSSI LAND TO
BE LOWERED BY 100mm FOR THE INDUSTRIAL SCHEME
AND A FURTHER 100mm FOR THE RESIDENTIAL SCHEME /
O TO COMPENSATE FOR THE 1:1,000 YEAR BREACH EVENT g / gy

PREVAILING DIRECTION OF LAND FALL FOLLOWING
THE FLOOD COMPENSATION LOWERING WORKS

THE STRATEGY PREVIOUSLY AGREED WITH

EXTENT OF OFF-SITE ATTENUATION WORKS ENVIRONMENT AGENCY
ASSOCIATED WITH THE RESIDENTIAL DEVELOPMENT

SCHEME LOCATED TO THE SOUTH OF DALEFIELD WAY
EFFECTIVE STORAGE DEPTH 340mm
MAXIMUM VOLUME TO BE PROVIDED 1,905m3

=

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:

O

¢ THAT THE WATER QUALITY AND QUANTITY IN THE EXISTING DITCHES WITHIN THE SSSI AND
RAMSAR LAND ARE MAINTAINED IN ACCORDANCE WITH THE PREVIOUSLY AGREED STRATEGY. TO
ADDRESS THIS MATTER, OFF-SITE IMPROVEMENT/WIDENING WORKS TO THE EXISTING DITCHES
ARE ENVISAGED TO ATTENUATE THE SURFACE WATER RUN-OFF GENERATED BY THE DEVELOPMENT

PROPOSALS, SUPPLEMENTED BY THE INTRODUCTION OF A NEW WATERCOURSE; NOT FOR CONSTRU CTION -

o THE LOWERED GRAZING MARSH ALSO PROVIDES SPECIFIC LOWER AREAS OF UNDULATION TO SUBJECT TO APPROVAL
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;

EXISTING CONTROL STRUCTURE
(DECOMMISSIONED)

¢ AVOIDANCE OF WORKS WITHIN 10m OF THE EXISTING DITCHES (WHERE POSSIBLE);
o A SUITABLE SEED MIX IS USED FOR GRAZING;
¢ ON-GOING GRAZING/CUTTING TO PROVIDE FURTHER ECOLOGICAL NICHES; >
o 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

N e - w7 5ol e see T e ' THE SUMMER MONTHS TO MINIMISE THE POTENTIAL FOR DISTURBANCE TO WINTERING BIRDS;
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1.0 INTRODUCTION
1.1 This Addendum to the Flood Risk Assessment has been written

1.2

1.3

1.4

following the receipt of new data from the Environment Agency on
the existing flood defence crest heights. The information was
provided on the 12 October.

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.

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:

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

and,

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

Environment Agency.

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

2.2

2.3

undertaken in 2005. This survey data was inspected and
interrogated using AutoCad and MaplInfo. 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.

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.

During the research the following sources were consulted /

reviewed:

e F.A. Buijs, H.A.J.M. van Gelder and J.W. Hall, Application of
reliability-based flood defence design in the UK;

e Joint Defra / EA R&D; Performance and Reliability of Flood and
Coastal Defences, FD2318/ TR2 & TR1, October 2005;

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

Embankments, A good practice review;

e FLOODsite, Failure Mechanisms for Flood Defence Structures,
T04-06-01, February 2007;

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

UK Flood Risk Management; and,

e 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

2.5

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.

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:

e 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;

e Four breach Ilocations have been assumed to occur
simultaneously, two are assumed to collapse to ground level

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

e The breach locations have been agreed with the Environment

Agency; through detailed consultation.

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

3.1

3.2

3.3

3.4

3.5

3.6

3.7

AMENDED MODEL PARAMETERS

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).

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.

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.

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.

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.

The most appropriate flood levels to be used are summarised as

follows:

e 2005; 1:200 (present day 0.5%): 5.429m AOD
e 2055; 1:200 (industrial 0.5%): 5.798m AOD
e 2107; 1:200 (residential 0.5%): 6.416m AOD

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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3.8

3.9

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.

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.

2107 (1:200)
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Figure 3-1: Hydrograph

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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3.10

potential for overtopping of 5.1 Km of tidal flood defences along

with the four breach locations agreed with the Environment Agency.
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Figure 3-2: Hydraulic Model Schematic
BREACH REFERENCE A B C D
ORDNANCE SURVEY NGR 568231.26, | 568437.29, | 568799.56, | 569005.84,
174430.30 | 174451.12 | 174575.47 | 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

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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3.11

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.

Progressive Breach & 2107, 1:200 Storm
Profile

Level (m AOD)

Simulation Time (hrs)

Breach A Breach B Breach C
= = Breach D ——2107 (1:200)

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

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

4.1

4.2

IMPACT ON THE DEVELOPMENT

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

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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4.3

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

of the flood levels at selected plot output points.

Pre Development Post Development

(B142_BASE_T200+CC_B_104) | (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 5.567 5.571 0.004
West
Denton 5.595 5.603 0.008
Milton 5.612 5.618 0.006
GCL south 5.772 5.772 0.000
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Table 4-1: Summary of Results 2107, 1:200

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

4.4 Although the Industrial element has been lifted to 2.8m AOQOD 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

10
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discharge of planning conditions, prior to occupation, once the end

user and their specific needs have been identified.

11
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5.0

6.1

6.2

6.3

6.4

6.5

CONCLUSIONS AND RECOMENDATIONS

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.

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.

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.

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.

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.

12
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1.0

1.1

1.2

1.3

1.4

INTRODUCTION

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 12" October.

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

was discussed and it was agreed that:

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

and,

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

Environment Agency.

The Sequential Test evidence is to be provided under a separate
cover. The impact of the lowered defences is the subject of this

Addendum.

SJBr/ss11385/B142-05A/Reports 1
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2.0 BACKGROUND
2.1 The Environment Agency has provided copies of the Halcrow Survey

2.2

2.3

undertaken in 2005. This survey data was inspected and
interrogated using AutoCad and Maplnfo. 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.

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.

During the research the following sources were consulted /

reviewed:

e F.A. Buijs, H.AJ.M. van Gelder and J.W. Hall, Application of
reliability-based flood defence design in the UK;

e Joint Defra / EA R&D; Performance and Reliability of Flood and
Coastal Defences, FD2318/ TR2 & TR1, October 2005;

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

Embankments, A good practice review;

e 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,

e Tony L Wahl, Uncertainty of Predictions of Embankment Dam
Breach Parameters, JOURNAL OF HYDRAULIC ENGINEERING ©
ASCE / MAY 2004 / 389;

SJBr/ss11385/B142-05A/Reports 2
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2.6

2.5

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.

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:

e 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;

e 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,

e The breach locations have been agreed with the Environment

Agency; through detailed consultation.

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.

SJBr/ss11385/B142-05A/Reports 3
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3.0

3.1

3.2

3.3

3.4

3.5

3.6

3.7

AMENDED MODEL PARAMETERS

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).

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.

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.

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.

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.

The most appropriate flood levels to be used are summarised as

follows:

e 2005; 1:200 (present day 0.5%): 5.429m AOD
e 2055; 1:200 (industrial 0.5%): 5.798m AOD
e 2107; 1:200 (residential 0.5%): 6.416m AOD

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

SJBr/ss11385/B142-05A/Reports 4
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3.8

3.9

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.

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.

2107 (1:200)
7
6.5
il
~b5.5
5
g 5
Eas
g 4
o
-1 35
3
2.5
2
0 10 20 30 40 50 60 70
Simulation Time (hrs)

Figure 3-1: Hydrograph

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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3.10

potential for overtopping of 5.1 Km of tidal flood defences along

with the four breach locations agreed with the Environment Agency.
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Figure 3-2: Hydraulic Model Schematic

BREACH REFERENCE A B C D
ORDNANCE SURVEY NGR 568231.26, | 568437.29, | 568799.56, | 569005.84,
174430.30 | 174451.12 | 174575.47 | 174705.82
LENGTH (m) 68.4 46.7 66.6 443
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 a1
BREACH HIEGHT % 100% 50% 100% 50%
BREACH START TIME (HRS) | 2.5 2.5 25 25
BREACH END TIME (HRS) 1.5 1.5 1.5 1.5

Table 3-1: Breach Parameters

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.

Progressive Breach & 2107, 1:200 Storm
Profile

Level (m AOD)
N WA OO N

Simulation Time (hrs)

Breach A Breach B Breach C
= == Breach D —— 2107 (1:200)

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.
=y : Depth
£ b= | (m)
L WL g
ST e - > e {] 0.5000
i Ja\_.,,___ﬁ = LT e ' I 1.0000
=t L i 1.5000
'\ e | 4} B 2.0000
T Dagtendd _.
i (e g Al
o n"‘ﬁi‘_a <, RS P £ I I & SR R
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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4.3

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

of the flood levels at selected plot output points.

Pre Development Post Development

(B142_BASE_T200+CC_B_104) (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 5.567 5.571 0.004
West
Denton 5.595 5.603 0.008
Milton 5.612 5.618 0.006
GCL south 5.772 5.772 0.000

e

T sDanger Ares

AWestcourt
v+ EPCL

-

[ -\.?"-' el sFilbaroegh
N S ‘Fifborough West
v ' ‘b}\q

i
r'.

*GCL south

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

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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4.4

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

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

51

52

5.3

54

55

CONCLUSIONS AND RECOMENDATIONS

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.

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.

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.

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.

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.
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1.0 INTRODUCTION

1.1  Ardent Consulting Engineers has been appointed by a consortium
comprising Barratt Homes, Fort Knight Group and Kent County
Council to develop and agree a flood risk assessment and strategy
for the disposal of the foul and surface water run-off arising from
the proposed industrial-use development at Westcourt in Gravesend,
Kent.

1.2 The following report has been prepared to support the planning
application for the renewal of an industrial-use development which
was previously granted consent in 2002 but expired in 2006.
Although the previous consent established the principle that the site
is suitable for employment development, a Flood Risk Assessment
(FRA) is required to support the planning application and
demonstrate compliance with Planning Policy Statement 25 -
Development & Flood Risk (PPS25).

1.3 The planning application for the proposed industrial-use
development is to comprise B2/B8 general industrial/warehousing
unit with a gross floor area of 3,333m?, parking provision for 60 cars

and 10 delivery vehicles with appropriate landscaping.

1.4  The report is submitted to the Local Planning Authority, Gravesham
Borough Council and its Statutory Consultees to obtain an approval
in principle to the drainage strategy for the proposed industrial-use
development and associated flood risk matters. The objective of the
report is to allow the planning application to progress without

objection from the Authorities.

1.5 It is anticipated that the Authorities will recommend that standard
planning applications be applied to the planning consent, where

additional and/or further detailed information is required.
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2.0 EXISTING SITE & DEVELOPMENT PROPOSALS
Existing Site

i | The site which forms the basis of the planning application is situated
approximately 600m north of the AZ26 Rochester Road, 300m south
of the disused Thames and Medway Canal and also the London-
Medway Towns North Kent Line railway - centred on an Ordnance

Survey grid reference of TQBEBY 3B,

2.2  The site is alsa bounded to the south by Dalefield Way which is the
recently constructed distributor road that will serve the Heronsfield

residential development and any potential future development In the

Westoourt ares.

2.2  The site lies within an area known as Westcourt (refer to the
location plan shown in Figure 1, appended to this report) which is
situated to the north-east of Gravesend and occupies a proportion of
land allocated as PM2 within Gravesham Borough Council's Local

Plan.

2.4 The PM9 area is currently allocated in the Gravesham Local Plan

First Review 1994 for Industrial and residential development, open

SR/ 552801/ B140/Renorts P




LAND NORTH OF DALEFIELD WAY, WESTCOURT B140-03

Drainage Strategy & Flood Risk Assessment July 2007

2.5

2.6

2.7

2.8

space and further education facilities and also allocated in the
Review Local Plan of 2000 (Policy MDS5).

The existing landform of the site is generally at a level of
approximately 2.0-2.5m AOD of made ground above alluvium,

underlain by clay and chalk materials.

The existing surface water drainage regime comprises a number of
open watercourse 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 to the River
Thames located approximately 500m north of the site, via culverts
under the North Kent Line railway and the disused Thames and
Medway Canal. However, when the outfall becomes tidal locked the
surface water backwaters up the system of ditches and is naturally
attenuated within the vast expanse of inter-connected watercourses.
A copy of the original land drainage regime is shown in Figure 3 for

reference.

Forming part of an inter-connected network of watercourses results
in hydraulic continuity across the catchment area and any
subsequent rise in water level locally, is naturally dissipated around

the catchment until it reaches hydraulic equilibrium.

In March 1999, Buchanan Consulting Engineers (BCE) prepared a
surface water drainage strategy to support an outline planning
application for 165 residential dwellings and a detailed planning
application for the first 65 of these units, for a site situated to the
south-east of this development area (formerly known as Phases I
and II - referenced GR99/168, Herconsfield Development). The
surface water drainage strategy identified that improvement works
were required to approximately 650m of an existing watercourse to
provide the necessary on-line attenuation to facilitate the proposed

development. The storage provision would essentially be formed by
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2.9

2.10

2.11

2.12

2.13

excavating flood levees marginally below the ambient water level of
1.70m AOD (@1.65m AOD). The methodology outlined within the
BCE surface water drainage strategy was based on HR Wallingford’s
‘Assessment of Tidal Flooding’ report of February 1996 (refer to
Appendix F) and subsequently approved by the Environment Agency
in July 1999 (refer to Appendix D).

Proposals within the above-mentioned surface water drainage
strategy included the provision of two outfall structures that were

limited to a discharge rate associated with greenfield run-off.

Detailed design drawings for the off-site watercourse works were
subsequently produced and approved by both English Nature and
Environment Agency in September 2001 and August 2002,
respectively. A copy of the consented drawings (no.'s U481-001
Rev. E and U481-002 Rev. D) have been appended to this report for

reference.

The approved works were implemented in early 2003 and continue

to function as intended.

The surface water drainage strategy devised for this proposed
development has been based on the principles previously agreed
with the Environment Agency and English Nature, which ultimately
seeks to demonstrate that the water level in the watercourses will
not rise above the 1:100 year level as a result of implementing the
development proposals and the on-line attenuation. Refer to the
Environment Agency’s letter dated 6™ July 2000 included within
Appendix D.

Slab levels for the development site have also been based on the
historically agreed position for the Westcourt area that groundfloor
accommodation should be provided at/above a level of 3.80m AOD
(as agreed with the Environment Agency on 18" August 2004 -
refer to Appendix D of this report. The Strategic Flood Risk
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2.14

2.15

2.16

2.17

2.18

Assessment of the Kent Thameside area now states however, that
fluvial response to tidal inundation and displacement from filling
should now be considered which is a reversal of the previously

agreed position.

Along the northern and western boundaries of the development site,
there are two existing watercourse channels which are
approximately 80m and 140m in length. The routes of the existing
watercourses have been identified on drawing no. B140-004 Rev. A

for reference.

The current development proposals for the site, allows for the
retention of the existing watercourses which will subsequently be
improved to promote aquatic biodiversity throughout the site and to

ensure that there is no net loss in watercourse length.

To the north-west of the site, lies the Sewage Treatment Works into
which, the surrounding existing developments to the south and
west, discharges the foul water. It is into this Sewage Treatment

Works that the development will ultimately discharge.

A copy of the public sewer record plans has been included within
Appendix G to illustrate the location of the existing sewers and

Sewage Treatment Works mentioned above.
Development Proposals

The planning application for the proposed industrial-use
development is to comprise B2/B8 general industrial/warehousing
unit with a gross floor area of 3,333m?, parking provision for 60 cars
and 10 delivery vehicles with appropriate landscaping. A plan of
the indicative industrial-use development layout has been prepared
and presented in drawing no. B140-017 Rev. A, appended to this

report for reference.
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2.19 The overall developable area is approximately 1.6 hectares with an
associated impermeable area of 0.919 hectares which equates to
approximately 57% of the total area. The remainder of the
development will be soft landscaped.
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3.0 rLOOD RISK ASSESSMENT
31 Followmg an [nspectlon of the Environment Agencys {EA) website,
we have established that the developrment site lies within the
indlcabive undefernded flaodplain of the Rlver Thames which benefits
from appropriate flood defence systems {as illustrated in Flgure 2
belawr):
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Figure 2 — Indicative Flood Data Mapping
3.2 PPS25 utihscs the concept of risk-based scquential test appreoach to
flnod risk and dewvelapmenl. Consulting Table D.1 of PPS25, in
conunction with the EA's indicative flondplain mapping, designates
that the development shauld theoretically be cansidered as a flocd
fisk zene 3 slee (high probabllity), and odesceibed as hawving a 1:1G0
or greater annual prebahility af river floading or a 1:200 or greater
anhual prababllity of tidal flooding an any year
3.3 A5 the site is the subyect of @ planning application and thepretically

located within a Flood Risk Zone 2, a Fload Risk Assecsment (FRA) IS
requirad te comply with paragraph E9 of PPS25,
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3.4

3.5

3.6

A FRA has been prepared in accordance with PPS25 which was
formally published in December 2006. PPS25 is now the
acknowledged standard for conducting FRA’s and this study is based

on the guidance stated on within the document referenced.
PPS25 primarily places the onus upon developers for:

Providing a FRA which demonstrates:

i) whether any proposed development is likely to be affected by

current or future flooding from any source;

i) to the Local Authority that the development is safe and,

where possible, reduces flood risk overall;
i) whether the development will increase flood risk elsewhere;

iv) the measures proposed to deal with these effects and risks;

Producing designs which reduce flood risk to the development and
elsewhere by incorporating SUDS and, where necessary, flood

resilience measures.

Identifying opportunities to reduce flood risk, enhance biodiversity
and amenity, protect the historic environment and seek collective

solutions to managing flood risks.
Sequential Test

The guidance uses the concept of sequential testing and the risk
based approach to flood risk and development. Development
priorities are to be based on the specific flood risk zones outlined in
Table D.1 of PPS25. These flood risk zones have been briefly

outlined below, for reference:

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

1000 year chance of river and sea flooding in any year (<0.1%)

S)B/ss2801/B140/Reports 8



LAND NORTH OF DALEFIELD WAY, WESTCOURT B140-03

Drainage Strategy & Flood Risk Assessment July 2007

3.7

3.8

3.9

Zone 2 - Medium probability. Land assessed as having between a 1
in 100 and 1 in 1000 chance of river flooding (1%-0.1%) and
between a 1 in 200 and 1 in 1000 chance of sea flooding (0.5%-
0.1%) in any year.

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. Strategic Flood Risk Assessments
(SFRA) should identify this zone of land that would flood with an
annual probability of 1:20 or greater in any year or is designed to
flood in an extreme flood (1:1000 event), or at an alternative
probability agreed between the Local Planning Authority and the

Environment Agency, including water conveyance routes.

Applying the Sequential Test specified in PPS25, Table D.2 classifies
the proposed land-use of ‘general industrial’, as ‘less vulnerable’ in
terms of flood risk. Reviewing Table D.3 - Flood Risk Vulnerability
and Flood Zone Compatibility’ of PPS25, means that the
development is appropriate and therefore the requirements of

the Sequential Test are deemed to have been satisfactorily passed.
Strategic Flood Risk Assessment

The level of flood risk associated with the site has virtually been
eradicated due to the protection offered by the Thames Tidal
Defences which is estimated to prevent flooding to a level of 6.08m
AOD under the 1:200 year tidal condition (for a design horizon of
2060). Refer to the Environment Agency’s letter of 15" August
2005 included within Appendix D of this report,

A Strategic Flood Risk Assessment (SFRA) of the Kent Thameside
area was commissioned by Kent County Council for the Kent

Thameside Delivery Board and produced by Entec (UK) Limited in
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2,10

collaboration with JBA Consulting.  The study anpalyses the main
spurces of fogd risk in the area, tpgether with @ method of testing
developmient allecetlons/existing  plannng palices for flood risk

management and identifying mitigation aptions,

The SFRA identifies that the main pathways of flooding bo Lhe sile
will be avertocpping, breaching of the flasd defences and Fallure to

claze the Aood probecthon gates at Canal basin,

Fram an inspectian of Flgure 7.3 containcd within the SFRA report.
the site is located within an area designated as a Zone 3 High Risk
({HH}, as dlustrated in the cxtract oelow, A& Sitc classified as a

resiclual high risk, is categarised as eithar:

Being lvcated within Lhe 1:180 year undelended Auvial Aoodplan;
Land enthln 200m of a bidal gate; and

Land which is within the flagd extent envelopes and floods ta a
depth between 0.Bm and 2.5m,

Figure 4 - Extract of Flgure 7.3 of Kent Thameside 5FRA
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3.12

3.13

The application site was subjected to flooding scenarios in the SFRA
whereby the tidal protection gate was not closed at Canal Basin
(referenced GR_7) and a breach of the earth defences protecting the
Shorne Marshes (referenced GR_8). Figure 5.11 contained within
the Stage 2 SFRA report illustrates that the application site could
potentially be subjected to a varying depth of floodwater ranging
from 1-2.5m (maximum) when subjected to a breach at the GR_8
location, These floodwater depths have been coverlaid on OS survey
information and shown on drawing no. B140-022, appended to this

report for reference.

An independent review of the SFRA report was undertaken by HR
Wallingford in March 2007 on behalf of the Applicant, and the

conclusions of the report have been summarised below:

The overtopping model is an ISIS model of the River Thames with
defence heights of approximately 6.7m AOD in Gravesend with lower

defence levels of 5.6-6m AQD for the marshes.

Spill units represent the defence system and connect to a reservoir
that represent the entire Gravesend Embayment and the model does
not consider the overtopping effect on other floodplains/
embayments of the Thames Estuary which will also be inundated

during an extreme event.

The flood tidal level used in the model is 6.4m AOD and significantly
higher than the 1:10,000 year event level of 5.53m AOD stated

within the Halcrow 2002 report. )

Existing defence data for the area of Gravesend shows that the crest
levels are generally provided between 6.7-7.2m AOD and 6.5-6.7m
AQOD on the Eastcourt Marshes. The defence levels used in the SFRA

are in the region of 0.5-1m lower than those stated in the records.

The model shows flooding depths of approximately 1-2m over the

entire Gravesend embayment and does not consider the effect of
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3.14

3.15

3.16

3.17

3.18

local topographical influences (i.e. secondary defences) and are

shown to flood, regardless of whether a valid flow path exists or not.

Within the SFRA, a potential scenario has been simulated to assess
the impact a 50m wide breach would have on the earth embankment

protecting the Eastcourt Marshes (GR_8).

Due to the existing low-lying ground levels in the vicinity of the
breach, significant volumes of floodwater are expected to pass onto
the floodplain. The depth of flooding is anticipated to be in the
region of 1-2.5m (maximum) and would be sufficient for the
floodwater to overtop the railway embankment and flood the area to
the south, including the development site. The preserice of the
railway embankment is however, anticipated to significantly delay

the onset of floodwater to the development site.

Whilst the model assesses the extent of flooding during the
simulation event, no consideration is given within the SFRA to
determine the overall probability of the event occurring at the same

time that a breach occurs in the primary flood defence system.

A breach scenario in the form of failure to close the flood gates was
also simulated within the SFRA model at the Canal Basin in
Gravesend (GR_7) but would only cause floodwater depths of up to
im on the Eastcourt Marshes. The SFRA modei appears to permit
free-flow into the storage area for the entire area and may therefore
over estimate the volume of floodwater that can be stored on the

marshes due to the local topography constraints,

The independent report concludes that the Kent Thameside SFRA
does not provide quantitative information on the variation of flood
risk across the embayment, and that in actual fact, flood risk is
defined in flood risk management as ‘probability x consequence’. As
the SFRA is concerned with the implementation of new development,

the consequence is a function of the development design.
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3.19

3.20

3.21

3.22

The SFRA only provides qualitative information on flood risk and
remains for the impact of the development to be considered. The
standard of protection offered by the Thames Tidal Defences is
unique compared to the rest of the UK (1:1000 year) and is far
greater than elsewhere (compared with 1:100 year for non-tidal

flooding and 1:200 year for tidal flooding).

Fragility curves have been derived for the defence system along the
Shorne Marshes by HR Wallingford which illustrates that the
probability of failure when the water levels are below the defence
crest level may potentially be approximately 0.02% (i.e. 1:5,000).
As the 1:1,000 year water level is however, considerably lower than
the crest level, a breach of the defence systems is therefore
considered unlikely. Once the water level approaches the crest
level, the probability of a breach occurring increases significantly but
it is envisaged that an event in the region of 1:10,000 years would
need to be experienced before the likelihoad of a breach occurring in
the defence system could potentially be realised. The EA have also
acknowledged in their letter of 10" November 2006, that these

defences are maintained to a high standard.

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 less than 0.0001%

probability.
Flood Risk Impact

The existing ground levels on the site are approximately 2m AOD
and the land is intended to be filled using clean, inert material to
facilitate a positive gravity drainage that discharges into the

adjacent watercourses.
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3.23 The existing topography of the application site is relatively flat and
the potential range of floodwater depths [llustrated in the SFRA is
considered to be unrealistic for design purposes. The slab levels
have therefore been set above the average floodwater depth of
1.75m, at 3.8m AOD.

3.24 A meeting with the Environment Agency was held on 1% March 2007
with Ardent Consulting Engineers and HR Wallingford to discuss the
findings of the Kent Thameside SFRA and the implications of
developing the application land.

3.25 As PPS25 stipulates that a flood risk assessment should demonstrate
that the development should not increase the risk of flooding
elsewhere, an independent study was undertaken by HR Wallingford
and established that the raising of the existing ground levels would
only cause the floodwater level to rise by a notional depth of 0.010m
across the marshiland area located to the south of the railway line,

as shown shaded in blue on drawing no. B140-023.

3.26 Considering that the site is protected by a maintained flood defence
system which is only likely to experience a breach in an extreme
event in excess of 1:10,000; and that the impact of filling the
application land will only increase floodwater depths potentially by
0.010m across the existing marshland, it is considered that the

requirements of PPS25 are satisfied as:

i) The development and it’s occupants are not at an increased

risk of flooding;

i) The development will not increase the level of flood risk to
any existing development/human life as the notional increase
in floodwater depth will be contained to the existing

marshland area; and

iii) The development can be drained in a sustainable manner

(refer to Section 4.0 of this report).
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3.27 In view of this assessment, it is deemed that the requirements of
PPS25 (in that the development and its occupants will not be at an
increased risk of flooding, and the development does not increase

flood risk elsewhere), are said to be satisfied.
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4.0

4.1

4.2

4.3

4.4

SURFACE WATER DRAINAGE STRATEGY

The basis upon which this surface water drainage strategy has been
prepared utilises the flow conditions previously established by
Buchanan Consulting Engineers, HR Wallingford, and the design
parameters previously agreed with the Environment Agency and
English Nature for the adjacent development sites i.e. the

Heronsfield residential development.

In September 2001, HR Wallingford constructed an ISIS model of a
network of drainage channels to establish the post-development
water level in the watercourses. The analysis determined that the
post-development water level in the watercourse will rise to
approximately 2.04m AOD when subjected to a 1:100 year rainfall
event. Refer to Appendix E of this report for Table 3 of HR
Wallingford’s report and the Environment Agency’s approval of such
(letter dated 25" September 2001).

As mentioned in the previous section of this report, the drainage
channels modelled by HR Wallingford are inter-connected with the
watercourses which traverse the development 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 watercourses do not rise above
2.04m AOD when:

i) The site is developed;

i) Run-off is restricted to a limited discharge rate of 7
I/sec/hectare (i.e. Greenfield run-off rate stipulated by the
Environment Agency); and

i) Subjected to various durations of a 1:100 year rainfall event.

