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1 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:

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

any source.
e whether the development will increase flood risk elsewhere within the floodplain.
e whether the measures proposed to address these effects and risks are appropriate.
e whether the site will pass Part B of the Exception Test (where applicable).

Herrington Consulting has been commissioned by AY Developers to prepare a Flood Risk
Assessment (FRA) for the proposed development at 74 Old Shoreham Road, New Monks Gate,
Lancing, BN15 0QZ.

This appraisal has been undertaken in accordance with the requirements of the National Planning
Policy Framework (2024) and the National Planning Practice Guidance Suite (August 2022) 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’.

www.herringtonconsulting.co.uk
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Development Description and Planning Context

Site Location and Existing Use

The site is located at OS coordinates 519005, 105640, off Old Shoreham Road in Lancing. The site
covers an area of approximately 0.6 hectares and currently comprises the existing property (no.74),
as well as the associated open and currently unused land to the rear. This section of land is
surrounded by watercourses to the south and east, with overgrown land on the western boundary.

The location of the site in relation to the surrounding area is shown in Figure 2.1.

Figure 2.1 — Location map (contains Ordnance Survey data © Crown copyright and database right
2025).

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 the demolition of the original bungalow to create access
to the rear and the erection of 9 no. houses (Figure 2.2). The proposed development also
incorporates specialist drainage strategies to help sustainably manage runoff generated on site as

a result of the 9 no dwellings and access road.

www.herringtonconsulting.co.uk




herrington

74 Old Shoreham Road, Lancing
Flood Risk Assessment Part of

Figure 2.2 — Proposed site layout.

Drawings of the proposed scheme are included in Appendix A.1 of this report.

2.3 Flood Zone Classification
When appraising the overall risk of flooding to a site, generally the starting point is the Environment
Agency’s (EA) ‘Flood Map for Planning’ (Figure 2.3). 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.

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.

www.herringtonconsulting.co.uk
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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 30 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.

. Flood Zone 3

Flood Zone 2

=== Flood
Defences

Leisure

/ Main Rivers

D Location of

Development
Site

Figure 2.3 — EA’s ‘Flood Map for Planning’ (© Environment Agency, mapping contains Ordnance
Survey Data © Crown copyright and database right 2025).

Figure 2.3 shows the development site is located within Flood Zone 3. 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.

The NPPG states that the Functional Floodplain is land where water has to flow or be stored in
times of flood. The NPPG provides the following definition:

The identification of functional floodplain should take account of local circumstances and not be

defined solely on rigid probability parameters.

Based on information provided by the EA and that derived as part of this appraisal, the following
Functional Floodplain test is applied:

www.herringtonconsulting.co.uk




herrington

74 Old Shoreham Road, Lancing
Flood Risk Assessment Part of

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

X
a return period of 1 in 30 years or less?
Is the site defended by flood defence infrastructure that prevents flooding for v
events having a return period of 1 in 30 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.

(percentagFeIooofdsizr:/;thin zone) Source of Flooding Bentéflii;?c?;re?g:]s:issting
Zone 1 0%
Zone 2 0%
Zone 3a 100% Tidal Yes
Zone 3b 0%

Table 2.2 — Flood zone classification.

2.4 The Sequential Test
Local Planning Authorities (LPA) are encouraged to take a risk-based approach to proposals for
development in or affecting flood risk areas 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 locations 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. A Sequential Test has been prepared (by UNDA Consulting) to
support the proposed development, nonetheless this FRA will help to provide supporting

information on the risk of flooding towards the site and surrounding areas.

www.herringtonconsulting.co.uk
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25 The Exception Test
The application of the Exception Test will depend on the type and nature of the development, in
line with the Flood Risk vulnerability classification set out in the NPPG. This has been summarised
in Table 2.3 below.

Flood Risk Vulnerability Classification Zone 1 Zone2 Zone3a | Zone 3b

Essential Infrastructure — Essential transport
infrastructure, strategic utility infrastructure, including v v e é
electricity generating power stations.

High Vulnerability — Emergency services, basement
dwellings, caravans and mobile homes intended for v 4 X X
permanent residential use.

More Vulnerable — Hospitals, residential care homes,

buildings used for dwelling houses, halls of residence, v v e x
pubs, hotels, non-residential uses for health services,

nurseries and education.

Less Vulnerable — Shops, offices, restaurants, general v v v x

industry, agriculture, sewerage treatment plants.

