§
§ § §
s ¥ :
B n
§ e R < % N 0 E < A =
§~.\ \.\\Q ~:§k® \ s}}\\\\ Q\\\-.\\\ § §- \ \\\\\\-.\\ \\ \\\§\\\\\ s::}\\\ \\_\ @Q\\\.\ \\
¥ 3 & F R W = & ® & A &
§ % 4§ % ¥ § g ¥ % 0§ §008 R ]
By 8 8§ R 3 B B 3 & T
8 § % F 8 # i ¥ 3 S Y F ¥ N
= W & Ry ® o by Ry = R & Ry =
By 8 \ & 08 3 3 H 3 &8 & B b
i g & 8§ 8 # SR W & 3 i
F0F waee® 8 F R Y ™) e e §
o &
v 4
Sy ey ) - : & .
Oy NS U N e 3 SN
NG N UL NN L RS 1

Client: Angmering Park Estate
Flood Risk Assessment for the
Proposed Development at Land off
Queens Lane, Arundel

June 2018

ARUN DISTRICT COUNCIL AB/73/18/PL



ARUN DISTRICT COUNCIL AB/73/18/PL

Herrington Consulting Limited

Unit 6 & 7 — Barham Business Park
Elham Valley Road

Barham

Canterbury

This report has been prepared by Herrington Consulting Ltd in accordance with the
instructions of their client, Angmering Park Estate, for their sole and specific use. Any
other persons who use any information contained herein do so at their own risk.

© Herrington Consulting Limited 2018



Client: Angmering Park Estate
Flood Risk Assessment for the Proposed
Development at Land off Queens Lane, Arundel

Contents Amendment Record

This report has been issued and amended as follows:

Issue Revision Description Date
1 0 Draft report issued by email. 09 May 2018
2 1 Amendment to text. Draft report 18 May 2018

issued by email.

3 1 Final report issued by email 04 June 2018

ARUN DISTRICT COUNCIL AB/73/18/PL



s

%

A,

e,

v
(e

]
r

i

recees

%

gl

o

This page is left intentionally blank

ARUN DISTRICT COUNCIL AB/73/18/PL



ARUN DISTRICT COUNCIL AB/73/18/PL

Document Verification

Issue Revision Date: 09 May 2018
1 0 Author(s): Sean Robinson Anne Winkel
First Check By: Sebastian Bures
“““““““““““““““““““““““ Amendments Agreed:  © AmeWinkel
Second Check By: Kirsty Thomas
Amendments Agreed: Anne Winkel
Director Sign Off: Simon Maiden-Brooks
Issue Revision Date 18 May 2018
PR T Awhers: Anne Winkel
Checked By: Kirsty Thomas
Issue Revision Date 04 June 2018
I A Awhorsy Bradley Whitaker
‘ Checked By: Kirsty Thomas




This page is left intentionally blank

ARUN DISTRICT COUNCIL AB/73/18/PL



ARUN DISTRICT COUNCIL AB/73/18/PL

10
11

Contents Page

Background and Scope of Appraisal

Development Description and Planning Context
2.1 Site Location and Existing Use

2.2  Proposed Development

2.3 The Sequential Test

2.4 The Exception Test

Definition of Flood Hazard

3.1 Site Specific Information

3.2  Potential Sources of Flooding

3.3  Existing Flood Risk Management Measures

Climate Change
4.1 Potential Changes in Climate

Probability and Consequence of Flooding
5.1 The Fluvial Risk of Flooding

5.2 The Tidal Risk of Flooding

5.3 Velocity and Rate of Rise of Floodwater

Offsite Impacts and Other Considerations
6.1 Displacement of Floodwater

6.2  Public Safety and Access

6.3  Proximity to Watercourse

Flood Mitigation Measures

7.1 Application of the Sequential Approach at a Local Scale
7.2  Raising Floor Levels

7.3  Flood Resistance and Resilience

7.4  Flood Warning

Surface Water Management Assessment

8.1 Background and Policy

8.2 Surface Water Management Overview

8.3 Opportunities to Discharge Surface Water Runoff

8.4 Sustainable Drainage Systems (SuDS) Suitability Assessment
8.5  Proposed Drainage System

8.6 Sensitivity Testing

8.7  Management and Maintenance

Conclusions
Recommendations

Appendices

© © YW LN =

-
w

—
NN

N = =~ =
O © NN

NNDNN
N = =

NN NN
(6 B N N N 4

WwwwhhhhoDN
G RNOONNN

W W
0o o



This page is left intentionally blank

ARUN DISTRICT COUNCIL AB/73/18/PL



ARUN DISTRICT COUNCIL AB/73/18/PL

Queens Lane, Arundel
Flood Risk Assessment

Background and Scope of Appraisal

Flooding is a major issue in the United Kingdom. The impacts can be devastating in terms of the
cost of repairs, replacement of damaged property and loss of business. The objectives of the Flood

Risk Assessment (FRA) are therefore to establish the following:

¢ whether a proposed development is likely to be affected by current or future flooding from

any source
¢ whether the development will increase flood risk elsewhere within the floodplain
¢ whether the measures proposed to deal with these effects and risks are appropriate
¢ whether the site will pass the second element of the Exception Test (where applicable).

Herrington Consulting has been commissioned by Angmering Park Estate to prepare a Flood Risk
Assessment (FRA) for the proposed development at Land off Queen Lanes, Arundel, West
Sussex, BN18 9JN.

This appraisal has been undertaken in accordance with the requirements of the National Planning
Policy Framework (March 2012) and the National Planning Practice Guidance Suite (March 2014)
that has been published by the Department for Communities and Local Government. The Flood
Risk and Coastal Change planning practice guidance included within the Suite represents the most
contemporary technical guidance on preparing FRAs. In addition, reference has also been made

to Local Planning Policy.

To ensure that due account is taken of industry best practice, this FRA has been carried out in line

with the CIRIA Report C624 ‘Development and flood risk - guidance for the construction industry’.
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Development Description and Planning Context

Site Location and Existing Use

The site is located at OS coordinates 501859, 106816, off Queens Lane in Arundel. |n total the site
covers an area of approximately 0.1 hectares and currently comprises a garage surrounded by
undeveloped land. The location of the site in relation to the surrounding area and the River Arun is

shown in Figure 2.1.

Figure 2.1 — Location map (Contains Ordnance Survey data © Crown copyright and database right
2018). Site boundary delineated in red.

The site plan included in Appendix A.1 of this report provides more detail in relation to the site

location and layout.

Proposed Development
The proposals for development comprise two residential dwellings with associated parking as

shown in Figure 2.2 below.
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Figure 2.2 — Proposed scheme layout.

More detailed drawings of the proposed scheme are included in Appendix A.1 of this report.

The Sequential Test

Local Planning Authorities (LPA) are encouraged to take a risk-based approach to proposals for
development in areas at risk of flooding through the application of the Sequential Test. The
objectives of this test are to steer new development away from high risk areas towards those areas
at lower risk of flooding. However, in some areas where developable land is in short supply there
can be an overriding need to build in areas that are at risk of flooding. In such circumstances, the
application of the Sequential Test is used to ensure that the lower risk sites are developed before

the higher risk ones.

The National Planning Policy Framework (NPPF) requires the Sequential Test to be applied at all
stages of the planning process and generally the starting point is the Environment Agency’s flood
zone maps. These maps and the associated information are intended for guidance and cannot
provide details for individual properties. They do not take into account other considerations such as
existing flood defences, alternative flooding mechanisms and detailed site-based surveys. They do,
however, provide high level information on the type and likelihood of flood risk in any particular area

of the country. The flood zones are classified as follows:

Zone 1 — Low probability of flooding — This zone is assessed as having less than a 1 in 1000

annual probability of river or sea flooding in any one year.
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Zone 2 — Medium probability of flooding — This zone comprises land assessed as having
between a 1 in 100 and 1 in 1000 annual probability of river flooding or between 1 in 200 and 1

in 1000 annual probability of sea flooding in any one year.

Zone 3a — High probability of flooding - This zone comprises land assessed as having a 1 in
100 or greater annual probability of river flooding or 1 in 200 or greater annual probability of sea

flooding in any one year.

Zone 3b — The Functional Floodplain — This zone comprises land where water has to flow or be
stored in times of flood and can be defined as land which would flood during an event having
an annual probability of 1 in 20 or greater. This zone can also represent areas that are designed

to flood in an extreme event as part of a flood alleviation or flood storage scheme.

The location of the site is shown on the Environment Agency’s flood zone map in Figure 2.2 and

the information provided by this map has been interrogated and summarised in Table 2.2 below.

~ Key to flood map

Figure 2.2 — Flood zone map showing the location of the development site (© Environment Agency)

The above mapping shows the development site to be located within Flood Zone 3 and not to be
benefiting from existing flood defences that have been constructed in the last 5 years. This mapping
does not distinguish between high risk areas and the functional floodplain, i.e. Zones 3a and 3b.
This is an important differentiation that needs to be made by the FRA because the NPPF states
that no development, other than essential transport and utilities infrastructure, should be located

within the functional floodplain.
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The functional floodplain is defined by the NPPF as land where water has to flow or be stored in
times of flood during events that have a probability of occurrence of 1 in 20 (5%) or greater in any
one year. The Planning Practice Guidance goes on to further clarify this by adding the following

definition:

The identification of functional floodplain should take account of local circumstances and not be
defined solely on rigid probability parameters. But land which would flood with an annual
probability of 1 in 20 (5%) or greater in any year, or is designed to flood in an extreme (0.1%)
flood, should provide a starting point for consideration and discussions to identify the functional
floodplain. Areas which would naturally flood with an annual exceedance probability of 1 in 20
(5%) or greater, but which are prevented from doing so by existing infrastructure or solid buildings
will not normally be defined as functional floodplain.

Based on information provided by the Environment Agency and that derived as part of this

appraisal, the following functional floodplain test is applied:

Do predicted flood levels show that the site will be affected by an event having

X
a return period of 1 in 20 years or less?
Is the site defended by flood defence infrastructure that prevents flooding for v
events having a return period of 1 in 20 years or greater?
Does the site provide a flood storage or floodwater conveyance function? X
Does the site contain areas that are ‘intended’ to provide transmission and X
storage of water from other sources?
Is site within the functional floodplain (Zone 3b) No

Table 2.1 — Functional floodplain test.

The flood zone mapping and associated information has been summarised in Table 2.2 below.

Zone 1 0%
Zone 2 0%
Zone 3a 100% River (Tidal/Fluvial) No
Zone 3b 0%

(*) The flood zone maps only recognise defences constructed within the last 5 years

Table 2.2 — Flood zone classification.




24

ARUN DISTRICT COUNCIL AB/73/18/PL

Queens Lane, Arundel
Flood Risk Assessment

The NPPF states that the Local Planning Authority (LPA) should apply the sequential approach as
part of the identification of land for development in areas at risk from flooding. The overarching
objective of the Sequential Test is to ensure that lower risk sites are developed before sites in higher
risk areas. When applying the Sequential Test, it is also necessary to ensure that the subject site

is compared to only those sites that are available for development and are similar in size.

In this case a Sequential Test assessment has not been undertaken in support of this FRA.
However, from the work that has been undertaken as part of this site-specific appraisal it is possible

to provide evidence that can help in the application of the Sequential Test.