Based on the previously agreed strategies, the following design
principles/parameters have been adopted to produce a strategic
network of spine sewers and watercourse channels which have been

modelled using Micro Drainage’s WinDes Suite Version W.10.4:
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o Ambient water level in the watercourse channel is 1.70m AOD.

e Post-development, 1:100 year water level shall not exceed 2.04m
AOD.

e Post-development run-off to be restricted to greenfield run-off rate
i.e. 7 |/sec/hectare (total of 10 I/sec) with resultant compensatory
attenuation,

e Attenuation design parameters: M5-60min=20mm; Ratio, R=0.40;
Cv  (Summer)=0.75; Cv (Winter)=0.84; Maximum allowable
discharge =10 |/sec.

» Attenuation of surface water run-off to be accommodated within the
modified watercourse channels providing a flood levee for regular
wetting at 1.65m AOD (storage only calculated above 1.70m AOD -
the ambient water level).

» Spine sewers have been designed for a 1:2 year rainfall event and
checked to ensure that no flooding occurs for a 1:30 year rainfall
event to comply with the guidance stated within ‘Sewers for
Adoption’, 6™ Edition.

e« Spine sewer outfalls have been designed to discharge into the
watercourse above the 1:100 year water level of 2.04m AOD.

e Watercourses have been modelled to assess the impact for a 1:100
year rainfall event.

e Manning’s 'n’ roughness co-efficient set as 0.040 as per Ciria’s
report 168, Table D3.

e Model includes a surcharged outfall to replicate the fact that the
downstream watercourse contains a constant base flow in the
channel.

e Model also includes a hydro-brake that has been artificially raised to
the ambient water level of 1.70m AOD to restrict the discharge rate
at the outfall to 10 I/sec.

« Fill levels within the site have been established to allow the
provision of gravitational drainage and to accord with flood risk
requirements.

+ Areas of aquatic habitat lost as a result of the site development will

be replaced by compensatory habitat.
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4.5 To model the development, artificially raised invert levels have been
introduced along the entire length of the watercourses to reflect the
ambient water level of 1.70m AOD, which essentially excludes the
continual base flows found within the existing watercourses, as
these flows are present in both the upstream and downstream
scenario. Therefore, in this instance, the invert levels stated for
pipes reference 1.000 to 1.009 in the network model should be
ignored,

4.6 Based on the above-mentioned design parameters, preliminary
attenuation calculations envisage that a total of 455m> of storage
will be required (which includes an allowance of +20% in volume for
any potentlal climate change) to facilitate the industrial

development.

4.7 The surface water drainage strategy for the development has been
designed so that all of the run-off is conveyed to a strategic network
of modified watercourse channels via spine sewers. These proposals
are illustrated on drawing no. B140-020 appended to this report and

primarily comprise:

e Regrading and improvement of approximately 220m of existing
watercourse to provide on-line attenuation of approximately 455m?
(which includes an allowance of +20% in volume for any potential
climate change) for a development impermeable area of 0.919

hectares;

¢ A modified watercourse profile has been determined to provide
surface water attenuation above the ambient water level (1.7m
AOD) and incorporate 1:3 embankments with a flood levee, as

shown by the typical section on drawing no. B140-020; and

¢ Existing watercourses to be retained and improved to ensure there

is no net loss in length as a result of the development proposals.

» Bypass interceptors shall be installed at the downstream end of the

sewer system prior to surface water flows being discharged into the
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4.8

4.9

4.10

receiving watercourse to prevent any contaminants polluting the
habitat. These interceptors are proposed where surface water run-
off from either the car park/delivery area is collected and locations
indicated on drawing no. B140-020. The sewer system located
adjacent to the eastern boundary of the development, will only be
collecting surface water run-off from the building roof and therefore

flows can be discharged untreated.

The possible implementation of infiltration drainage systems were
considered at the conceptual stage of devising the strategy.
However, having reviewed the content of the soil investigation
report, the presence of a high groundwater table and low
permeability rates of the sub-strata, it was considered that
infiltration drainage systems were, unfortunately, deemed

inappropriate for the development site in this instance.
Results

The simulation results demonstrate that:

No flooding occurs throughout the spine sewers for a 1:30 year

rainfall event;

The provision of a flood levee is an effective means of attenuating
the surface water run-off within the watercourse channel to
accommodate the surface water run-off generated by the 1:100 year

rainfall events.

Limited discharge rate of 10 I/sec is not exceeded at the outfall and
the water level of 2.04m AOD is maintained for the 1:100 year

rainfall events.

A copy of the corresponding simulations for the 1:30 and 1:100 year
events have been included within Appendix A and B of this report for

reference.
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5.0 FOUL WATER DRAINAGE STRATEGY

5.1 The existing adopted foul infrastructure in the immediate vicinity of
the site is shown on the public sewer record plans included within
Appendix G of this report. The public sewer into which the
development effluent will ultimately discharge consists of a 375mm
diameter sewer that flows in an east to west direction, eventually

discharging into the Sewage Treatment Works.

5.2 The proposed development foul sewer connects into the upstream
manhole of the 225mm diameter sewer which crosses the recently
constructed distributor road, built in advance as part of the previous
development works. This in turn connects into the foul sewer
network designed as part of the development, ultimately discharging
into the 375mm diameter adopted sewer, in the manhole located

within Medbury Gardens.

5.3 The Phase 3B foul sewer network and distributor road crossing are
presently unadopted but designed and constructed with the approval
of Southern Water in anticipation of future adoption. The existing
network is shown on drawing no. B140-SK09, appended to this

report.

5.4 An analysis of the flow capacity at this location in the adopted
network (requested by Southern Water), determined that the
capacity of the sewers downstream of this outfall point was
sufficient to accommodate the proposed flows from the development
(7.9 |/sec capacity analysed from the previous layout with increased

residential units).
Proposed Foul Sewer Design

5.5 A foul water drainage strategy for the proposed industrial
development has been prepared to discharge flows from the unit
into the existing 225mm diameter foul sewer that crosses Dalefield

Way.
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5.6 Preliminary foul drainage calculations have been produced to
establish the peak flow from the proposed and future development
aspirations, and have been derived adopting the following design

parameters/assumptions:

e Hydraulic design of the strategic foul sewers have been designed in
accordance with the requirements of ‘Sewers for Adoption’ - 6"
Edition;

e Discharge rates for the industrial unit has been established from
advice provided by Southern Water as 400 litres/day/100m? (based
on a 12-hour day);

¢ Minimum velocity within the strategic sewers i.e. excluding any
private drainage connections, shall achieve 0.75 m/sec at one-third
design flow (refer to Appendix C for the Win Des output calculation
file);

e Pipe roughness value (Ks)=1.5mm;

e The preliminary foul drainage layout is shown on drawing no. B140-
021 showing the adoptable foul network and indicative private

network (shown to establish ground levels).

5.7 Based on a unit gross floor area of 3,333m?, the anticipated peak
foul design flow for the industrial development has been calculated
at 2.5 l/sec.

5.8  Previous consultation has been held with Southern Water in order to
confirm and agree the foul flows within the sewer system. The
discharge rate previously agreed with Southern Water was 7.6 |/sec
and was based on an original site proposal of 165 residential units,

5,000 sq ft of retail and 5,000 sq ft for a children’s nursery.

Results

5.9 Based upon the design parameters and principles discussed

previously within this report, the foul drainage strategy for this
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industrial-use parcel has been devised to demonstrate that the site
can be satisfactorily drained without material impact on the existing

drainage system.

5.10 The adoptable sewer is to be piled throughout its length in order to
prevent any damage resulting from further settlement from the pre-

consolidated ground.

5.11 The foul sewer is to discharge into the existing manhole situated to
the north of the distributor road, recently constructed to

accommodate the crossing of this road.

5.12 Southern Water have previously confirmed that there is sufficient
spare capacity within the receiving downstream system to accept a
foul water discharge of up to 7.6 |/sec and this allowance would be
suitable to accommodate this particular phase of development
(without requiring any off-site remediation works to the public

network).
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6.0 SUMMARY
6.1 Following an Iinspection of the Environment Agency’s (EA) website,

6.2

6.3

6.4

6.5

we have established that the development site lies within the
indicative undefended floodplain of the River Thames which benefits

from appropriate flood defence systems.

Consulting Table D.1 of PPS25, in conjunction with the EA’s
indicative floodplain mapping, designates that the development
should theoretically be considered as a flood risk zone 3 site (high
probability)}, and described as having a 1:100 or greater annual
probability of river flooding or a 1:200 or greater annual probability

of tidal flooding in any year.

Applying the Sequential Test specified in PPS25, Table D.2 classifies
the proposed land-use of ‘general industrial’, as ‘less vulnerable’ in
terms of flood risk. Reviewing Table D.3 - Flood Risk Vuinerability
and Flood Zone Compatibility’ of PPS25, means that the
development is appropriate and therefore the requirements of

the Sequential Test are deemed to have been satisfactorily passed.

The leve! of flood risk associated with the site has virtually been
eradicated due to the high standard of protection offered by the
Thames Tidal Defences which was acknow!edged by the EA in their
letter of 10" November 2006.

The Strategic Flood Risk Assessment (SFRA) of the Kent Thameside
area has established that the application site may potentially
experience floodwater of an average depth of 1.75m when subjected
to a breach occurring to the north of the land. The fragility curves
prepared by HR Wallingford suggest however, that for a breach to
occur, the floodwater levels would need to be in the order of a
1:10,000 year event, (far in excess of the 1:1,000 year event that is

considered).
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6.6 An independent review of the SFRA was undertaken by HR
Wallingford in March 2007 and concluded that in actual fact:

+ For the overtopping scenario, the ISIS model does not consider the
effect on other floodplains/embayments of the Thames Estuary

which will also be inundated during an extreme event;

e The flood tidal level used in the model is 6.4m AOD and significantly
higher than the 1:10,000 year event level of 5.53m AOD stated
within the Halcrow 2002 report;

¢+ The defence levels used in the SFRA are in the region of 0.5-1.0m

lower, than those stated in the existing defence data records;

e The model for the overtopping scenario shows flooding depths over
the entire Gravesend embayment and does not consider the effect of
local topographical influences (i.e. secondary defences) and are

shown to flood, regardless of whether a valid flow path exists or not;

s Whilst the model assesses the extent of flooding during the
simulation breach event, no consideration is given within the SFRA
to determine the overall probability of the event occurring at the

same time that a breach occurs in the primary flood defence system.

+ The SFRA model appears to permit free-flow into the storage area
for the entire area and may therefore over estimate the volume of
floodwater that can be stored on the marshes due to the local

topography constraints.

e The presence of the Thames Tidal Defence System means that the
annual probability of flooding at the development site is less than
0.1% and the result of any breach scenario occurring under these

conditions would, in actual fact, be less than 0.0001% probability.

« An independent study was undertaken by HR Wallingford and

established that the raising of the existing ground levels would only
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6.7

6.8

cause the floodwater level to rise by a notional depth of 0.010mm

across the marshland area, south of the railway line,

Considering that the site is protected by a maintained flood defence
system which is only likely to experience a breach in an extreme
event in excess of 1:10,000; and that the impact of filling the
application land will only increase floodwater depths potentially by
0.010m across the existing marshland, it is considered that the

requirements of PPS25 are satisfied as:

i) The development and it's occupants are not at an increased

' risk of flooding;

i) The development will not increase the level of flood risk to
any existing development/human life as the notional increase
in floodwater depth will be contained to the existing

marshland area; and

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

Based upon the parameters/design principles established within
Sections 3.0 and 4.0 of this report, the following surface water
drainage strategy has been devised and illustrated on drawing no.
B140-020:

Existing watercourses are to be retained and improved, to ensure
there is no net loss in length as a result of the development

proposals.

Compensatory on-line storage of approximately 455m*® to be

provided in the form of flood levees above 1.65m AOD;

Approximately 220m of existing watercourse to be regraded and
reprofiled to provide a flood levee (an additional area of

approximately 2,200m?);

Bypass interceptors shall be installed at the downstream end of the

sewer system prior to surface water flows being discharged into the
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6.9

6.10

6.11

6.12

6.13

receiving watercourse to prevent any contaminants polluting the
habitat.

Simulating the rainfall events for various durations of 1:30 and

1:100 year has established that:

The strategic drainage model confirms that the spine sewers can be
designed to ensure that no flooding occurs when the system is

subjected to a variety of 1:30 year rainfall events

The strategic drainage model confirms that the network of modified
watercourses can be designed to ensure that the flows generated by
1:100 year rainfall events can be contained within the banks whilst

maintaining the 1:100 year water level of 2,.04m AQCD.

Southern Water have previously confirmed that there is adequate
capacity within the existing system to accommodate the predicted

peak foul design flows for the industrial development.

The foul sewer is to discharge into the existing manhole to the north
of the distributor road, constructed to accommodate the crossing of

this road.

On the basis of this report, we conclude that the strategies
presented herein satisfy the requirements stated within ‘Sewers for
Adoption’ - 6" Edition, whilst prometing the sustainable re-use of
the existing drainage connections and provision of on-line surface

water attenuation.

We therefore recommend that the determining Planning
Authority grant outline consent for the industrial-use scheme,
as the development proposals comply with the requirements
specified within Planning Policy Statement 25 - Development
& Flood Risk.
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.003
.004
.005
.006
.000
.001
.002
.003
.007
.008
009
.000
001
.002
.003
.004
.005
.006

.893
.639
.508
.893
.892
.892
.891
.891
.891
.810
.776
.616
.518
.890
.890
.890
.653
.445
.303
. 889
. 889
. 889
.889
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Return Climate

Period
1.000 30 winter 30
2.000 30 winter 30
2.001 30 winter 30
1.001 30 winter 30
1.002 30 winter 30
1.003 30 winter 30
1.004 30 winter 30
1.005 30 winter 30
1.006 30 winter 30
3.000 30 winter 30
3.001 30 winter 30
3.002 30 winter 30
3.003 30 winter 30
1.007 30 winter 30
1.008 30 winter 30
1.009 30 winter 30
4.000 30 winter 30
4.001 30 winter 30
4.002 30 winter 30
4,003 30 winter 30
4,004 30 winter 30
4.005 30 winter 30
4.006 30 winter 30

Inertia Status  OFF
ON Analysis Time Step Fine

summer and winter
%8, 30, 60, 120, 240, 360, 480, 960, 1440

¢]
First X
Change Rank Surcharge

0% 15
0% 4 30/15 Summer
0% 4 30/15 Summer
0% 15
0% 15
0% 15
0% 15
0% 15
0% 15
0% 4 30/15 Summer
0% 4 30/15 Summer
0% 4 30/15 summer
0% 4 30/15 summer
0% 15
0% 15
0% 15
0% 4
0% 4
0% 4 30/15 Summer
0% 15
0% 15
0% 15
0% 15

surcharged Flooded Flow/
Depth (m) vol (m®*) cCapacity

-0.407 0.000
-0.004 0.000
0.000 0.000
-0.405 0.000
-0.405 0.000
~0.404 0.000
-0.404 0.000
-0.403 0.000
-0.402 0.000
-0.071 0.000
0.040 0.000
0.004 0.000
0.000 0.000
-0.402 0.000
-0.401 0.000
-0.400 0.000
-0.131 0.000
-0.079 0.000
-0.051 0.000
-0.411 0.000
-0.410 0.000
-0.409 0.000
-0.408 0.000

.00
.95
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o/F
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Status
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Ardent Consulting Engineers
Ath Flogr, Diargngd House

v F30-30 Hatlun Garcen
London ECIW 8ER

I Date 15 June 2007 10: 28 Destlgnad By shurton
! File 1TMZ0 REV B.SUM Checked Ry
Micra Oira:nage Simulgtion W.10.4

Sumodry Wigard gf 30 Winter 34 weaar reforn feriog

b rTh
REeturn ClimaTe First X FiFrsT ¥ First r o/F -
P STOFM  parind  change "2 surcharge  Flood  Qwerflom  Act
4 417 3 winter 30 1 1%
4,008 30 winter a0 1.1 1%
4.4009 30 winkter in 0 1%
4,010 20 winer an 4 ] 15
1.010 10 wipger i (i, 15
] - water Lwl. surcharged Flooded Flevw werflow Pipe Flow P
Ex. ) Depth (m} vol (m?3 cCapacity  £1/s) {1/5)
4.00r 1.%80 -0, 407 0,000 .01 L 11 ] K
4,003 1,849 -0.4006 0, (Hk .51 1] ? 0K -
4,009 1.340 -[.405 0.k 1. el i} 2 0K ;
& 010 1.49E9 -0, 404 Rl 0.0 0 i ve |
1.010 1.8E4 -0, 440 0,00 .00 1] 5 0K )

R T [6)1882-2006 Micro Drainaye




Ardent Congulbing Englieers

. dth Floor, Diamaond Hause
36-38 Hatton Garden
Londen ECIM BEE

'V Date 15 June 20407 14028 Desgnhed By sburton
L File 1IN3D REY B.Z1IM Checaar Py
| Micra Drainzge . Simulabign W,10.4
|
Imim L yEar return pericd
Rewliuu‘-'_&szu_s.mi
margin for rlood risk warning Crm) 300 Inergia S1aius  DFF
CWvD Status oM Analysis Tine Step  Fine
FroFiledsd Surmer and Winkcer
puratisn(sy (mins) 1%, 30, B0, 130, 744, B0, ABQ, 960, 1440
Raturn Poripd(=} {years) i
Climate change (%) i
Feturrn Clinate First o FIirst v First z OFF
PN Storm Feriod Change Rark Surcharge Flosd Dverflow At
1.0 bR winter 30 % 11
2.0 G0 winter I o & 0715 5mwmur
2.1 B winater 10 X f 30715 Summer
1.1 &) winler 10 b3 13
.00 &0 wWinter EYi] (K- 13
1.903 &0 winter 10 0. 13
1.0 ©0 winter i o 13
1,005 &l winter i L1 1, 4 H
1.006 &0 winver L1} i}, 4 13
3.000 6 winter 3q % B 3015 Summer
3001 60 winter ] ;1 I i =), TN
Z.0 B0 winter £ % £ 30715 S
I3 B0 winTer 3 % £ 30,25 summer
1.007 &0 winter k1t % 13
I ODE B0 winTer A1) i 14
1.00% B0 Wintwer 3k 4 4 13
4080 EBEO Winler 30 - 4 &
.00 &) winter if 13 6
4.002 G0 winter il o 6 30715 summer
4,003 60 winer 1] [ 13
4.0 D wipter in [ 13
4.005 &0 winter il 11 13
4.00% ED winger eLY 1:4 13
Lwl water Lvl., Surcharged Flooded F1 o, averflon Pipe Flow
ex, P {m) pepth {md  wol ¢m*3 capacity  [1/s) f1fs)  STATUS
1000 1.%21 -i}.329 G000 .M 1 1] [l
2. 000 2490 -0, 153 .00 0.6% ] bR a K
2.001 £.383 -0, 11% [ERWily) 0,82 i} LA 0K
1.041 1. =, 377 0.0k .01 ] 18 QK
1.007 1,981 -0 3G 0. GO0 .83 1 4 a K
10004 1.921 -0. 375 0, GO .04 { g1 aJK
1004 1.921 -N, 374 000 q.03 L] er oK
1. 005% 1.9 -0, 374 0.0 a,.02 LI 1G 0K
1.0CH 1.9 {1,373 1100 &.01 1 b 0k
10008 .k ol 1990 0_000 ik n 13 G K
1.001 & u B -0 08g 3, 00 0.7 L1 51 LK
3007 2.478 -0 Eid 0, 000 .77 & {1} oK
5.003 2.40% - 113 0 00 . E3 ) T oK
1.007 Tk LA 0, oD .05 () 62 Ck
1.004 1,919 -0 3rd 0. 006 0.9o% ] 48 K
1.009 1.414 -0.371 0, Q00 0.0z 1] 14 K
404 2.h34 -.154 .00 .24 a q aek
4001 2.411 -0.113 0. ok n.49 i 18 a K
4 _Gfe 2.5 -+, 0%5 0.300 n.el 0 18 L
a_[ak 1.018 -1, i 0.000 0.0 1] 13 a K
4,004 1,918 0.301 f1.z00 L1 L] 1x oK
4. Q0s 1.81E -0, 350 0000 a, 00 Q 10 ak
4, N 1.Mk ~{_379 O.0n O_0h L] T 0K

(L1987 20046 Micro Drainsge




_ardent Consulting Enginesars
. 4lh Floor, Dsamond House

. 36-38 Hatton Garden

, Landar, EC LW SER

Dale 15 June 2007 §9.28 DESlg-I'IEd By shuman

File 1TNZ0 REY B.5UM Checked By _  _ _

_Micro Orainage _ Samuiation w104 __
: Summary Wizarc of B0 Ynter 30 year ety period

Resylis for Desion Storms

Retyrn  Llimate First ¥ First ¥ First 2 OFF
PN Stare Period  Change Rank surcharge Flaod Ovepflaw  Act
4,407 B winker 10 (¢4 1%
4,008 &0 Winter £l (% 13
4.00% &0 Winrer 10 0% 13
4010 &0 wipeer in 1 - 13
1.017 ED winter in i 4 13
Lwl e Water Lwl. Surcharged Flooded Mowf  Overflow Fipe Flow —
EX. {m] Depth (m)  wol ") capacity  £145) (1452
4,007 LR . 378 0, 000 .00 0 5 ok |
4404 1L.91F 0,377 0. 0G0 .00 { E| 3 K
4,00% 1_91E -0.3Ms L. O 0.00 { 1 oK
4,010 1914 -_37% . 00 0 .o 4 1 LU
1.010 . 3 b -0.371 0. O 0.ug | 7 K

_ ) (T 1962 2008 MICio Dralnans
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<t Floor, Diamont Hause | T"_‘";"ﬁfl_m?

J-31 Hlattearn Gardion ;':.j '_'I fﬁ_,_l,: i o

Londey ECIN BEE . _ == _:W;ﬁ_ﬁwﬁéﬁﬁlﬂé‘i:*ﬁwmﬁ'

Date 15 June 2007 1028 Designed By shurtan |] [ bk : a '
_File LINIDREY BSUM Checked By Lt i

. Mlcra Drajaage Sirmul2tion W, 134

Summary Whagrd af 120 Winter 3G year refurn perlad

afF

Atdtus

Results for Degan Starms
vargin for Floof Bask warning (mmd 300 Inertia status  OFF
O¥D SCetus il Analysis Tine 5tep Fine
Fratilefa} i Coatire - ARE Winter
nuratienls) (minsd 1%. 10, 60, 123, 244, 60, 480, 960, 1440
Aeturn Period(s) {wears) an
Climaie Change (%) i}
Relurn C1imiece First X First ¥ First £
FH Ao Feripd Change Rank Surcharge Flood oOwerflow act
T.06% 220 minTer k{1 (13 g
2,008 120 winrter I 0% i 30515 ouchmer
2.001 1400 Winmter b1t N4 £ AYF15 wimer
1L.001 20 winter 0 4 5
1,002 120 winecer 3l % 5
1.003 120 winrer ap i 4 g
1.004 120 winzar 30 % g
1.00% 1M Winter xn % g
1.006 120 winter 0 % g
3.000  1d0 winter ) ) i 30/1% Summer
1.001 120 wWinter itk e 4 30715 Summer
1.002 120 winmter E1H e 8 I0/1% sSuTmer
1,00} 170 wintar 11 R A 30s15 Suxmer
1,007 10 winter 4| o a
1.008 120 Winter 30 (i ]
1.00% 120 wiater 0 (i3 Lo
4000 120 wisrar 3 i i
4.00L 130 winger 30 3 i
| a,.0d 130 winter 3t R B a0rls Susmer
4001 I8U #inter At % ]
. 4,004 120 Wimtgr 10 (W 4 ]
4.005 L0 winter 30 () 4 5
4.006 120 winter {4 0% g
L] - water 1wl. Surcharged Flooded Flow/ averflow Pipe Flow
Ex. i} iepth (m) wol (o) Capacity {1/s) [l4s3
1 1.0 1.494% -0 355 0. o0 .00 L 0
’ 2. a0 7. 435 -0, 216 0. 000 0,40 QO 41
7.003 2.7373 -f_185 [ _ (KD .51 0 41
1.3 1,545 - ¥ud {1.(HmM 0,0 O !
L.aaz 1.045 -G, 357 0, 0 0. 02 L] r|
1.0013 1.94% -0, 351 G, 0G0 .0 LK 1%
1.001 1.5945 =0 350 0. 000 0.0l [} 13
1. 004 1.941 -0_350 0D .01 LK i
1. 00 1.944 -0_349 000 .01 L 5
1. 0040 7.h5%1 -1 A3 LA [V { B
3.001 2-5h4 =015t T1_(HI 49 0 32
3,002 2.411 -.1499 0, 0o .44 o dd
3.003 2.33q -0_1E4 0.0 }. 52 L] 44
1.007 1,944 -0 348 0000 0.4 LI 35
1. 00k 1.543% -1_ 148 .00 .03 { it
. L.00m 1,042 -4, 3144 0000 f.01 L] 1R
i 1G04 2.alA -{.168 1.300 G158 i t
4,001 2.4 -(.140 0, A .30 b 11
4, 0 2.0t T 0127 0. 00 .34 i 11
4. 003 1.%47 -0 3%k {1020 G.01 1 11
2, 00 1.9a7 -0, 357 O_7e0 o0 1 &
4 _00% 1.947° -0, 35 4000 F ] K] 1] h
H 4 . R 1.942 -0, 35% 1.0 G0 i d

_-_ ) I:_l'-:liﬁm'ﬁﬁf_:ﬁrn bra megc
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Arcenl Conuulling Enginegrs
4th Floor, Dhamonc House
36- 38 Haton Garden

| Loncen ECLMN BER

Cate 1% lune 2007 10:28 Designed By sbutton

File 1TN3D REV B.5UM ) Checked By .

| Micre Dralnage Simulaton W. 104

Syummanry Wizard of 120 Winler 30 wedl felurn peritd

r ign Sk
Return Climate First X First ¥ Trirst I DfF
FH STOFM  oeripd  chamge PR curcharge  Flood  Overflow  act
4 007 120 Winter 0 (8 h
4_00% 120 Winter Xk 4 g !
4,.00% 140 wlater 20 y.: 3 5
4.010 120 Winter E1H 7 5
1,010 120 winter L1 g ]
Ll water 1vl. Surcharged Fleoded  Flow/  Overflow PipE Flow
k. ™ (m} pepth fml  wol (n?) Capacity  (1/s) L1552 Sratus
4,607 1.942 =11, 354 0. 0o .00 4 E) oK
4. GOE 1.347 -,3151 0 oan t.00 1 1 O K
4 09 1.942 -+, 352 0 £ 0 0 I 0K
4 011 1.942 i N 15 4._000 0,00 i} iy 0K
1_000 1942 -0, 347 a._400 0.0 i g QK

{CY1982-2006 Micco Drainage




Arderd Consulting Enginesrs
4ih Floor, Diarmond Mowse
16-38 Hatkon Gasden
Landan ECIMN 8ER

Date 15 June 2007 10-78 | 'Designed By sburton
| Fi'e 11M30 REY B.SUM Checked By
rMicre Draingge Sirnulatipn W, 1Q.2
Zummary Wigard gf 240 Winter 30 yvear retyrn period
1 Resuylte for Design Skorms
mirgin fur Flocod Risk wirn ng (mn) 0 Inkrtid Status  QFF
WD STdcus CH Analwsic Time SLep Tine
I _ .
Profile(s) Sutiner and Winter
wration{s] [ming) 15, 30, ai, 141, 2ad, 360, 480, 960, 1440
Peturn PEripdis) Cytarz) 20
clinate change (%) o

Feturn Climate First x First ¥  First 2 OJF

PN Starm Fecriod cChange P0K o harge Flood  Overflow Act

1000 240 wWinter 30 Y g

2000 240 wipLer 20 0% 10 3,5 summar

2.0 240 wintaer 1 L1 10 30715 <ummer

1.4001 240 winter 0 -4 |

1,002 240 winter i e 3

1,403 240 winLer i % i

1.4004 240 winter 10 (111 3

1.0058 240 winter £l (17 E

1.006 240 winTer i 0% 3

3.000 240 wintTer aad 0 11 30715 summer

2.001 Pa0 wipter L] % 1o 2015 Sutler

3.007 r4Q wintar 0 s 0 3015 Summer

3005 zal winrar TN LI M 2015 Summer

1.007 74l wintar an i El

1.5 740 winter 11 L1 8 !