Water Compatible Development — Flood control
infrastructure, sewerage infrastructure, docks, marinas, v v v v
ship building, water-based recreation etc.

Key :

v Development is appropriate Shaded cell represents

the classification of this
X Development should not be permitted development

€ Exception Test required

Table 2.3 - Flood risk vulnerability and flood zone incompatibility.

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 it should be demonstrated
that:

A. the development would provide wider sustainability benefits to the community that
outweigh the flood risk; and

B. 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 parts of the test will have to be passed for development to be allocated or permitted.

www.herringtonconsulting.co.uk
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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 and to help demonstrate that this objective can
be achieved. The key focus of this FRA is therefore to establish whether the site is likely to pass
Part B of the Exception Test.

www.herringtonconsulting.co.uk
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3 Climate Change

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 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.

3.1 Planning Horizon
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.

3.2 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.

Reference to guidance published by the EA specifies allowances for different epochs and regions
across England. The predicted rates of relative sea level rise for the ‘South East’ region, relevant
to the subject site, are shown in Table 3.1. These values which correspond with the Higher Central
and Upper End percentiles (the 70" and 90™ percentile respectively).

www.herringtonconsulting.co.uk
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Net Sea Level Rise (mm/yr) (Relative to 2000)

Administrative Allowance
Region Category
2000 to 2036 to 2066 to 2096 to
2035 2065 2095 2125
South East Higher Central 5.7 8.7 11.6 13.1
Upper End 6.9 11.3 15.8 18.2

Table 3.1 — Recommended contingency allowances for net sea level rise.

From these values, the extreme sea level at the site can be seen to change with time and this
change is not linear. The 1 in 200 year extreme sea level at the site has therefore been calculated
for a number of steps between the current day and the year 2115 and these values are shown in
Table 3.2 below.

Year ‘Higher Central’ Scenario ‘Upper End’ Scenario
Current Day (year 2017) 4.24 4.24

2035 4.34 4.36

2065 4.60 4.70

2075 472 4.86

2095 4.95 5.18

2115 5.21 5.54

Table 3.2 — Climate change impacts on extreme sea levels for a 1 in 200 year return period event
based on values taken from the EA’s Coastal Flood Boundary Condition database.

The development that is the subject of this FRA is classified as residential and therefore the extreme
sea level is taken as 5.21m AODN in the ‘Higher Central’ scenario, and 5.54m AODN in the ‘Upper

End’ scenario.

Offshore Wind Speed and Extreme Wave Height

As a result of increased water depths resulting from changes in the climate, wave heights may
change. The climate change allowances for offshore wind speed and wave height are shown in
Table 3.3 below and where appropriate have been applied as part of this appraisal. These figures
are applicable around the entire English coast and are relative to a 1990 baseline. They also include
a sensitivity allowance which should be used to show that the range of impact of climate change is

understood.

www.herringtonconsulting.co.uk
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Parameter 2000 to 2055 2056 to 2125
Offshore wind speed allowance +5% +10%
Offshore wind speed sensitivity test +10% +10%
Extreme wave height allowance +5% +10%
Extreme wave height sensitive test +10% +10%

Table 3.3 — Recommended climate change allowance and sensitivity ranges for offshore wind
speed and extreme wave height (relative to 1990).

Peak Rainfall Intensity

Recognising that the impact of climate change will vary across the UK, the allowances were
updated in May 2022 to show the anticipated changes to peak rainfall across a series of
management catchments. The proposed development site is located in the Adur and Ouse
Management Catchment, as defined by the ‘Peak Rainfall Allowance’ maps, hosted by the
Department for Environment, Food and Rural Affairs. Guidance provided by the EA states that this
mapping should be used for site-scale applications (e.g. drainage design), in small catchments (less
than 5km?), or urbanised drainage catchments. For large rural catchments, the peak river flow
allowances should be used.

The development site lies within an urbanised drainage catchment and therefore, the Peak Rainfall
Allowances for the Adur and Ouse Management Catchment should be applied.