The second level of appraisal is through the application of the more detailed and refined flood risk
information contained within the Strategic Flood Risk Assessments (SFRA). Such a document has
been prepared for Arun District Council and this has been referenced as part of this site-specific
FRA.

The most detailed stage at which the sequential approach can be applied is at a site based level.
Careful consideration of the site’s topography and development uses can provide opportunities to
locate more vulnerable buildings on the higher parts of the site and placing less vulnerable elements
such as car parking or recreational use in the areas exposed to higher risk. This approach is

examined later on in this FRA.

The Exception Test
According to the NPPF, if following the application of the Sequential Test it is not possible,
consistent with wider sustainability objectives, for the development to be located in zones of lower

probability of flooding, the Exception Test can be applied.

As part of this process it is necessary to consider the type and nature of the development. The
Planning Practice Guidance: Flood Risk and Coastal Change defines the type and nature of
different development classifications in the context of their flood risk vulnerability. This has been

summatrised in Table 2.3 below.



ARUN DISTRICT COUNCIL AB/73/18/PL

Queens Lane, Arundel
Flood Risk Assessment

3

JY RN R N X
\ A R LA T A AN R A AT N
N

Essential infrastructure — Essential transport

permanent residential use

infrastructure, strategic utility infrastructure, including (4 (4
electricity generating power stations

High vulnerability — Emergency services, basement

dwellings caravans and mobile homes intended for X X

More vulnerable — Hospitals, residential care homes,
buildings used for dwelling houses, halls of residence,

ship building, water-based recreation etc.

pubs, hotels, non-residential uses for health services, X
nurseries and education

Less vulnerable — Shops, offices, restaurants, general v x
industry, agriculture, sewerage treatment plants

Water compatible development — Flood control

infrastructure, sewerage infrastructure, docks, marinas, v v

Key:

v Development is appropriate

X Development should not be permitted

€ Exception Test required

Shaded cell represents
the classification of this
development

Table 2.3 — Flood risk vuinerability and flood zone compatibility.

From Table 2.3 above it can be seen that the development falls into a classification that requires

the Exception Test to be applied. For the Exception Test to be passed there are two criteria that

must be satisfied, and these are listed below:

o it must 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, and

e a site-specific flood risk assessment must demonstrate that the development will be safe

for its lifetime taking account of the vulnerability of its users, without increasing flood risk

elsewhere, and, where possible, will reduce flood risk overall.

Both elements of the test will have to be passed for development to be allocated or permitted.

Demonstrating that the development provides wider sustainability benefits to the community that

outweigh flood risk is outside the scope of this report, nevertheless, reference is made to the SFRA

to establish the key risks associated with flooding to help demonstrate that this objective can be
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achieved. The key focus of this FRA is therefore to establish whether the site

second element of the Exception Test.

is likely to pass the
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Definition of Flood Hazard

Site Specific Information
In addition to the high level flood risk information shown in the Environment Agency (EA) flood zone
maps, additional data from detailed studies, and other information sources is referenced. This

section summarises the additional information collected as part of this FRA.

Site specific flood level data provided by the EA — The EA has been consulted as part of the

development of this FRA and a copy of their response is included in Appendix A.2 of this report.

Information contained within the SFRA — The Arun District Council SFRA (2008) contains
detailed mapping of flood extents from a wide range of sources. This document has been

referenced as part of this site-specific FRA.

Information provided by Southern Water — Southern Water has provided the results of an asset

location search for the site. Their response is included in Appendix A.3.

Site specific topographic surveys — A topographic survey has been undertaken for the site and
a copy of this is included in Appendix A.1. From this it can be seen that the level of the site varies
between 1.18m and 2.26m Above Ordnance Datum Newlyn (AODN) with ground levels gradually

reducing from northwest to southeast.

Geology — Reference to the British Geological Survey map shows that the underlying solid geology
in the location of the subject site is Spetisbury Chalk Member (chalk). Overlying this are superficial

deposits of Raised Marine Deposits (clay, silt, sand and gravel)

Historic flooding — The EA has confirmed that there are no historic records of flooding at the
development site from main rivers or the sea. In addition, information contained within the Arun
District Council SFRA reveals that there are no records of flooding at the site from any other sources

in the past.

Potential Sources of Flooding
The main sources of flooding have been assessed as part of this appraisal. The specific issues
relating to each one and its impact on this particular development are discussed below. Table 3.1

at the end of this section summarises the risks associated with each of the sources of flooding.

Flooding from Rivers (Fluvial) — The site lies within Flood Zone 3 of the River Arun (main river)
as shown on the EA’s flood map. The flood zone maps are used as a consultation tool by planners
to highlight areas where more detailed investigation of flood risk is required. Consequently, given
the location of the site within Flood Zone 3, the risk of flooding from this source has been examined

in more detail as part of this FRA.
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Flooding from Rivers (Tidal) — The site lies within Flood Zone 3 of the tidal reaches of the River
Arun (main river) as shown on the EA’s flood zone mapping. Consequently, the risk of flooding from

this source has been examined in more detail as part of this FRA.

Flooding from Ordinary or Man-made Watercourses — Natural watercourses that have not been
enmained and man-made drainage systems such as irrigation drains, sewers or ditches could

potentially cause flooding.

Inspection of OS mapping of the site and surrounding area reveals that there is a drainage ditch
along the southern site boundary which forms part of a wider drainage network to the south of the
development site. The primary purpose of this network is to reduce the groundwater level within the
surrounding area. Extreme rainfall or high water levels within the adjacent River Arun may result in
increased water levels in the network of drains and ditches. The consequence of such an event is
likely to be water logging of the ground and shallow flooding in the lower-lying areas to the south.
However, inspection of the topographic survey reveals that the area of proposed development is
located approximately 0.5m above the lower-lying area and as such, it is considered extremely
unlikely that floodwater within the lower-lying land could reach a depth that could affect the

development site.

Therefore, the risk of flooding from this source is considered to be significantly less than risk of
flooding a tidal/fluvial event which is appraised further in Section 5 of this report. In addition, the
mitigation measures discussed in later sections of this report, which are aimed at reducing the risk
of flooding from all sources, will be more than adequate in preventing flooding from this source. As

such, the risk of flooding from this source is considered to be Jow.

Flooding from the Sea — The site is a significant distance inland and whilst the River Arun is still
tidally influenced at this location, the risk of flooding from the sea is considered to be extremely low

and is not investigated further as an independent source of flooding.

Flooding from Land (overland flow and surface water runoff) — Overland flooding typically
occurs in natural valley bottoms as normally dry areas become covered in flowing water and in low
spots where water may pond. This flooding mechanism can occur almost anywhere, but is likely to
be of particular concern in any topographical low spot, or where the pathway for runoff is restricted

by terrain or man-made obstructions.

Figure 3.1 below is an extract of the Environment Agency’s ‘Risk of Flooding from Surface Water
map which can be interrogated to identify whether the site is located in an area at risk of surface

water flooding.

10
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Figure 3.1 — Surface watler flooding map showing the location of the development site
(© Environment Agency)

The above mapping does not include an allowance for climate change, but as it includes an event
that exceeds the 1 in 100 year design rainfall event, it can be used to consider the impact that
climate change may have over the lifetime of the development. In this circumstance the proposed
development site is shown to be located outside the flood extents of an extreme pluvial event with

a return period of 1 in 1000 years (i.e. it has a very low probability of flooding).

Inspection aerial height data and a site specific topographic survey shows that land levels fall
naturally across the site towards the southeast. In addition, there are no topographical low points
within the site which could encourage flood water to pond. It is therefore considered that flooding

through this mechanism is fow.

Flooding from Groundwater — Water levels below the ground rise during wet winter months and
fall again in the summer as water flows out into rivers. In very wet winters, rising water levels may
lead to the flooding of normally dry land, as well as reactivating flow in ‘bournes’ (streams that only
flow for part of the year). Where land that is prone to groundwater flooding has been built on, the
effect of a flood can be very costly, and because groundwater responds slowly compared with

rivers, floods can last for weeks or months.

Groundwater flooding is most likely to occur in low-lying areas that are underlain by permeable rock
(aquifers). The underlying geology in this area is Septisbury Chalk Member, with overlaying
superficial Raised Marine deposits. While chalk is characteristically impermeable, chalk formations

can be susceptible to groundwater flooding as water rises through faults and discontinuities within

11
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the rock. Additionally, the more permeable superficial deposits can also be susceptible to

groundwater emergence.

Information contained within the Arun District Council SFRA shows that the development site lies
within an area susceptible to groundwater emergence. In addition, the more detailed mapping on
groundwater emergence provided as part of the Defra Groundwater Flood Scoping Study (May

2004) shows that the site itself is located near an area where groundwater emergence is predicted.

Nevertheless, the role of the drainage network to the south of the development site is to retain a
low groundwater table in this area. Consequently, if the groundwater table was to rise, water would
be intercepted by the drainage network in the lower-lying land to the south. If the drainage network
becomes overwhelmed, the mechanism of flooding is comparable to the risk of flooding from

watercourses, which has been discussed further above and is considered to be low.

This is supported by information contained within the Arun District Council SFRA which reveals that
there are no records that the site has been subject to groundwater flooding in the past.

Consequently, the risk of groundwater flooding is considered to be /ow.

Flooding from Sewers — In urban areas, rainwater is frequently drained into surface water sewers
or sewers containing both surface and wastewater known as “combined sewers”. Flooding can
result when the sewer is overwhelmed by heavy rainfall, becomes blocked, or is of inadequate
capacity; this will continue until the water drains away. When this happens to combined sewers,
there is a high risk of land and property flooding with water contaminated with raw sewage as well

as pollution of rivers due to discharge from combined sewer overflows.

Inspection of asset location data provided by Southern Water (Appendix A.3) identifies that there
are no sewers within close proximity of the site. Additionally, there is no record of historic sewer
flooding in this location contained within the Arun District Council SFRA. Consequently, the risk of

flooding from this source is considered to be fow.

Flooding from Reservoirs, Canals and other Artificial Sources — Non-natural or artificial
sources of flooding can include reservoirs, canals and lakes where water is retained above natural
ground level, operational and redundant industrial processes including mining, quarrying and sand
and gravel extraction, as they may increase floodwater depths and velocities in adjacent areas. The
potential effects of flood risk management infrastructure and other structures also need to be
considered. Reservoir or canal flooding may occur as a result of the facility being overwhelmed

and/or as a result of dam or bank failure.

Inspection of the Ordnance Survey mapping for the area shows that there are no artificial sources
of flooding within close proximity to the site. In addition, the EA’s ‘Risk of Flooding from Reservoirs’
website shows that the site is not within an area considered to be at risk of flooding from reservoirs.

Therefore, the risk of flooding from this source is considered to be fow.

A summary of the overall risk of flooding from each source is provided in Table 3.1 below.

12
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Rivers (fluvial) OS mapping and Environment Agency flood zone map
Appraised
further in
Section 5
Rivers (tidal) OS mapping and Environment Agency flood zone map
Sea/Estuaries Low OS mapping and Environment Agency flood zone map

Ordinary and man-

made watercourses Low OS mapping and aerial height data

Environment Agency ‘Risk of Flooding from Surface Water’ flood

Overland flow Low maps, aerial height data, OS mapping, topographic survey

BGS geological data, Defra Groundwater Flood Scoping Study,
Groundwater Low aerial height data, OS mapping, topographic survey, historic
records within the Arun District Council SFRA

Southern Water asset location data and historic records

Sewers Low contained within the Arun District Council SFRA

OS mapping and Environment Agency ‘Risk of Flooding from

Artificial sources Low o
Reservoirs’ flood map

Table 3.1 — Summary of flood sources and risks.