1.8 Zad winTer n ik i

d 0 240 winter =0 X 11

4,001 240 winee- 20 )3 11

q. 002 2k winter 1D E 19 30/1% Sufimer |

4.003 M40 wintar 0 (1] k| !

4.0k 240 winter a (3 ]

4005 240 winter 30 F: 3

4. 00 4} winter a0 (13 3

Lvl py  rater Lvl. Surcharped  Flooded Flow’  oOverflow #ipe Flow SERTLE
Ex. () pepth {m) wel {m'} capacity (1/%) £1/5) “

L0 1.958 -0_ 742 0 _ 000 [t AN a 4] oK
2.0 £, 392 -N_23] O 000 o, 24 y) 25 oK
d.001 2.27% -0_233 (00 1] . 31 W] 75 oK
1.00) 1,558 -1 340 &, el .01 o 17 oK
1. Qi 1.595%8 -i1,.310 . 0 0,01 i 14 O K
1.003 1. 55K -2.331E 0., 0ok .01 ) 1 O K
1.[H4 L - 33F 0. 000 0.0 [ g LI
1.005 1.257 -3 o, 00c (L) | it 3] LI
1.406 1.9%7 -0, %36 0. DA 0,00 1} 4 oK
3.000 7634 =0,247 o.HoG 0.07 n E 0K
Z.001 &, 546 0. 1590 4,000 U7 0 14 O R
3 Gy £.3069 -0.xa3 0,000 n_2r ] 26 0OR
1003 2285 -1, #31 O .00 0.3l a 26 0K
L -MI7 1.957 . 335 0. onn (.0 { re oK
10108 1.956 -0_3%5 ¢ Qo0 0.0 { 17 oK
1.4 1.95% -1.3%5 0 .01 [F] 13 0K
4,030 2. 60 =0 L& 0.0 G, 09 i | oK
4. 01 e | -0_1&0 O L.14 a 7 ok
4.007 i X -0_15%1 E i d.24q 4 ? 0K
4.0 I.955% -0 %% 0. G oo i | ) K
4 0k 1-9%% -0 344 &, 0D Q.4o0 0 N O K
q.045 L. 4% -, 183 0. Ok n.0on 0 4 K
4. 05 1.%5% -0 342 Q.00 o.0on 1 3 LI !

T [c11082-2006 Micro Dranaqe




Argent Consulting Engineers
4th Floor, Dvamond House
3J6- 358 Hatton Gasden

Lendon ECIM 8EB e
Dale 10 June 2007 10:28 Designed By sburton

Flle | IN30 REY B.SUM Lhecked By

Micro Drainace i Zamul2tion W.10.4

Summnary Wizare of 240 Winter 20 year refurn perigg :

Results for Design Storms .
1
Return Climate First x First ¥ First I qQfr
PN STOMM  papind change K surcharge Flood  dverflow act
d_ (Kl A0 winner i o= 3
4 0 240 winker ) (121 ]
4,009 20 wincer i s 3
4 010 240 winger 1 0% 3
1.010 240 winver il i3 3
L] water Lvt. swecharged Floocded Flow Cwverflow  Pipe Flow
Ex. ' m) oepth {m)  wal (m'3 fapac"lllrty 1 /5 [fsy  Status
4, Q07 L. %55 -0. 341 0. 000 (.0 1] z 0K
4 {003 1.95%% -0, 340 0, G0k 0, n 1 0K
4 09 1.4955 -0.311% 0000 0.l n 1 0K
4 .Qip 1,355 S iEEl 0.0 .00 1} : 0K
1.q10 1,955 -0.%3d 0, Qi 0,00 1] O nE

_ (el198F-2006 Micre Drainage




_ Ardent Conzulting Enginesrs

' ath Floor, Diamand Howse
16-38 Hatton Garden |
London ECLIW BEH

Date 15 Mme 2067 10126 " Cesignes By shurton
I File 11M30 REY B.SUM | Checked By
~ Micro Dnainago _ _ o Zimulpteon w104

mrna—y Wizard of 380 Winter ear refurn perigd

I ke Far iqn Grorns

| Margin for flocd wisk warning [mm) 4400 lnertia Status OFF

| W sEates O analysis Time Step Fing

: Prafilels] Cummer and Winter
Corazion{s] [minz} 1%, 30, &0, 120, 240, 360, 480, MWh. 1440
return reriod(s] (vears} 20
climate Change (%2 1]

| - - keturn  Climate ..o First x First v First I o/fF

perigd Change surcharge Flovd  Ooverflow  act

1,003 360 winter 10 i1 z

2.00% 360 wWinter in (1 13 316 Swhier

2.001 360 winter 3 1) 11 35515 tummer

1.001 3680 winler 30 i3 2

1.002 360 wWinter i (F% 2

1.00% 360 winter 0 1 7

1.4 360 Wwintar | L% ?

1.004 360 Winter 1) 14 7

1.0 360 winter a0 -3 7

1.000 160 winTer 1o LF: 11 3015 Secuner

1.3 160 winLer 10 % 13 30715 Suewmer

1007 160 winLer 0 Lird 13 30715 Sunmer

1.003 IE0 wWinter £l ok 11 30S1%F Scmmer

Loty 160 winter ] ;1 r

1.00E 360 minTer it ] 0k x

1 339 354 winter g o, z

4000 36Q winter an i 13

4 001 360 winter a it 14

4 002 360 winTer i L] E3 HL13 Suneer

4 i 360 wincer L L1 I

4. 04 IED wintpr L4 % z

4 005 36D winter n % z

4 906 260 winter 341 {8 ?

Ll warer w1, Swrcharged Flocded F1omw overflow Pipe Flow
£, ¥ 'O BegTh I-E;|rn,‘,r wol (e} Capacity  L1/%5) {175)  Status

1.000 1.9B61 0,539 0.0 O [H 1] [ Uk
2. 000 4.313 -0.220 0.cono 01K ] 1E 0K
Z2.03d1 2253 -0.2455 0 Qi 0.22 1] 1§ Nk
1.00L 1-961 -fh_337 0.0 0.03 1] 1z n e
1.002 1.961 -0 136 . Do 0,u1] 1 11 0K
1-003 1.m51 -0, 335 0. D u.ol 0 i0 LU
1.004 1.-961 -0 334 0 O 1.01 1] g 0K
1.00% 1.961 KR | GOm0 0.41 1) 5 d
1.0006 1.961 SRR+ . U0 0,00 1] 4 a kK
3000 2.020 -0.25%5 0. 060 0,03 i] 4 arK
1.0 2.530 0. 206 0.0 0.11 ] 14 oK |
.02 1.34% -0, 263 D0 .19 b 149 oK
1.093 J_Me3 -0.255 0.0 213 1] iw ok
1.H7 2.941 -0.3131 0.0 d.4oz ] ) oK |
1.0:dE 1.0E0 -.11 Lkl .01 4] 14 ok
1.5 1.800 0.331 0.0 .01 L] 12 oK
4 00 2. 5496 -1.188 0600 0.7 n 2 aK
4.1 7.353 «{1,171 7,000 N.113 ] 5 aE |
4 7 7,191 -0. 183 0.ang 617 n i} 0K
4,003 1.958 -6 342 Do f1. W1 1] 5 L
4 . 1.95E =0, 341 0o 0,00 1 4 QK
4. (15 1.85R -0, 340 n.God (LI ¥] n E| . |
4 .05 1.85E -, §3a 0.0 11 hY 1] 2 ok |

[0 10665- 2008 Mo Drainace




: Ardent Consultifg EQoiREers T Page 12
ath Flagr, DaMont Hause =

36-3B Hatton Garder

Londern EC1M BEB I

Dale 15 June 2007 10:28 " Deslged By sbu-tan | :

Flle 1TH3D REY R.Z1M _Checked By .

Micra Dreinzge o Simulation W, 1{0.4 _ - L
Sy e Wizard o Winsor aar Feturn

Resylts for Design Shorm s

Return <limate First x First ¥ Firit z OfF
FH Storm Feriod  Change Rank turgharge Flood Owverflow ACK

4.00F 360 wincer 10 Ok £
4_00% 380 wincer 30 % £
4.00% 380 winer i O 2
4,010 300 winter 0 ;3 iz
1.1 3D wWinter 0 % 2

Lwl e Water Lvl, Surcharged  Flooded Flow/ Owverflom FMipe Flow

Ex. m} vepth (x)  wol (n*) Capacity  €1/%) (175} Status
4.007 1.9%8 -2 138 0. 000 n.M 0 7 K
4.00# 1.4%58 -0 337 0. OGO .30 C 1 L
&4, 00% 1-454 -0_33% Ch. 00O k.30 C 1 0K
4,010 1.9%9 -, 1354 Q0 Cr, Q0 o Z il K
1.010 1.955% -0, 330 G, OG0 (1] LE o LU

fcyldE 2- 2004 Micro Cirainarye
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Ardent Consuiting Engineers

4th Floor, Diamond House
36-38 Hatton Garden
London EC1N S8EB

Date 15 June 2007 10:28 Designed By sburton
File 1IN30 REV B.SUM Checked By
Micro Drainage B Simulation W.10.4

Summary Wizard of 480 Winter 30 year return period
Results for Design Storms

margin for Flood Risk warning (mm) 300 Inertia Status  OFF
DVD Status ON Analysis Time Step Fine
Profile(s) summer and winter
buration(s) {mins) 15, 30, 60, 120, 240, 360, 480, 960, 1440
Return Perijod(s) (years) 30
Climate Change (%) 0
Return Climate First x First ¥ First Z O/F
PN storm period change R surcharge Flood oOverflow Act
1.000 480 winter 3¢ 0% 1
2.000 480 winter 30 0% 14 30/15 Summer
2.001 480 winter 30 0% 14 30/15 Summer
1.001 480 winter 30 0% 1
1.002 480 winter 30 0% 1
1.003 480 winter 30 0% 1
1.004 480 winter 30 0% 1
1.005 480 winter 30 0% 1
1.006 480 winter 30 0% 1
3.000 480 winter 30 0% 14 30/15 Summer
3.001 480 winter 30 0% 14 30/15 Summer
3.002 480 winter 30 0% 14 30/15 Summer
3.003 480 winter 30 0% 14 30/15 Summer
1.007 480 winter 30 0% 1
1.008 480 winter 30 0% 1
1.009 480 winter 30 0% 1
4.000 480 winter 30 0% 14
4.001 480 winter 30 0% 14
4,002 480 winter 30 0% 14 30/15 Summer
4,003 480 winter 30 0% 1
4.004 480 winter 30 0% 1
4.005 480 winter 30 0% 1
4,006 480 winter 30 0% 1
Lvl PN water Lvl. Surcharged Flooded Flow/ overflow Pipe Flow Status
EX. (m) pepth (m) vol (m®) cCapacity (/s) Q1/s)
1.000 1.962 -0.338 0.000 0.00 0 0 0K
2.000 2.362 -0.281 0.000 0.14 0 14 0K
2.001 2.239 -0.269 0.000 0.18 0 14 0K
1.001 1.962 -0.336 0.000 0.01 0 12 0K
1.002 1.962 -0.335 0.000 0.01 0 9 0K
1.003 1.962 -0.334 0.000 0.01 o 8 0K
1.004 1.962 -0.333 0.000 0.01 0 6 0K
1.005 1.962 -0.332 0.000 0.00 0 5 0K
1.006 1.962 -0.331 0.000 0.00 0 4 0K
3.000 2.621 -0.260 0.000 0.04 0 3 0K
3.001 2.519 -0.217 0.000 0.17 0 11 0K
3.002 2.335 -0.277 0.000 0.16 0 15 0K
3.003 2.250 -0.268 0.000 0.18 0 15 0K
1.007 1.962 -0.330 0.000 0.01 0 15 0K
1.008 1.961 -0.330 0.000 0.01 0 12 0K
1.009 1.960 -0.330 0.000 0.01 0 11 0K
4,000 2.592 ~-(.192 0.000 0.05 0 2 0K
4,001 2.348 -0.176 0.000 0.11 0 4 0K
4.002 2.184 -0.170 0.000 0.14 0 4 0K
4.003 1.959 -0.341 0.000 0.00 0 4 0 K
4.004 1.959 -0.340 0.000 0.00 0 3 0K
4.005 1.959 -0.339 0.000 0.00 0 . 0K
4.006 1.960 -0.337 0.000 0.00 0 pi 0 K

~_ {c)1982-2006 Micro Drainage




_Ardent Consultimg ERgImeEis
4tls Foor, Dianond House
36-3H Hattan Garden
London ECEH SEB S
Date 15 June 2007 1078 Designed By sbyrton

i File 11630 REW B.SUM Checken By

Micro Drainage _ __ Eamulation W.10.4

Summary Wirnre ot ABQ Winter 30 year retyrn feriad

Results for Design Storme |
Feturn Climate Firsi X First ¥ Flrsy 3 &/F
FH atars Fericd Change Rank Sureharge Flood odverflom Act |
4,007 430 winter 30 1 !
4_0d% 4B winter in ¥s 1
4,000 &b winrer 30 0 1 l
4,010 483 winker 41 ¥ 1
1.010 A84 winter 30 % 1 |
Lyl water 1vl. Swrcharged Floeded Flow Gwverflom Pipe Flow |
Ex. N tm tepth {m} wol (m'3 capui":w {1/} (15}  Sratus
d (W1 1.940 -0. 336 4. {0 . K 4] 1 0K
4003 1. 4960 -0. 315 0, Ol LIy o 1 K
. 4,005 1.9&0 -0, %5 .00 LI LA d 1 QK
| 4.010 1.49&0 -0,%13 O Gog {_0 0 2 oK
1.0110 1.440 w329 {1 _ Gl O_ad i q a K

(e iads-200B Micrg D_ra-rgqe__
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2633 Hattan Garden
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P Dake 15 lyne 2007 10: 28
Filg 1IM30 REY B.EUM
_Micrp Drainags

_Checked By

Designed By sburten

Slrnulakion W, 104

iRk

i

F‘ége 15

) - —
e LT

summary Wizard of 960 Winter 30 year return perjod

Mmargin for Flaod Risk warning Cmm)

| 0¥ 5tatus

Praof1lelz}
Duratignls) [(mins)

Results for Desldn Storms

10c

v Analvsis

SWmmEr and winger

Inartia Starus

d QOFF
lTimg Slep  Fing

1%, 40, 60, 120. x40, 260, 4EO0, 960, 1440

. Return Poriod{z} {yearsd 30
. Clingle Chamas (%) 1]
Return  £1imare Ffest X First ¥ First Z ofF
FH ATOrm Perigd  Change Rank Surcharge Flood  DverFlow Act
1.000 9% winter 0 o 1
2.0W0 S60 winter 0 % 1B 2041% Sumber
' 2,00 560 winter {1 i 3 17 3015 Swrmer
i 1,001 B0 WiALe- ElH ore L
1 0% %R0 winter A0 R, b
1003 260 wintes {4 o, F
1.00a 9p0 Wintor 3} I 4
1,005 49B0 winter g - ] q
l1.006 980 winter Ll i 3 4
I.00b  uen winter in 0¥ 16 /15 summer
3.1 YED wimger an % 16 307105 summer
3.007  UED winter an % Y6 3I0S15 summer
.06 960 winter 34 % 16 30s15 summer
.7 960 winter 30 % 4
1,008 960 wiater 0 . 94
1,409 580 winter 30 - |
000 960 winter 30 1 1 1e
4. 901 960 winter n 14 17
.00 960 wincer 10 0% 16 30415 Sunwer
1.002% 960 Wingep 0 05 4 '
4 Q¢ 950 wAnter 0 i) )
4. 005 9EQ winter 30 ok g
4,006 DE0 winter Ei] i 4
Lwl oH water Lvl., Surcharged Flooded Flow/ Ovarflow Plipe Flow Starus
Ex. (m} Depth (@} wol {e*) Capacity  {)1/5) {1/5)
1. 1.%%3 =0,345 0. 000 FRCH 0 0 D%
£.000 4349 =0,304 (. 000 o048 { 4 LK
F.001 ;.13 -0, 249y 1,000 .1 4 3 oK
1.001 1.95%% -0.343 4.000 .01 L1 7 L%
L.002 ]1.05% -0_342 Q.000 .01 { ) > K
1.0807 1.95% -0 141 0. [ 0.0l 1] f oK
1.004 1.%54 -fhod4] .0 0.1 i} i 0K
1.405 434 =0, 340 b, 000 Q.40 0 4 am
1,006 I 454 =, %39 o, 00 .40 [ 4 N
T.400 2.6l11 -0 2EE 0, (WO 0.0z 1] ? K
3.0m 2.199 -k 237 O Q00 0.ia 1] B 0K
Foang 2373 - 2 ik, Qg b.&o 0 o 0k i
303 2,224 2T &.noa h.11 1] ;] 0K
L. 0g7 1.49%4 -0 138 0200 .01 L 10 ok
L. ODE 1,853 -1 334 0.0 .01 LN % ak
100D 1.06% -0, 337 G (el G.m 1] F| (1 ]
4, 030 Pt -.199 O 0o ILAIE| 4] 1 0 &
4.0 2,139 -{3. 1E9 [FE e . 16 1] 7 O ox
<, 102 i s o.187 0. 300 .05 4] 2 O o
! 4_ Q0= 1.952 -0 348 Lk O .00 0 i 0k
i 00z 1._4582 =0, 247 e, QOG {100 0 2 oK
4 (1% 1,952 -, 34R 0, Q0 0 _Hl 0 i nk
4 Q6 1.95¢ -, 3as o, g 0.0 1] : K

{(C1195- 2006 Micra Croingge
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7

: D'e-'su]neﬁﬁ-.f shurton
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Slnglakian W, 104

ST

u] Winker ; efurt pari
Results for Destipn Skorms
Return Climate FirsTr X First ¥ First 2 o/F
FH SEOPM period change ™™ surckarge  Flood  Overfiow Act
4.0 48 winter 0 o 1
d, B S60 winter 0 L] q
4,00 450 winper s i q
9. 010 %60 wintar ik )5 9 |
1.010 98} winter i 11 q
Lyl water Lvl. Surcharged Flooaded row/ overflion pPipe Flow
Ex, ' ‘m Depth {n3  wal [m*} <apacity  (1/%) {175y  Status
4.007 1.952 -1}, 294 0.0200 0.0 L 1 i 4
1 _CR 1,952 -0. 541 0.0 {4.00 I 1 0K
4 0o 1.4952 -0, x42 0,050 0. 1 1 1K
1,010 1.u52 -D_Zql {.000 o [ L1} 1 oK
1,010 1,952 S a.000 G.0b L1 9 ok

. IC19R2-3005 Micra Drainane
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Jg- 38 Haken Garden
London EC1M BER
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File 1IM30 fEY B.SIM hecked By
Micre Drainage Sirnutation W.10.4
Summary Wizard of 1440 Winter 30 vear retbgm perod
Results for Desigr Skorms
Margin For Flood mizk warning (mm] 300 [hertia Status QFF
Ol Status M Analyeis Tine STEp  Frpe
ProfiTels) Summer and WinTer
Durat ienfs) (mirs} 8, 20, 6D, 20 2400 360, 4EG, 9E0, 1440
feturn Period{s) [wears) 0
ClimaLe Change (%) i
Regyrn Clikate First x rirsc v First & OFF
FH sterm Period  Change R&hk surcharge Flood Overflow act
L.0G0 1440 winger i ) 3
2.000 1940 winter in 1, 1E 30715 sumter
2001 1440 winter a0 LFES 1B 1071% Sumner
1.401 1440 winter 30 L+ s R
1.002 1447 winter i ;4 B
1.3 1940 winter ic ke ]
1.004 1440 Winter G e L.
1.005% 1440 winter i0 i3 A
1. 006 1440 winter 10 1. |
1.0 1440 wimter 30 12 19 20r15 twiser
1.001 1440 wincer i 17 18 30/15 Summer
1.002 1349 winter i (i B X016 Summer
1,001 1440 winter in ik 18 X015 Suncier
1.7 1440 wincer 3 i, L]
1,008 1440 winger 0] % R
1.009 1adi» winter 10 {r%, E
4. 00C 1440 winter 30 % 1B
“.4901  14dir winter EF 129 18
& 007 1440 winTer E1H e, 18 /1% Suomer
4. 003 lad4d winter i .0 g
4.504 laad winter 3x (¥ 4
4,000 14340 winLer £ = 4
4006 Ja40 winter i (1.7 L |
kvl water Lvl. Surcharged Floeded Flow cverflow Pipe Flow
Ex, N cm} pepth (m3 wal (e} -l.'_apal:'l'llllty £145) {1757 STa%us
1.400 L.4942 -0, 35E .006 0.0 0 1] oK
£ .00 2.3327 -0.316 4.00a M | L] oK
2.001 2.4 -0,3a37 4.900 0.0 L] t 0K
1.001 1.942 -0, 355 0,400 a0 a g oK
1.2 1.947 -0, 3455 Q.00 Ok 4] ] (Y
1093 1.n47 -0_ 354 0. 000 .0 a 4 oK
1. 000 1.9a? -01. 353 O _ 0G0 .0 a 4 ok
L. Q% 1447 -0 352 D.nen .00 0 ] K
1,116 14947 0. 351 G000 0.0 ) % ook
A0 &-607? 0_274 £, Qi) 0.Gr 1) 1 K
3,001 ¢ 459 -D_Z47 Cr 000 o.or 1] L qa kK
3.2 F.300 - 312 0, Ok o.0ov 1] b 0 K
3041 2.211 =0, 507 0. 00 0.0% ] 4} 0K
1.0407 1.947 =0,%50 i, {Hx Q. 1l 0 Y S
1.004 1,942 -0.34Y4 0, Ok {1,031 1] B 0K
1.0603 L. %1 -0,349 0, (0 0.01 n E 0k
4 (10 2 hEZ -0, Fird 0. 000 0.0 n I 0K
4._tH1] 2.354 -0,195 [.0e400 Q.05 n J LK
q._042 2. 164 -0 190 LI il i T o] 2 ok
q.75% 1.940 -0, 160 {140 O (W L) 2 DK
4,0 1.94aq -0.3:9 Q.00 e Qi 0 1 ok
A 005 1. %ad -{.354 0.0 (L] f 1 0K
4, N0E 1.0 -0.357 1. IG) 0. Ok o 1 oK

_tcHYB2-2006 Micro Drainage
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File 1IW3D REV B.SLIM . Checked By
| Micra Crainage _ simulation W.10.4
Summary Wizard of 1440 Wepter 30 vear return perlggl

Eesults for Design Storms

Return  Climare First x FiFst ¥  First Z  a/F
PH Starm period change P curcharge  Flogd  gwerflow  Act
4 0F 1440 winter ElL 5% E
d 03 1449 wincer i i 4
4008 1440 winter o 0= 5
4.010 1440 winter 0 [1:4 ]
1,010 1440 winter L I y
Lwl py  Water Lyl. surcharged  Flooded Flow everflew Pipe Flow Status ’
EX. (m) Depth () wol [m?} capacity  [1/5) {1/5)
Q.00 1.4G44) - 356 [ ] G.0o L1 1 0K
4. 008 1,940 -4 Ll oL g LI 1 oK
4. Qs 1,944 -0, :15--1 O, 0 . i 1 0K
4,010 1.%4] - 352 O Qi 0,00 4] L Dk
1.016 1.941 . 348 . (50 0. Ok 0] o oK

— {31982 7006 Micro Drainags L
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Diate 15 June 2007 10:36
File 1in100 REY B S

Micto Deainage Samulation W 104

L — ——

Sumarnary Wizard of 15 Winter )M pear refyon perigd

It= For jar

margin for Flood Risk warning {rm) 300

Lnertid STaTus OFF

BF

owerficw ACE

Status

v]

K

SUACH'ED
SUHCH ' EQ

bl el = =
E -

&

SURCH'ED
SURCH'ED
ALK ED
SURL 4 =1

]
]
]
o

SurRCIED
LLRCH'ED

n}

ovil Stacus Ok mnalwsis Time Step  Fing
Prafilefs) winter
puritionis) {minsd 15, 10, &0, 124, 740, 3B0, 480, 0, 1440
Returm Peripdl(s)] (yearsy 10
Climare Change (%) 1)
peturn Climate First x First ¥ Tirst Z
M Frarm preynd  Change Rank surcharge F 1o
1.008 1% winter o0 % ]
2000 LS wWinter a0 [y L 103/15 winger
2,000 1% wiate- 140 e 1 100,14 winter
1.301 15 winter 101 (k. o
1.002 1% winter BRI LI 9
1.00% 15 winter 100 0 0
1.004 15 winver LK % g
1.005 15 winer 104) % g
1.006 1% winter EL, | 14 oG
1,000 15 winger 104 s 1 100715 winter
1.06L 1% winrer pLE] 0% 1 100/1L winter
1.002 1S Wirer 1cn ) 1 1007 1h winter
1063 1% Winler 1cQ L P OiQslS wianter
1067 1% WinLer 100 % . |
1008 15 winte 100 0 |
1009 15 wWintur 1405 % g
d 00 15 wintar 106 x 1
d_ i1 19 winzer 1K) I 1 10071% ‘winter
4 .002 19 winzer ] IFA 1 190/:z% wirter
4,001 15 winter 100 0 g
4.004 15 winter G0 14 g
4,005 1% Winter 160 1 G
4,6 35 winTer 00 vk g
Lvl pie  water wwl. sureharged FToeded Flew/ overflom pipe Flow
EX. £m Depth (m» wol [m*3) Capacity  [17s) £175)
1. 00 1. 859 -Goe0] 0, 00 Ch U L] ]
2. 000 R LY. 13 LT 1.5d ] i
A.00% ¢ bl O 114 0.0 L.9? 1] 157
1.00F 1.8490 -0.310% 000 .08 i) 111
1.002 1, B%7 0,400 o000 n.orF i) 9k
1.-002 1. 3%6 -0.400 0. 40 0.a% a Bl
1.0404 1,39% -{1. 400 F, Qoo o.07 {3 G5
1.0435 1,85« -0, 4040 0, (0 005 { 51
1.0005% 1. 893 -0, 404 0, QoG i}.04 1 EH
3000 1,384 0, 50% 0. 0Cd o, 48 1] 3
1.0m 1. 115 0,368 o 0o L.&¢ 0 117
ERL Y 2.EES G.273 4. 000 L.E2 n 158
3.003 . b G148 40400 1. B9 0 160
1. 4007 1.R4Y2 - Ang .00 .10 1] 196
1R 1,890 0_401] (.00 n.0ng 1 B3
1. 09 1.E90 -0, 400 Q.50 1 1) 0 &g
4 00 2Dk - .82 0, oo 0,.=49 ¥} FE
4._001 7.017 Q.,091 Q.oac 1.10 | £1
4 Q07 2400 0.046 T, 0G{: 1.43 a )
4 .003 1_fBEG -, 4% 000G &, o3 n a0
d (04 1.8E4% L BRI . Q0D (F LK) ] ik
4,005 1_BE% -0_409 g.0fd 0.0 n 12
4, 00& 1.KRE% -0, 40§ Ly & 1] Qi 0 2
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4th Floor, Diamond House
36-38 Hatton Garden
London EC1N 8EB

Date 15 June 2007 10:36
File 1in100 REV B.SUM

Designed By sburton

Checked By

Micro Drainage

Simulation W.10.4

——

MiCro)
Drainage)