For each Management Catchment, a range of climate change allowances are provided for two time
epochs and for each epoch, there are two climate change allowances defined. These represent
different levels of statistical confidence in the possible scenarios on which they are calculated. The

two levels are as follows:

e Central: based on the 50™ percentile

e  Upper End: based on the 90™ percentile

The EA has provided guidance regarding the application of the climate change allowances and how
they should be applied in the planning process. The range of allowances for the Management
Catchment in which the development site is located are shown in Table 3.4 below.

www.herringtonconsulting.co.uk




herrington

74 Old Shoreham Road, Lancing
Flood Risk Assessment Part of

Ca'\t/l;nnigﬁm\e};rtne Annl:)?:)ﬁ);%?ﬁgance Allowance Category 2050s 2070s
Central 20% 20%

3.3%
Upper End 35% 40%

Adur and Ouse

Central 20% 25%

1%
Upper End 45% 45%

Table 3.4 — Recommended peak rainfall intensity allowances for each epoch for the Adur and Ouse
Management Catchment.

For a development with a design life of 100 years the Upper End climate change allowance is
recommended to assess whether:

e there is no increase in flood risk elsewhere, and;

e the development will be safe from surface water flooding.

As identified in Table 3.4, the recommended allowance for peak rainfall intensity is 45%. The
detailed pluvial flood model created by Herrington Consulting (as discussed in the following
sections) has included the Upper End +45% climate change allowance to appraise the risk of
flooding from surface water.

www.herringtonconsulting.co.uk
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Definition of Flood Hazard

Site Specific Information
Information from a wide range of sources has been referenced to appraise the true risk of flooding
at this location. This section summarises the additional information collected as part of this FRA.

Site specific flood level data provided by the EA — The EA has provided the model results of
the Adur Coastal Modelling (including the 2019 Adur Tidal Walls Scheme modelling), which have
been referenced as part of this appraisal.

The publicly available ‘Risk of Flooding from Surface Water’ (RoOFSW) GIS dataset has also been
studied to provide additional information regarding this source of flooding.

Site specific flood level data provided by Herrington Consulting Limited (HCL) — In order to
accurately assess the risk from surface water flooding on site, and how this interacts with the
adjacent watercourse and ditches, HCL have been commissioned to undertake site-specific
numerical flood modelling to assess the risk of flooding from pluvial sources to the proposed
development. The results of which are discussed in later stages of this report.

Information contained within the SFRA — The Adur and Worthing SFRA (2024) contains detailed
mapping showing historic flood records for a wide range of sources. This document has been
referenced as part of this site-specific FRA.

Information on localised flooding contained within the SWMP — A Surface Water Management
Plan (SWMP) is a study to understand the risk of flooding that arises from local surface water
flooding, which is defined by the Flood and Water Management Act 2010 as flooding from surface
runoff, groundwater, and ordinary watercourses. Such a document has been prepared for Lancing
(2015) and has therefore 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. The response is included in Appendix A.2.

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 the survey, it can be seen that the level of the site
varies between 1.00m and 3.00m AODN Above Ordnance Datum Newlyn (AODN). Within the land
to rear of the existing property, ground levels gradually reduce to the southeast, however the land
levels are fairly uniform throughout the area.

The below Figure displays the surrounding area land levels and elevations using the EA’'s 1m
resolution LIiDAR data. The area to the north of the site is topographically higher than the site itself,
with the Lancing land drains also identified to the south and east of the site.

www.herringtonconsulting.co.uk
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Elevation
(m AODN)

.8

Mo

Figure 4.1 - EA’s 1m resolution LIiDAR data presented over OS Mapping, site boundary in red (©
Environment Agency - contains Ordnance Survey data © Crown copyright and database right
2025).

Geology — Reference to the British Geological Survey (BGS) map shows that the underlying solid
geology in the location of the subject site is Newhaven Chalk. Overlying this are superficial deposits
of Alluvium (Clay, Silt, Sand and Peat) and Head (Clay, Silt, Sand and Gravel).

Infiltration testing was undertaken on site using double ring infiltrometers. The results from this
investigation have been considered within the modelling produced alongside this FRA.

Historic flooding — Old Shoreham Road, as well as the wider Lancing area has historically
experienced flooding from groundwater and pluvial sources, as a result of present shallow aquifers
and surface water flow paths respectively. Nonetheless, the historic flooding has recently
highlighted the need for improvements and maintenance of the nearby defences, improving the
historic figures, discussed in further detail below and throughout this report.

Existing Flood Risk Management Measures and defences - Inspection of the SFRA identifies
that the ‘The majority of defences in Adur District and Worthing Borough provide a standard of
protection of at least 4% AEP, with many of the defences in Adur District providing a standard of

protection of 1% AEP or greater.’