Existing Flood Risk Management Measures
The flood defences in this area are in the form of an embankment along the River Arun with a 1 in

200 standard of protection. The condition grade of this defence infrastructure is good.

13



4.1

ARUN DISTRICT COUNCIL AB/73/18/PL

Queens Lane, Arundel
Flood Risk Assessment

Climate Change

When the impact of climate change is considered it is generally accepted that the standard of
protection provided by current defences will reduce with time. The global climate is constantly
changing, but it is widely recognised that we are now entering a period of accelerating change.
Over the last few decades there have been numerous studies into the impact of potential changes
in the future and there is now an increasing body of scientific evidence which supports the fact that
the global climate is changing as a result of human activity. Past, present and future emissions of

greenhouse gases are expected to cause significant global climate change during this century.

The nature of climate change at a regional level will vary: for the UK, projections of future climate
change indicate that more frequent short-duration, high-intensity rainfall and more frequent periods

of long-duration rainfall of the type responsible for the recent UK flooding could be expected.

These effects will tend to increase the size of flood zones associated with rivers, and the amount
of flooding experienced from other inland sources. The rise in sea level will change the frequency
of occurrence of high water levels relative to today’s sea levels. It will also increase the extent of
the area at risk should sea defences fail. Changes in wave heights due to increased water depths,
as well as possible changes in the frequency, duration and severity of storm events are also

predicted.

To ensure that any recommended mitigation measures are sustainable and effective throughout
the lifetime of the development, it is necessary to base the appraisal on the extreme flood level that
is commensurate with the planning horizon for the proposed development. The NPPF and
supporting Planning Practice Guidance Suite state that residential development should be
considered for a minimum of 100 years, but that the lifetime of a non-residential development
depends on the characteristics of the development. The development that is the subject of this FRA

is classified as residential.

Potential Changes in Climate

Extreme Sea Level

Global sea levels will continue to rise, depending on greenhouse gas emissions and the sensitivity
of the climate system. The relative sea level rise in England also depends on the local vertical
movement of the land, which is generally falling in the south-east and rising in the north and west.
The accompanying Planning Practice Guidance Suite to the NPPF provides allowances for the

regional rates of relative sea level rise and these are shown in Table 4.1.

14
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East of England, East Midlands, London, SE

England (south of Flamborough Head) 4.0 8.5 12.0 15.0
South West 3.5 8.0 115 145
NW England, NE England (north of Flamborough 25 70 100 13.0

Head)

Table 4.1 — Recommended contingency allowances for net sea level rise

The development site is not subject to coastal flooding, however, the River Arun is a tidal river and

therefore the figures above are still applicable.

Peak River Flow

Recognising that the impact of climate change will vary across the UK, the peak river flow
allowances show the anticipated changes to peak river flow by river basin district. The proposed
development site is covered by the South East River Basin District, as defined by the Environment

Agency River Basin maps.

For each district a range of climate change allowances are provided for different time epochs over
the next century, which correlate with the planning horizons for the varying classifications of

development.

For each epoch there are three climate change allowances defined. These represent different levels
of statistical confidence in the possible emissions scenarios on which they are calculated. The three

levels of allowance are as follows:

e Central: based on the 50t percentile

e Higher Central: based on the 70t percentile

e Upper End: based on the 90t percentile

As well as encouraging sustainable development to meet the demands of a growing population, the
NPPF also promotes a precautionary approach. For more vulnerable development in areas of
higher risk of flooding, a higher percentile allowance is recommended in order to manage the risk
of flooding over the lifetime of the proposed development. The Environment Agency has therefore
provided guidance regarding the application of the climate change allowances and how they should
be applied in the planning process. The range of allowance for the river basin in which the

development site is located are shown in Table 4.2 below.
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South East Upper End 25% 50% 105%
Higher Central 15% 30% 45%
Central 10% 20% 35%

Table 4.2 — Recommended peak river flow allowances for each epoch for the South East river basin
district (1961 to 1990 baseline).

For more vulnerable development with a design life of 100 years in Flood Zone 3a, a Higher Central
climate change allowance is recommended. From Table 4.2 above, it can be seen that the

recommended climate change allowance for this site is a 45% increase for all peak river flows.

Peak Rainfall Intensity
The recommended allowances for increases in peak rainfall intensity are applicable nationally.
There is a range of values provided which correspond with the central and upper end percentiles

(the 501 and 90t percentile respectively) over three time epochs. The recommended allowances

are shown in Table 4.3 below.

Upper End +10% +20% +40%

Central +5% +10% +20%

Table 4.3 — Recommended peak rainfall infensity allowance for small and urban catchments (1961
to 1990 baseline).

Typically, for a residential development a design life of 100 years is assumed and therefore an
increase of 20% in peak rainfall intensity should be used in the calculations in the outline surface
water management strategy (refer to Section 8). However, Arun District Council requires the
drainage system to be designed to consider a 30% increase in peak rainfall intensity and as such,
the calculations have been based on an extreme pluvial event with a 1 in 100 year return period

including a 30% allowance for climate change.

All of the above recommended allowances for climate change should be used as a guideline and
can be superseded if local evidence supports the use of other data or allowances. Additionally, in
the instance where flood mitigation measures are not considered necessary at present but will be
required in the future (as a result of changes in climate), a “managed adaptive approach” may be
adopted whereby development is designed to allow the incorporation of appropriate mitigation

measures in the future.
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Probability and Consequence of Flooding

When appraising the risk of flooding to new development it is necessary to assess the impact of
the ‘design flood event’ to establish depths, velocities and the rate of rise of floodwater under such
conditions. Flood conditions can be predicted for a range of return periods and these are expressed
in either years or as a probability, i.e. the probability that the event will occur in any given year, or
Annual Exceedance Probability (AEP). The design flood event is taken as the 1 in 100 year (1%
AEP) event for fluvial flooding and the 1 in 200 year (0.5% AEP) event for sea or tidal flooding.

The Fluvial Risk of Flooding

The EA has been consulted as part of this appraised and a copy of their response is included in
Appendix A.2. The information has been taken from the Lower Tidal River Arun Strategy Study
Model completed in 2010 (by others). The data provided contains modelled flood level data for
different return periods for node points on site. The location of the node points in relation to the

development site is shown in Figure 5.1 below.

Figure 5.1 — Flood node location map (provided by the EA). Development site outlined in red.

Inspection of the modelled flood levels for the node points shows that the site is located outside of
the predicted flood extents under an event with a 1 in 100 year return period. However, this

modelled flood level for the 1 in 100 year event does not include an allowance for climate change
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as defined by the Environment Agency’s climate change guidance, which would require a 45%

increase in peak river flow to be considered over the lifetime of the development.

In this instance, modelled in-channel flow and stage values have been provided by the Environment
Agency in addition to node points across the site. As such, it is possible to estimate the design flood
level for the site using the ‘intermediate’ approach, which is considered to provide a more accurate

estimation of the impacts of climate change on the predicted flood level at the development site.

The ‘intermediate’ approach involves constructing a stage-flow rating curve for current day
conditions, which is extrapolated to derive a flood level based on the increase in peak flow (45%).
Figure 5.2 below shows the stage-flow curve constructed for the nearest in-channel node to the

development site, which has been identified as node point LOW054.

Figure 5.2 — Stage-flow curve for in-channel node LOW054.

From Figure 5.2 above, it can be seen that the maximum predicted in-channel water level for a 45%
increase in peak river flow is approximately 2.96m AODN. However, comparison of the in-channel
water level for other return periods (provided by the EA) with the predicted land levels on site shows
that the direct application of the derived flood level would significantly over-estimate the risk of

flooding at the site.

Therefore, given the small difference in the in-channel flood levels between the derived level
including a 45% allowance for climate change (i.e. 2.96m AODN) and the 1 in 1000 year flood level
(i.e. 2.97m AODN), a conservative approach has been adopted and the flood extent under the 1 in
1000 year return period has been referenced as a direct substitute for the design flood event. Under
this scenario, the data provided by the EA shows that the maximum predicted flood level on site is
1.75m AODN.
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When the design flood level is compared to the land levels shown on the topographic survey, it can
be seen that the proposed dwelling is situated on land raised above the design flood level. However,
inspection of the scheme drawings identifies that the ground floor of the dwellings is to be lowered

slightly (below the existing ground level) to provide vehicular access.

Notwithstanding this, the external parking area will be raised slightly to a level of 1.82m AODN

before the driveway slopes towards the dwellings, and will prevent floodwater from reaching the

dwelling. Consequently, the ground floor is likely to remain dry under the design flood event.

Itis only if the water level were to exceed 1.82m AODN (e.g. as a result of an exceedance event or
a bow wave from moving vehicles) that floodwater could flow down the driveway subjecting the
ground floor of the development to shallow flooding. Based on the proposed internal floor levels,
the maximum depth of flooding under this scenario is predicted to not exceed 300mm within the
garage area and 150mm where the resident's access to the first floor is proposed. As the ground
floor will only comprise non-habitable uses (i.e. W/C, garage etc.), opportunities to reduce the

impact of such an event have been explored in the following sections of this report.

The Tidal Risk of Flooding

In addition to the above, the River Arun is tidally influenced in this location. As part of their response,
the EA has therefore also provided tidal modelled flood level data for the three node points on site
(refer to Figure 5.1) for different future climate change scenarios. As discussed in Section 4 of this
report, the proposed development is assumed to have a lifetime of 100 years. As such, the design
flood event is taken as the 1 in 200 year flood event including an appropriate allowance for climate

change (i.e. future year 2110).

The EA has provided flood level data for the development site for a current day (2010) and a future
climate change scenario (2110) for both ‘defended’ and ‘undefended’ scenarios. Using the
undefended level to define the design flood level at the site will result in a significant over-estimation
of risk and therefore in such situations it is necessary to reference the more realistic ‘defended’

flood level at the site.

Inspection of the data provided shows that the development site is currently defended under a 1 in
200 year flood event. However, when an allowance for climate change is considered (i.e. future
year 2110), it can be seen that the predicted maximum flood level on site is 3.5m AODN. When this
level is plotted using aerial height data, it is evident that the site and a large area surrounding the

site would be affected by flooding (Figure 5.3).
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Figure 5.3 — Modelled flood extents for the ‘defended’ 1 in 200 year return period event including

an appropriate allowance for climate change. Site boundary delineated in red.

When the predicted flood level is compared to land levels on site, it can be seen that the depth of
flooding varies between 1.2m in the northern half of the site to 2.3m towards the ditch to the south
of the site. The depth within the ground floor of the dwellings is predicted to reach a maximum of
2.05m. The following sections of this report discuss the opportunities for mitigating the risk of

flooding to the proposed occupants under such an event.

Velocity and Rate of Rise of Floodwater

Information on the velocity and rate of rise of floodwater at the development site has not been
provided. However, given the relatively close proximity of the development to the tidal River Arun,
it is likely that floodwater will reach the site rapidly once water exceeds the river banks. From this
point, the rate of rise is likely to be gradual as the flood compartment in which the proposed
development is located is relatively large and unconfined. As such, it is concluded that the velocity

of floodwater at the site will be low.
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Offsite Impacts and Other Considerations

Displacement of Floodwater
The construction of a new building within the floodplain has the potential to displace water and to
increase the risk elsewhere by raising flood levels. A compensatory flood storage scheme can be

used to mitigate this impact, ensuring the volume of water displaced is minimised.