®

Summary Wizard of 15 Winter 100 year return period

Return Climate First X
PN Storm  period change Ra™K  syrcharge
4.007 15 winter 100 0% 9
4.008 15 winter 100 0% 9
4.009 15 winter 100 0% 9
4.010 15 winter 100 0% 9
1.010 15 winter 100 0% 9
Lvl PN water Lvl. Surcharged Flooded Flow/
EX. (m) pepth (m) vol (m®) Capacity
4.007 1.889 -0.407 0.000 0.01
4,008 1.889 -0.406 0.000 0.01
4.009 1.889 -0.405 0.000 0.00
4.010 1.889 -0.404 0.000 0.00
1.010 1.889 -0.400 0.000 0.00

Results for Design Storms

First Y
Flood

First Z O/fF
overflow Act

overflow Pipe Flow

Q/s)

COoOOOoO

(1/5)

24
18
6
2
5

Status

jeloNaNaNo)
RARRXRXX

{c)1982-2006 Micro Drainage




. Ardent Consulkiig Enmneeﬁs
| 4t+ Fiogr, Diamond House
AL~ 38 Hatton Garden

Lorder EC1N BEB

Cabte 1% Jane 2007 1036
File 1ir 100 REY B.SUM

Micrg Drainage

Designed By sburton

Chackad By

Sinnlatiee w104

Summary Wigard of 30 ipter 100 year return penpd
Besuits for Design Stirmg

Margin for Flopd Risk warfing e}
Oyl STATUS

Prefilels)

DuraLigrls) (einsd

Réeturny Perigd(s) (years}

Climate Chinge {%:

PH

1,037
203
F
1.00L
1 A2
1.4
1.004
1.005
1,005
W il
3,001
ENITE
1.0
1.007
1 00%
Log0y
d_(Jeal]
4,00
A4 00k
1001
4.0
4 _00%
4 106

Lwi
Ex. PH
1. 000
Lt b
¢.00o
1.0031
1.0032
1.003
204
A5
-00E
L2000
a0l
ooy
3
¥z
SRS
_9
-0

NP Eg
e
S
L
i

b B Ba ke b b v L L L e e
'

LT Inertia status  FF
oM arzlysis Time STep  Fine

wincar
15, 10, &3, 123, 240. 3640, 4aRd, 960, 1440
1C40
i
Return Climate First X First ¥ Firsc 2 o/fF
storm Period Change Rank surcharge Flood owverflow act
10 ‘wirter 100 %, g
10 WirLer 100k % TSIy weaArper
0 winter LIl [ NE'S 5 O 1N0F15 winter
10 winver i} 0% E
0 winver 100 1S i
3] winter 100 O B
30 winter 1} [ B
A0 winter 10t (.5 E
30 winxar g % B
0 winger 10} 0% 2 190/1y wipter
i winter 104 (H 2 19015 wirter
it winter E1E ] 23 ¢ 10015 wirter
it wWintar 1MH] = £ 101 wWirter
M wintar 1H) = 8
3t wWintar 100 I3 &
30 winter 100 (% ]
30 winter 100 nx z
it Winter 104 0% 2 JHAS winser
it ainter 1no 0% 7OINO/1% wansar
30 Winter 108 (%, g
10 winter 106 % ]
I winler 106 11 &
10 Winter 100 Irty ]
waTet Lwl. Surcharged Flooded Flmwy  pwarflow Pipe Flow
) Depth {m) wol {m') Capaeity  (1/5) £145) Status
1.931K Q. 3I62 Q._apd o0 1] i 4K
LY 1.144 200 1.20 1] 123 SURCH'CD
2 _%ha 045k 000 1.&d f 178 SUHCH'eD
1.4938 -1 _ it Q000 o0 1] ok oK
La3r -1 160 O30 & 0F L] 94 K
1436 -0, 60 00 0,07 n 71 0K
1.ui5 G360 € (el 0, f L] L oy
1.934 -0, k0 Lo 0,1 ] gL 0K
1.923 - Ak £, (KK .1 4] 26 ox
1.009 tr 218 . 00D .38 i 24 SURCH'EL
1.023 . 267 G, 00 1.45 4l 9% TukcH ' kL
2.1 .18 gL 0o 1.34 n) 121 sURCH'RIL
donh Q.33 0. 0o 1.53 o 131 SHRIH'ER
1.947 -, 3&0 0, 0o 0.11 i) 111 oK
1.930 -0. 3R] g.oco 0.n1 4] Er a K
1,93} -0. 360 ] 0.03 (i) b 1K
2.CED -0.7114% 0.z 0.ar §] 11 ok
A5 -0, 033 0.0co 0.u? 1] iy (LI 3
t. 313 0.1 0. 0oce 1.19 [ ERT = ol |
1.929 -1, 371 0. 06D 1.2 Y 3 i3 K
1.929 =0.31 a.nao .71 ] £7 O K
1.9249 -0 Iab 0. oce .97 1] 23 K
1.9.29 -1, 36E 0. oo 0] 1] L4 Tk

{£11982-2CLH Micre Crairage
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356-38 Halton Sarden
Lordon _ECIN BER_ o
| Dabte 13 June 2007 LO:36 Crecigrned By sblrton

File 1in100 REY B.SUM . Checked By

_Micro Draingrne

_Simulation W10 4

4.0y
4. s
4, 00y
4.410
1.4

Ll

EX. P
4.007
4 .04
1_609
4.010
1.010

Surnmary Wizard of 30 Winter 160 vear refurn perigxl |
RBecuite for Desion Skores

Return Climate Firsg X First ¥ Flirst 2 ofF

STOMM peripd  change "™ surchirge Floed  owerfiow  Act
) wiptor i i s g
Hr minter 1tk L &
1F wintaer 1040 (14 K
G winger 1{H} L1 B
0 winter 140k (i B

water Lvl. Surcharged Floods=d Flo/ ovarflow Pipe Flow
[m} Depth {gﬂ-:l Yol In"} cCapacity £1454 IE-LI"E-} Etatus

1,429 -9.367 if, OgA; .01 0 14 oK
1.92% 0. 366 (¥, KD t.m 0 14 CK
| I -0 365 . 00 1. H 4] a C K
1 % -0, 36 . DO 0.0 i 1l 1K
1.434 - 360 0.aod 0.ao ¢ 4 a K
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4th Floor, Diamond House
36-38 Hatton Garden
London EC1N 8EB

Date 15 June 2007 10:36 Designed By sburton
File 1in100 REV B.SUM Checked By
Micro Drainage Simulation W.10.4

Summary Wizard of 60 Winter 100 vear return period
Results for Design Storms

Mmargin for Flood Risk warning (mm) 300 Inertia status  OFF
DVD Status ON Analysis Time Step Fine
profile(s) Winter
puration(s) (mins) 15, 30, 60, 120, 240, 360, 480, 960, 1440
Return Period(s) (years) 100
Climate Change (%) 0
Return Climate First X First Y First Z O/F
PN Storm period <Change Rark surcharge Flood oOverflow Act
1.000 60 winter 100 0% 7
2.000 60 winter 100 0% 3 100/15 winter
2.001 60 winter 100 0% 3 100/15 winter
1.001 60 winter 100 0% 7
1.002 60 winter 100 0% 7
1.003 60 winter 100 0% 7
1.004 60 winter 100 0% 7
1.005 60 winter 100 0% 7
1.006 60 winter 100 0% 7
3.000 60 winter 100 0% 3 100/15 winter
3.001 60 winter 100 0% 3 100/15 winter
3.002 60 winter 100 0% 3 100/15 winter
3.003 60 winter 100 0% 3 100/15 winter
1.007 60 winter 100 0% 7
1.008 60 winter 100 0% 7
1.009 60 winter 100 0% 7
4.000 60 winter 100 0% 3
4.001 60 winter 100 0% 3 100/15 winter
4.002 60 winter 100 0% 3 100/15 winter
4.003 60 winter 100 0% 7
4.004 60 winter 100 0% 7
4.005 60 winter 100 0% 7
4.006 60 winter 100 0% 7
Lvl water Lvl. Surcharged Flooded Flow/ overflow Pipe Flow
EX. PN {m) pepth (m) vol (m®) Capacity (1/s) (i/s) Status
1.000 1.974 -0.326 0.000 0.00 0 0 0K
2.000 2.598 -0.045 0.000 0.83 o 85 0K
2.001 2.507 -0.001 0.000 1.02 0 82 0K
1.001 1.974 -0.324 0.000 0.05 0 60 0K
1.002 1.974 -0.323 0.000 0.04 0 52 0K
1.003 1.973 -0.323 0.000 0.04 0 44 0 K
1.004 1.973 -0.322 0.000 0.03 0 32 0K
1.005 1.972 -0.322 0.000 0.02 0 18 0K
1.006 1.971 -0.322 0.000 0.01 0 8 0K
3.000 2.739 -0.142 0.000 0.26 0 17 0K
3.001 2.717 -0.019 0.000 1.00 0 65 0K
3.002 2.590 -0.022 0.000 0.89 0 87 0K
3.003 2.518 0.000 0.000 1.01 0 85 0K
1.007 1.971 -0.321 0.000 0.08 0 77 0K
1.008 1.969 -0.322 0.000 0.06 0 59 0K
1.009 1.968 -0.322 0.000 0.03 4] 40 C K
4.000 2.646 -0.138 0.000 0.31 0 12 0K
4.001 2.432 -0.092 0.000 0.65 0 24 0K
4.002 2.286 -0.068 0.000 0.83 0 24 0K
4.003 1.966 -0.334 0.000 0.01 0 23 0K
4,004 1.966 -0.333 0.000 0.01 0 17 0K
4.005 1.967 -0.331 0.000 0.01 0 12 0K
4.006 1.967 -0.330 0.000 0.00 0 9 0K
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Micre Diainage Simulation W.10.4 o
Symmaty_Wizard of &0 Winter 100 yegr return peridid

Rresults for Desigr SLorms |

Rarturpy £limate First x FirsT ¥ First 2 OFF
P Storn Paried Change Rank surcharge Flosd  overfliwm AT
.07 &0 wHinter 140 = ?
A, 008 GO Winter 100 i :4 7
4. DK BN winTor 130 3 !
4,010 Bl Wiater 1a0 (. T
1,010 G0 winler a4 (¥ 3 i
Lwl water Lvl. Surcharged Flgoded  Flow/  overflow Pipe Flow
| Ex. M i) Depth {m1  wval {m*) <Capacity  [1/c) t1rgy  CLatus
4 .07 1.8907 -0, 325 0.0 a.oc b £ QK
d QA 1_467 -, J2E O A0 G, 1] 4 0K
4 .009 1. %67 -0, 33F o, OO 0.0 1 2 ook
d 110 1.9R7 - 3R 3.0 0. 0 2 oK
1.016 1 967 -0, 324 (p . QD o.H 1 G 0K

€198 2006 Micro Drainage




Ardent Consulting Engineers

4th Floor, Diamond House
36-38 Hatton Garden
London EC1N 8EB

Date 15 June 2007 10:36
File_ 1in100 REY B.SUM

Designed By sburton
Checked By

Micro Drainage

Simulation W.10.4

Sy

mmary Wizard of 120 Winter 100 year return periocd

Results for Design Storms

Margin for Flood Risk warning (mm) 300 Inertia Status OFF
DVD Status ON Analysis Time Step Fine
Profile(s) winter
buration(s) {(mins) 15, 30, 60, 120, 240, 360, 480, 960, 1440
Return Period(s) (years) 160
Climate Change (%) 0
Return Climate First X First Y First Z oO/F
PN storm Period change R&™K  surcharge Flood overflow Act
1.000 120 winter 160 0% 5
2.000 120 winter 100 0% 4 100/15 winter
2.001 120 winter 100 0% 4 100/15 winter
1.001 120 winter 100 0% 5
1.002 120 winter 100 0% 5
1.003 120 winter 100 0% 5
1.004 120 winter 100 0% 5
1.005 120 winter 100 0% 5
1.006 120 winter 100 0% 5
3.000 120 winter 100 0% 4 100/15 winter
3.001 120 winter 100 0% 4 100/15 winter
3,002 120 winter 160 0% 4 100/1S winter
3.003 120 winter 100 0% 4 100/15 winter
1.007 120 winter 100 0% 5
1.008 120 winter 100 0% 5
1.009 120 winter 100 0% 5
4.000 120 winter 100 0% 4
4,001 120 winter 100 0% 4 100/15 winter
4.002 120 winter 100 0% 4 100/15 winter
4.003 120 winter 100 0% 5
4.004 120 winter 100 0% 5
4,005 120 winter 100 0% 5
4.006 120 winter 100 0% 5
Lvl water Lvl. Surcharged Flooded Flow/ overflow Pipe Flow
Ex. N m Depth é%) vol (m®) capacity (1/s) (1/s) Status
1.000 2.006 -0.294 0.000 0.00 0 0 0K
2.000 2.462 -0.181 0.000 0.53 0 54 0K
2,001 2.359 -0.149 0.000 0.67 0 53 0K
1.001 2-006 -0.292 0.000 0.03 0 36 0K
1.002 2.006 -0.291 0.000 0.02 0 30 0K
1.003 2.006 -0.290 0.000 0.02 0 24 0K
1.004 2.005 -0.290 0.000 0.02 0 17 0K
1.005 2.005 -0.289 0.000 0.01 0 9 0K
1.006 2.005 ~-0.288 0.000 0.01 0 6 0K
3.000 2.666 -0.215 0.000 0.16 0 11 0K
3.001 2.611 -0.125 0.000 0.64 0 42 0 K
3.002 2.446 -0.166 0.000 0.58 0 57 0K
3.003 2.370 -0.148 0.000 0.68 0 57 0K
1.007 2.004 -0.288 0.000 0.04 0 44 0K
1.008 2.003 -0.288 0.000 0.03 0 34 0K
1.009 2.002 -0.288 0.000 0.062 0 24 0K
4.000 2.626 -0.158 0.000 0.19 0 7 0K
4.001 2.398 -0.126 0.000 0.40 0 15 0K
4,002 2.244 -0.110 0.000 0.51 0 15 0K
4.003 2.000 -0.300 0.000 0.01 0 14 0K
4,004 2.000 -0.299 0.000 0.01 0 11 0K
4.005 2.001 -0.297 0.000 0.00 0 8 0K
4.006 2.001 -0.296 0.000 0.00 0 5 0K
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summary Wizard of 120 Winker 100 year rebuern perigg

. Ghecked By

Deslgned By shurta

Slmudaton W, 10,4

Aeturn Climate First x FirsT ¥  FiFrst T  DOFF
FH STOE  pariod change "M gureharga Fiood Overflow Act
d_0T 1) wingor L % &
4,008 120 winter L -4 5
1,004 120 winter 1ix) I E
d.210 120 winger Lo 1) 1 ]
=0_0 120 wWinter LIK] 1 4 5
Lwl water Lwl. Surcharged Flooded Flow,/ werflow Pipe Flow
Fx. *H im} pepth fn3  vol {o%] cCaparity [ 17%) {lss)  STatus
4,007 2.90L -, 2y 3.0 0L 0 1 | ok
4008 .01 -0.204 0. (HH 01, Qg 1l 2 0K
4, [ PRl a.243 3 [HH) 008 { 2 0k
1,010 Z.a0l -3 202 0, [ G 080 1l ‘ ok
L.0l1d 2 Q0L - 2EH4 0. 000 0 _0g L] 3 ok
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Micro Drainage

Simulation W.10.4

= F o e L D
N R

-

I v E@
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kS e .
a

' et *

Summary Wizard of 240 Winter 100 year return period

Mmargin for Flood Risk warning (mm)

ovD Status

Profile(s)
puration(s) (mins)

Results for Design Storms

300

Inertia Status

OFF

ON Analysis Time Step Fine

winter

15, 30, 60, 120, 240, 360, 480, 960, 1440

0/F

status

return Period(s) (years) 100
Climate change (%) 0
Return Climate First X First Y First z
PN Storm period cChange Rank surcharge Flood overflow Act
1.000 240 winter 100 0% 3
2.000 240 winter 100 0% 5 100/15 winter
2.001 240 winter 160 0% 5 100/15 winter
1.001 240 winter 100 0% 3
1.002 240 winter 100 0% 3
1.003 240 winter 100 0% 3
1.004 240 winter 100 0% 3
1.005 240 winter 106 0% 3
1.006 240 winter 100 0% 3
3.000 240 winter 100 0% 5 100/15 winter
3.001 240 winter 100 0% 5 100/15 winter
3.002 240 winter 100 0% 5 100/15 winter
3.003 240 winter 100 0% 5 100/15 winter
1.007 240 winter 100 0% 3
1.008 240 winter 100 0% 3
1.009 240 winter 100 0% 3
4.000 240 winter 100 0% 5
4,001 240 winter 100 0% 5 100/15 winter
4.002 240 winter 100 0% 5 100/15 winter
4.003 240 winter 100 0% 3
4.004 240 winter 100 0% 3
4.005 240 winter 100 0% 3
4.006 240 winter 100 0% 3
Lvl py  Wwater Lvl. surcharged Flooded Flow/ overfiow Pipe Flow
EX. {m) pepth (m)} vol (m*) Ccapacity Q/s) (1/s)
1.000 2.026 -0.274 0.000 0.00 o 0
2.000 2.412 -0.231 0.000 0.31 0 32
2.001 2.297 -0.211 0.000 0.40 0 32
1.001 2.026 -0.272 0.000 0.02 0 22
1.002 2.026 -0.271 0.000 0.02 0 19
1.003 2.026 -0.270 0.000 0.02 0 16
1.004 2.025 -0.270 0.000 0.01 0 12
1.005 2.025 -0.269 0.000 0.01 0 7
1.006 2.025 -0.268 0.000 0.01 0 5
3.000 2.643 -0.238 0.000 0.10 0 6
3.001 2.564 -0.172 0.000 0.38 0 25
3.002 2.389 -0.223 0.000 0.35 0 34
3.003 2.308 -0.210 0.000 0.40 0 34
1.007 2.025 -0.267 0.000 0.03 0 29
1.008 2.024 -0.267 0.000 0.02 0 23
1.009 2.022 -0.268 0.000 0.01 0 18
4.000 2.610 -0.174 0.000 0.12 0 4
4.001 2.373 -0.151 0.000 0.24 0 g9
4.002 2.214 -0.140 0.000 0.31 0 9
4.003 2.021 -0.279 0.000 0.01 0 9
4.004 2.021 -0.278 0.000 0.00 0 7
4.005 2.021 -0.277 0.000 0.00 0 5
4.006 2.021 -0.276 ¢.000 0.00 0 4

000000 OORLOOO0OO00O0O0OR0
AR AAARARARAARARARARRARARARRARARAAARRAR

{€)1982-2006 Micro Drainage




| Ardent Consuiting Engineers

4th Fisar, Diarmand House
A6-38 Hatton Garden
|_lendon ECTN &ER

Date 15 June 20907 10:36
Fle 1-nltn REY B.SUM

Micro Dralnage

%

"1 Designed By sborton
L Cnecked By

Simulation W.10.4

L]

PN

4 007
4 008
4.009
4,010
L.0ag

PH

Summary \Wizgrd of 20 Winger J04 year relurn periged
EEE“"E |!i:| !EEI”I‘I 5!!!'”!5

Srorm

2afl winter
290 wintar
240 wirter
20 Wintes
240 winter

warer Lwl.

{m}

4, Q07 2021

4.008
A0k
4,019
1.014

2,04k
2025
2.022
Z2.0&Y

100
LD
Likd
L0k}
108

Change

surcharged
pepth <m)

0,270
-0, 271
-, 20
-1 20
-0 26T

FRAREE

ReTUrn Climare
rPeriod Rank

s s L bl end

Flooded
wol (m?]

Al
.00
0.0
0.a00
0._a0on

— (g)1%32-2006 Micrp Drainage

Surcharge gvarflow ACt

overflow Plpe Flow

ooaE
oS0
e

-

b=
R R Ly

39

N S —



Ardent Consulting Engineers

4th Floor, Diamond House
36-38 Hatton Garden

London EC1N 8EB

Date 15 June 2007 10:36
File 1in100 REV B.SUM

Designed By sburton

Checked By

Micro Drainage

Simulation W.10.4

Summary Wizard of 360 Winter 100 year return period

Results for Design Storms

Margin for Flood Risk warning (mm)
DVD Status

profile(s)

buration(s} (mins)
Return Period(s) (years)

Climate change

(%)

PN storm

.000 360
.000 360
001 360
001 360
.002 360
.003 360
.004 360
005 360
.006 360
.000 360
.001 360
.002 360
.003 360
.007 360
.008 360
.009 360
000 360
.001 360
.002 360
.003 360
.004 360
.005 360
.006 360

B D B D BB e U0 0 s b e b e et N D et

Lvl
EX. PN

.000
.000
.001
.001
.002
.003
.004
.005
.006
.000
.001
.002
.003
.007
.008
.009
.000
.001
002
.003
.004
.005
.006

B B D B e e b L L L L e e e e e R R

winter
winter
winter
winter
winter
winter
winter
winter
winter
winter
winter
winter
Winter
winter
winter
winter
winter
winter
winter
winter
winter
winter
winter

{m)

PR PRI RN BRI R RN MR RN N

Return Climate
Period Change

water Lvl.

.027
. 389
.270
.027
.027
027
.027
.027
027
.633
.543
.364
.282
026
.025
024
.603
.362
.202
.023
.024
.024
.024

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

Depth

-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.

surcharged

m)

273
254
238
271
270
269
268
267
266
248
193
248
236
266
266
266
181
162
152
277
275
274
273

300

Inertia Status

OFF

ON aAnalysis Time Step Fine

winter

15, 30, &0, 120, 24¢, 360, 480, 960, 1440
100
0
First X First ¥ First Z O/F
Rank ¢\ rcharge Flood oOverflow Act

0% 1
0% 6 100/15 winter
0% 6 100/15 winter
0% 1
0% 1
0% 1
0% 1
0% 1
0% 1
0% 6 100/15 winter
0% 6 100/15 winter
0% 6 100/15 winter
0% 6 100/15 winter
0% 1
0% 1
0% 1
0% 6
0% 6 100/15 winter
0% 6 100/15 winter
0% 1
6% 1
0% 1
0% 1
Flooded Flow/ overflow Pipe Flow
vol (m®) capacity (1/s) (1/s)  Status
0.000 0.00 0 4]
0.000 0.23 0 23
0.000 0.29 0 23
0.000 0.01 0 17
0.000 0.01 0 15
0.000 0.01 0 12
0.000 0.01 0 9
0.000 0.01 0 6
0.000 0.00 0 5
0.000 0.07 0 5
0.000 0.28 0 18
G. 000 0.25 0 25
0.000 0.29 0 25
0.000 0.02 0 23
0.000 0.02 0 19
0.000 0.01 0 15
0.000 0.08 ¢] 3
0.000 0.17 0 6
0.000 0.22 0 [
0.000 0.00 0 6
0.000 0.00 0 5
0.000 0.00 0 4
0.000 0.00 ¢] 3

0000000000000 0O0QO000OO0
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Sumprary W 2ard 0F 360 syirter 100 yedr reburn geriod
I Resulls For Desiga Stor ms

Return ¢limate First X First ¥ First r OfF
. FN SIOFM  pericd  change "2"F Surcharge Flond  overflow Act
4,007 B0 wWinter 10 [¥E, 1
4.008 3&D winter 100k (1 4 L
4 .00% 60 winter 106 £, 1
4,010 360 winter 10a % 1
| 1.010 360 winter 1K) % 1
vl gy Weter Lvl. Surcharged  Flopded  Flow/  overflow pipe Flow oo,
EX. m pepch (m)  wol [m*) capacity  (1/s) (1/5}
4 .00 2.0z2d -0 2 . 0D o 0o 1] 2 0K
<. 08 2.1024 0.271 (b, QD i i Ta] 1 1 f K
4.009 2.0 -9 270 i, Q) (LML) i I oK
) 4. [t 2.024 -{1_.269 O D . ) i) ) 0K
| 1.010 2.024 -1, 765 [, A 0.H [ LU 0K
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Micrd Dhainage . ESimulatn w.14.4 )

shrnrnary Werard of 480 Winker 100 year retu]) Lo
Fesulbs for Design Stors
Margin for Fioad Risc wa-ning (mm 300 Inertia Sratus Ok
DVD Seatus o4 analysis rime step Fine
Frafiledsy ninter
ouratienis) {minsd 15, 40y, 60, 120, 240, 360, 400, 960, 1440
REturt Feraods) (years) mne
Clamate Caange (% 0
RetTurt  ¢l1imate Firzst X First ¥  First 2 o/t
e SEorm perigd change “R  glicharge Flood averflow act
1.0y 48D wipter Lo % 2
2.0Hr AED winter 1470p o rooL09/1s winTer
2.001 4B winter 100 0% 7100415 winger
1.001  ABD winter 100 0% z |
1.002 48D wirter 160 %, p
1,007 JED winyer j[#li] [t ¢
L4 4B winker 104 1} 2 |
L.GD: 480 winger ) 0% 7
1.COE  A&%0 winrcer 1040 17 7
1.000 480 wWinter ron ;-] TOAMSLY winter
1000 480 wincer Lo 41 T 1015 wanter
1.007 480 winter i s T OLGS1S winter
! 3.001 480 winter 1Lk o T 1U3S1%F winrer
| 1.007 4E0 winter it e y
1.008 &R0 winte- 100 (i ?
| 1.0M9 AB0 winter 100 (5% 2
4_00H 480 Winier 11 % 7
4.7001 430 winver LCHD (¥, TS wintar
| 4,002 A5G winter 11 % T 1N/15 winter
4,001 d30 winter 100 I o .
2. N04  AZG wincee 100 S 2
.05 480 wirnter 120 [ 2
2,308 ZR0 winter 140 % 2
Lwl water Lwl. Surcharged Flagded Flom/ eertlow  Pige rlow
Ex, PN ] repth ¢x3 vl {n?) capacity {1/5] (14s] status
1, Dig 2027 -k 2732 . OEX: C, 0 1] i} I K
| Fag i L4 F.A75 L 2EE i}, Q06 .14 2 14 G K
7.an 2,255 - 751 0. Q0 0.z23 ] 11 a K
1.001 2.02r -0 0. a0 0.01 9 14 1K
N2 2,027 =11, 470 0.4a00 .01 o 17 0K
| 1 003 2037 1. 765 .000 0,01 o 11 a K
1._00e 2007 ] 7&8 000 0.01 ] K 0K
1. 005 AOXT -0 J2RT 0.0 . 0% 1] 1] 0 E
1.006 2,026 RRL T . a0 Ol 1 q nE
3, WK 2.B2E S . [N ) ] 4 0k
3,001 2,531 -0, 205 0. () a.z22 1] 14 0 E
X, 002 2341 . 2E1 ., 0Ch 020 {1 2 K
3. D4 x_lEb -G.2452 . OGO .21 1] 200 n K
1.4117 £oGE -0. 266 0, OHD .oz L] 1% ok
1.:n1g d.ds -0, 266 0. oo .o Q FL ook
1.009 2.0« -0, 2ER 0. {0k 0.0l O 3 Lk
q k0 A _3by {1.187 .00 1.07 4] ] Gk
1. ] 2,354 0. 170 0. 000 1,14 1) 5 TK
1,002 2.197F -{1_162 O (WI0 a_1E a E a K
' 9,400} 7.0 0277 090 QG u B 0K
1.4 7 Oaz3 -r. 2¥n O, 13 T 1} 4 0K
1.003 2.023 -0.77% . 400 (LMIH 0 3 0K
4,006 2003 -0.2r4 0,00 o,:an #] ? 0k
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Summary Wizarg o 480 Winker 109 year ref.rn penod
Penuits for Degj I

return Climate First X First v FirsL £ Qft
FH Storm perapd  change Rank surchargs Flepd  overflow act
4007 4MD yincer 10 0 2
4,002 440 win-er ply o 2
4.000 4830 wnzer 1on % 4
4 03l 480 winter 100 o 2
1.91C SB0 wharer 100 O 2
Lwv] water wwl. sSurchar Flooded Flow overflow pPipe Flow
Ex. M ¢rd Depth (gm} vol (M) capacivy (15} sy 1 Atus
44007 PIRLES -0, 503 0,110 0, 00 L1 Z C K
4 04 202 0.271 a, 0ok 0, 00 O 1 ok
4.0x)d 2.2 -0 270 . QD 0, 00 N 2 DK
4,010 2. -0, 360 0,0 0, Qe Q 2 oK
1.410 2024 0,5 0, oo (k. 10 1 10 ok
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_Hicro Diaimage o Simulation w_ 104