However, the introduction of the Shoreham Adur Tidal Walls Flood Defence Scheme, as well as
the newly implemented tidal defences and groundwater pumping infrastructure as part of the
recently constructed adjacent New Monks Farm development, result in the development site now
benefiting from a 1 in 300-year (0.33% AED) standard or protection.

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 development are discussed below. Table 4.1 at the end
of this section summarises the risks associated with each of the sources of flooding.

www.herringtonconsulting.co.uk
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Flooding from Tidal sources (Sea and Tidal Adur) — The site lies within Flood Zone 3a as shown
on the EA’s ‘Flood Map for Planning’ (Figure 2.3). The flood zone maps are used as a consultation
tool by planners to highlight areas where more detailed investigation into the risk of flooding is
required.

As discussed earlier, the development site benefits from both primary, EA maintained defences. As
a result, the area benefits from defences with a 1 in 300-year standard of protection. In addition,
there are secondary privately owned flood defence and groundwater pumping infrastructure

providing yet further flood risk management.

Modelling provided by the EA shows that when the existing flood defences are considered the site
remains unaffected by floodwater from tidal sources during the design event. This modelling does
not include the above mentioned additional New Monks Farm flood defences, which further

strengthen this point.

Brigl
City Air]

I 0.5% AEP (2037) (Defended)
[ 0.5% AEP (2067) (Defended)
[ ] 0.5% AEP (2117) (Defended)

T H TS RS Ty
Figure 4.2 — EA’s modelled flood extent for a defended scenario during a range of AEPs (©

Ty

Environment Agency, mapping contains Ordnance Survey Data © Crown copyright and database
right 2025).

It is acknowledged that there is a requirement to consider the impact of the ‘residual risk’ scenario,
whereby defences may have failed, or a breach event occurred. In this case, no such event is
available and, even if an event was, nor would it consider the impact of the Monks Farm defences
as they are not modelled by the EA.

The EA’s Adur Coastal (2019) Mapping and Modelling Study does not include data for a breach
scenario. Nevertheless, the EA’s Adur Coastal modelling (2012) includes the ‘undefended’ data for

www.herringtonconsulting.co.uk
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the design event (0.5% AEP for the year 2115). Under this scenario, the results reveal that the flood
level on site would be 5.39m AODN.

Nevertheless, it is not considered appropriate to apply this scenario to the scheme design, as this
event assumes that both the primary and secondary defences are removed, which is wholly
unrealistic. Similarly, a breach scenario would require the catastrophic failure of both lines of
defences simultaneously during an extreme storm event. Nevertheless, in the absence of any other
data, this flood event has been considered.

Notwithstanding this, even if this event were to occur, whilst the dwellings are not elevated above
the undefended flood level, safe refuge would be available within the upper floors of each dwelling,
therefore providing a safe place of refuge for this extremely unlikely event.

Considering the standard of protection of the tidal flood defences and through the additional
mitigation proposed in this report, the risk of flooding from this source is considered to be low.

Flooding from Ordinary or Man-Made Watercourses —Inspection of the site and surrounding
area reveals land drainage ditches surround the southern section of the site. The Lancing land
drains are extensive, due to the aforementioned historical groundwater flood events.

In line with other Lancing land drains and culverts, it is anticipated that the culvert directly to the
south of the development site (Marsh Barn Lane Culvert) has been designed to manage in-channel
flows up to the 100-year plus climate change event. Nonetheless, in the event of an extreme event,
the topography of the culvert in comparison to the designed finished flood levels mean that the flood
water would have to cover the wider area before reaching any residential dwellings, and likely not
impact the residents of the development.

Furthermore, the land drains within this area of Lancing have recently undergone clearing and re-
arrangement works, increasing the efficiency and storage capacities within the wider area.
Moreover, the New Monks Farm development and associated groundwater pumping infrastructure
also help manage the levels within the nearby watercourses. The actual risk of flooding from this
source has therefore been considered to be low.

Flooding from Surface Water — Surface water, or 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 mechanism of flooding 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.

The EA’s ‘Flood Risk from Surface Water’ map (Figure 4.3) shows the development site is located
in an area classified as having a ‘very low’ ‘to ‘high’ risk of surface water flooding following an
extreme rainfall event. Nevertheless, the risk is considered to increase when taking into account
the impacts of climate change. Therefore, the risk of flooding from this source has been investigated
further in Section 5.

www.herringtonconsulting.co.uk
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Probability of Flooding

High — Extent of flooding from

. surface water that has a 3.3% (1 in
30) or greater chance of happening
each year.