The proposed dwellings have been shown to be at risk of flooding from both tidal and fluvial sources,
however, it is generally accepted by the EA that development within the tidal floodplain is unlikely
to impact on maximum tidal flood levels. In addition, it has been demonstrated that the dwellings
are located outside the 1 in 100 year fluvial flood extent, including an appropriate allowance for
climate change. Consequently, the development will not displace floodwater, nor will it increase the

risk of flooding elsewhere and as such, compensatory flood storage is not required.

Public Safety and Access

The NPPF states that safe access and escape should be available to/from new developments
located within areas at risk of flooding. The Practice Guide goes on to state that access routes
should enable occupants to safely access and exit their dwellings during design flood conditions
and that vehicular access should be available to allow the emergency services to safely reach the

development.

During a fluvial flood event, the ground floor has been shown to remain unaffected by flooding.
Consequently, residents will have safe access to/from the development during the entire flood event
Even in the unlikely event that floodwater were to exceed the crest height of the driveway (i.e. due
to an exceedance event or bow waves from moving vehicles), the ground floor can only flood up to
a depth of 150mm where the resident’'s access to the first floor is proposed and therefore safe

access will be possible.

Under a tidal flood event, the entire site is shown to flood and depths are predicted to reach a
maximum of 2.05m at the buildings. As such, dry and safe access will not be available. Reference
to the Practice Guide shows that in circumstances where it is not possible to provide dry access,
the flood hazard to people under the design flood conditions needs to be quantified. In this instance,
no data has been provided by the EA with regard to the hazard rating on site. However, given the
extent of the surrounding area which would also be affected during such an event, it is considered
unlikely that residents will be able to leave the dwellings during the peak of the flood event. As such,
it will be necessary for the occupants to sign up to the EA’s Early Flood Warning System (refer to
Section 7.4 below), which will enable residents to receive forewarning of a potential flood event and

be prepared to evacuate the site before an extreme flood occurs.

If insufficient time is available to evacuate, residents should seek safe refuge within their dwellings.
Inspection of the scheme drawings shows that only non-habitable use is specified for the ground

floor and all living and sleeping accommodation will be located on the first floor and above. This
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approach to raising the more vulnerable elements of the development will provide the occupants

with a means of safe refuge in the extremely unlikely event of a flood.

Proximity to Watercourse

Inspection of OS mapping shows that there is a drainage ditch to the south of the development. To
clarify the ownership of this ditch, both the Lead Local Flood Authority (LLFA) and Local Planning
Authority (LPA) have been contacted. The LPA has confirmed that the drainage ditch is owned by
the Internal Drainage Board (IDB) which is currently formed by the EA in this location. However, it

should be recognised that this responsibility is in the progress of being dissolved.

Referencing the information provided, both the EA and Arun District IDB have been contacted
regarding the proximity of the proposed buildings to the watercourse. From this correspondence it
has been confirmed that the current scheme layout would be acceptable with regard to the distance
to the adjacent drainage ditch. In addition, it has been stated that in this instance, the maintenance

of the ditch will be the responsibility of the riparian owner.

Notwithstanding this, the EA has confirmed that a Flood Risk Activity Permit is required for

construction within 3 to 5 metres of the ditch.
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Flood Mitigation Measures

The key objectives of flood risk mitigation are:

) to reduce the risk of the development being flooded.

) to ensure continued operation and safety during flood events

) to ensure that the flood risk downstream of the site is not increased by increased runoff

) to ensure that the development does not have an adverse impact on flood risk elsewhere

The following section of this report examines ways in which the risk of flooding at the development

site can be mitigated.

Careful location of development within site v
boundaries (i.e. Sequential Approach)

Raising floor levels v
Land raising X
Compensatory floodplain storage X
Flood resistance & resilience v

Alterations/ improvements to channels and

hydraulic structures 28
Flood defences X
Flood warning v
Management of development runoff v

Table 7.1 — Appropriateness of mitigation measures.

Refer to Section 7.1

Refer to Section 7.2

Not required

Not required

Refer to Section 7.3

Not required

Not required

Refer to Section 7.4

Refer to Section 8
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71 Application of the Sequential Approach at a Local Scale
The sequential approach to flood risk management can also be adopted on a site based scale and
this can often be the most effective form of mitigation. For example, on a large scheme this would
mean locating the more vulnerable dwellings on the higher parts of the site and placing parking,

recreational land or commercial buildings in the lower lying and higher risk areas.

For the development that is subject of this FRA, it can be seen that this approach has been adopted.
The ground floor only comprises non-habitable uses, whilst all living and sleeping accommodation

have been located on the first floor and above.

7.2 Raising Floor Levels
The EA recommends that the minimum floor level of buildings at risk of flooding should be raised
above the design flood level including an appropriate freeboard allowance. In this case, the risk of
tidal flooding is greatest, and therefore the finished floor levels are considered in relation to the the
1 in 200 year extreme water level plus the appropriate allowance for climate change. The EA’s
guidance requires that all living accommodation be raised 300mm above the design flood level,

with sleeping accommodation raised a minimum of 600mm above the design flood level.

Based on a design flood level of 3.5m AODN (i.e. tidal flood level), the minimum floor levels are as

follows:

Living accommodation = 3.8m AODN

Sleeping accommodation = 4.1m AODN

Inspection of the scheme drawings shows that these minimum floor levels have been achieved.

7.3 Flood Resistance and Resilience

During a flood event, floodwater can find its way into properties through a variety of routes including:
¢ Ingress around closed doorways.
¢ Ingress through airbricks and up through the ground floor.

¢ Backflow through overloaded sewers discharging inside the property through ground floor

toilets and sinks.
¢ Seepage through the external walls.
¢ Seepage through the ground and up through the ground floor.

¢ Ingress around cable services through external walls.
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Since flood management measures only manage the risk of flooding rather than eliminate it
completely, flood resilience and resistance measures may need to be incorporated into the design

of the buildings. The two possible alternatives are:

Flood Resistance or ‘dry proofing’, where flood water is prevented from entering the building. For
example, using flood barriers across doorways and airbricks, or raising floor levels. These
measures are considered appropriate for ‘more vulnerable’ development where recovery from

internal flooding is not considered to be practical.

Flood Resilience or ‘wet proofing’, accepts that flood water will enter the building and allows for this
situation through careful internal design for example raising electrical sockets and fitting tiled floors.
The finishes and services are such that the building can quickly be returned to use after the flood.
Such measures are generally only considered appropriate for some ‘less vulnerable’ uses and
where the use of an existing building is to be changed and it can be demonstrated that no other

measure is practicable.

It has been demonstrated that the ground floor level of the existing development is at risk of flooding,
to an estimated depth of 2.05m during a tidal flood event. Therefore, it is recommended that flood
resilient measures are incorporated into the design of the ground floor to minimise the impact of

such an event. These measures could comprise the use of;
¢  Solid concrete floors
¢ No stud walls
¢ Bringing the electrical supply in at first floor
¢ Placing boilers and meter cupboards on the first floor
¢ Water-resistant plaster/tiles on the walls of the ground floor

Details of flood resilience and flood resistance construction techniques can be found in the
document ‘Improving the Flood Performance of New Buildings; Flood Resilient Construction’, which

can be downloaded from the Communities and Local Government website.

Flood Warning

The EA operate a flood forecasting and warning service in areas at risk of flooding from rivers or
the sea, which relies on direct measurements of rainfall, river levels, tide levels, in-house predictive
models, rainfall radar data and information from the Met Office. This service operates 24 hours a

day, 365 days a year.

Whilst the probability of an event of sufficient magnitude to cause floodwaters to reach the levels

discussed in this report is very low, the risk of such an occurrence is always present. With the
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sophisticated techniques now employed by the EA to predict the onset of flood events the

opportunity now exists for all residents within the flood risk area to receive early flood warnings.

This forewarning could be sufficient to either allow residents to evacuate the area or prepare
themselves and their property for a flood event. It is therefore recommended that the occupants of

the site sign up to the EA’s Flood Warning Service either by calling 0345 988 1188, or by visiting;

httos /Awww. gov ul/sign-up-for-dlnod-warnings
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Surface Water Management Assessment

Background and Policy
The general requirement for all new development with respect to surface water runoff is to ensure
that the runoff is managed sustainably and that the drainage solution for the development does not

increase the risk of flooding at the site, or within the surrounding area.

For undeveloped greenfield sites, the impact of the proposed development will therefore require
mitigation to ensure that the runoff from the site replicates the natural drainage characteristics of
the pre-developed site. In the case of brownfield sites, drainage proposals are typically measured
against the existing performance of the site, although it is preferable (where practicable) to provide

runoff characteristics that are similar to greenfield behaviour.

The Flood and Water Management Act 2010 National Standards (Schedule 3 — paragraph 5) for
design, construction, maintenance and operation of Sustainable Drainage Systems (SuDS), defines
requirements not initially covered by the NPPF, and are (non-statutory) Technical Standards for
SuDS.

These National Technical SuDS Standards specify criteria to ensure sustainable drainage is
included within developments of 10 dwellings or more; or equivalent non-residential, or mixed
development (as set out in Article 2(1) of the Town and Country Planning (Development
Management Procedure) (England) Order 2010). It is, however, recognised that SuDS should be
designed to ensure that the maintenance and operation requirements are economically

proportionate.

In this instance, the proposed development is for the construction of two dwellings on land totalling
0.1ha. The development is classified as ‘minor development’ and therefore, the National Technical
SuDS Standards will not apply. Nevertheless, reference to the Standards has been made
throughout the following sections of this report to ensure that the principles of sustainable drainage

are still considered.

Surface Water Management Overview

The main characteristics of the site that have the potential to influence surface water drainage are

summatrised in Table 8.1 below.
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Total area of site 0.1 ha

Impermeable area (existing) 72 m?

Roof area = 178 m?
Impermeable area (proposed) Hardstanding = 150 m?
Total = 328 m?

Current site condition Brownfield
QBar = 2.1 I/s/ha

Q30 =4.7 I/'s’ha
Q100 = 6.5 I/s/ha

Greenfield runoff rates (based on the ICP SuDS
methodology)

~0.01 m/hr (assumed based on underlying geology

Infiltration coefficient and typical soil conditions)

Current surface water discharge method Unknown

Is there a watercourse within close proximity to
site?

Table 8.1 — Site characteristics affecting rainfall runoff.

Synthetic rainfall data has been derived using the variables obtained from the Flood Studies Report
(FSR) and the routines within the Causeway Flow+ software. The peak surface water flows
generated on site for the existing and post-development conditions have been calculated by using
the Modified Rational Method.

Runoff rates have been calculated for a range of annual return probabilities including the 100 year
return period event with a 30% increase in rainfall intensity to account for future climatic changes.

These values are summarised in Table 8.2 for a range of return periods.

28



8.3

ARUN DISTRICT COUNCIL AB/73/18/PL

Queens Lane, Arundel
Flood Risk Assessment

1 2 9

30 5 21
100 6 28
100 + 30% 8 37

Table 8.2 — Summary of peak runoff.

The total volume of water discharged from the site for the 100 year 6 hour event is also summarised

in Table 8.3 below, for both the existing and proposed site conditions.