Summary Wiggrgd of 60 Wirter 100 wear cctuen perod
Results for Design_Skerms

Margin four Fleod Risk warning (ram) 300 Inertia Status  OFF
Pl STatus o analysis Time Siep Fi1ng
Prod el Wimer
Durationfs) (mins} 15, 30, 6%, 1&0, rab, 60, 480, 9GO0, 1440
ReTur" Par gd{s) [yuars) 101
Climate change %) 1)
AReTurn  Climare First X FirslL ¥ First Z OQfFF
P =tarh Feriod  thange "™ curcharge Flomd averflow ACt
1000 Y960 wirter 24000 L1 1
2.000 960 wieicr 100 L1 B 10015 winter
2,001 380 winLer Lac %, E 10015 Winker
1.0 981 ainter 100 Lir 4
1.0 LED ainte- 110k {rs 4
1 D% SEG winTe- 10 1% 4
L W QRG ainler o = 4
L xS BAED winter 10 0% 4
1.0 980 wincer i i 0% L |
TN YR wincar ] e 8 1D0FLS Winter
.01 &0 winter 100 121 A4 108 winter
3002 960 wWpTer 100 = A 100515 alnLer
1,005 VB winter 111 (124 8 100515 WinLer
1.007 8kl wanter 101 -3 1
1.004 560 winter 100 M d
1.0k 963 ainter L 0% L1
A.0%) HEF winter Lo 0 5
A.000 460 sinter LOd I 8 100/1% wimer
4002 987 winter 100 174 & 10041 wirier
(KM} HEQ winTer 10K i "
4034 Dl winger L] = 1
4 _00% 953 wWincer il a] o= 4
4 _ IR 990 wincer “M 1, q
Lwl py  Water Lvl- Surcharsged Flooded Flow/  Overflow Pipe Flom o .0 .
| ExX. tm) Dupth {m)  wol (M"Y Capacity  {1/s] {172
1.0 2. 013 -11. #&7T NNk 040 1] 1] 0K
A ] 2,344 -0, 94 M1, QEp n.io 1] 11 0K
S.0dl 2,224 -, 2484 0,00 0.13 ] 11 8K
=1 2.3 -0. 24 0,00 .o ] 8 0k
| 1.002 2.0Ld -0, 24 0. 0 0,0l 0 ] oo
1.904 2. 0.3 - 22 0. 0G0 .01 i ’ L
| 1.404 2.013 -0, LEE (T o0l 4 G oK
1.00% 011 - ZEL ) o0 O _(kh 1] b 0K
1,004 ¢.913 0. 2ED (). (HH] Lo 1] 4 0K
3000 2.0k -3.265 . .k 1] i d K
3.001 P P -0.229 0. (WH] N.1¥f 1] k a K
3.002 2.3 -0 2u 0. i 0.1r Q 17 a kK
i.001 F.21q -4 284 a, el .13 1] 11 o %
1,007 f.013 =i Q- 0cy 0.4l 0 1z ik
1.006 2.2 0.279 (1. G .41 H s LU
1. Qcris 2.011 -1. 2 1} 0. D 0.e1 [ 11 Ok
4, () . 347 =01,197 A. Qe 0.04 o 1 1 K
a0 i.347 -n.132 0.003 0,9% ) } a K
40 2177 -7 G000 g.10 | 3 0K
4 003 Aok -0 250 i CKIN B, 00 a 1 dK
' 4 Q0% 2 010 -0_2E9 C. 00 G, 0 a ¢ ak
4,005 2010 -3 A RE .00 L] ] z K
4 G 2.b o MRT VAR B0 1] z 0K
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summary Wizard of SEQ Winter 144 vear reburn perizd
3] I : ign =L
) Relurn Climate First X Firsc ¥ First Z O/F
P =torm Period Change Rank surcharge Floed Owerflow AcCT
4. 00y DED whinter RILK L1 1 '
4,008 YR winter 100 = L |
q,00% G0 winter LI 11 4
4.010 960 winter 144 I} 1
1,010 LG winter 1 0 4
Lwt water Lvl. Surcharged Flooded Flows  wvertlow Fipe Flow
Ex, W [m oepth fuj vol {m*]1 capacity  (1/5) {17s)  STatus
4,007 2.810 LI L) (1. QH] LI 1 1 i
4. 08 2.4014 a, 286 {1 _GH] O [ 1 K
4, UCY .01 -0, 284 0. OH LI III' 1 oK
q, 010 LR L] -0 243 (i 0.0 1] 2 0K
1,016 2.010 =0T ooig L ] q 0w
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Ardent Consulting Engineers

4th Floor, Diamond House
36-38 Hatton Garden
London ECIN 8EB

Date 15 June 2007 10:36
File 1in100 REV B.SUM

Designed By sburton
Checked By

Micro Drainage

Simulation W.10.4

Summa

Wizard of 1440 Winter 100 vear return perio

Results for Design Storms

Margin for Flood Risk warning (mm} 300 Inertia Status  OFF
DVD Status ON Analysis Time Step Fine
Profile(s) Winter
puration{s) (mins) 15, 30, 60, 120, 240, 360, 480, 960, 1440
Return Period(s) (years) 100
Climate Change (%) o
Return Climate First X First Y First Z O/F
PN Storm period change R2"K  surcharge Flood oOverflow Act
1.000 1440 winter 100 0% 6
2.000 1440 winter 100 0% 9 100/15 winter
2.001 1440 winter 100 0% 9 100/15 winter
1.001 1440 winter 100 0% 6
1.002 1440 winter 100 0% 6
1.003 1440 winter 100 0% 6
1.004 1440 winter 100 0% 6
1.005 1440 winter 100 0% 6
1.006 1440 winter 100 0% 6
3.000 1440 winter 100 0% 9 100/15 winter
3.001 1440 winter 100 0% 9 100/15 winter
3.002 1440 winter 100 0% 9 100/15 winter
3.003 1440 winter 100 0% 9 100/15 winter
1.007 1440 winter 100 0% 6
1.008 1440 winter 100 0% 6
1.009 1440 winter 100 0% 6
4.000 1440 winter 100 0% 9
4.001 1440 winter 100 0% 9 100/15 winter
4.002 1440 winter 100 0% 9 100/15 winter
4.003 1440 winter 100 0% 6
4.004 1440 winter 100 0% 6
4.005 1440 winter 100 0% 6
4.006 1440 winter 100 0% 6
Lvl water Lvl. Surcharged Flooded Flow/ overflow Pipe Flow
Ex. N (m) Depth (m) Vol (m®) capacity (1/s) (i/sy  Status
1.000 1.990 -0.310 0.000 0.00 0 1} 0K
2.000 2.336 -0.307 0.000 0.08 0 8 0K
2.001 2.211 -0.297 0.000 0.10 0 8 0K
1.001 1.990 -0.308 0.000 0.01 0 6 0K
1.002 1.990 -0.307 0.000 0.00 0 6 0K
1.003 1.990 -0.306 0.000 0.01 0 6 0K
1.004 1.990 -0.305 0.000 0.01 0 5 0K
1.005 1.990 -0.304 0.000 0.00 1} 4 0K
1.006 1.990 -0.303 0.000 0.00 0 4 0K
3.000 2.612 -0.269 0.000 0.02 0 2 0K
3.001 2.497 -0.239 0.000 0.09 1} 6 0K
3.002 2.309 -0.303 0.000 0.08 0 8 0K
3.003 2.221 -0.297 0.000 0.10 0 8 0K
1.007 1.990 -0.302 0.000 0.01 0 11 0K
1.008 1.989 ~-0.302 0.000 0.01 0 10 0K
1.009 1.988 -0.302 0.000 0.01 0 10 0K
4.000 2.584 -0.200 0.000 0.03 0 1 0K
4.001 2.334 -0.190 0.000 0.06 0 2 0K
4.002 2.169 -0.185 0.000 0.07 0 2 0K
4.003 1.987 -0.313 0.000 0.00 0 2 0K
4.004 1.987 -0.312 0.000 0.00 0 2 0K
4.005 1.987 -0.311 0.000 0.00 0 2 0K
4.006 1.987 -0.310 0.000 0.00 0 1 0K

(¢)1982-2006 Micro Drainage




,Ardent Censulbing Englnears
41i Fodar, Cigrmond House
AR & Hatton Garden
Lerden ECIN BEBE
Cabte 19 Jure 2007 1036

Micra Crainage

Summary Wizard of 1440 Winter 100 year return perogd

Decigned By sburtor
. Checked By

Simuiation W.10.4

. Page 19

| o~ .

%if;wf 59_5 pr o e
| J— !|
Dranaget

Fesults for Dezlgn Stormns

Return EClinale Firsr x
FH stora Feriod Change Rank surcharge
4 007 1440 winter L] 0% G
4 008 1440 winter 1 0% G
1.009 1440 winter L E 1= g
A 0 1447 winter 1M1 [ ]
1,010 1440 winter 100 0= fi
Lwl - warer Lwl. Surcharged Flooded Flow/!
Ex. [ pepth (m]  wnl {m') JCapacity
A 0drF 1.9E7 -1}, 300 0.,a00 0.00
A _[h}R 1.9&7 ol UL I 0., 0.0
4, 0 1.9E7 ¢, 307 0.a0g .00
q_L0 1. 98/ - 306 0.o0c 0. 0c
1.710 1.9E7 -0, 307 Q.00 0.0
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Appendix C

Win Des Foul Sewer Output Calculations



|_Ar_dt—~rt Consulking Enyginesrs
4th Flpgr, Diamone House
36-38 Hatton Gardan
Loncor EC1M AER

Dzte 1% June 2007 16: .7
File Fis' LAYOQUIT. SWS
Mlcro Mrainage

Pipr Rize File

Designec By sburtor.
_ Checked By
Systemn] W.14.4

FOUL SEWERAGE DESIGN

Global Varialle:

Crvw poeshETANDARD PIP  manhole Size File

C!wwinDesSTaNDaRD . MHS

Indysteial rlow £175fha) 1.00 Depth from Seffit tg G, (H} 1,200
Industrial Peak [low Factor 2,00 mMin wel. (rfs - Auto Design Jnly? 075
Flow Per Persen (1 persSdayh 225,00 Min Slope (1:% - OpLimiLationd 460
Firsgng por House £ F Vimimum Dutfall Invert {x} 2,120
Comestic [l/s/ha)l .00 Ground _ewel at ouwtfall (o) 3599
CaesTic Pegk Floe Factor LT Outfall Marhale Nare  QUTFALL
C'tTom Setting C*Foul only) o cutfall Manhole DiasLength Cmin 1350
Tnliliration i Culfall warhole widih (mir 13340
Minimus Backdrop Height {n) 0,500
pesigned with Level saffls
|
; Hetyork Dasigr Table
!
: py Length  rall  Slope  Area hse | OWF k YD DIA
[m {m) (L:x3  Chal {(1/5) {mm} SCET  {mn)
1.00 1%.00 41,194 BG4 0,167 700 5.0 1.50Q a2
L2l 25,86 40.16F 179.4 @000 a a0 1500 o £15
¢ 00 M.l Nl 1459 0,167 ] .0 1.500 @ 150
L_ode IE. %0 4O..2  LEL.a [k O a .0 1. 4ilk a2
hebwirk Res)its Table !
- US/IL E.Area E.DWF £ . Hse infil. rF.oep Powel el CAK Flaw
(m] tha) (18] ** Cifey (o) wfs) (mfed (1752 (V%)
1.000 7. 584 . 167 {1 A0 1 174 i, 97 .85 14 iz
141 7. £89 I.1K7 1 LAl ] 19 0,97 t.EE L} 13
2000 ¢ w00 0.1B7 { 1] Ll 1 .34 0,7 1! 1 '
1.4002 2,222 0,334 1 il ] Ex3 0.9} 0.8 R i3

(el ed 2 204006 Micro I']r,:”qagf. o




| Ardert Cuonsirlzing Enoingdrs
Ath Flapr, Diamand Housa
36-3A Haltgn Lariden
Longdon ECLN BER

Cate 15 Juree 2005 1518 Des.gned By sburton
CFile _ .. | Checked By
“criy Dirginadge System]l W.10.4 . e L
FOUL SEWERAGE DESIGH @@ 143 OESIGH FLOW |
Liobal Varahes

Pope Sigr F1le COAWINDESAETANDARD . FIF  wanhole size =ile ¢ awinpes\STanpanp.MpS

Industrial Flow O1/57ha) 1,00 |:u.r€|.l~ From woffiz o G.L. [m) io20
tndu<treial peak Fleww Factar 3.00 min wvel. [mfx - aulo esign Only) [ 3
Flow ®er Parscn &1 perfday) 27500 Min Slope £1:% = Qpuimisalins) i
Porsons mer House 2.70 Mrgimgm Murfall Zpwart [m] F
Momext- < 4 1/5:ha) Q. 0 around Lewe| a1l austall {m) 3545
pames=ic Prak Flow FACTor £ g0 ouzfall Mapbule Hame  CUTFALL
' flgw =et=ing ("Foul only) 0 guttall marhole Diaflength [mm] L350
Infilrration % 0 gutfall marhele widgh [mm] 1i5aQ

Minimun Barkdrop Height [m) . 500

pesigaed weth Lewed toffics

P B rk Deslgn Tl

Length Tall slope  Araa tRF k HYD} DIa
oSt (xd "SR (1) () SECT (o)
l.0da 3500 9,184 1dd.4 0,167 70O o3 1 =00 a 2E3

1,000 3586 9.i67 179.4 o.o0p 0 o.p LS00 o 225
Jgon 40.e3 0.3 148.9 0167 0 o0 G.500 o 150 |
L gor 1E.50 0,107 ISl.4 6060 0 O G 3.5 no ¥

Networi Besi.lts Table ‘

R S e WIS WY W b 5 65
1.000 2,583 0167 800 n 88 0.76 085 M 1L |
1ol 7.2mn GI1E B G g8 D.7e 08§ 38 1l :
2 0ob 2.0 0167 0 0 0 1 m D7 12 o
Loo? 7 2z 0334 o oo 0 8% 076 0.85 3 il

_ T {cl1U%2-Z006 Micro Drainage




Appendix D

Relevant Correspondence



Qur ref: CSC K TA000729hn

You Rel: e ."::': ENVIRONMENT
Date: | July 1999 WaP» AGENCY
Buthapan Consulling Engineers
Nescombe House e —
4345 Notting Hill Gate oS |core T
London
Wi 30D L3 %% 1999
LTI ol L

FAD Mr Simon Purcel] v : CIRG.

Yitd
Dear Simon

DENTON MARSHES DEVELOPMENT AT DAMIGOES FIELD

Further to our telephone conversation of earlier today I can confinm that the propozed surface
water drainage strategy, as detailed in your report daed March 1999, is acceptable to the
Agency subject lo the following comments:

. The boundary of the application site is partially within the drainage district of the
Corniissioner of Sewsrs Cravesend (West), an [mernal Drainage Board, All the draics
within the site arsa ant classified nx ordinary watsrcourses and are 0ol maintained by the
Agency or by the Intemal Drainage Board. In the sbsence of any cxpress agrecment to the
contrary, mainienance i3 the wspensibility of the riparian owners. Any culvert, diversion,
weir, darm, or like obsiruction to the flow of the watercourse requires the congent of the
Agency undet the Limd Dirainzge Act 1991, either acting in its own right or acting as the
Internal Drainage Board, ' '

2. The infilling or diversion of any watercourse, therefore, requires Land Drainage Consent
and will be subject to the Agency apresing compensation, for cxample, a length of
replacement open channel. It is likely that any Land Drainage Consent issusd will carry a
vondihion to the effect that continmity of drainage must be maintained gt 811 thoes and that
there is no net loss of open chenned,

3. Furthermore, to safepard conscrvation intarests the Agency will request 2 condition of
planning to e¢nsure thers ig no net loss of open watercourse as a direct resylt of the
development. For your information, the Agency does not consider roadside drainage &s
suitable compensatory habital for less of watercourss and for conservetion reasons, the
Apcney sccks to avoid culverting and wall not pommally comsent sech works except far
ACCass,

Caontrd,,

EnviccHunent AReTcy
Orebaril Hopse, Endearoor Park, Londoa Rosd, Addington, Weal Malllong, Keot, MEI? 550

Tal: 117132 £I258T Fax: 0112 §7H)ST
[FE—— Y @



4, The Agency has no objection to U widening and deepening of existing channels for
surface Wwalcr gttenuation. The sforage provided muost be useable aod acconnt must he
taken of the groupdwster level, which we balicve may be a5 high 85 1.9 metres AOTD.
Storage will only be of use above the maxirmum potential ground water levels. Nor bas it
any obgection 10 the installation of confrel structures ai 1he leation of The culverts imder
the railway. Meimenence responsibility for this storage ares and the conirel structures
ghould be agreed prior to the commencemest of the development. Land Drainage
Consent {5 required for the works and the Agency awaits information oa the datailed
design of the storage faclity with supporting calculations clearly showing the adopted
discharge rats, the availables stotage volumes and the adopted retum perigl

5. At the site inspection attended by Agency staff on 18 September 1998 there appeared to
be hydravlic continvity io the ditch system. TE, however, it is found thal this is not the
case, further work will be required to assess the continbity of dranage, in particular
between the storege ditch system and the main Denton / Wesicowrt Mercsh outfall, In
addition, the hydrualic contimty beneath the milway will need to be established,

& To safeguard the drainage intercsls of the arca, the Agency will mquest & condition of
planning that no development shall be commenced until o schemn for the provision of
surface water drainage hag been approved and iomplemenied to the I'E-‘B-Eﬂnihlﬂ satisfaction
of the Lacal Plaming Authority,

You ghauld be aware that the Environment Agency wall be Itspmidmg L T.hﬂ Plamming

Authority directly conceming this spplication.

Yours sincsrely

faﬁlgmiv-"’:l

BARRIE NEAVES
Team Leader - Development Control

Drirect Dial 01732 223122



Ourvel:  KT/1994/DD1923{ GR/9%168)bn e
Your Rel:  CBF/stm60G0/M39] % A%

ENVIRONMENT
AGENCY

Dhaiz: 4 July 200H)

Buchenan Consulting Engineers
Mewcombe House

43-45 Wetting Hill Gare
London

W11 30D

FAQ Mr Chris Bakey-Pearce
Dexr Chrig

PM? DENTON MARSHES, LAND AT DAMIGOES ROAD, GRAVESEND, KENT

Further to our telephone conversation of earlier 10day [ am pleased 1o coclose twa application
forms for land dreinage coneem &t the above site. '

1 can plso confirm that Lhe Agancy will not oppase development o the remainder of the site
providing it i line with the previously agreed development kel snd drzinage strategy. The
design principles already used on the Exst land allocation ars spplicable 1o the site a5 2 whole,
The relention of “green-corridors® along the watercourses shall be included for in the
proposed layout, Preferably any modifications to the watercourses should be undertaken for
short lengths on ahemste banks. [ understand that this will involve the pervaission of third
party owners. However, the Ageticy zake that the fansitality of thiz is investigated.

[ ook forward to receiving your completed application form(s), in the meantime, should you
wish to discuss any of the above please don't hesitate to contact me.

Yourz sincersly

ARy

HARRIFE NEAVES
Team Leader - Developroeot Control

Divect Dial 01732 223122

Ene.

Enviremmend &gency
Chrrhard Boace, Endexysur Pack, Losdon Rosd, Addingtoh, Wet Maline Kot ME 1% 55H



Kent Team
The Courrpade Manmemene Cenere Cinddharbear Bonme Wee Aalind Kenx THIS SDB

ENG Ll SH Tel +H(0] 1233 BID525 Fax ~44(0}1233 12514

NATURE odimmn

M C Baker-Pearce

Buchanen Consuling Enginsers
Mewcombe Housa

43-45 Notting Hill Gate 10 in
Londen W1l 30D

JOB NO, I COPY TO
f

L 200

LIRECTOR 4t | CIRC tq?7-1lepl
y)
rmq‘ @ otk July 2001

Dear Mr Baker-Pearce CJP-\?

Wesitoort Murshes

CHE aite watercourse warks :

South Thames Eatuary aod Marshes Site of Special Sclewtific Interest and Thames Estouary and
Marskes Wetland of Internaiions) Imporisoce onder fae Ramear Convantion

Thank you for your ketter of 2nd July and for the sccompenyiog plans, LB LA0LA and 0ZA,

To ensire That the wowka are neutral or positive for Ghe nature conservation interest of the Site of Speciil
Scientific Intorest {SSS1) the important points Are:

The new shalf o the ditch bank should be coversd by water constantly for @t beast e lanter part
of the winer, not just when there bag boen storm flow. The maximumn bevel of waber in the ditch
ia prasumably dictated bry the Teval e which the subsorfacs field daos discharge: Bom the east
bank of the ditch. Thus below this maximum level, fhe channel needs to be bomd and deep
enoagh to provide stoym Fomge capecity and & further volume of watar for constant cover of the
shelf.

The structure controlling diszharge from the ditch should be sef 50 thet waler canncd drain ofF
batow & levol which provides & constatit cover of witer over the new sholf for most of the
witter. This additional depth of water conld bo shown &+ anather hemd of colour undemeath the
yellow band (gdent of 250mm deep storage ares) in the croas sections. It should be of aufficient
depth for surface witry to remain pver the shelf until early to mid summer, but shaliow epough
foor [t to dry cut in later surnmer (July or August) Beforn we accrpt the poposed works, we will
pead 1o agree o6 the tlolmum wintss water leve] and a means af ensuring that this mquirement
is obszerved.

The sarisings from 1he excavation should either be moved Eom dhe 5551 or spread very thinky
{hess than 10em} cm the adjsent ground.

I amy of thesa paints are unclear, please do oot hesitate Lo contact Lionel Solly oc me. Lionel will awnil
yaur cell 1o armange & sile mesting.

Yours sincerely

&IL ‘&f-ﬁ h%

Robert Carmend
Peputy Team Mansger




Qur ref: ET200100604 7/002/ A8
Your ret: ATH/BOB/SEG9558
Drate: 13 July 200

7888 ENVIRONMENT
W% AGENCY

Brand L=pnard
The Mill House
Bizhop Hall Lane
Chelmasford

M1 ILG
FAU Mr B Brewster

Dear Mr Brewster
Land O Deering Way, Gravesend

Thank yau for your letter of 2 Juby. W have besn m negotistions with Bochanens
Hummﬂingm:drﬁnagemﬂsymmjsdﬂﬂnpnmtmdﬂhubmwmmmmﬂ
heﬁ'mdimhargﬁﬁnmthadwﬂppmmtm the Jocal watercourse but this will be widened
ind coirolled beyond the development sito so tha downstream, landowners will not be
adveracly affected by the increase in fows.

demongstrate ta ug that your pipe: sizes are sufficient tp pass this slorm ow withowt cansing
flooding within the development. You will also need to cheek that the receiving watspcourse
within the dwulupmmthascapﬂcitytummivtmawmmdimhagumd Il i3 quite
possible some improvements will be required to cantaim the | in (00 year storm flowe,

Thn'eismwuqquaﬂtyruqmimcmﬁxﬂ:tdimmbammmthemisnf
3 domestic: nature, haddiﬁnnthcautfaﬂmumuﬁdnnntmqm&cmhamﬁ:tedunderimd
dminagtlwgﬁslaﬁunuhngmthﬂ'mmnﬂtmtﬂdmﬂmtthewmﬁﬂhtfa.llpipﬁdﬂ'
B0t eXicnd i (@ e paturzl flow of the stregm. Hmmthadmmmmmﬂgapmﬁsiﬂns
bave not been Gnally agreed in detzil with Buchanans as there are some conservation jesnes
still to be resolved botween aurselves and English Nahore. The Consulinnts are also
ﬂmﬁﬁghmmmmumlmﬁﬂmmbnhmm:qmdt}rum
brlieve the contributing area is larger than originally determined. These issies could rasult in

anendments to the storage prefile and we are anticipating meeting M%qmﬂ
next few weeks to finalise these matters. = EﬁE,,T‘LFE{-.I
2% b g
et il 7155
T
Envirenmen: Agenay .1 g e

Orchard Hote, Endewvaur Park, Londen Rod, Addlngion, West Fallog, Kemt, MELS SSH
Tel: 01732 §75%87 Parx: 712 BTRISY

Friieedh E AT



Ne connections to the seam shall be made malil the fAood sorage compensating works have
been agrecd and camied cwt as the develaper weould be liakle For any fooding whicl: enswed if
3 connection was made piicr 1o these works being completed.

[ hope this has explained the current situation concaming this gite as far a5 the Agency is
concemned but if you have any queries I would be pleased to discuss them with you.

Y u'u:uﬂ§
l]-CL h‘&ugd\____
Sodoman

Development Confral



Oor reft K TA55%001923(GR99/ 168)bn

Your Ref:  CBPAp71664E] ENVIRONMENT
AGENCY
Dale: ™ August 2001
Buchanmm Consulting Engineets N et e = 4
Newconbe Housa THERED oy Tk
43-45 Notting Hill Gute UL
Eondon
W11 20 0 ais 2001
- DLRECTOR CIRC
FACQ My Chrs Baker-Pearce 1
oy || CBE

WESTCOURT MARSHES, GRAVESEND, KENT

Thank you for your letter of consulistion regarding the above dated 107 July. [ note the
observations of Eoglish Mature,

I belicve it should be possible to addrass the nabme conservation concems raised whilst not
compromieing the land drainage requirements of the Agency.

I await confirmation of the fortheoning sit= inepection,

Yours sincoely

_rjl:lﬂ-uﬁt

BARRIE NEAVES
Team Leader - Development Control

Direct Dnal 01732 223122

Envirancrestt Agency
Orehard Hmpse, Endowvonr Park, Loodos Rosd, Addiogton, Wiest Mallag, Kent, ME1? 55H

Tel: 3 732 B755E7 Fuxt 01731 B75057
T 300 el T vk b o



Oir Lionel Solley

English Nature (Kenl Team)

The Countryside Management Centre
Cokdbarbour Farm

Wye

Ashford

Kent TH25 5DB

CBFflp7358/U481

Dear Pr Sclley

Wotcourt Marshes, Gravesend
O FF Site Drainage YWorks

1 refior ko our most helpful mecting on Wedneeday with you end wour colleague Ma Smally.

By way of record, we note the following:-

24 Auguat M}

1. The recent channel maintenance undertaken dees not detrast from the ecologieal valee of the

walernciiiree.

2 The Hawihom and other vegetation which extends into the 35351 on the Western Back can be fully

clesred ta facilials cxravation of the storage shelf.

i. Ii in acceptable during constructien @ reprofila’dredge the wnivert and remeve foreign objects from

the waierourse.

4, The kydraulic madellng undertaken by Buchanang o be wpproved by the Environment Agency
should demonetrate that the requirements ideniifisd in your letter of & July 2001, can indeed be met,

Thank you once again far your assistance, T look forward to speaking 10 Y00 &5 MALErs prOEss.