. Medium - Extent of flooding from

surface water that has between a

3.3% (1 in 30) and 1% (1 in 100)
chance of happening each year.

Low - Extent of flooding from
surface water that has between a
1% (1 in 100) and 0.1% (1 in 1000)
chance of happening each year.

D Location of Development Site

ST
Tail ]

Figure 4.3 — Data derived from EA’s ‘Flood Risk from Surface Water’ map (© Environment Agency)

overlying mapping from Ordnance Survey Data © Crown copyright and database right 2025).

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).

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 Newhaven Chalk. Given the low-lying nature of
this area and the proximity to the coast, there is potential for the groundwater table to become
elevated. However, the location of the proposed development in relation to the adjacent New Monks
Farm recent development, and associated flood defences and groundwater pumps, means that the
risk from groundwater flooding is improved significantly, in relation to the wider Lancing area.

Mitigation is provided by the neighbouring site through the newly developed pumping system and
level control, which although has the main objective of managing groundwater for the nearby
Airport, impacts the wider groundwater table too. The Lancing land drains have also been recently
altered to help transport and manage groundwater within the area, providing further benefits. The
flood risk scoping assessment prepared by others (Berrys), identified that information was received
explaining that the system is working well, and groundwater levels have been recorded to be lower
than previous years, despite record rainfall in corresponding recent years.

Furthermore, as explained within Section 7 of this report, the floor levels of the dwellings will be
raised to help provide further mitigation and flood protection to the residents. Taking all of the above
into consideration, the risk of flooding from groundwater has been concluded to be low.

Flooding from Sewers — In urban areas, rainwater is typically drained into surface water sewers

or sewers containing both surface and wastewater known as “combined sewers”. Flooding can

www.herringtonconsulting.co.uk
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result when the sewer is overwhelmed by heavy rainfall, becomes blocked, or has inadequate
capacity; this will continue until the water drains away.

Inspection of the asset location mapping provided by Southern Water (Figure 4.4) identifies that the

sewers in this area are foul only.

\\ Key:
f _]I [__]Site boundary
: Foul Sewer

Figure 4.4 - Asset location mapping provided by Southern Water (a full scale copy can be found in
Appendix A.2).

The historic records set out in the SFRA identify that the site falls within a large region which has
experienced 45 incidents of flooding from sewers between 2013 and 2023. However, the sewer
flooding data used in the SFRA (provided by Southern Water) is relatively coarse and is limited to
postcode data. Consequently, the area shown by the SFRA to have been affected by sewer flooding
in the past is comparatively large, when in reality these recorded flood events are likely to be smaller
isolated incidents. This is supported by the fact that there are no known records of the site being
affected by sewer flooding in the past. The risk of flooding is therefore considered to be low.

Nonetheless avoid the risk of floodwater accumulating on site as a result of the new development,
it is recommended that all sewers are fitted with non-return valves. This will reduce the possibility
of floodwater flowing back through the new sewer systems and into the properties, should there be
a failure in the system off-site.

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. In addition, operational and redundant industrial processes including mining,
quarrying, and sand or gravel extraction, may also increase the depth of floodwater in areas
adjacent to these features.
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The potential effects of flood risk management infrastructure and other structures also needs to be
considered. For example, 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 OS mapping for the area shows that there are no artificial sources of flooding
within close proximity to the site. In addition, the EA’s ‘Flood Risk from Reservoirs’ map 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 low.

A summary of the overall risk of flooding from each source is provided in Table 4.1 below.

Initial Level | Appraisal method applied at the initial flood risk assessment

Source of Flooding of Risk stage

Tidal Sources (Sea
and River Adur)

OS mapping, existing defences within the SFRA and the EA’s

Les ‘Flood Map for Planning’

Ordinary and Man-
Made Watercourses

OS mapping, existing defences within the SFRA and aerial height

B data

Assessed in | EA’s ‘Flood Risk from Surface Water’ map, and historic records
Surface Water further detail | contained within the SFRA, aerial height data, OS mapping and
in Section 5 | site-specific topographic survey

BGS groundwater flood hazard maps, Defra Groundwater Flood
Scoping Study, aerial height data, OS mapping, site-specific
topographic survey, historic records in the SFRA, and nearby
BGS Borehole survey records

Groundwater Low

Aerial height data, OS mapping, site-specific topographic survey,
Sewers Low asset location data provided by Southern Water and historic
sewer records contained within the SFRA

Artificial Sources Low OS mapping and EA’s ‘Flood Risk from Reservoirs’ map

Table 4.1 — Summary of flood sources and risks.
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5 Probability and Consequence of Flooding

It has been identified in Section 4 that the EA’s mapping shows the site could be subject to flooding
from surface water following an extreme rainfall event. Therefore, this section appraised the risk of
flooding from this source in more detail.