Existing site (present day) 2m?

Existing site including a 30% increase in rainfall intensity to

3
account for climate change sm
Proposed development including a 30% increase in rainfall
intensity to account for climate change (prior to any 14 m?
mitigation)

Difference in volume between existing site (present day)
and proposed development (including allowance for climate 12 m®

change)

Table 8.3 — Total volume discharged from the 100 yr+30%cc 6 hour event.

Reference to the tables above shows the proposed development will increase the percentage of
impermeable area within the boundaries of the site and consequently, this will increase the rate and
volume of surface water runoff discharged from the site. However, the development subject to this
report is classified as ‘minor development’ and as such, it is not strictly necessary to reduce the
rate of runoff from the site in accordance with the National Technical SuDS Standards.
Nevertheless, the potential use of SuDS within the proposed development will be considered to
assess the opportunity to replicate pre-developed runoff behaviour and provide a betterment if

feasible.

Opportunities to Discharge Surface Water Runoff

Part H of the Building Regulations summarises a hierarchy of options for discharging surface water
runoff from developments. The most preferential option is to infiltrate water into the ground, as this
deals with the water at source and serves to replenish groundwater. If this option is not viable, the

next option of preference is for the runoff to be discharged into a watercourse. Only if neither of
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these options are possible, the water should be conducted into the public sewer system. The

opportunities for managing surface water runoff from the proposed development are outlined below.

Water re-use - Water re-use systems can rarely manage 100% of the surface water runoff
discharged from a development, as this requires the yield from the building and hardstanding area
to balance perfectly with the demand from the proposed development. Consequently, whilst
rainwater recycling systems will be considered for inclusion within the scheme, an alternative

solution for attenuating storm water will still be required.

Infiltration — Site-specific ground investigations have not been carried out at this stage in the
development process. However, the geology in this area is Spetisbury Chalk Member overlain by
Raised Marine Deposits. The superficial deposits within the area suggest some potential for
infiltration, however, the close proximity to the adjacent watercourse and Defra ground water maps

indicates the area is susceptible to ground water flooding.

Given the high ground water, and with the absence of ground investigations, infiltration is

considered to be an unsuitable option for draining this site.

Discharge to Watercourses — There is an existing drainage ditch adjacent to the southern site
boundary. OS mapping for the area surrounding the site has been inspected and it is concluded
that this ditch is likely to drain to the wider catchment of the River Arun. Due to the proximity of this
ditch to the site, it is likely a direct connection will be possible and therefore, will present the most

sustainable solution for draining surface water runoff from the proposed development.

Discharge to Public Sewer System — Southern Water has been contacted with regard to the
location of the sewer network and inspection of the data provided shows that the site is not in close
proximity to any existing sewer connections. In addition, the only sewers in this area are designated
for foul effluent only. Whilst there is sometimes the option to drain surface water runoff to the public
foul sewer system, given a more sustainable solution is available, it is highly unlikely Southern
Water will permit any surface water runoff to be discharged to the existing public sewer system.

Consequently, this option has been discounted.

Sustainable Drainage Systems (SuDS) Suitability Assessment

Appropriately designed SuDS can be utilised such that they not only attenuate runoff but also
provide a level of improvement to the quality of the water passed on to watercourses or into the
groundwater table. This is known as source control and is a fundamental part of the SuDS

philosophy.

A range of typical SuDS that can be used to improve the environmental impact of a development is
listed in Table 8.4 below along with the relative benefits of each feature and the appropriateness

for the subject site.
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Ramwa!er Collecting of rainwater and storing There are no known
harvesting . - Yes
for reuse on site. constraints.
systems
Provide landscaping and planting at Proposed roof design
Green roofs roof level to reduce surface water . No
unsuitable.
runoff rates.
. . Allow water to percolate into the . .
Infiltration ground at a controlled rate via Potentially hlgh gr_oundwat_er No
Systems N and for localised silt deposits.
natural infiltration.
Wide gently sloping densely planted
Filter strips areas promoting sedimentation and Insufficient space. No
filtration.
Trenches infilled with stone/gravel
Filter drains providing attenuation, sedimentation Insufficient space. No
and filtration.
Swales Broad shallow channels that convey Tonoaranh No
and store runoff and allow infiltration. pography
Bloretentlon_ A sha_lllow landscaped depressmp There are no known
systems / rain allowing runoff to pond temporarily - Yes
constraints.
gardens on the surface.
Runoff is allowed to soak into Potentially high groundwater.
Permeable -
structural paving and stored There are no other known Yes
pavements . . s .
potentially being allowed to infiltrate. constraints.
Underground Below ground sto_rage which can be There are no known
used to temporarily store storm - Yes
storage constraints.
water.
Detention A landscaped depression for Insufficient space No
basins attenuation with a restricted runoff. pace.
A permanent pool of water which
Ponds and - -
can be used for attenuation and Insufficient space. No
wetlands

controlled outflows by water levels.

Table 8.4 — Suitability of SuDS.

From Table 8.4 it can be seen that there are a number of SuDS which could potentially be suitable
for use at this site. Arun District Council promotes the use of open (at source) SuDS, however, due
to the location of the site in relation to the floodplain and the potential risk of flooding to the
surrounding area, it is considered unlikely that this option can be achieved. The use of attenuation
storage has been considered, which could be provided by installing a crate system within the rear
gardens of the proposed development. Nevertheless, given the topography in this area it might not

be possible to achieve the required invert levels to the adjacent drainage ditch.
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Therefore, at this stage in the planning process it is envisaged that permeable paving will be used

to discharge the surface water runoff at an attenuated rate into the adjacent drainage ditch.

Proposed Drainage System
To ensure the risk of flooding is not increased by the development proposals it will be necessary to

restrict the discharge of surface water runoff from the entire site under the design rainfall event.

The drainage strategy below discusses the different elements of the proposed system along with
basic calculations that have been undertaken to demonstrate how the overall objectives can be
achieved. This does not represent a detailed surface water management drainage design; it is
simply an assessment to demonstrate that the objectives and requirements of the NPPF and LPA

can be met at the planning stage.

Arun District Council requires the discharge of surface water runoff to a watercourse to be restricted
to greenfield runoff rates, or where this is not feasible, runoff rates should be restricted to the
existing pre-developed rates. Due to the size of the site, greenfield runoff rates are less than 0.2l/s
and it is therefore deemed unfeasible to achieve greenfield runoff rates for this site. Instead, given
that the existing site is defined as a brownfield site, ideally the proposed development should not
increase the rate of surface water runoff from the site and where possible, provide a betterment.,
A minimum discharge rate of 2l/s is suggested to avoid any blockages and to provide the
attenuation required for the 1 in 100 year event, including a 30% allowance for climate change as

requested by Arun District Council.

Based on the above, a storage estimation tool using the Causeway Flow+ software has been used

and a summary of the analysis is shown in Table 8.5 below.

Return period 100 years
Climate change 30%
Impermeable area 0.033 ha
Peak discharge 2Vls
Infiltration coefficient 0.0 m/hr
Maximum required storage 23 m?

Table 8.5 — Summary of Causeway Flow+ soffware storage estimate.

Although the soil may have some level of percolation, the development site lies within an area
susceptible to high groundwater. Consequently, in the absence of any infiltration testing, a
conservative approach has been considered when designing the storage underneath the

permeable paving and the infiltration coefficient has been set to zero. Notwithstanding this, it should
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be recognised that if infiltration is considered achievable, the proposed system could be used for

infiltration SuDS only instead of discharging into the adjacent drainage ditch.

The analysis has shown that a storage volume of 23m? will be required when considering the 1 in
100 year event with a 30% increase in rainfall intensity. Based on this, the surface water runoff from
the entire impermeable area can be discharged to permeable surfacing located across the
driveways located at the front of the proposed development. The permeable paving will be underlain

by a minimum 600mm deep open graded sub-base, used to store the water before it is discharged

at a restricted into the adjacent drainage ditch. A summary of the derived parameters is shown in
Table 8.6 below.

SuDS Feature Permeable paving
Area draining to permeable paving 330 m?

Area of permeable paving 120 m?
Sub-base depth 600mm
Assumed infiltration None

Flow control device Orifice plate
Limited discharge rate 2.0l/s

Table 8.6 — Summary of SuDS parameters for the permeable paving (100 yr+30%cc).

Figure 8.2 below is an indicative drainage layout plan delineating how the proposed SuDS can be

incorporated into the scheme proposals.
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Permeable surfacing (with a 600mm deep sub-base)

Flow control device

_____ Indicative drainage outfall

Figure 8.2 — Indicative drainage layout plan showing the proposed location of SuDS.

From the information above, it is evident that with the inclusion of permeable surfacing, there is
potential to accommodate the surface water runoff from the impermeable areas up to, and including,
the design rainfall event. In addition, it has been shown that the runoff rates from the proposed
development can be attenuated to that of the existing site. When considering the pre-development
conditions, the introduction of SuDS provides a significant betterment to surface runoff conditions,

and therefore reduces the risk of flooding at the development site and surrounding area.

Sensitivity Testing

The proposed drainage system considers storage for an extreme rainfall event with a return period
of 1in 100 years, including a 30% increase in peak rainfall intensity (to account for the impacts of
climate change). Nonetheless, based on the EA’s most contemporary climate change guidance an
Upper End climate change allowance of 40% has been used to test the proposed drainage system

to reflect further increases in peak rainfall intensity.

Under this exceedance scenario, an additional storage of 2m? would be required. Consequently, it
is evident that the permeable surfacing could surcharge under the exceedance event including a
40% increase in peak rainfall intensity. This could result in a small amount of localised flooding at
the site. Notwithstanding this, the additional volume of floodwater discharged from the site is
relatively small and if spread evenly across the permeable surfacing to the front of the properties,
it is unlikely to result in flooding greater then 20mm in depth. Consequently, the risk to the proposed

development and surrounding area is considered to be low.
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Nonetheless, in the event of a design exceedance scenario, the local topography lends itself to
overflow into the adjacent watercourse and away from local properties which mimics the

predevelopment site runoff behaviour.

Based on the analysis above, it is therefore concluded that with the inclusion of the proposed SuDS
discussed, the development will not increase the risk of flooding on or offsite and is therefore

considered appropriate.

Management and Maintenance
For any surface water drainage system to operate as originally designed, it is necessary to ensure

that it is adequately maintained throughout its lifetime.

The key requirements of any management regime are routine inspection and maintenance, when
the development is taken forward to the detailed design stage an ‘owner's manual’ will need to be

prepared. This should include:
¢ A description of the drainage scheme,

e A location plan showing all of the SuDS features and equipment such as flow control

devices etc.

¢ Maintenance requirements for each element, including any manufacturer specific

requirements
¢ An explanation of the consequences of not carrying out the specified maintenance
¢ Details of who will be responsible for the ongoing maintenance of the drainage system.

For the SuDS features recommended by this assessment, the most obvious maintenance tasks will

be the cleaning of the permeable paving and the de-silting and inspection of the flow control device.

For developments such as this that rely to some extent on the ongoing inspection and maintenance
of SuDS, it will be necessary to ensure that measures are in place to maintain the system for the
lifetime of the development. In this case, it is considered likely that the individual residents will be
tasked with the maintenance of the SuDS. However, it is recognised that measures will need to be

put in place to ensure occupants are made aware of the maintenance schedules.
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Conclusions

The key aims and objectives for a development that is to be sustainable in terms of flood risk are

summarised in the following bullet points:

¢ the development should not be at a significant risk of flooding and should not be

susceptible to damage due to flooding.