Yours sincercly

B Neeves - Environment Agency East Malling

Chyiz Baker-Pearce

oo S Bailay - Barruit Eaglern Counties
J Lee - Gwesham BC

bz P Haeton .

Fott Knight Group



Enviremment Agency

Kent Arta Office

Crchard Bouse

Endeavour Park, London Road
Addington, West Malling
Kemd MEIS 55H

For the atientiom of B. Neaves

CRP/Sm 7549481 13* Sepitmber 2001

Thear Sir

Westcourt Marshes, Gravesend
HE-Site Drainage Works

Thank you for your prompt issue of lend drainage consent io respect of the above,

As discussed gt our sitc moeeting of 22 Augusl, there wom a number of issues which requined funtber
inwigatauntumnnludcn-dimplq;dmﬁviumufwmgﬂmmmmufaump:

1. Exhting Sarface Waler Piped Outfall

Barratts have cleared the mea near the Bailey Bridge and expossd two 600 mmi pipes. Their
razord of the investigation is nppended for your information and we have recalculatad the flow to be
0.578 m*e on the basie of their findmgs, We heve also made cnguines of Southern Watsr, who, 0
the mbsence af tha requisite date have suggestsd applying full bors low conditions et the outfail.

| have discassed this jssue whh Anits and [ believo she is happy 10 accept this basis for the design of
the flow control at point Z.

2. Rallirack Culvert

Mike Manisy has confirmed o presence of the main outfall {control etructure X} but suggestsd,
conirary be Gravesham Borough Counei] and the Apencies advice, thet stnuctores Y aod Z ar
surphys to roguiraments (& point which we have contested). In addition, be has siwted that the ciheert
i silied and requires jetting and requested that our Client should mest the cost of claaring. Wi huve
written under saparate cover to Mr. Manley (copicd to yowrself) suggesting this is 'Eai!hlcks
responsibility moder land drainege Jaw and we trust shis wil! bo enforeed E our Clients right of
dizcherge is frogimaiod in any way.

3, Hemova! of DuBiped Warte
I have discussed with our Client the disposal of the houschold appliances =iz, which have been

removed from the watmcourse, Rarratts mre inclined, as o gestire of good will, t¢ remeve the
materinl and [ hope to receive Formal confirmetion of this shortly.



4, Modelling Simulstions
We hove undertakem the Final sensitivity lests ns discussed, which demonzirwie that evan wihh the
welr sruciure conpletely drownsd out, the wiorks are capable of sceommodnting the 1: L y post
development flows. An explamation of de modelling methodolygy, msulls and amendad drerings

are sppended for your informetion and I consider that the works, Subyect to Your approval, can now
be bl

Thank you for your continwed mpqm in this mater, T look forward to receiving confirmatdon ol your
appnaval to the enclosed at your sarliest conveniznce,

With kind regards.
Yours faithfially

CLf’

Chriz Baker-Prarce
Encl.
gt 5 Bailey Esq, . Barratt Bastern Counties

Dr L Seiley Esq - Enlish Matirs
J Loo Esg : Gravesham BC
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Mr Chmis Baker-Prarre
Buchenan Contulting Enganecrs
Newnombe House Ony reference: BO4/6-43/12
43-45 Notting Hill Guie

London Wil3D 19 Seplember 20017

A LTI T T aap—

Do Wi Paker-Perrce

Weatcourt Marshes, Gravessnd

OfY-shic sratercourse works

South Thames Extoary and Marshes Site of Special Scientific Interest {SSSI)
xznd Thames Fxtuary apd Marshes Wetlind of International Tmportance
under the Ramsar Conventlon (Ramsar aite)

Thapk you for sending me a copy of the revised plans for the off-site dramage echeme, and for
tehphmngmﬂphmﬂummdntnﬁtnﬂumpmdmh

From the revised plass, mdmrdmmmmm]mdmthluhrmmdmwhmrufﬁ :
Juty 2001 have been addressed. On this understanding [ am revefors satisfied that the works will
be newral or positive for the nature conservation imerest of the Site of Special Scicatific Imrrest
and Ramaar sie.

Flease do not besitats bo contact me if there am other matiers that you would like to discuss,

Y ours sincarely

Drhmcclﬂd.'-%
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Our Ref: KTR2002/009i47-1212
Your Ref: TRFASTMESG0UIAE4

Dt 2 12 August 2004

Tory Foreman

Buchanan Consuling Engineers
Newcormnbe House

4345 Notting Hil Gale

Loadon

W11 30D

Dear Mr Fareman

WESTCGURT DEVELOPMENT, GRAVFSEND

Thank you for your letter of 6th July.

The Ageney can confirm that previously agreed principles for the development at Westcoun
Marshes ars still accepiabie.

The HE. Wallingford repont concluded that the raitway acts a9 8 secondary defence and
therefors this accounts for the agreed slab levels {slecping sccommodation 2t 6.3 and
groundfloor icvels at 3 8o aQDN). The stormwater drainage strategy principlss arc also
acceptable, however, the Ageney's engineer concludes that the drainage from this part of the
£ite should be directed 1o the sagtern drain. Thercfore, should the schems adhere to the
original principles it is assumed that there ghould be no probleme,

The Agency welcomes coptinaed comvmmumications regarting the progress of the sile and
appreciates consuliation on amy revised plans.

Yours sincercly

U

LAURA FULTON
Planning Liaison Olficer

Esvirgumens Apeocy
Onchum Hovze, Fndewvaur Park Londen ftoad, Addingion, Wt Mullrog, Kent, MELS SSH, T no:ol 132 £15587, Fax necll] 112 E2S0T



ENVIRONMENT

Our Ref : KT/2005/021215-1/1 AGENCY

Your Ref : 5JR/ stk 05R1 00

Date L3 Angust 2005

Steve Burton

Ardent Consulting Enginesrs
dth Fleor

Diamond House

J36/38 Hatten Gapden
Lotrdon

BCIN RER

Lear %ir

TOWN AND COUNTRY PLANNING ACT 1990
SURFACE WATER DRAINAGE STRATEGY
LAND NORTH OF DERING WAY, GRAVESEND

Thank you for your letier dated 28th Tuly 2005, Plcase accept our apologies for the defayed
IESPOTISE,

The Bnvicanment Agency would like to offer the Following advice.

GROUNDWATER AND CONTAMINATED LAND
From the information provided, it would appear that the site iz affected by contaminedon,

There must be na discharge into land impacted by contarination or land previously idemtified
a& being contaminared, Thers mudl be oo dirsct dischorge 1o groundwaler, a controlled water.
There should be no dischargs to made ground,

N is also apparent that Southern Teeting produced 8 site investigation report in 2004, The
Groundwaler and Contamimated Land wontld request that 8 copy of the report be submitted to
us. Further more, we wounld alse request the following condition is imposed oo any

permission granted:

Condltion:
No development approved by this planning permizsion shall be commenced pntil;

a) & deskiop sy has been carried out which shall include the identification of previous site
uses, potential contarninants thal might reaconably be expected given these uses and other
relevant information. And using this informetion a diagrammatical  representation
{Conceprual Mode)) for the site of al! potential contaminant sourees, pathways and receptors
has been produced.

b} A site investigation has been designed for the site using Lhe information obtatned from the

Envinpomeni Apracr
Crchard House, Frafeaunur Fark, 1omter Risd, A88ington,. West Mallmg,, Kent, MELY 55H, Tel nod00 112 233177



deskiop study and any diagrammatical represenlations (Concepiual Model), This should be
submitied w, and approved in woiting by the LPA prior o thal investigalion bemy carried o
om the site. The investigation mmust be comprehensive coough to coable;

- @ risk assessinent t he undertaken relating to groundwater and surface waters associated on
and off the zite that may be affcoted, and

- reflinement of the Conceptual Mode!, and

+ the development of a Method Statermem deratling the remediation requiremente,

) The site investipation has boen undertaken in accordance with delgils approved by the LFA
amd a sk assessmenl has béeen undettaken.

dy A Method Sisternent detailing the remcdialion requiremcnls, including measures {o
minimize 1the impact on ground and surface waters, uking the informnation oblained fom the
Sile Invesztigation has been submitied to the LPA. Thiz should be approved in writing by the
LF & prjor to that remediation being carried out on the sile.

Resson:
Tor engure thit the proposed site investigations and reinediaton will not cause pollution of
Comirolled Walers.

For Information
According to curment recorda there 15 2 hislonc land ! sute (GBI within 20 metres of this

property, at grid refl TC) 669 738, )i should be noted that recopds Tor pre-1974 cilag are from,
Digiriet and Archive revonds and some of these e weomplete. The site £1 is ought ta
have included mainly inert with soine putrescible matenzl.

WATER QUAL]TY
Site Drajoage
Copsiraction Phase

Y bas been identifiod that groundwater at this location may be contaminated by peevious land
use at thas site. This may also have imphicetions for surface walercourses at this Jocatdon

Triring the conatmetion phase approprigte ineasunes muat be in place to protect surface
watercourses froin confamination. All risks of comlamination of surface watersourses musi
be sssessed and & statement of the methodology for contamination removal/mitigation
produeed. This must be submitted to the Agency for consuilalion/appioval poor 1o the
commencement of the developunent.

Flease refer to the Agency's Pollution Preveotion Ciuidance (FPG) noles for ‘Construction
Suee’ PPGE and 00 Storage/Dispasal' PPOE for general pollution prevention advice for the
censtruction phasza of this development. Theze guid:ince noles arc available ffom this office
ur frum lhe Ageocy's webgite waw, covironment-agency govouk.

Fermament Development
The Ageney is unlikely to objeet to the discharge of uncoplaminated site draintage from amy
permaneni development at this site where il is proposed o be discharged to a surface

walercourse. This shauld kel pass through poilution prevenfivo mneasares, ie. tapped gullies
before being discharged.

Envirpmmenc b ]
Chrihard Bdnuse, Bndavwr Fark, | aton Road, Addengion,, Wesl Mallog. Bend, MERS T5H, Tel necdl T32 221177



Any pars of the parmane development where site dmanage is likely to begome
contamninated fram the acovities cccurming oo it should be directed to the mains foul sewer or
i & segled weit for off site disposal by a licensed contracior. The activities likely w cause
comlamineten include; GV parking/mamicnance bays, loadingimloading bays and yehicle
washdowr facilities. In zome mstances (site specific) dissharges from HGY bays can be
digcharged to surface watercourses, via approprisiely sized ol intereeptors, Any such
discharge to comtralled watces shall require the discharger to obtain the prior written Comgent
10 Discharge, issued by the Apency, under the Water Resources Act 1991, Schedule 10 (as
amendad by the Environmem Act 1995). Please be sware Consent may not be pranted.

Full details of the proposed site drainage arrangements for the permanent development must
be submitted to the Agency for their approval before constructian commenees.

DEVELOPMENT CONTROI,

The Azcney's records indicate thot part of the site could be subject to tidel Acodieg shovld the
defences be breached or overtopped of more severtly under the 200 year tidal condition, the
estimated level of which is §.08 meires above Ordnance Datuom Newhya for e design honzon
of 2060, Therefore, any land on site below this level is considered 1o be at rigk to Lidal

flooding under the above condition. Plcase find atteched & map mdicating the extent nf the
aren considersd to be at sk,

The site is offered protection by the presence of the Themes Tidal Defences. These defsnces
offer a standard of protection in cxcess of the 200 year' standard up unt] the year 2060.

You may aleo wish to enquire of the Local Autherity who may have further information on
lecalised flooding and Rooding from aiher gources, such as highway drainage.

Any watercowrse within the boundary of the site would be ¢laseified as an ordinary
watercaurse and would not be maintained by the Agrocy or by an Inleral Drainege Board. In
the absence of any express ngreernerd to (he contrary, mantetance is the responsibility of the
riparian awners, Any culvert, diversion, weir, dam, or like obstruction te the flow of the
wateT OuTE: [n]uin:s. the conssint of The Agenc:y andfor Imemal Drainage Board, under the
Land Drainage Act 1991, For neture conservation rousons, the Agency seeks te avoid
cubvertmg tnd will not normally conzent such worke except for acoess.

The Ageoey would recommend that a minimum 4 metre buffer atrip is left between the top of
the watercourse banks and any buill developrient. This margin would allow for an aceeas
strip for meintenance works and provide B wildlife corrider.

The principle of discharging surface water 1o a watercourse may be acceptable providing it
can be demonstrated (hat the recei ving watercourse has sufficient capacity amd forms patiof p
comfinuous druinage system. Any cutladl stucture should not protrude inte the channe! ar
obstruct flows in any way and suilable ter and bank pratection should be incorporated if
neceseary. Ag such, attéouation may be requirsd bt this would need to investigated further if
any development ot this site propresscd. The Agency would encovrage the use of Sustainabie
LIrban Drainage syslems where the silé circumstances allowed

In termnis of any propocaly for Fature development, unforunately, the Agency would be unoble
to comument on requirements for minimum slab levels for the development siftc, without first

Emviranmen] Ageney
gl fkause, Endeaving Purk, Londan foad, Addinglon,, Wesi halling,, Kenl, MEIP 55H. Tel pocll 1732 223137



recevmg further detail indicating the nature and scale of the development. The site does
benefit fram an appropriate standerd of defence but 1the Agency is Jikely to recommend
rasimg floor levels to a degree to offer an addiaonal level of protection to any buildings on
site. We would be pleased to comment further on any proposals as they were developed.

BIODIVERSITY

Waler voles arc present at locations throughout the Dentop Marsh arca, Waler vole habitat is
protecied under the Wildlife and Coumbrysids Act (1981 - ag amended). As such, when works
mre proposed in the area, mitigation meazures may be required in order to comply with the
requiremients of the legiglation. The Agency would request that the fallowing condition af
planning iz placed on any pennission granted.

Comdidon;

Temporary pratective fencing must be erected (o clearly define the 3m buffer strip adjacent to
the drainege ditch. Following the erection of protective fencing no material or plant must be
stomed wilhin the Im bufer strip,

Regson:

To protecd the aguatic communities within the drainage diteh and reduee the risk of
petenhally damaging water vole lubitst or disturbing waler voles while they are using such
hahitat.

WASTE
Ii is unclear wheys the matenal to be vsed to taise ground levels has come from, and iF this is
flytipped material it will need w be tested and shown 10 be suilable before the Agency will
authorise its use.
I is possible that the use of inert waste to form a tevel handstinding may benefit from
cacmpbon from the need far a wasie managsment licence. The applicant should seek w
register an éxemyptioo prior (o sny use of waste.

Yours fathfully

Ul

JOHOWETT
Planning Llaison (HTicer

Encbranmeny Aguncr
iizhard Fenac. Endeaviin Pk . Lundor Rowd, Aldmgion.. Wes Malkieg., Kent, BE|S 55H, Tel B 73} 23723115




creating a better place Environment
¥ Agency

Our ref: KT/2006/024620/01-L01

Gravesham Borough Council Yourref: GR/20060671
- 132, Cygnet House
Windmill Street Date: 10 November 2006
Gravesend
Kent
DA12 1BQ lhtic  ~|bas
8140/8. 230 | 200/ 0h

Dear Sir/Madam

TOWN AND COUNTRY PLANNING ACT 1990
MIXED USE DEVELOPMENT.
LAND NORTH OF DALEFIELD WAY, GRAVESEND.

Thank you for your consultation, which was recorded as complete on 3" October
2006. The Agency would like to make the following comments.

Flood Risk :

The Agency’s records indicate that the site lies within a Zone 3 tidal flood risk area
as depicted by the Agency’s flood risk mapping, this is a High Risk area with a
statistical 0.5% or greater chance of flooding occurmring in any one year.

The ground levels are very iow in this area, between 2.0m = 2.5mAQD and the
predicted ‘1000 year' flood level for this area, based upon the most recentiy available
information, is given as 6.0mAOD for a deslign horizon of 2060. if inundation were to
occur in this area, the potential depth of flooding experienced could be significant
and therefore the consequences on any deveiopment and its occupants could be
serious.

The Agency is aware of the previous planning history in this area and that planning
decisions have been made for adjacent areas. However, since permission was
granted for the iast phase of development in this area, a significant amount of new
and updated information has been published. This new data must be considered in
detail, especiaily regarding the impacts and consequences for development in this
area. The Fiood Risk Assessment (FRA) states that the site is defended by the
presénce of the Thames Tidal Defences, and these defences do offer a high
standard of defence for the general area. However, the upkeep of these defences is
rellant on continuing iong term funding and it should not be assumed that this money
will always be forthcoming. The Agency’s flood risk maps are produced as if there

Environment Agency

Orchard House, Endeavour Park, London Road, Addington, West Malling, Kent, ME19 5SH.

Customer services line: 08708 506 506

Email: enquiries@environment-agency.gov.uk @
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were no flood defences in place in order to determine the areas at risk should a
breach or overtopping of the defences occur so that the residual risks can be fuliy
accounted for. In summary, even though defences are in piace there should not be a
presumption that this makes a site suitable for development.

Putting this site into context it must be consldered as being a greenfield site and by
appiying the sequential test under the guidance in PPG 25, the question should be
raised as to whether this site would pass the criteria iaid out within this test for
allocating land for development. PPG 25 aims to guide development away from
areas at risk to flooding by ensuring that sites within lower flood risk areas are
developed first. PPG 25 places this land within a Zone 3 flood risk area which is
clearly not a low risk flood zone. The recently published Kent Thameside Strategic
Flood Risk Assessment contains further detalls of the nature and severity of the flood
risk at this site.

The SFRA denotes this site as lying within a ‘High Risk’ residual flood risk area as
well as confiming the land lies within a Zone 3 flood risk area. The SFRA states that
within those high residual risk areas, that as a ‘general principle there would be a
presumption against development of those sites’ and goes further to state ‘detailed
modelling work would be needed to declde whether the proposed sites ‘are within the
rapid inundation zone or in low lying areas and also to check whether, if
development took place, flood risk to adjacent areas would be Increased’. The
foilowing from the SFRA should also be noted ‘In general a precautionary approach
shouid be adopted to proposed development in Zone 3." Reference is also made to
the function of the sequential test and in the SFRA the Local Authorities recognise
that as part of any Local Development Framework (LDF), consideration should be
given to re-allocating sites outside the boundary of Zone 3. This is in line with the
guidance given In PPG 25, and draft PPS 25, in steering development away from
high flood risk areas.

The FRA introduces the principle of landraising in order to achieve a development
platform to achieve suitable finished floor levels. The ground levels are low in relation
to the predicted flood level and therefore a relatively significant volume of landraising
would need to be undertaken to ensure the safety of any dwellings. The Agency
does appreciate the guidance given up to now and the solution for existing
development in the area, but it is vital to consider the implications of any new data
and act on the best available information at a given time. In Section 8.4.2, the SFRA
discusses the issue of landraising on the Marshes in fight of the new modelling which
has been undertaken. This states The use of landraising as mitigation measure
must be considered on its merits depending on the local conditions of each
embayment. As a general principle, partial land raising within an embayment is not a
desirable option’.

Considering the Gravesend embayment as outiined in the SFRA in more detall, this
study looked to determine the nature of the flood risk in more detail for this specific
area. The concluslons and future recommendations were based on a breach
analysis scenario tied in with LIDAR data. An important conclusion reached for a
flood mitigating option is summarised as follows ‘Land ralsing wouid not be suitable
for any redevelopment in this area since it would reduce the local flood storage
volume and increase the local extent and depth of flooding. it is therefore desirable
to ensure that any flooding of the Marshes is contalned within them, and that flooding
elsewhere in the embayment Is conveyed to the marshes as quickly as possible’ This
demonstrates the importance of the Marshes as a flood storage area and again
raises the question regarding their suitabllity for development. The Agency does

Cont/d.. 2




. appreciate that modelling work was undertaken in 1999 by HR Wallingford within this
area and reference is made to this within the FRA for the site. However, further
information regarding the nature of the flood risk in the area has become avallable
since this time and the modelling carried out for the 1999 study is no longer
consistent with the iatest guidance provided by the Agency on this type of modelling
exercise.

We note the references made within the FRA to the surface water drainage strategy
for the area, which falis in line with the approach taken to development In adjacent
areas. The FRA demonstrates that the site area is iinked to the surrounding
watercourse and that any works and resultant effects on one part of the drainage
system will be demonstrated in other areas due to hydraulic connectivity. However,
the SFRA states ‘Land raising could also be considered in areas that are
hydraulically independent from the rest of the embayment'. The FRA cleariy
demonstrates that this is not the case.

The Agency is looking towards the imminent release of updated guidance on
Development and Flood Risk in the form of PPS 25. The draft guidance considers
residential housing as a ‘more vulnerable’ use within Table D2. As the site iies within
a Zone 3 flood risk area, Table D1 in draft PPS 25 considers these ‘more vulnerable’
uses shouid only be permitted if the Exception Test is passed. The Agency would
question whether this application should address those criteria as laid out within the
Exception Test. It should also be noted that the Agency has received guidance from
DEERA based on the FCDPAG3 Economic Appraisal which updates the existing
Ciimate change Policy for Flood and Coastal Management. This piaces greater
emphasis on the precautionary approach and offers further guidance on deslgn
horizons when planning for climate change, and it has been concluded that
deveiopment should look towards the year 2115 when considering the climate
change impiications. This places a greater emphasis on making sustainable
decisions at the pianning stage as the evidence base for climate change improves
and allows for greater certainty in forward thinking.

With all the above in mind, the Agency would question the suitability of this proposali
in the light of the new data and information availabie. The ionger term management
of the flood risk within the Gravesend area must be considered as part of this
proposal and the issue of long term sustainability needs to be addressed, these
considerations are beginning to be introduced with the Exception Test as part of PPS
25.

The Agency is therefore obliged to raise an objection to this proposal. If you intend to
approve the application contrary to our objection, paragraph 65 of PPG25 advises
that you should re-consult the Agency in order to explain why and to give us the
opportunity to make further representations.

_Biodiversity
Water vole habitat is protected under the Wildiife and Countryside Act 1981 (as

amended) and was given further protection by the Countryside Rights of Way Act
2000. This means It is an offence to intentionally or recklessly damage or destroy or
obstruct access to any structure or place which water voles use for shelter or
protection, or disturb water voles while using such a place.

Disturbance is defined as any activity which affects the survival chances, the
breeding success or the reproductive ability of one or more individuais or which
ieads to a reduction in the quality of occupied habitat. if the flood defence
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work/drainage ptan adversely affect the water levels on the surrounding marsh, or - -
the proposed pians reduce the continuity of the ditch systems, this can be classed as
disturbance to water voles.

As water voles have been found to occupy the ditches on and around the site
appropriate mitigation will need to be devised and agreed with the Agency before
any work starts. If the council is minded to approve this appilication, we would
therefore request the following conditions;

CONDITION: Prior to any works commencing a detaiied water vole mitigation
strategy must be submitted and approved in writing by the Local Authority in
conjunction with the Environment Agency.

REASON: To protect water voies.

From the habitat description of the ditches on site it would indicate that they are ideal
habitats for aquatic invertebrates. Many invertebrate species require different
habitats at different stages in their lifecycles. The possibility of a brackish influence
into the ditch would increase the diversity of the invertebrate species that couid be
present. We would like to see a fuil invertebrate survey of the ditches conducted.
The methodology of this will need to be checked by the Agency before the survey is
conducted. '

In regards to the proposed hedge pianting to create a buffer zone to the sumounding
ditch networks we would iike to see the hedge planted at least 5 metres from the
water courses edge for 'ordinary water courses' and at least 8 metres from drains
classed as 'Main River. We wouid like to see the species used within this hedgerow
to be in keeping with species that would be present in a marsh system. The
proposed native wildflower meadow shouid aiso be pianted with species that are
suitabie to the marshy environment of the current site.

CONDITION: A scheme for the provision of locai native flora (that is in keeping with
the marsh environment) within the planting scheme for the proposed development
shail be submitted to and approved by in writing by the Locail Authority prior to the
commencement of works on site.

REASON: In order to ensure that: the visuai quality and ecological diversity of the
area is maintained, and to ensure that no species are introduced that wiil cause
adverse impacts on the ecology of the nearby watercourse and the locality.

The Agency.are extremely concerned that there is no proposed mitigation or
compensation for the loss of marsh habitat and Natural England should be contacted
for further information regarding this issue.

Potentlal Contamination

According to current records there is a landfili site within 100metres of this proposal
site. The site closed pre-1976and the fiil included inert and putrescible materiais. The
site has not been extensively monitored, but we are unaware of any off-site probiems
being discovered at any significant distance around the site. However it is
recommended, in line with good practise, that any buiiding works are constructed to
at least the minimum requirements of Approved Document C of the Building

Regulations and the BRE Guidance document "New Buiiding on Gas Contaminated
Land".
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" DECISION NOTICE: Please forward a copy of the fuil decision notice to this office,
quoting our reference number. A copy of this ietter has been sent to the
applicant/agent.

Yours faithfully

MISS MICHAELA KENNARD
Senlor Pianning Lialson Officer

cc BARTON WILLMORE

End 5



Study into Ihe Dptions for Foul Waler Drainage Provision al Derng Way, Gravesend-
Fhasze JII

The impact o) addilicnal flows on systern pedormance was identified and compared to
intemal petformance slandards Lo delermine whethar the targat level ol pocrformance
was breached by the additional flows. Two scenarios have heen considerad in ihe
assesemeant of 1his development:

Seenatio 1. lnvestigale the development in isolation and detenming improvements
necessary to accommnodate the preposed development.

Scenarlo 2. Assess all the Phased developments and datermine improvements
necessary to accommodate Ihe proposed developrment.

4. Hesults
Scenaria 1:
Thiz scenarn considers dischaming 2585 I's foul low into manholes referenco
TQEE737E01. The Info¥orks model resull indicates thal the sewerage syslem upslream

the proposed connection point is surcharged and llocding 15 predicled at manhoks
referance TOE/73320% andg manhole relerence TASTTI3206.

The improvemanls recessary lo accommodale the proposed foul fiow are chown in
Figure 1. The propcsal is 1o ncrease ihe axisling 375mm sewer hetween TQH7 738301
and TOETFIER02Z to 450 mm {Taotal [engih of 203 melres al approsamately 2,75 meles
gwverage depth}.

Figure 1 Pmpmr.'d EMpS DVEMEn s
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Study into the Optiens for Foul Water Drainage Provision at Denng Way, Gravesend-
Phase 111

Scenarig 2

Thiz scenans considers flow from all phased developments added fo the sewerage
systern as dentified in the previous anguiries with exception of Jab Ma 1002207

Job Mo 3001930, Discharge 7.0 Iis sphit beiwean manholas TOEFYI0M01 and mankbnle
TREE73940Q1.

Job Mo 1002764 . Digrhamge 7.9 1/ info manhole TOGE7IT406.
Currarl Job MNa 1002973, Lischarge 25.5 I's inlo manhole TOEG/37501.

The infoWorks model resull indicates lhal the sewerage sysiem upstream the proposed
connaction poind ks surcharged and flooding is predicied vpstraam at manhals reference
TCHT723206 and TOBTF7I3206.

The improvements necessary lo accommodate all Ina phased developmenl foul flows
are shown in Figure 2, The praposal is 1o incraase the existing 3759mmm sewar behwean
TOET73840 and TOS7TIES02 0 450 mm (Tolal langih af 203 metres at approximately
2.75m avarage depth).