Whilst the EA’s ‘Flood Risk from Surface Water’ map (Figure 4.3) is helpful for preliminary analysis
to identify areas potentially at risk of flooding, the mapping often is not representative of the actual
on-site risk.

For example, the EA’s surface water mapping is produced from 1m resolution LiDAR data, which
can present certain inaccuracies within the dataset. These inaccuracies may be especially
prevalent within this area of Lancing, when closer inspection indicates that during the ‘high’
likelihood of occurrence event, surface water stems from the nearby culverts and land drains, which
may not have been accurately modelled during the LIiDAR process. Furthermore, the EA’s mapping
does not consider accurate infiltration data and therefore may not accurately represent reality of
the underlying strata as a whole.

To address these potential pitfalls and allow the risk of flooding to the site to be appraised in greater
detail, HCL have been commissioned to undertake a site-specific pluvial modelling study. The HCL
modelling represents-site geology and also incorporates the site-specific topographic survey.

5.1 Baseline Scenario (i.e. Existing site conditions)
When appraising the risk of flooding to new development it is necessary to assess the impact of
the ‘design flood event'. 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 pluvial flooding, including an appropriate allowance for climate change
(refer to Section 3.2).

Within the modelling, the pluvial flooding during the ‘baseline scenario’ (site only, no proposed
development) has been created to help gain a more representative and spatially accurate
understanding of the true risk of flooding to the current site.

Figure 5.1 below displays the design pluvial event (1 in 100 year return period, including a 45%
allowance for climate change). From the mapping, it is evident that the site is predicted to be subject
to flooding.
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Figure 5.1 — Extent of flooding during the design pluvial event for the baseline conditions, as
modelled by HCL (© Herrington Consulting Ltd and contains Ordnance Survey data © Crown
copyright and database right 2025).

Proposed Scenario
As well as refining the risk of flooding to the existing site, it is also necessary to quantify the risk of
flooding to the site post-development, and to confirm the proposed developemnt does not impact

offsite.

As part of the development, it is proposed to raise land levels onsite to raise the proposed dwellings
as a form of mitgation — further information is provided on this in Section 7.1. Furthermore, the
drainage strategy (which has been prepared by others) proposes to include filder drains along the
northern boundary of the site. These filter drains are deisgned to capture surface water flows onto
the site from offsite and divert it to the watercourse network.

When these measures are included, the proposed dwellings are shown to remain unaffected by
flooding during the design pluvial event, as shown on Figure 5.2 below.

www.herringtonconsulting.co.uk




74 0ld Shoreham Road, Lanci herﬂﬂg-l-om

Flood Risk Assessment Part of @

Depth (m)
<0.1
0.1-0.2

[ 02-03
B os-04
Wo-

Figure 5.2 — Extent and depth of flooding during the design pluvial event for the proposed
development scenario, as modelled by HCL (© Herrington Consulting Ltd).
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6 Offsite Impacts and Other Considerations

6.1 Displacement of Floodwater
The construction of new buildings 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 numerical pluvial flood modelling undertaken by Herrington Consulting Limited (HCL) has
identified that although some areas within the site red line boundary will experience marginal
increases in flood depth, many areas which were modelled to flood during the existing baseline
conditions (no development or drainage system) have now been modelled to experience less or

even no flooding during the design pluvial event.

Difference (m)

Now dry
<-1.00
-1.00--0.10
-0.10--0.05
-0.05--0.03
-0.03--0.01
-0.01-0.01
0.01-0.03
0.03-0.05
0.05-0.10
0.10-1.00
>1.00
Now wet

T
'

Figure 6.1 — HCL Model results displaying the ‘Flood Level Difference (impact) post development,

minus the existing (© Herrington Consulting Ltd).