¢ the development should not be exposed to flood risk such that the health, safety and

welfare of the users of the development, or the population elsewhere, is threatened

¢ normal operation of the development should not be susceptible to disruption as a result of
flooding and safe access to and from the development should be possible during flood

events
¢ the development should not increase flood risk elsewhere

¢ the development should not prevent safe maintenance of watercourses or maintenance

and operation of flood defences by the EA

¢ the development should not be associated with an onerous or difficult operation and
maintenance regime to manage flood risk; the responsibility for any operation and

maintenance required should be clearly defined
¢ the development should not lead to degradation of the environment

¢ the development should meet all of the above criteria for its entire lifetime, including

consideration of the potential effects of climate change

In determining whether the proposals for development at Queens Lane, Arundel are sustainable in
terms of flood risk and are compliant with the NPPF and its Planning Practice Guidance, all of the

above have been taken into consideration as part of this FRA.

In this case, a Sequential Test has not been undertaken as part of this FRA, however, the evidence

provided within this report can be used to support the application of the Sequential Test.

In addition to the Sequential Test, it is also necessary to consider the type of the development and
whether the Exception Test is applicable. From Table 2.3, it can be seen that the proposed
development is situated within a Flood Zone 3 and is a development type that is classified as being
‘more vulnerable’. Consequently, it has been necessary to apply the Exception Test to determine
whether suitable and appropriate mitigation can be incorporated into the design of the scheme to

ensure that it is sustainable in terms of flood risk.
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The risk of flooding has therefore been appraised across a wide range of sources and it is only the
risk of flooding from the River Arun (fluvial and tidal) that is shown to have an impact on the

development.

When the fluvial risk of flooding is considered in more detail, it has been shown that under an
extreme fluvial flood event with a 1 in 100 year return period (including a 45% increase in peak river
flow), the site is located outside of the fluvial flood extents. Whilst the ground floor has been lowered
due to ridge height restrictions, it has been shown that floodwater would be prevented from entering
the building by the raised land levels along the crest of the driveway. It is therefore only in the
unlikely event that the water level was to exceed 1.82m AODN that the ground floor could be subject
to shallow flooding with flood depths predicted to range between 150mm to 300mm. In recognition
of this, the ground floor will comprise non-habitable uses, and is proposed to include flood
resistance and resilience measures in order to limit the impact of such an event (i.e. exceedance

or bow waves from vehicles).

With respect to the tidal risk of flooding, it has been demonstrated that the development is currently
protected under a tidal flood event with a 1 in 200 year return period. It is only when an allowance
for climate change is considered (i.e. future year 2110), that the development site is shown to be
affected by flooding, with flood depths predicted to reach a maximum of 2m adjacent to the
proposed buildings. Consequently, safe access/egress to/from the site will not be achievable during
the peak of a flood event. As such, itis recommended that residents sign up to the EA’s Early Flood

Warning to enable the site to be evacuated before floodwater reaches the development.

If insufficient time is available, the residents of the building will be able to seek safe refuge within
their houses. The proposed development has been designed to only accommodate non-habitable
use on the ground floor with all living and sleeping accommodation shown to be located on the first
floor and above and therefore, located well above the predicted flood level. Consequently, safe

refuge will be available throughout the duration of the flood event.

In addition to appraising the risk of flooding to the development, it is also necessary to consider the
impact that the proposed development could have on the surrounding area with regard to surface
water runoff. The Surface Water Drainage Strategy that has been identified at this early stage
shows that the objective of reducing peak discharge rates to ~2.0l/s can be achieved through the
use of permeable surfacing, in conjunction with a flow control device. When considering the pre-
development conditions, the introduction of SuDS provides a significant betterment to surface runoff
conditions, and therefore reduces the risk of surface water flooding at both the development site

and within the surrounding area.

In conclusion, following the recommendations of this report, the occupants of the development will
be safe and the development will not increase the risk of flooding elsewhere. Consequently, it has
been demonstrated that the development can pass the second element of the Exception Test and

will therefore meet the requirements of the NPPF.
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Recommendations

The findings of this report conclude that the development will not increase the risk of flooding at the
site, or elsewhere. However, in order to achieve this a number of recommendations are listed below.

These comprise the following.

¢ The finished floor level for all living accommodation shall be set at least 300mm above the
design flood level, at a minimum of 3.8m AODN. The finished floor level for all sleeping
accommodation shall be set at least 600mm above the design flood level, at a minimum

of 4.1m AODN. Inspection of the scheme drawings shows that this has been achieved.

e The flood resilience measures outlined in Section 7.3 of this report are to be incorporated

into the design of the building where possible.

¢ The residents of the proposed dwellings should sign up to the EA’s floodline warnings.
The flood warnings provide residents with the opportunity to prepare the buildings and

evacuate in the unlikely event than an exceedance event should occur.

¢ The surface water management strategy for the development will need to be developed
to a detailed design stage and this will need to take into account the requirements set out

in Section 8.

¢ |t will be necessary to undertake site-specific investigations at the detailed design stage
in order to quantify the available infiltration, the groundwater level and any contamination

that may be present in the soils.

With the above mitigation measures incorporated into the design of the development the proposals
will meet the requirements of the NPPF and its Planning Practice Guidance and will therefore be

acceptable and sustainable in terms of flood risk.
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Rosie Brown

Herrington Consulting Limited Our ref: SSD74562
Barham Business Park Your ref:
Elham Valley Road Date: 05/02/2018
Canterbury, Kent
CT4 6DQ

Dear Rosie,

Enquiry regarding Product 4 for Flood Risk Assessment (FRA)

Thank you for your enquiry which was received on the 1%t of February 2018.

We respond to requests under the Freedom of Information Act 2000 and
Environmental Information Regulations 2004. The information is attached.

The information on Flood Zones in the area relating to this address is as follows:

The site is in an area located within Flood Zone 3 as shown on our Flood
Map for Planning (Rivers and Sea).

Note - This information relates to the area that the above named property is in and
is not specific to the property itself as it is influenced by factors such as the height

of door steps, air bricks or the height of surrounding walls. We do not have access
to this information and is not currently used in our flood modeliing.

Flood Zone definitions can be found at www.gov.uk/guidance/flood-risk-and-
coasial-changedTable-1-Flood-Zones

Flood Defences

There are flood defences in the form of an embankment. The Asset ID is 155418.
The downstream crest level is 4.12, and the upstream is 4.12. The estimated
standard of protection is 1 in 200 (0.5% AEP). The estimated condition grade is
good. This is maintained by the Environment Agency.

Model Information
The model used was the Lower Tidal River Arun Strategy Study Model which was
completed in 2010 by Atkins.

Flood History
We hold no record of previous flooding events affecting this site.

Please note our records are not comprehensive and may not include all events. |
recommend contacting the Lead Local Flooding Authority, West Sussex County
Council or the Local Authority, Arun District Council for a more comprehensive
flood history check.

FHA gdvisory text

WY
ARUN DISTRICT COUNCIL ABﬁ



Name Product 4

Description Detailed Flood Risk Assessment Map for Land at Queens
Lane, Arundel (near Tel EX, Fitzalan Rd, Arundel, BN18
9JP)

Licence Open Government Licence

Information The majority of our models will not have the new climate

Warnings change allowances. +20% is not suitable for the majority of

planning purposes and the new allowances to use should
be checked here: hitins://www.gov.uk/guidance/foond-risk-
assessments-climale-change-allowances.

Information The mapping of features provided as a background in this
Warning - OS product is © Ordnance Survey. It is provided to give context to
background this product. The Open Government Licence does not apply to
mapping this background mapping. You are granted a non-exclusive,

royalty free, revocable licence solely to view the Licensed Data
for non-commercial purposes for the period during which the
Environment Agency makes it available. You are not permitted
fo copy, sub-license, distribute, sell or otherwise make
available the Licensed Data to third parties in any form. Third
party rights to enforce the terms of this licence shall be
reserved to OS.

Attribution Contains Environment Agency information © Environment
Agency and/or database rights.

Contains Ordnance Survey data © Crown copyright 2017
Ordnance Survey 100024198.

Data Available Online
Many of our flood datasets are available online:

e Flood Map For Planning (Flood Zone 2, Flood fone 3 Flood Slorage freas,
Fiopd Defences, Areas Bengtiting from Detfences)

o Hisk of Flooding from Rivers and Sea

o IHistoric Flood Man

o Cunrent Flood Warmings

Please get in touch if you have any further queries or contact us within two months if
you’'d like us to review the information we have sent.

Yours sincerely,

Maurice Ntege
FCRM Officer — PSO West Sussex

ARUN DISTRICT COUNCIL AB/73/18/PL



Site Boundary and Node Points Map. Centred at BN18 9JP. Created on 05/02/2018

(Ref: SSD74562)

Contact us: National Customer Contact Centre, PO Box 544, Rotherham, S60 1BY. Tel: 03708 506 506. Email:enquiries@environment-agency.gov.uk
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Flood Defences Map. Centred on BN18 9JP. Created on 05/02/18
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Flood Map for Planning (Rivers and Sea). Centred on BN18 9JP. Created on 05/02/2018
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Scale 1: 10,000
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© Crown Copyright and database rights 2018 . Ordnance Survey 100024198
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Contact Us: National Customer Contact Centre, PO Box 544, Rotherham, S60 1BY. Tel: 03708 506 506 (Mon-Fri 8-6). Email: enquiries@environment-agency.gov.uk




Product 4 Flood Risk Data Requested by: Herrington Consulting Limited

Site: Land at Queens Lane, Arundel, BN18 9JN

Table 1: Water Levels: Fluvial Undefended

E
7

Riateloiiads
SRSkttt

AR

al

& IR 3
LA hab et aeUatl

&

hod: ]

'\\\ IR ID I

\\\\§§§ Eastings | Northings 5% 1% 1% +CC 0.1%
1 501897 106807 2.26 2.46 3.33 2.91
2 501865 106814 2.26 2.47 3.33 2.91
3 501832 106823 2.26 2.47 3.33 2.91

Table 2: Water Levels: Fluvial Defended

§Q\§§§ Eastings | Northings | 20% | 5% | 1.3% | 1% 1?0‘“ 0.1%
1 501897 106807 i i i i 179 | 1.75
2 501865 106814 - } 3 - ) -
3 501832 106823 - y - - - -

Table 3: Water Levels: Tidal Undefended

S
T
ERdeiondad ARRualEvceodance
AR O s R R R B

ocloedlooobodty

SRR

R
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o

3
&

TR

S
e Nt
BTSN

LNBdE . . 0.5%

x\\:b:}\\& Eastings | Northings 5% 0.5% (2070) 0.1%
1 501897 106807 2.69 2.93 3.58 3.00
2 501865 106814 2.69 2.93 3.58 3.00
3 501832 106823 2.69 2.93 3.58 3.00

Office Address: Guildbourne House, Chatsworth Road, Worthing BN11 1LD.
Customer services line: 03708 506 506. Email: enquiries@environment-agency.gov.uk
www.gov.uk/government/organisations/environment-agency
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Table 4: Water Levels: Tidal Defended

| N8EE | Eastings | Northings | 20% 5% 1.3% 0.5% PN 0.1%

Ret | g g ° ° b ¢ | 4cc 6
1 501897 106807 - - - - 3.50 -
2 501865 106814 - - - - 3.50 _
3 501832 106823 - - - ; 3.50 _