Flgje 2, Frogacsd IMoroyamignts.

ok N2, 100133
Jioh M. 10032307
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Study into the Options for Fout Water Drainage Provision a4 Dering Way, Gravesend-
Fhase [}

Conclysion

There is no available capacity in the loul sewerage system at manhole TOSE737501 1o
accommodale the 25.5 Ifs foul flow, H iz tharefore necessary lo increase the size of the
existing 375-mm sewer betwean manhols TOBTTI401 and TOET736502 10 450 mm in
diameter. The proposad improvements will alae accommodals the proposed flow and
flow from he othar phased developmants as shown in Figure 2,

Alternalively, conneet to the proposed foul flow al manhoie refarence TOBE735801
located by he Wastewatar Traatment Works locuted approximately 500 metres norh
west of lhe proposed development sile.
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Appendix E
HR Wallingford Report — September 2001

Environment Agency’s Letter of 25" September 2001
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HR Wallingford Fax
To: Buchanap Conaulting Engineers
For Attention of: Chris Baker-FPrarce Dats: 13 September 2001
Fax Nos Q20 7300 5056 No of Pages: 7
Copy To!
From: Rob Cheelham
Direct tel fline: 01491 8223 33 Dr Ref: MCMAS 18RS A4
Email: R Cheetham @hrwaltingford.co.uk Yaur Ref:

Yeu can reply to us by using PAX NUMBER +44 (0} 1491 B25918 (Water Managemeot)
If ihe oessage is wnclcarfincomplete telcphone =44 (00 1491 827494 {Caml Kngl)

Subject: WESTCOOURT MARSHES - REPORT
" Dear Chris,

Fusther fo our discussion on Friday 7 September 2001, please fiod atiached a copy of the mpord

describing our findings regending water levels in tbe Arainage channels o the corth of the
deyelopment & Oravescnd.

Tio not hesitale 10 conlact me should you wish 1o discuss this fo in greater detail,

. Younrs sincerely
Rob Chectham
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DEVELOPMENT AT WESTCOURT MARSHES
REPORT ON THE HYDRAULIC MODELLING

1. Inroduction and medeffing asomptions

Buchanan Consulting Bogineers (BCE), commissioned HR Wallingford to consiruct an i2I8 model
of 2 neiwerk of drainage channels to determine the efficacy of channe] compenzation works oo
comtaining additional paneft from 2 gew development in Gravescnd

An uva-cite surfare water drainage stralcgy has deen developed in accordance with desipn principles
agread with the Environment Agency {the Agency) and Fnglish Nawre: for 165 dwellings. The
sirategy it outlioed in a repost by Buchanao Consulting Engineers: ‘Proposed Developmant PMY
Gravesend (MS91Y. '

The development site fies in low Lylog margh, comprising of a network of inter-connoctcd dminags
channcls snd is past of devclopable land which is bordered by Norih Kent ralway and Mecdway
canal. For hydrawlic modelling purposes, natural runoff from the marsh was agreed with the
Agency at 7 litreatheciare for the 100 year event.

The notihem mit of the developable land it the North Kent milway and the drainage ditches
discharge bensath the mileay via threr cwfalls. The Agency wishes to limit the discharge under
the railway to the natural runoff rates. The limit of dischacge for cach autfall was calcalated based
on the 7 litrezMectanes nelual ranoff,

The site of the new development is locaied to Lhe south of the developable land and the runoff from
the 165 hisuses was calcilated by BCE using 2 HydroWaorks urban dminage meodel, The erincal
100 :,n".jar slonm durktion for the dewoispment was calculated to be 4 hours and the peak nmolT was
0. 3dmfs,

Ta comyply with Agency mquitements, the additional nanolf from the new developmen) will be
contained within the drainags channels to the south of the railway line. BCE designedd a berm for
the drainsge channel running to the cast and north of the development to contain the punoff and Lbe
locatitm and dimensions of this berm are given io drawings U438 1/001&002,

2. Modelling methodology

The hydraulic modelling for the investigation was carried out sing the iSIS suite af soltware. Two
hycranlic models were construeied: a pre-development and a post developoent model. The merdel
inciuded all the drainage channats and the three cutfalls beneath the raitway. In addition. the ool
irom the developabie Jard and te Jand to the ¢ast was represenred usleg standand flow bouadanics
i 1518,

The aim of the modelling was to determing whether the runoff from the deveiopment could be
cqutained within the berm In order to assess the impoct of the dewelopment nmoff on water levels
in the drainage channcls, stmulations for both the pre and post development were caried out,

The pre development model was constructed uging cross section data as shown in Randall Surveys
drawing GTSMASSE L& 2. The post development model was constncied using cross section dats
showt in drawings U468 1-001&002. The beom cxiznds from cross section & to the control struciure
X. Manning's n For the drainage channels for the initial simulation (pascline scenanch wers G435
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A LMal of 9 inflows wers inciuded i e pre-development madel. BCE Figure M321 07 shows the
lacalions and rateg of the 7 inflows For the contributing aress within the developabie land and the
runafT rtes range between 7.9105 1o 43 055, The 430515 inflow represenis the natur) rungf
freum the ares where the development will be located. The two remaining inflowa arc from the
suckare water sewer that drains to the wes! of the development (590 12) and the contibuting amca to
the easl of the site (13455 Ifs). These § inflows were included in the hydraulic mode] at the
appropriate Jocations and were kept constant throughout the unsteady model simolations.

The downstream model boundarias were modelled using abstraction units, which alloweed the
dischange at the outfalls 1o be fixed at the agreed limits of discharge, which were:

Coneral Struciure X - 144 Ifs
Control Siocture Y — 150 1
Control Sirctore £ =717 1.

The limit of discharge far Control Structnee Z also includes the 5 Us coptribution from @ surface
wilcr sewer draining perts of Gravesend

For the post development simolations, the 43.05 Vs inflow was replaced hy the 4 hour pogi
development hydeagraph, from the BCE HydroWorks modalling, The peal flow from the
development was .394m¥s and occummed 208 hours after the slart of the rinfall.

For the pre developmeni simuofations, the natural runoff entering the drainage channels equalled the
amounl abstracted al the downstream boundanies. Under these steady conditions, the inilial
conditions in the channe! are eitical 25 they will also be the final water levels, In view of thie, a
separate simulation was ciaried oul 10 Jelemine the initial conditions using 2 madel with weirs at
the downstream baundaries (the welr mods]), the dimensions of which were based on the stroclure
shoem in drawing 14B]-001.

The crest Llevels of all the weirs were setar 1 .35malD, 100mm above the bed l=ve] at control
strucuire X. Conlrol sirvcture X had 2 weir width of 0.25m and mitial simulations wane carriad out
w0 deterrnine the widths of Lhe other outfalls, ensuring <ach struchure allowed caly the maxigum
agreed discharge threugh The result wac weir crest widths of 0.26 and 1.20m for eonlrol struclures
Y and Z respectively. The bed levels a1 control struchures Y and Z were Jower that! at X and 19
simplify the modelling methodology, the crest levels of cach conlrol struciure were sei ot
1.35mAD.

Cn definition of the initial conditions, the pre and post developmenit simulations were Carried oul
using the molels with abstcaction unizs a1 ibe downsiream boupdunes. The following scenarios
wiere carned ool

» Bascline scenanico;
- Manning"s n sensitivicy test; and
v [Drowned cutfall seasitivily Lest.

For each scenario, initial conditions were generared wsing the weir model. For the Maoning's o
sensitivity wsl, Manniog's n was increased from 0,045 to 0,055, Bor the drowned outfall scenario,
the water downstream of the siructure was set a1 1.9mAD, a leve! sufficieal 10 cause drowning of
the weir.

The following section presents the results of the simulations,

4
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3. Rerwlia

The following tables show the resuits of the hydraubic modelling situlations, Tahle 1 gives the pre
and post developmment wates evels for the bascling caee, Table 2 shows the tosulrs of the Memoing s
n sensitivity best and Tabls 3 gives the resulls of the drowned awifall sengittvicy test.

Tt can be scen from Tables 1-3 that post development water levels in the reach from cross seciion |
o croés section 3 increase by up 1o 0.25m. This is because the channel improvement works
commence &l cross section 6 and the addivional runaff From the development is pot compensaied
e throughout this reach. Water Jevels in the reaches vpstream of the putfelt siructures (inclipding
the resch containing it erm) are predicted to increase by wp to 0.08m with the inclusion of the
development nuinoft.

It can be seen by comparing the results prasenied in Tables 1 spd 2 that changes in Munoiog's o
have Litile impact o waler levels [n (hs drainage channels. This Indicames water levels are
pa-pdordinindymntmuadbyﬂummltmmnm. However, in the repch fpim cross section | 106,
1he post development water love!s are predicted 1 increase slightty.

Floe the drowned outfall anditioas, the past development water lovels increase by approxirmately
006 in the reach conlaining the berm.

*
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Tahle 1 Baseline conditions

jon Fre developirent | Post development | Difference
ﬁ‘d water levels waler levils
(rmALHD) {mAODY )]
e 1.99 .22 0.23
1.9% 422 0.22
1493 .21 Q.22
197 414 (1)
1.%4 203 Q.06
: 194 158 Q.02
' 136 | 58 0.02
196 158 0.02
1.94% L.98 Q.02
|96 198 0.02
L2G 1.98 002
126 1.54 0.0
198 1.8 a2
194 1.98 .04
1.93 1.94 .06
191 1.08 Q.07
191 158 oc?
1.91 1.58 (HI g
1.91 198 .
1.91 108 .07
191 198 0.07
1.9 198 0.0&
1.90 198 0.a7
1.20 1 9E 0.08%
1.9 1.98 0.0%
.90 198 0.08
3,90 1.98 0.C8
140 198 0.4
1.91 198 oot
1,91 1.98 0.7
1.41 1.98 0.07
[.9] 1.08 0.07
18] 198 0.7
191 198 0.07
191 1.98 0.07
141 1.98 0.07
1.3 198 0.07
1.94 L99 Q.05
1.99 2.00 0.0

E HA wiatbggliand
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Tgble2 MManning's n sensilivity test

Pre development | Post development Dvifference
weter levels waler levels
{mA O} {mADD) (1w}
GR-FREA.dal GR-POSTHdat
R ri. 0,25
1.99 7.4 .25
1.94% 124 0.25
1.98 1.16 0.9
|97 104 008
.06 1.59 0.03
1.96 1.99 n.03
1.96 L% 0.03
i.96 1.99 0.03
.96 1.59 £.03
1.96 1.9% 0.3
1.56 1.9% 0.03
1.86 1.99 003
1.96 1.99 053
{54 1.99 .04
191 1.%8 .06
.51 .98 0.07
1.91 198 007
19 1.98 0.07
191 158 o7
1.91 | 98 007
1.9 198 0.o7
1.9 1.98 0.08
1.90 198 008
1.90 158 08
1,50 1.98 Q08
1.5G 1.98 Q08
1.00 L 98 008
1.50 1.98 008
1.21 198 Q.07
1.91 198 007
1.91 L 9B n.O7
1.91 1.%E 0.07
161 158 0.07
181 1508 .07
1.%4 194 0.07
1.9 1.08 0.07
192 1.59 0.7
194 202 0.08
E HI Wakingform Fax M Page
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Table 3 Drowpoed autfall sensitivity teat

ion Pre development | Past development | Difference
tel water levels water levels
{mACD] (mAOD) mj |

2.4 prfor 4 S 218

2.04 222 [+ 4L ]

2.04 23 L3 1.}

208 2.15 i3

202 207 (1} 151

1.m 204 0.0z

202 204 o002

202 14 0.02

20 04 a.02

.02 104 0.02

202 14 Q.02

202 ZH 002

202 24 0.0d

20 204 0,03

700 ' 7.4 .04

199 2104 005

1.59 204 {1.05

1.99 204 D05

1.09 204 .05

199 204 005

1599 204 .05

1.98 ‘Iﬂd 0.6

1.98 204 0.Q5

108 204 0.0

198 2504 005

198 M 0406

198 204 (1E1,7]

1.98 . 204 005

~ L.99 2™ (1}13
199 2104 025

159 204 (.05

.59 2.04 005

B7 2104 Q05

1,89 214 005

199 24 .05

1.90 2.4 005

1.59 204 Q.05

g 01 205 004
i 206 0.0

&
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Our el KT 999031 923{GR/5/168)bn
Your Ref:  CBEfp7549/1)4E1

Date: 25™ Seplember 2001
G ‘“‘I:,%;; %

Buchanzn Consulting Engmeers LA l.t[‘i S y
Wewecormbe House i A
43-45 Norting Hill Gate I e

DIRECIOR  [CRr. mp
W11 3QD _ By
EADQ Mr Chris BakerPearce =

| Conlieg Bt

Dhear Chiris

WESTCOURT MARSHES, GRAVESEND, KENT

Thank voo for your letter of cansultation regarding the above dated 13™ September. Using
your nurnbering sysiem T have the following comments:

1. Existiop Surface Water Mlped Qutiall

I ¢cen confirm that the principle of applying full bore flow conditions at the cutfalls is
acceplable. In your letler vou siale ther the recalculated flow is 0.578 mi/s yet in (he HR
Wallingford calculation the fgure of 0.6 m3/s is used.

2 Railtrack Culverts

The whole drainage strategy is based on the bydraulic continuty between the marghes to
the south and nont of the cailway. You are comect in your assertion that maintenance of
culverts is the responmibility of the ripanan owner, in thiz case Railrack. I note the
separale correspondence between yourselves and Railirack,

3. Removal of Duniped Wasie
Ioted.
4. Modelling Simulztions

The submitied report ou (he hydraulic modelling is acceptable n principle. The inherent
uncerlainties of ihe modelling, such es the green- (feld mui-off rate, the discharge from the
existing surface water sewers (see nate 1) and the semsitivity to surface friction
(Manning's 'n*) can be sccommedated wathin the Mexibility of the control structures.

Coniid..

En virommemd Ageray
Orebard Howse, Endegvsur Fark, Lomiben Rond, Addington, Wed MuBiog, Keat, MET? 551)

Ted: 01752 875587 Fas: 01732 BrsO5T
B uny i L s prrens ol Ut el diet



Appendix F

HR Wallingford Report ‘Assessment of Tidal Flooding’



/ ssessment of t| ]
R -

T P ALY

Report EX 3378
February 1996

4 HR YWallingford

H
-y
n

- = s el

Sl



Development site, North East
Gravesend, Kent

Aszessment of tidal flooding

Report EX 3378 k
February 1996

a7

HR Wallingford

Aukieas ana Fagaikred Qfce. HA voallingiar] Lea. sowbeny Far, Wtisglonr. Gusn OX 5L B
Tel: = w4 0174591 B3ASTA1 Fax =44 207491 832233

P I EFogiers) Py THUITRHE. I Bn B W 0 bty ] bbby o % PYHEM S Crman L

CT X3 1 Bl



o

Contract

This report describes work commilssloned by Fod Knight Group pic and Kent
County Council. Mr Peter A Horlon rapresented both partles. The HR b
number was ABM 3580, The work was undertaken by Mrlan C Meadowooft
and the project was managed by Me Keilh bann,

Approved by /&LM"- ﬁ"}f.“’f

Date .. }.’?L A""“""""“l‘"” -"'"F'? l;

& HR Wakngford Limited 3996
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Summary

Development site, North East Gravesend, Kent
Assessment of tidal flooding

Report EX 3378
February 1996

This report contains an assessment of tidal flooding at a proposed development
site near Gravesend, Kent. The report is intended to provide an objective view
of the possibility of tidal flooding.

The report supplements and builds on an assessment carried out by HR
Wallingford in September 1995.

The key arguments are as follows:

The main Thames defences provide a high level of protection against tidal
flooding. The crest level is at least 0.3m above the water level with a retumn

period of 1000 years. The quantity of water overtopping has been calculated for
a range of extreme water levels.

In the highly unlikely event that the main defence would breach at these extreme
levels, it may result in higher flood volumes. However, the volume of water
flowing through a typical breach would be small, and it is almost inconceivable

that a large number of breaches will develop over the frontage during a single
high tide.

Any water that does cross the line of the main defence will tend to flood the area
of marsh land to the north of the Thames and Medway Canal. This area,
referred to in this report as the ‘reservoir’ will act as a storage basin. The
‘reservoir' is bounded to the south by the banks of the canal. These are raised
above the surrounding ground level, and serve as water retaining structures for
the canal. The maximum flood level in the ‘reservoir’ will be lower than the high
tide level due to the limited flow rate of flood water across the defence line and
due to the large area in plan of the 'reservoir'. Itis this which is a special feature
of the site and which provides an even higher standard of defence to the
development site than is given by the main defences alone.,

The assessment in this report has taken these factors into account to give
estimates of return periods of extreme water levels in the reservoir, and ar
assessment of the overall standard of protection provided to the development
site. This shows that the probability of tidal inundation of the development site
is negligible and may be considered to be virtually non-existent.

The assessment applies to the defences and site at present, with the exception
that it is assumed that any culverts are fitted with working tidai flaps.

EX 3378 12702596
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1 introduction

Trig repon presents an assaLsment af fioed ek ot 3 prepoesad develcpmend sita
east of Greveserd. Kort, adjecent to the Thames estuany. s site 15 pretecied
by Thames idal dafences owred and mainlzined by ine MEA. These provide
ahigh ewvel af predection, and wers desgred on ke Dasis of defanding against
2 17000 year idak waler kveal

In it evert af very extreme tdal levels cosuming, any water thal may cross the
lwres af ke main defence will tend 16 feod the ares of marsh laad fa the narth of
he Thames ard Medway Canal. This arsa, seferred 1o -0 this repart as the
osereoir will act 35 a Siorege Basin, The resemycir 15 bounded 1a the South by
Ihg banks ot the canal. These are rasad above ha sorreunding geeund lewvel,
ans serve 3s water eleming slructures for the canal,

The: prapased devefgpment site lies to 1he scuth of the canal. The canal is
disused but currenily the subject of 8 recteraian progremme. The nadhern
canal bank iz a fight of way and i metalled aleng gad of ils lepgth. The
sauitern bank i uged by e radway between Chatham ard London, wiish s a
twin ne

The develapment site is 2% Westoourt and Great Clane Lane Marshes, A plan
cf the site is showh in Figure 1. The tand level of the site is geperally above
2.0m0, The dewed ol the canal banks is aboul 3.0mO0. 2nd *he cres! laval of
b main defence is Between abaut £.2mO0 and T8m00D. Extreme high water
leyels 1n the estuary at TEbury are estimated to be 4.35m00, 5. 28m00 and
.23mO0 for 16, 100 ang 19099 year return percds espectvely (Lolss and
Tawn, 18307,

The proposed development site, hke other resdential develapments in the
lezality, i belpw the level of high bde levels, Bubin assessing the pagsibility of
Nooding of the site, we have taken account af the defenges prolecting the ste,
shd the special features of the sile which afect the pazzade of food water. Thee
recact 15 Intended o provide a reahistic assessment of the actual risk of tidal
flocding =i the site, aking account af tha parbculr charactanslles cf the File.

HF carred oul an assessmont of bdal flood:hg of the sie In Seplember 1993
based on ke poachle fadliem of the Thames tidal defences in 2 made eimllar &
(ke failure that coowmed in the 1953 pwent, This orel repar iz inclwded in thiz
more camprehensive repert as Apperdix A This earlier regan containg some
backgrourd miormalion o the man repot and 2hauld e raad in sonjurciion with
1.

I xhoutd be rmantioned here that the Seplember rropr was writen before the
rariem axle of the canal wes visiled by HR when it became clear that ihe canal
Fad caised bznks oo bplk sedes, cach wilk, @ cresl al abaut 4mODMN Previgushy
we had assu-red thal the railway embankment was [ne orly ba2ns between the
river lidal defences and {he proposed develcp Tent zile

1 IX13.8 ~p3=h
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2 Flood risk issues

.1 Definitions

Ervironmental vanakles such 8% exireme water levels ars aien expresved as
wHues with 3 cerain 1efurn panad  Thus the water fevel which is excreded gn
average once every 1000 yeass :s krown as the "10Cd year water leval' Thg
phrase can induce falze security in the lay person, wha may fesl dhat swch an
BVENL i5 unittaly b ocour for 1000 vears inte the fulure. b facl the 1503 year
owenl £an e 0 ang year, Inany ane year, there is 8 (11000 chanca that e

TOCE year waler level will ba exceaded. 3

A tical level with 3 particylas returr period may or may nat cause floading,
dapending on 1ha defances, their candihan, and other conddians for EXRITIEE
waves. The fopegraphy of the potenlial lood area may also be important.
Assessmon al food sk is coneerned with assimilzling envirgnmentat, hydrauhe,
sinceivral and opogsaphic fealuzes to eslimate the overall prabsbildy Ihat a
partieular area will fiocd, and o what dapth and duralion.

The impact of risks is expressed a5 & combination of probakility rmaliplizg by
consequence (Rayal Saciety, 1992

2.2 Criteria for risk

Wiz widely aceepled that many deks can be reduced bar nadl eliminated cotiredy,
This beads Ig ihe concept of tolerable risk which is widely used in the design and
s1ng ol ndugtlal planis and power stalkans, While Ine accentabla ssk should
mat o regarded as 2 target we can uce risks anesuntared 0 ather walks of lite
tz exarming he signlficance of the risks rom Lida! koeding, ard to judge whesher
these can be azcapted.

Tha carcent cflolerable fsk imphes that critera must be fourd far e arobatdity
and conseuoates of undesirable avenrs  In view of the hngh siandard of the
main Azad celerces i the reach sdjacant 1o the site, it is orly the very axireme
skoem gurge condilions that could resull in any signdreant flow acoss the main
delence line. Under these vary rare events, (typicslly 'ess frequent than once
every 1000 years on average) minor fiopding is unlikely 1o be af any congem.
The rizk in beams af ‘probabdiy fimes congequence’ woud be very lowe. The real
cangern herd i ¢ show thal the Tkeliheod of catastophs Roodng of the sile it
=0 low a5 10 bR insanifcant comparad Lo other hazards, Catastrophic floading
i5 1pken 1o be inundaten o 3 deplh grealer then about 2in.

Guidanss or acceplable rigk levels for developmen's close ta industia plans
it zval'able Gom the Health and Safety Exerwive reg HSE, 1989 ard
in‘o-matan an sk fom a numeer of ‘everyday hazads is given oy Hambly and
Harmrbly (1254]. Although there is no frm guidance an telerable risk from fidal
Focr! nunzation, comMpansgr with olher Rarares and qu.dance indwzates ‘hata
Foed frecuercy el fawer than 1 i 1000 [annual) rmight be olerable, whereas a
frequency of less than 1 s 10,000 could be considered o Be “neghgible”
CoTrared wih othet risks accented by irdrvidyals and sacaty.

z Fa LR 12U
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3  Ewvajuation of flood risk

11 Overview

This sectian considers the overall possibity that e development site al
\Westeaurt and Great Clane Lane Marzhes will be inundated oy [idal fioading,
The assessment takes account of both Lhe main sea defences and also the
existence of the canal banks.  Although lhey are ngl NRA flood defence
ctructures, e canal banks presenity serve 3 wier relaining functon and wead
cedainly provide addibgnal piolecbon 10 the sile T required in the unlikzly even)
af ayectappirg af 3 hreach in e main river detence bank.

An 'event tree’ lor ixdal Acoding 5 shown in Figure 2, The shows possible
mechamsme by which the site may be logded. The {ollowing assexsment is
hased on estabhishing probabililes and conseqUENCAS for relavant parts of the
ayant tred to idantlfy the possitilty af tidal inurdaiien.

as disciesed m Secton 22, the assessment Covers cnty the possibility at
sarious urydation, to @ depth of ai leas Zm

3.2 Thames tide [ovels
The followig extreme tide leowvels are givan far Tilbary (Coles and Tawn, 1800}

Exceadance Retum Water level
Frequency Perod
L [yr) (i)
an 14 4155
0,01 A04} 525
0.omMm 1000 E23

These levels are based an 46 years of dala.

Y
HR wallingford have extencied and developed this data to give a tabie of ‘events’
fros 1-7) which can be used 28 a basis for he fisk astessment procedure.
Each 'evenl represents a storm surge eonditon with 8 particutas annuz!
oocurmarce frenquency. Conversicn from excredencs ta noeurrence frequency
15 convenienl for the subsequenl sk melhodalogy.
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aker Excesdence | Retum ]Eunn'. Waber {Ortcurienre I.l
Level frequency Pericd | Me. Lewei fiequency
(a0 yr'} fry {0 fyr's
| 4.75 0.045 21 1
~ 1 £Q 0.037
5 25 0.0 &f
2 5.5 0074 ﬂ
575 LOo0rs 343 |
! 3 6.0 D.0K120
|| g.2% 0.A0005 10580
4 6.5 O.O0E1
975 0. KI0345 2940
' 5 7.0 B.002 1 I
725 [ ooo01sd | 7480 {
i 7 7.5 0.000073
.15 0.000055 18240
7 a.0 0,000
1825 0oon0ze | a230g | '

The fourth column af the abawe table icensifies the event, ha kL colymn Qives
the camespanding watar level_ and the fina! colurmn stews the annue cecomence

frequency afthe evant The subsequent risk assessmant procedure is basad an
1hiz dala.

3.3 Main flood dafences

Infermiaten an lhe main sea defences hag heas nHaines frpm MRA Sowhesn
Regian in the famm of 3 recent report whisk nchided 3 records investiga tiar. and
SHE sunvey (Bablie Group, 1995).

The site is proteciod by Thames tical defences which wata consiructed i the
late 19705 and oary 19203 ai the same ime as he cansiroction &1 the Thames
Barrier  The detence which protects the site is an earth {clay) embankme=nt
sllcugh to Lie west end of the fra mayc there a7 a number of concrete valls,
ard gates. The creslfevels of the delence are surmaiised Jul=lla P75

Cesian crest level 6 dmOn
Phinimum suneeyed crust level {1994) G EOmOD
Masimum sumveved crast ‘gual 11055) I 822D

A lonmtudingl profile showirg the vanztion af erest level alung 1he froniage «5
Shewn i Figure 3 This s Lengin 7 denlhed jo the Babsa report, from Blenion
" tha west [y Bhornee ad For a1 the sastorn end. Thereis a i kad lawerng
o! 1 embznkmeat beween thiinEge 1490m and 2460m, gllFough gven narg
Lthe ievel remains abave the 1040 ¥ Ear waker leuel

z-

--
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The candition curvey repeied thal gyerall e main earth ermnbankments of the
Thames Tidal Delerces ‘wene generally in very goad candition. The grass cover
was paod and thare were ne signs anywhers of zny instability,”

The mair embankment slong Lenglh 7 was reparted o ke in 0000 oonditmn wiin
rx evidence of surface or decp-seated instability.

The malm ernbankment is fronled by tha tiginal embankment which pow forms
3 primary dafence. This shawed some signs of damage, wilh some oealised
araas with damage to e Ersox blockwark and ragsione prefecting the sazward
siopa and toa of i original embankment. The sallings in frar of the onginal
Embankmentl were repMicd B obe badly encxed In places. The repor

recommenced 3 nuimber &f remedial measures and further inveshgatlons 19 be
camed oyl

Fatture mechaniems

There @re sovaral pessitke Aow mutes for low achess e main defence. These
A semmarised ard discussed heloyy.

Ovarlopoing, cccurning when I8 waler keval i3 abova e main oefenca orest
fved, The fallowang latble gives apprayximate polental volumas of Svertapping,

makimg Ihe approximation that the tida level e =t the hlah waler beved for a
durghon of 2 hours:

Ewent Munther Water {evel Volume svertoprng
tmiD) (M

54 0.0}
5.3 0.}
6.0 1151003 yra 6.2 Q0
6.5 D.D::I
7.0 0.12
7.5 2.83
a.0 15.4 |

l‘qmmnmm—-

Gregmimg, reselums from struciural failerg of (he mak erbenkmant, The mast
fkely causes of breaching are eresan of lhe landwaid lace dug 1o awertoopirg
flaws, and fedvlechnics] failure. Gecteshnical fallute mechanisms iaclude
seapage through the embankrient leading te weskening and slumping of the
back face, and hign Infemal pressures leading to deep-seated instalufity anc
slipping of fhe embanxment or faund ations.