Table 5: Water Depth: Fluvial Undefended

R
AR RN AR RSN E
o S id a8l \\\\\\'\\\\\\\\\\;\\\\\\\&\\\\\\\\\\\\\\\Q

\:\,*‘“ - - o 0, 0, . 0,

\\\\\\\\§ Eastings | Northings 5% 1% 1% +CC 0.1%
1 501897 106807 0.34 0.54 1.41 0.99
2 501865 106814 0.22 0.43 1.30 0.87
3 501832 106823 0.20 0.41 1.28 0.85

Table 6: Water Depth: Fluvial Defended

Favatabolaled o)
ehealiRns

SRR

ISR IFIS IS ISRV ANRERINITE
ettt R il

“Node . . 1% +

&\\b\\\\\:& Eastings Northings 20% 5% 1.3% 1% ce 0.1%
1 501897 106807 0.00 0.00 0.00 0.00 0.10 0.16
2 501865 106814 0.00 0.00 0.00 0.00 0.00 0.00
3 501832 106823 0.00 0.00 0.00 0.00 0.00 0.00

Table 7: Water Depth: Tidal Undefended

RIERGEEARRUa L CesganteE MEonan
\\\\Q\\\\C\:\\\‘\\\\\\\\\\\\\‘\\\\Q\\\\\‘\(\\\\\&\::\\\\\\\\\\\Q\\\\‘\\\{\\\\\\\\\\\\\\\\\\\\\'\\\\\‘\\\\\\

Siiiu| Eastings | Northings 5% 0.5% 0.5% + CC 0.1%
1 501897 106807 0.77 1.01 1.66 1.08
2 501865 106814 0.66 0.90 1.54 0.96
3 501832 106823 0.64 0.88 1.52 0.94

Office Address: Guildbourne House, Chatsworth Road, Worthing BN11 1LD.
Customer services line: 03708 506 506. Email: enquiries@environment-agency.gov.uk
www.gov.uk/government/organisations/environment-agency
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Table 8: Water Depth: Tidal Defended

=
e
S

B

:\\\t\§§ Eastings | Northings | 20% 0.1%
1 501897 106807 0.00 0.00
2 501865 106814 0.00 0.00
3 501832 106823 0.00 0.00

All levels taken from: Lower Tidal River Arun Strategy Study Mode

Produced on: 06/02/2018

There is no additional information or health warnings for these levels/depths or the

model from which they have been produced.

Office Address: Guildbourne House, Chatsworth Road, Worthing BN11 1LD.
Customer services line: 03708 506 506. Email: enquiries@environment-agency.gov.uk
www.gov.uk/government/organisations/environment-agency

ARUN DISTRICT COUNCIL AB/73/18/PL



Modelled Flood Outlines (Defended Fluvial). Centred at BN18 9JP. Created on 05/02/2018 (Ref: SSD74562)
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Contact us: National Customer Contact Centre, PO Box 544, Rotherham, S60 1BY. Tel: 03708 506 506. Email:enquiries@environment-agency.gov.uk




Modelled Flood Outlines (Defended Tidal). Centred at BN18 9JP. Created on 05/02/2018 (Ref: SSD74562)
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Contact us: National Customer Contact Centre, PO Box 544, Rotherham, S60 1BY. Tel: 03708 506 506. Email:enquiries@environment-agency.gov.uk




Modelled Flood Outlines (Undefended Tidal). Centred at BN18 9JP. Created on 05/02/2018 (Ref: SSD74562)

X

N\

Legend

s M 3in River

Ak
N

t\\\\\\\\\\\% Site Boundary

W 5% AEP (Undefended Tidal)

0.5% AEP (Undefended Tidal)
0.5% AEP (2110) (Undefended Tidal)
0.1% AEP (Undefended Tidal)

Climate Change (CC) extent
based on an increase of 20%
in river flows.

Annual Exceedance Probability
(AEP) The probability of a flood
of a particular magnitude,
or greater occuring in any given
year.

Scale: 1:10,000

[ —eee—ee—
0 250 500
Meters

ARG ERGISRMER K GeAEY Copyright and/or database rights 2017. Al rights reserved. © Crown copyright and database rights 2017.All rights reserved. Ordnance Survey licence number 100026380.
Contact us: National Customer Contact Centre, PO Box 544, Rotherham, S60 1BY. Tel: 03708 506 506. Email:enquiries@environment-agency.gov.uk



Modelled Flood Outlines (Undefended Fluvial). Centred at BN18 9JP. Created on 05/02/2018 (Ref: SSD74562)
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Queens Lane, Arundel
Flood Risk Assessment

Appendix A.3 — Southern Water Asset Location Data

Appendices
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Herrington Consulting Limited Yourresf  RB/2004
Unit 6 Our ref 279167
Barham Business Park
Date 06 February 2018
Barham
Contact searohes@southermnwater.co.uk
CT4 6DQ Tel 0845 272 0845
0330 303 0276
Fax 01634 844514

Attention: Herrington Consulting

Dear Customer

Re: Provision of public sewer and water main record extract

Location: Land at Queens Lane, Arundel, Kent, BN18 9JN

Thank you for your order regarding the provision of extracts of our sewer and/or water main
records. Please find enclosed the extracts from Southern Water’'s records for the above
location.

We confirm payment of your fee in the sum of £49.92 and enclose a VAT receipt for your
records.

Customers should be aware that there are areas within our region in which there are neither
sewers nor water mains. Similarly, whilst the enclosed extract may indicate the approximate
location of our apparatus in the area of interest, it should not be relied upon as showing that
further infrastructure does not exist and may subsequently be found following site
investigation. Actual positions of the disclosed (and any undisclosed) infrastructure should
therefore be determined on site, because Southern Water does not accept any responsibility
for inaccuracy or omission regarding the enclosed plan. Accordingly it should not be
considered to be a definitive document.

Should you require any further assistance regarding this matter, please contact the
LandSearch team.

Yours faithfully

LandSearch

-~

Southern Water Saithern House Capsione Road Chatham Kent MES 7O0A  www. southamwalar.couk

Southarn Water Services Ltd - Registerad Olfica: Southern House Yeoman Roead Worthing BN132 3NX  Registared in England Mo 228667¢

ARUN DISTRICT COUNCIL AB/73/18/PL



VAT receipt

Ordered by:

Herrington Consulting Limited
Barham Business Park
Barham

CT46DQ

VAT registration number: 813 0378 56
Order reference: 279167
Your reference: RB/2004

Receipt for provision of an extract from the public sewer and/or water main records.

Location Costs

Land at Queens Lane £41.60

Arundel

Kent

BN18 9JN

Net total £41.60

VAT £8.32
Total £49.92
Paid Paid in full

Thank you for your payment:
Received on: 2 February 2018

For enquiries regarding the information provided in this receipt, please contact the

LandSearch team:

Tel: 0845 270 0212
0330 303 0276 (individual consumers)

Email: searches@southernwater.co.uk

Web: www.southernwater.co.uk

ARUN DISTRICT COUNCIL AB/73/18/PL

LandSearch

Southern Water Services
Southern House
Capstone Road
Chatham

Kent

ME5 7QA

S
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Allotment Gardens

WER RECORDS PAGE 1 OF 2

‘gn O.S. REF. Drawn bv: adavsa The positions of pipes shown on this plan are believed to be correct, but Southern Water Services Ltd accept no responsibility
[«2] Y- y in the event of inaccuracy.
ﬁ TQO 1 06 N E The actual positions should be determnined on site.
Scale. 1 1250 AR 3 .. SOUtherﬂ
; : — Water
. Based upon Ordnance Survey Digital Data with the permission of the controller of H.M.S.0. Crown Copyright Reserved N
Title: 279167_Land at Queens Lane, Ar Date: 06/02/2018 Licence No. WU 298530.

€lleos
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SEWER RECORDS PAGE 2 OF 2

Node Cover Invert Size Material  Shape Node Cover Invert Size Material  Shape Node Cover Invert Size Material  Shape Node Cover Invert Size Material  Shape
0801X 2.26 150 vC CIRC
0802X 2.2 150 VvC CIRC
0803X 2.74 0.44 150 vC CIRC
0804X 2.71 150 Ve CIRC
0805X UNK UNK CIRC
0806X UNK UNK CIRC
0807X UNK UNK CIRC
0802X 3.01 0.75 150 Ve CIRC
0906X 150 vC CIRC
1701X 1.68 0.74 150 vC CIRC
6701X 1.76 -0.27 150 vC CIRC
6902X 3.43 2.29 150 vC CIRC
6903X 3.24 1.92 375 vC CIRC
6904X 3.32 1.83 375 vC CIRC
6906X 375 vC CIRC
6911X 100 vC CIRC
6912X 100 vC CIRC
693DX 150 vC CIRC
694DX 150 vC CIRC
69ADX 375 vC CIRC
7801X 2.99 -1.13 225 VvC CIRC
7802X 3.01 -1.27 225 vC CIRC
7803X 3.18 -1.43 225 VvC CIRC
7804X 2.06 -0.94 150 vC CIRC
780PX 2.79 2.78 100 Cl CIRC
7902X 3.19 2.24 200 vC CIRC
7903X 3.65 2.08 375 VvC CIRC
7904X 3.17 1.98 375 vC CIRC
7906X 3.5 2.38 375 vC CIRC
7909X UNK UNK CIRC
7910X UNK UNK CIRC
7911X UNK UNK CIRC
7912X 100 vC CIRC
7913X 100 vC CIRC
8801X 3.03 1.66 150 vC CIRC
8802X 3.14 -0.88 225 vC CIRC
8804X 3.12 1.52 150 vC CIRC
8906X 3.45 1.7 150 VvC CIRC
8909X 100 vC CIRC
8910X 100 VvC CIRC
9801X 2.33 225 vC CIRC
9802X 2.42 225 VvC CIRC
9803X 2.66 150 vC CIRC
9804X 2.56 150 VvC CIRC
9805X 2.69 150 vC CIRC
9806X 2.74 1.96 150 vC CIRC
9807X 2.675 225 vC CIRC
9808X 2.635 0.01 250 DI CIRC
9809X 2.545 0.03 225 vC CIRC
980DX UNK UNK UNK
9810X 2.535 0.06 225 vC CIRC
9901X 3.54 150 vC CIRC
9903X 3.01 -0.51 225 vC CIRC
990PY 3.38 3.37 100 PVC CIRC *
990PX 3.38 3.37 150 Cl CIRC .
LINE STYLES / COLOURS MATERIALS LEGEND - SEWERS
Brown  «wsa s swaan Foul AK  Alkathene —(— Menhols (5W) —(—  Washout (SW) —{ J— other(s —{ Y Wastewator treatment works
v Foll Syphon Sewer BAG ::::mm Coment @ Manholo (F&C) — @™~ Washout (F&C) —— ot — ™ Marine treatment works
e B mnnns FOUI VaCUUM Main ::: Brick {Engineering) —f = Lamp hole (SW) —(O=—  Rodting Eys (SW) ——l __  Change Insower (s) _|w:| Outfall headworks
o5 g Mal % Goesone P uwwernn @ mnterio 3 o e D by d
Rsd ;:: “\{‘ 2:::: oypnon Sower gg g:m ('(F[‘:"‘;“: ' ———  Pumping Station (FAC) —@=—  Gauging point (F&C) ——] Fepuave E—_[ = ;’:::L?:e- tank rawn y. ya avsa
A28 Combined Rising Main O omere B ) — :::: ::Vy ::ﬂ: :::‘2) S :m: :::z ::&‘”c)) —He— ::"" 30— Hoad of Public Sewer )
Orangs - :'i:: D:\::rAgrslmsm Aren GI;IC Z:T;.Rlzﬂmm Conorate  ——_JS— Blind shatt (Sw) — = stormTank(sw) —F— vabe P Mkro Pumping Saton T'tl . e SOutherr}
oo 10 e Tt e R Gl RororaaPistc —{Jf S B s (50) — somTacra0 —@—  Commdvave SHAPES (5) te. 279167_Land at Queens Lane, Ar eSSt
bom NS Mo o, oy e —LJ eeameon @ s P m § e ~ Water
« Sower Calchment PE Polysihylene Elactor statlon (F&C) —Jl=—  Vortax chamber (F8C) — )—: Hatoh bax (SW) ¢ (E;‘.I,:m., I E,;E;m,
LI BEED Swmwewm Qe | @ meem R
LightBIUs -« ... Surlace Watar PO P GHotts TS o uvo o X oum G Ermtrg v 1:355 ﬁfﬁﬁﬂfiﬂf’“ Date: 06/02/2018
T Surface Watsr Rising Maln Sl Spun Iron —Z@)—  Flushing ch. Mn-s {F&4C) —J¥~  Pensiock chamber —O“’— Catchpit 2nddigit: hundred melre northing Kientifler
Yellow ~Private ST Steel —E 1 Flushing ch. No-e (SW) ®  Damboards — O soskaway sewer type Identiier
Green  NR.aRund0 Access Shat X,Vg( g;"fr"’ Glay —— Flushln: ch. Noe EFM;) ﬁ Storm Overiow = et S gl el el
&2 Docommissioned 227 Unknown —@%—  Demarcation Chamber ———& Backdrop manhole —(O"— Balancing Pord 4thdigit naxt sequentlal node
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106950