Gudance on the slabeity of the lzndward slope 15 Srosion is available (Betess
and Reews, 1933, Thes suggests that the landward slope may ercde dunng
Event & (equivaient o 1:4760 yr relurn periad) a¢ the Igoation whers the crest
level 15 lowest depend g wn the qualty f e grass cover For less sevarg
events, there will be ng ergswa. For more severs uvenis, the grass may te
eroded by overlapping Acws. leading bz ircreased likalihood of breachiag.



Wail tie grosgs is ercded, bragching ig Mada more Kkaly but nat inevilshie.

At lacations where the cres Save| |5 higher, eroslon doe by Tverapping will be
both (res It5ely and less zevere.

Geatechnical izilure mechansms have nay been analysed in grigj) here. Tha
fallewing observations help e calimate the Ikelinaod of injs-

¥ Slips ean occur when e waler level is belgw e cresl, bup are
ilalively unhieely

*  Thare wik be varability in soi camdltion s abong the bank whizh rkansg
ihat the factor of sdfely vartag aleng the embankment under piven
WELer leval canditipns

*  The crest level varas alang the embankment, znd e resislancs o
QeClechrizal failure will i general be related o the crest fvel Thig
implies 3 highar Bitura prabzbiiily betwesn ch Binage Tadd and 2200
{Fig 3)

& The embankment Wit dFesigned ang CaRsirvcied Fairly fecently.
Aflhoegh detgils of the design AEsumplinng are npt availeble, o
appears thal the defense hag Bien designed and muin ta & high
$landerd which gives tonfidence in jtg integrity,

Compabble wih recent resagreh CN Al scaha Eea) embankenent undertaken Ty
HR Watlingford, A water leyel difference of 2m in that CU5E lead {7 3 breack

Wwhe 4.2mo0,

approximate fevel of the canal bankz has been anded Io the figure whizh
Indheates 3 radorm Period af gvar 1 | 17O yaars far Owertoppireg.

a:  lhe wind spoed ang curalion
Bl the wind direcnar ard feleh lengin
o) the water depth in (e TESErDIF

G F ATy 1 L
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'Deep water waves

This section assesses the potential wave height assuming deep water

conditions. The section following this suggests reduction factors to account for
shaliow water frictional losses.

A simple method for estimating the potential wave height, ignoring depth-limiting
effects, is given for reservoirs. (ICE/DoE). This is based on recommendations
for wind speed assessment given in BS 6399, together with a formula for wave
generation, the Donelan/JONSWAP method.

The wind speed depends on the return period. For this broad-bmish
assessment, the hourly 50-year wind speed at the site may be taken as 22 ms™.
This can be scaled to other return periods if required, but for this assessment a
50-year return period was considered to be appropriate.

The wind speed will be increased somewhat because the fetch is over water,

An adjustment factor of 1.1 is applied, coresponding to a 1000m fetch, giving a
wind speed of 24 m™,

A further correction is needed to account for the shorter duration than 1 hour that
will be applicable in this case, for the relatively short fetch length. A duration
factor of 1.05 gives a revised wind speed of 25 ms™,

Finally, a direction factor is applied to account for the fact that winds from a
predominantly northerly sector have lower speeds than those from the south
west. A factor of 0.78 gives a final estimated 50-year wind speed of 20 ms™.

The Donelan/JONSWAP method gives the significant wave height, H,, as a
function of wind speed U and fetch length F:

H, = U F%%1760

where U is in ms™, and F is in metres. The significant wave height, H,, is the
average of the highest third of all waves.

In this case the fetch length is difficult to define as it depends on what location
of the canal embankment we are considering. The fetch is taken across the
reservoir only, as it is assumed that the primary tidal defence wili remain
sufficiently intact to prevent significant wave transmission. A reasonable value
for fetch tength was taken to be 1000m.

The 50-year significant wave height is therefore:

H,= 20" 000%%/1760
=(0.36m

This is a best estimate, and the following sensitivity analysis shows deep water
wave heights for a range of return periods:

7 EX 3378 10056
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Return period Significant
of wind speed wave height
(years) (m)

5 0.28

10 0.31

20 0.34

50 0.36

100 0.37

200 0.39

These wave heights are deep water wave heights, assuming the waves ar;e'
unaffected by bed friction, and are the highest that could be expected.

Shallow water effect

Waves generated in shallow water are lower than those generated in deep
water, due to frictional losses at the bed. The US Shore Protection Manua!
(SPM) gives charts which can be used to estimate reduction factors for various
water depth / wave conditions, and these show that for water depths greater than
1.5m there is no significant reduction from the deep water wave height At
shallower depths, wave heights generated by a given wind speed are lower due
to higher bed friction. For example, a depth of 0.5m in the ‘reservoir restlts in
a wave height of about 0.25m for the 50-year wind speed.

Conclusion

The relatively short fetch means that potential wave heights generated across

the 'reservoir’, in the event of a major failure of the main defence, are less than
0.4m.

3.5 Canal banks

General description \
The general condition of the canal banks was inspected during a visit on 17
January 1996. The main findings are summarised below:

The Thames and Medway Canal is disused, but has water init. The canal was
built around 1834. It is contained within banks which are built up above the
surrounding ground level. A road / footpath is provided on top of the northem
bank, and there is a twin line railway on the southem bank. Both embankments
are built to a similar leve! and to similar dimensions, except at the eastern end
of the canal where the railway embankment is considerably wider. Over most

of the length of interest, the crest width is about 3.5 - 4m, with side slopes
estimated to be about 1:2.5.

Some additional data was available from a survey of the railway embankment
carmried out for Gravesham Borough Councii {(Hayes-Watkins, Hunt and Partners,
1993). This shows the slope of the southern canal bank to be generally
shallower than 20°. The survey covers the western length of canal to just
beyond Milton Rifle Range. It is not clear exacly what datum was used for
height information, but the cross sections appear to show the canal water level
to be about 2.4mOD, with a 'possible water leve!’ some 200mm higher.

8 EX 3378 120396
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The bianks are wil-vegelated, The rgad flootpain is lArmed at he weslam end

changing lo concrete then gravel. The raibway tracks are lald on ballast
hichness about 4.3,

Mo signs af instabylity or major sattlement were chserved.

There are balieved to be a number al cutverts nunning beneath the canal draining
the Tard to the south, bul these were not clearly icentified during the visit. Thay
are pigderthy small in size.

There Fag basn BOME dizcLSScn about the 1952 ficod aulline as represenied in
Allen, Price gnd inglis, 1965, This shewe the esenecic gf *and 1o the foch of The
canal 1 be focded. South &f lhe canal, the only arca ol losding is to the zast
af the wrack and Jhe drgin from Fibareugh to ke canat {approsimately
SEAXO0mME) sae Flgure 2 In Apaendiz A The site visil revealcd that jhis track is
raised very slightly above the surmaunding graund, by probably ess than 1m, 1t
15 sugfesied Ihat, [Hllewing breaching of the main defence and fooding of Ihe
adjacent land (e resarvalr’], water lowed through one or more of the drainage
cubverts beneath the canal, possibly ngar 10 Ol Xing's Farm  The boundary of
Apeding hear Fiberough woold indicate that the depts of fgacing sauth of the
canal was small, cherwisa the laodiy weuld have extended fo Ihe west of the
track. This Mkdim=tas a peak water [evel Zm or mora below ihe peak levelin the
esiuary, which was about 3.2mi0D & 1953, This scenario illuslrates the
‘darnpang’ afiect of the cambined s\vlem comprising the man defance breach,
Ihe ‘reservgir, ard the canal bank [n pretecling land soulh of the canal from
catastrophic inyndgtion,

3.6 Integration: assessment of the possibility of flooding
The coast leval of the Banks has not been surveved indetsil, but i apprcamately
dmi3D. Baded on the lower cunve i Figure 4, this is equivalent to @ return pariod
aof abgut 17,000 years. In olher words, if il i& 3ssumad that the banks provide
cormpleta prolection agamsl flaoding d the water level is below the crest leval, but
na prodection if the water level s above the crest level, then the probability of
Imundatan of the sie is about 00006 yr, i

I wlew of the fact that the canal banks are mal classified 25 ood delence
simictures, i may be prdent 10 pssune a kower [evel of sernce. Bl an alawanoe
uf 1.0m & mada, 10 account har amy fissoring or ciher structural weaxnass, than
e affestive cresl leyel bocames 3.0mOD, with an squivalenl retarn penod of
14,000 vegrs and annual inondakon prabability of 000047,

4 Conclfusions

Thes repart g an assessmand of lidal faodng of a propasen development site
in Warth Eas Gravesend, Kent,

The site is undsual in thal, despile being at a low leve! relative o extreme lide
levels it s ceolected by an NREA flood defence o alsa fies o the south ef a canal
with raised Danks which prowide impoilan) additional proijecton agans: dal
ocding.

Tre sile is profected by a enair NFLA embankrrent constructesd in the tate 703
and garly B0, as par of the Thames Tidal Fiped dalerces  The minimun craat
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lewal of thie defence s eqUIVSIERT 1o 5 wter |ayved with a CElum peried well in
2kzess of 1000 years. We have cansidered ther pussitie failure mechansms of
the main defence harka snd Aszodiated probablkies lo estimale the extreme
waler levels in the ‘reserveir' boynded by the main defence and the Thames and
Medway canal to the south. This Mustiateg b hugh leved of protection Ehowvided
By the main defence aqainst catastrophic inundalion of the TEEeryoir.

The devalopment site fies i the 5IUth of the Thames and Medway Canal, This
has banks whizh ware prezumably raizad at the time {hat the canal was
consiiucied, The additional lewel of Frolection provided K the giia hy the cana|
banks has been egtmated fom thei “restlevels whick, aliowing a safety factor
of Am below their crest level, indicatae an equivalent relum gariod of 14000
¥ears e an annual inundation Prababslty of 0.ODGT.
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ASSESSMENT OF TIDAL FLOODING AT NORTH EAST GRAVESEND, KENT

This assessment refers to the area of land shown in Fig 1 outlined in pink which encompasses
part of Westcourt Marshes and Great Clane Lane Marshes. This area is referred to as “the

site”.

The objective of this assessment is to determine the likelihood of this area flooding as a result
of failure of the river defence bank along the River Thames at Gravesend. The likelihood of the
site fiooding as a result of managed-retreat or set-back further down river may be discounted
because this will only be carried out in areas where the natural contours limit the amount of
inundation by the tide to particular, specified areas. The area immediately landward of the
river defence bank at Gravesend contains light industrial development and would not be
- considered for managed-retreat. The NRA has a d uty, defined in the Water Resources Act
1991, “to provide effective flood defence” and as such keep the bank pro\peﬂy maintained.
Thus, the flood defence bank, which was raised after the 1953 tidal surge to provide protection

from a 1:1000 year surge provides protection for the site from tidal inundation.

The level of the 1:1000 year retumn period water level at Titbury is 6.23m OD (HR Wallingford
- estimate based on paper by Coles and Tawn, Ref 1). We understand that the sea defence

bank level at Gravesend has a crest level of between 6.5m OD and 7.2m OD.

If the flood defence bank is “properly maintained” it should not fail except in extraordinary



circumstances eg vessel collision or an act of war. Both of these are extremely unlikely.

Itis noted that the site is in an area of “conjectural” floeding on the tocal authority flooding map.
Conjectural flooding areas are those areas of land that could be theoretically flooded if there
were no sea or tidal defences and a 1:1000 year surge tide occurred. These areas are simply
the Iandward limit of the relevant contour of the 1:1000 year level ie about 6.2 or 6. 3mODin
this case. Whether this area would actually be flooded in the event of a breach of the tidal
defence bank may be a very different matter. In this case the “site” did not flood in 1953 as
indicated in Fig 2 which shows the areas flooded as hatched and the site outlined in pink.
Although the surge level in 1953 was well below that of the 1:1000 year retum period it is clear
that the railway embankment to the north of the site provided complete protection for the sﬁe.
How much protection would it provide for a 1:1000 year tidal surge?
\

Examination of OS 1:25,000 maps of the area indicated that, subject to flapping of culverts
under the railway embankment, the area between the river defence bank and the railway
embankment acts as a"reservoir” for spill from any breaches in the river bank. Only when this
‘reservoir” is filled would water begin to reach the site. The level of the -top of the railway

embankment is about 4.2m OD.

The area covered by the “reservoir” for this assessment has been estimated from 0OS 1:25,000
maps as the area between the river flood bank and the railway embankment between

564000m E and the old quarry at West Court at 573000m E. This gives an area of 7.05 x

r— e

g - ...

" —
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10°m? and, assuming a ground level of 2m OD, the volume of the reservoir uUp to4 mOD =

14.1 x 10°m3.

The limits were defined by either a river defence bank or the 254t 17.62m OD) contour on the

assumption that they will not be transgressed by the 1:1000 year level.

For an assessment of the likelihood of the reservair filling and causing overtopping on to the
site we have considered hypotnetical breaches in the river flood defence bank. That is, we
assume that the river bank will not be overtopped as its crest 'is at 6.5 - 7.2m OD. The
dimensions of the breaches have been obtained from a paper by Allen, Price and inglis (1955)
which i;dicateé :tr‘lat breaches in the bank in 1953 “were typ‘gcajly 60ft iqn.g. and 61t deep” for
one of the larger breaches. In metric units this is 18.3m x 1.8m. Aimost all the breaches
occurred at HW or afterwards. In the first instance we consider one such breach.
\
If we assume that the breach occurred at HW we need to know the duration of flow through

the breach to estimate the volume of water passing into the “reservoir during the surge.

Assuming the bank level is 6.2m OD (it is actually a little higher at 6.5 - 7.2m OD) the invert

level of @ 2m (6ft) breach would be about 4.2m (13.8#t).

Fig 7 in Allen et al (see F ig 3 attached) shows tidal levels at Tilbury for the 1953 flood to which

has been added a curve for a conjectured 1:1000 year surge. This curve has its peak taken



Y

fram Fig 9 of EX 479/A (Ref 31 which shows simulated paak levels along the estuary for
several hypolhelical scenarios ane of which is the 1953 surge + 41t {1.22m) at Southend which
yields a peak waler Jevel 2t Tib ury of & 28m (20.61) which is practically identical (o the 1-1 aon

year surge lave! al Tilbury of 6.2 3m Q0.

Using this comjectured curve the tidal lavel would be abave the breach inver (13.88 or 4.2m)

for aboul 2% hours gffer MW,

Calculations, which wese based on he broad crested weir equation with modular flow, were
then made far varous scenarios and the results shown in Table 1. We have coverad g range
of passible scenarios ranging from a single typlcal breach up to 30 bresches in the Hver
defence ‘bank at Gravesend. In 1953 we Understand that there was one breach in this

immeadiate reach.

Table 1 shows the estimated rise in the "reservolr® over the first BV pericd for 3 single breach
and up ta 30 such bregches. These results indicale that far a 1:1000 year flood, if there was
only one breach, the level in “reservair” would bo anly Bom deep over the first HW period and
it would require 30 swch breaches to I it by 1.80m in this perdod. Quite clearly the 1952 ﬂ::nﬂ-d

would not have avertopped the raitway embankment which is wiy tho site remained dry.

We have also estimated the tolal voluma of water that would pass through one such breach

aver thiee successive high water periods {similar to those in 1853} for a 1:1000 year event if



the breach were not repaired. This volume would raise the level in the reservoir by only about
14cm or 6 inches ie well below the railway embankment level. On subsequent tides the tide

level in the river would not have reached the invert of the breach.

Conclusions

The “site” is; protected from tidal ﬂdodfng by the Thames river defencé bank with a crest level
of 6.5 - 7.2m OD and properly maintained it will protect the “site” from tidal flooding up to a
level of the 1:1000 year flood. Should t‘he bank fail, and “breaches” (as specified earlier) occur
in the rivér defence bank, it will take more than 30 to fill the “reservoir” by 180cm (1.80m) ie

still below the crest of railway embankment.

An estimate of the quantity of water that would pass through a typical breach over three

successive high water periods following the breach such as those that occurred in 1953,
\

following a 1:1000 year surge, indicates that the level in the “reservoir” would be raised by only

about 14cm or 6 inches.

Bearing in mind the several assumptions made in the calculations this assessment has
indicated that the “site” would not flood in the event of a “typical” breach of the river defence

bank at Gravesend in a 1:1000 year flood event in the River Thames.
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Tabfe 1

Estimated Effects of 1:1000 year Fleod in "Reservoir' Area Batwean the River Defengc

Bank and the Railway Embankment

No. of breaches in the river 1 a R 10 20 a0

defence bank

Rise in “reseroir” whilst ide i1 12 an 50 120 180

ahove breach invert {crm)

15t HYY only

Notes: o W

1. Plan area of “reservoir™ 7.05 x 10°m? (estimated)
2 Allgwable dse in “reservair” +2 to +4m OD say = 2m {estimated) -, capacity of resarvoir
= 14,1 x 10°m®.

3 Breach size -18.3m x 1.83 {80f x Gt}
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Appendix E — Phase 2 SWP Underground Drainage Layouts



ABEYANCE
(Topographical Survey required of the Q

outfall details )

NOTES:

1.

2.

3.

4.

5.

6.

7.

8.

9.

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.

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.

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.

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.

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.

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

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.

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

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.

FLOOD LEVEE CORRIDOR AREA IN \4/

constructed ditches, in order to confirm \
Q

ORDINARY WATERCOURSE CONSENT WITH
ENVIRONMENT AGENCY REQUIRED FOR
, SURFACE WATER DISCHARGE INTO
\ EXISTING WATERCOURSE.
(TO BE CONFIRMED WITH ARDENT)

Safety Barrier.

(Hill & Smith, Flexbeam Steel Barrier or similar)

To be specialist designed.

Packaged Pumping Station BE CONFIRMED BY CLIENT
to be designed by Specialist

VEHICLE WASHDOWN FACILITY
DRAINAGE REQUIREMENTS TO

(Requirements for vehicle
washdown area to be

confirmed by Client\

T

i Wt

DRAWING LEGEND

SURFACE WATER DRAINAGE

PROPOSED SURFACE WATER DRAINAGE
(From Roof Areas Only)

- — = PROPOSED SURFACE WATER DRAINAGE

iﬁﬁ TYPE 1-2 PRECAST CONCRETE RING MANHOLE

Bin Store

TYPE 3 INSPECTION CHAMBER
(Max 3m depth to invert, CP denotes Catchpit)
Chambers deeper than 1.2m to be non-entry.

CLi
IL # #4

DRAINAGE NOTES:

1. ALL DRAINAGE WORKS TO BE CONSTRUCTED IN STRICT
ACCORDANCE WITH SPECIFICATION OF THE LOCAL AUTHORITY,

ROAD GULLY
rRG O (4500 x 900dp, trapped)

BUILDING REGULATIONS, SEWERS FOR ADOPTION, BS8301 &
BSEN.752-1.

2. FOR LOCATION AND SETTING OUT OF BUILDING DRAINAGE POINTS

/ \ PROPOSED HEADWALL

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

Channel CHANNEL DRAIN
(Type Noted on drawing, all outlets to have sumps)

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

FUEL / OIL SEPARATOR

Fuel/ Qif Separator (Kingspan Full Retention NSF Range or similar)

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.

FOUL WATER DRAINAGE

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).

FOUL SEWER CONSTRUCTED AS PART OF

-—e m—— = = ADJACENT SITE

(Design by Ardent - Drg. B146-8000)

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.

—_—— — = - PROPOSED FOUL WATER DRAINAGE

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

— e PROPOSED FOUL RISING MAIN

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

fiﬁ;’: TYPE 1-2 PRECAST CONCRETE RING MANHOLE

OVER 450mm NOMINAL DIAMETER.

7. ALL PRIVATE BUILDING DRAINAGE SHALL BE CONSTRUCTED IN
STRICT ACCORDANCE WITH BSEN.752-1. UNLESS OTHERWISE

TYPE 3 INSPECTION CHAMBER

SPECIFIED BUILDING DRAINAGE SHALL BE 100mm DIAMETER AND
SHALL BE LAID AT A MINIMUM GRADIENT OF (<1L/S = 1IN 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

ﬁl‘ifif (Max 3m depth to invert)
’ Chambers deeper than 1.2m to be non-entry.
F6 O FOUL GULLY

ADOPTIVE BEDDING DETAILS' (CLASS D, N OR B) UNLESS
OTHERWISE SPECIFIED.

8. ALL PIPES, BENDS AND JUNCTION FOR PRIVATE BUILDING

PACKAGED FOUL PUMPING STATION
(To be designed by Specialist)

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.

MISC
FFL 96.875 PROPOSED BUILDING FINISHED FLOOR LEVEL
x 97.80 PROPOSED SPOT LEVEL

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

EXISTING SPOT LEVEL

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.

[\/— PROPOSED EMBANKMENT
)x& GRADIENT OF FALL

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

CONCRETE BAY SLAB LAYOUT

T — (Phase 1 - 6m x 6m Bays)

(Joint details, To Be Confirmed)

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

CONCRETE BAY SLAB LAYOUT

i — (Phase 2 - 6m x 6m Bays)

(Joint details, To Be Confirmed)

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

INTERGRAL RETAINING WALL / RAISED DPC

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.
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B 21.12.16 |Yard Area and Office Parking Bays layout updated as
per Architects revised plan. Drainage and levels
updated to suit.
A 29.11.16 [Concrete Bay Layout updated, Drainage updated to
Client comments. Safety Barrier Added.
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TYPE 3 INSPECTION CHAMBER

ﬁ_l‘zzﬁz (Max 3m depth to invert, CP denotes Catchpit)
’ Chambers deeper than 1.2m to be non-entry.
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-\ PROPOSED HEADWALL
Channel CHANNEL DRAIN

(Type Noted on drawing, all outlets to have sumps)
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FUEL / OIL SEPARATOR

(Kingspan Full Retention NSF Range or similar)
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BIG XI BACK INLET GULLY DRAWING B146-2100D D |08.08.17 [Added back inlet gully to Architect's latest office
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C O L O U R E D R B 21.12.16 |Yard Area and Office Parking Bays layout updated as
per Architects revised plan. Drainage and levels
MISC I updated to suit.
e A 29.11.16 [Concrete Bay Layout updated, Drainage updated to
FOUL DRAINAGE CONNECTION § Client comments. Safety Barrier Added.
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SWP DRAWINGS, AND WITH ALL RELEVANT ARCHITECT'S AND OF GROUND WATER DURING THE CONSTRUCTION PERIOD. R RIVERDALE DEVELOPMENTS LTD
x 97.80 PROPOSED SPOT LEVEL ENGINEER'S DRAWINGS AND SPECIFICATION AND ANY
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THE ENGINEER. SERVICES IS GIVEN IN GOOD FAITH AFTER CONSULTATION WITH ARCHITECT
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outfall details )

PROPOSED WATERCOURSE AND FLOOD

LEVEE CORRIDOR TO PROVIDE
APPROXIMATELY 1500m® OF ON LINE
STORAGE FOR SURFACE WATER RUN OFF
FROM INDUSTRIAL AREA
Effective Storage Depth = 340mm
T Length = 200m

— Corridor Width = 25m
ormation taken from Ardent Drawings,
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DRAWING LEGEND

SURFACE WATER DRAINAGE

PROPOSED SURFACE WATER DRAINAGE
(From Roof Areas Only)

- —— = PROPOSED SURFACE WATER DRAINAGE

ﬁ_l'zzﬁz TYPE 1-2 PRECAST CONCRETE RING MANHOLE

TYPE 3 INSPECTION CHAMBER

. (7 .
NOTES: \

1. THIS DRAWING IS TO BE READ IN CONJUNCTION WITH ALL OTHER SWP [J
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.

ﬁﬁﬁ (Max 3m depth to invert, CP denotes Catchpit) 2. NO DIMENSIONS ARE TO BE SCALED FROM THIS DRAWING. UNLESS NOTED
' Chambers deeper than 1.2m to be non-entry. OTHERWISE ALL DIMENSIONS ARE IN MILLIMETERS AND ALL LEVELS ARE IN
METRES FROM THE SITE DATUM.
RG O ics’g\g GSL)JOLOLdY rapoed 3. ALL DIMENSIONS TO BE CHECKED ON SITE. ALL DETAILS AND DIMENSIONS
( X P, trapped) RELATING TO SUB-CONTRACTORS WORK MUST BE CHECKED AND AGREED
FFL 2,900 BETWEEN THE SUB-CONTRACTOR OR SUPPLIER AND THE GENERAL
: CONTRACTOR.
- \ PROPOSED HEADWALL CTRONIC INFO oN RO s 6 CANNG
4. THE ELECTRONIC INFORMATION FROM THIS DRAWING CAN NOT BE
Q\F;V%HALIIEDCSTVTPOL%%’:?I?N < GUARANTEED AS DIMENSIONALLY DRAWN EXACT. FIGURED DIMENSIONS MUST
BUILDING DRANAGE To BE USED FOR SETTING OUT AND DETAILING. SWP LOGOS AND COMPANY
—Chamnel CHANNEL DRAIN INFORMATION MUST BE REMOVED FROM COPIES IF INFORMATION IS RE-USED.
(Type Noted on drawing, all outlets to have sumps) BE CONFIRMED
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.

' FUEL / OIL SEPARATOR
Fuel/ Oil Separator (Kingspan Full Retention NSF Range or similar)

FOUL WATER DRAINAGE

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

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.

FOUL SEWER CONSTRUCTED AS PART OF
= o o e = ADJACENT SITE
(Design by Ardent - Drg. B146-8000)

THE CONTRACTOR MUST COMPLY WITH ALL CURRENT LEGISLATION RELATING
—_———— - PROPOSED FOUL WATER DRAINAGE TO HEALTH & SAFETY.
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.

to be designed by

Y — PROPOSED FOUL RISING MAIN ccupancy of Site to be

ﬁﬁ’ﬁ TYPE 1-2 PRECAST CONCRETE RING MANHOLE

TYPE 3 INSPECTION CHAMBER

PLEASE REFER TO DRAWING E6659/201 (DRAINAGE LAYOUT - SHEET 1) FOR FU
ay

II

Eﬁ#;# (Max 3m depth to invert)
i Chambers deeper than 1.2m to be non-entry.
F6 O FOUL GULLY

PACKAGED FOUL PUMPING STATION
(To be designed by Specialist)

D |22.05.17 |Phase 2 Drainage and Levels updated
MISC C 24.02.17 [Phase 2 Carpark levels and drainage added
.@/ 4 B 21.12.16 |Yard Area and Office Parking Bays layout updated as
per Architects revised plan. Drainage and levels
updated to suit.
FFL 96.875 PROPOSED BUILDING FINISHED FLOOR LEVEL A 29.11.16 [Concrete Bay Layout updated, Drainage updated to
Client comments. Safety Barrier Added.
x 97.80 PROPOSED SPOT LEVEL e ks DESCRIPTON

CLIENT

RIVERDALE DEVELOPMENTS LTD

EXISTING SPOT LEVEL

ARCHITECT

OFFSET ARCHITECTS

[\/— PROPOSED EMBANKMENT y =\
120 GRADIENT OF FALL o DALEFIELD WAY E [N] W I]ﬂ:. @ @ [N]
& GRAVESEND PARTNERSHIP LTD.

CONCRETE BAY SLAB LAYOUT CONSULTING STRUCTURAL & CIVIL ENGINEERS

T — (Phase 1 - 6m x 6m Bays) DRAWING TITLE
ot st o e Confred DRAINAGE & LEVELS LAYOUT oo DTS55 o030 Famsii D102 25120
CONCRETE BAY SLAB LAYOUT (Sheet 3 Of 4) E.Mail: info@swpeast.co.uk
. (Phase 2 - 6m x 6m Bays)
(Joint details, To Be Confirmed)
SCALE AT AL DATE N OV 16 DRAWN LG JOB No. DRAWING No. REV.
INTERGRAL RETAINING WALL / RAISED DPC 1200 ENG. LG CHECKED E6659 203 D
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