106708

El Sub Sta

Allotment Gardens

e

ar

g LEGEND - MAINS MATERIALS
é Distribution Main / Communication pipe ——&— Clockwise closing valve @ Dialysis machine Alkathene AK Drawn by yadavsa O S R f T 0 1 06N E
® Trunk Main —@—  Fire Hydrant B ok - Cast iron cl S.Ref: TQ
—Pi reak pressure tan ;
—FBAW _ Raw water main —fWo Washout Spun (grey) iron 8i
Concrete co | Scale: 1:1250
—DNE___ Non potable wol ——8—— Change node . .
—lb Washout hydrant Ductile iron DI
—————— Abandonedmain A Pumping stafion Bonded Asbestos Cement BAC TITLE: 279167 Land atQ L A
. and a ueens Lane, Ar
PP i —vgn " . _ ,
Proposed Main Meter A Booster station Glass reinforced plastic cre | Date: 06/02/2018
—EM—  Fire main ———3  Cappedend —e— Insertion Flow Meter Point  Gjass reinforced epoxy GRE
———— Non SWS EP. Emptying p ! Water tower (Unplasticised) Polyvinyl chloride = PVC
A 4 mptying plu " . .
o Sulevale g plug ] Service reservoir Polyethylene PE Thlz_e positions of pipes shown 0?1 this Vr\)llan are
elieve e rre ern er oervice:
—@P— Ciosed valve ——¢—  Stopcock HH Water Supply Works Steel st | P d to be corract, b Ut S‘.)Ut ater Services
Ltd. accept no responsibility in the event of
Concrete segments bolted CsB | . " .
Y ) ) ) + Bore hole / Well inaccuracy. The actual positions of pipes should be
Air valve Leak Noise Correlator Survey Point Concrete segments unbolted csu . . .
<> Intake determined on site. . Out er n
Butterlly val Galvanised iron Gl ‘ . ; !
——¢——  Butterfly valve AN? Anod '
v ode _‘_ Customer site Ductile sleeve DS ~ .
———  Pressure reducing valve —IC . Telemetry cable Concrete pre-stressed cPS ~ a e r N
insertion bol Based upon Ordnance Survey Digital Data with the
—»—  Reflux valve AR ! _O_ Swab insertion point High performance polyethelene HPE o
- . —(O—  Accass point/ hatchbox on pe pol permission of the controller of H.M.S.0. Crown
D Motorised vaive Unknown ?? | Copyright Reserved Licence No. WU 298530.
e {0 of Bondded Astosios Senand WVARNING: Ui EINKY mateialy ma s Sovcdat Asbesios Garman

WARNING: S840 pipas e sane

81120S
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Queens Lane, Arundel
Flood Risk Assessment

Appendix A.4 - Surface Water Management Calculations

Appendices

ARUN DISTRICT COUNCIL AB/73/18/PL



1d/8 L/e2/avy MONNOD LOIMLSIA NNy

Drainage Designh Report

Flow+
v6.0
Copyright © 1988-2018 Causeway Software Solutions Limited

Network Storm Nebwork

Filename SALIVE Project Files\Z2804 - Queens Lane, Arundeh33 Data\CausewayFHA
Username Flooding Team (Hooding@heringtonconsuiting. oo uk)

Last analysed GH/GS/2018 085554

Report produced on G1/05/2018 15:08:56

Causeway Sales

Tel: +44{0) 1828 552000

Fax: +44{0) 1828 55200

Email: marketing@Boausaway.com
Web: WAV, CAUSEWRY.CMN

Technical support web portal:
hitpl/support.causeway.com

Causeway Template.pid



1d/8 L/e2/avy MONNOD LOIMLSIA NNy

Rainfall Methodology

Return Period (years) 130
Additional Flow (%) 34
FSR Region England and Wales
M5-60 (mm) 23480
Ratio-R 0400
cv 1.300
Time of Entry (mins) 4.040
Maximum Time of Concentration (mins) 3004
Maximum Rainfall (mm/hr) 100.0
Minimum Velocity (m/s) 1.40
Connection Type Lavel inverts

Minimum Backdrop Height (m) 3.200
Preferred Cover Depth (m) 1.208

Enforce best practice design rules

\:';

S:\LIVE Project Files\2004 - Queens Lane, Arundel\SS Data\Causeway\FRA Causeway Template.pfd

Flow+ v6.0 Design Report: Design Settings

Copyright © 1988-2018 Causeway Software Solutions Limited



Flow+ v6.0 Design Report: 1 year Critical

) Stomm Duralion. Lowest mass balance: 100.450%

d

Resulis for 1 year

1d/8 L/e2/avy MONNOD LOIMLSIA NNy

Event US Node Peak Level Depth Inflow N\;’;’Ie Flood Status Link DS Node Outflow Velocity FlowiCap ';;2:‘ Disf,':'ge
1D (mins) (m) (m) (I/s) (m3) 1D 1D (I/s) (m/s) m?)

1 penmaable 10 8382 18 30060 0 L Ougthet 1.9 2433 G006

18 0 7403 12 50050 1o 0.060 0

§ 15 50020
10 3.8 20020/ 2.8 3.480
10 3.2 2.60000 8.8 1.145 24
0 3.408 0.08 83 40000 0060

S:\LIVE Project Files\2004 - Queens Lane, Arundel\SS Data\Causeway\FRA Causeway Template.pfd Copyright © 1988-2018 Causeway Software Solutions Limited



Flow+ v6.0 Design Report: 30 year Critical

1d/8 L/e2/avy MONNOD LOIMLSIA NNy

Resuls for 38 vear Critival Slorm Dwration, Lowest mass balanoe: 100.00%
US Node Peak Level Depth Inflow Node Flood Link DS Node Outflow Velocity Link Discharge
Event I Vol Status Flow/Cap Vol Vol
1D (mins) (m) (m) (I/s) (m3) 1D 1D (I/s) (m/s)
(m?) (m?)
1 penmaable 10 8358 o018 4.8 30060 0 L Ougthet 4.8 2.83% G000 o0173
14 14 7.505 8.005 4.5 05,0080 4.5 4878 1.8
q Ht 5.805 G.005 4.5 L0080
e & 388 4058 214 $.0080 |1 1.4 4.558
10 7518 o012 214 3.0000|9 DRP Guttsll 214 1.822 2.3
14 3.813 8.013 £.0000 3.0000

S:\LIVE Project Files\2004 - Queens Lane, Arundel\SS Data\Causeway\FRA Causeway Template.pfd Copyright © 1988-2018 Causeway Software Solutions Limited



1d/8 L/e2/avy MONNOD LOIMLSIA NNy

Flow+ v6.0 Design Report: 100 year Critical

Resulis for 100 year Critical Sterm Duration, Lowestmass balanoe 100.06%
Event US Node Peak Level Depth Inflow N\;’;’Ie Flood Status Link DS Node Outflow Velocity FlowiCap D'Sf,':'ge
1D (mins) (m) (m) (I/s) (m3) 1D 1D (I/s) (m/s) m?)

1 penmaable 10 8570 o020 3.0 30060 0 L Ougthet Rl 5144

14 14 7.208 8.008 80 05,0080 3.0 €984

H Ht 5.808 G008 &0 4.0000
e & 340 040 28 $.0080 |1 8.1
10 7518 o018 281 S.000| 0 z8.1 1.804 108
14 3.815 8015 284 £.0000 3.0000

S:\LIVE Project Files\2004 - Queens Lane, Arundel\SS Data\Causeway\FRA Causeway Template.pfd Copyright © 1988-2018 Causeway Software Solutions Limited



1d/8 L/e2/avy MONNOD LOIMLSIA NNy

Flow+ v6.0 Design Report: 100 year +30% Critical

Resulls for 100 year +38% Oritisal Storm Duration, Lowest mass balsncer 100.69%

Event shode | peak | el | et | omfow | NGT | Fled | g, | bk Dstode | oufiow | Velotly | oy | Vol | ovel
(m°) (m°) (m°)

1 penmaable 10 8573 0.622 7 03458 30060 0 L Ougthet 77 3.405 Q5282

kE: 1 7807 S.007 77 50000 1.088

1 He G.007 7T £.0080
e G048 6.8 $.583% $.8080|% 285

2 7.318 o01e RUCRE §.0000 2.0000]9 288 142

1 5.818 8.418 B85 £.0000 $3.00040

S:\LIVE Project Files\2004 - Queens Lane, Arundel\SS Data\Causeway\FRA Causeway Template.pfd Copyright © 1988-2018 Causeway Software Solutions Limited
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Flow+ v6.0 Design Report: 100 year +40% Critical

Resuis for 108 vear e Critical Storm Duration, Lowosstmass balanser 108.60%
US Node Peak Level Depth Inflow Node Flood Link DS Node Outflow Velocity Discharge
Event I Vol Status Flow/Cap Vol
1D (mins) (m) (m) (I/s) (m3) 1D 1D (I/s) (m/s)
(m?) (m?)
1 penmaable 10 8574 0.624 3.2 0358 30060 0 L Ougthet 8.3 3.452
14 gt 7.507 S.007 a3 05,0080 532 1440 3.3
H Ht G.007 &3 4.0000
e G047 394 4 $.0080 |1 305
3 7510 o0e G.O000 S.000| 0 283 183
14 3.418 8.012 £.0000 3.0000
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