As displayed in the above Figure, it is evident that the mitigation included would provide benefits
both onsite, and offsite. This is shown by the areas in green and yellow which indicate a reduction
in flooding. In particularly, the area offsite towards the west of the development is shown to benefit

from a reduction in flood risk adjacent to the existing properties during the design pluvial event.
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Additionally, much of the area within the centre of the development is predicted to remain dry during
the proposed scenario event, particularly areas where the dwellings, and the resident’s associated
access, are located. In addition, the northern most section of the entrance to the site from Old
Shoreham Road is modelled to have noticeably less flooding. As a result, access and egress from
the site will be achievable for the residents during the design pluvial event.

The areas within the red line boundary which are modelled to now flood, are in areas whereby the
risk to the residents would be lowest, for example in gardens or the eastern green space. Although
these areas now impacted by surface water, the risk to the residents has been reduced as a result.

The scattering of pink 'now wet' grid cells in the neighbouring rear gardens is a model effect. These
are a product of very minor and inevitable alterations in model timestep resulting from different peak
flow speeds in the existing scenario and proposed scenario model runs. Occasionally, scattered
impacts like these can also be a result of instability in the model. However, there are no such
warnings from the model logs to suggest that this could be the case and the model is stable.
Scattered impacts like this should be ignored in favour of focussing on the gross changes between
the scenarios as these represent the actual impact of the post development scenario.

In conclusion, the proposed raising of the floor levels will provide further benefits to the residents,
and other mitigation measures have been recommended within Section 7 of this report. The pluvial
model report created by HCL (Appendix A.3) has been submitted alongside this FRA, which further
details the achieved results produced within the modelling.

6.2 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.

When the proposed development is considered, it can be seen that the site is currently protected
from tidal flooding under the design flood event, and consequently safe access and escape from
the proposed dwellings can be achieved during the design tidal flood event. The modelling provided
by HCL also identifies that the depth of surface water flooding along the access route to the site
has been reduced. From Figure 6.1 above it can be seen that residents would be able to exit the
development site during the extreme pluvial event, although the dwellings will also provide safe
refuge in the event that the access to the wider area is not possible.

6.3 Proximity to Culverts, Land Drains and Watercourses
Under the Land Drainage Act 1991, as amended by the Flood and Water Management Act 2010,
an Internal Drainage Board (IDB) is responsible for the regulation of watercourses located within
defined ‘internal drainage districts. The site subject to this FRA is located within the jurisdiction of
the West Sussex LLFA.
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The West Sussex LLFA Culvert Policy states that “Buildings and structure must not be sited within
5 metres from the outer edge of new or existing culverts/ watercourses.” Inspection of the scheme
drawings identifies that the proposed dwellings are located outside of the 5m easement from the
nearest watercourse (Marsh Barn Lane Culvert) and as such will not compromise any of the LLFAs
requirements.
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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.

Mitigation Measure

Raising floor levels

Appropriate

Comment

v Refer to Section 7.1
Land raising
Flood resistance & resilience v Refer to Section 7.2
Flood Warning v Refer to Section 7.3
Compensatory floodplain storage X Not required — Refer to Section 6.1
Alterations/ improvements to channels and X Not required
hydraulic structures q
Flood defences X Not required
In this instance, a drainage strategy has

Surface Water Management Strategy X been prepared by others
Careful location of development within site The entire site is located within Flood Zone

P X 3, therefore it is not possible to target lower

boundaries (i.e., Sequential Approach)

risk areas within the site boundary.

Table 7.1 — Appropriateness of mitigation measures.
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Land Raising and Raising Floor Levels

It has been identified that the site could be subject to flooding following an extreme pluvial event in
its current state (the baseline scenario). Consequently, it is recommended that the finished floor
levels of the proposed dwellings are set to be at a minimum of 3.15m AODN, with all sleeping
accommodation located on the upper floors of the dwellings (above 5.39m AODN). The scheme
drawings identify that land levels have been raised where appropriate to facilitate this elevated floor
level, and the proposed scenario flood modelling shows that with all dwellings raised at this level,
the dwellings are not predicted to be subject to flooding.

Flood Resistance and Resilience
Whilst it is proposed that all dwellings be elevated to manage the risk of flooding, it is recommended
that flood resistance and resilience measures be included as a precautionary approach.

Typical examples of flood resistance and resilience measures which may be appropriate for the
development site include (but are not limited to) the following:

Raising floor slab level further.

e  Bringing the electrical supply in at first floor.

e Placing boilers and meter cupboards on the first floor.

e Water-resistant plaster/tiles on the walls of the ground floor.

e Solid stone or concrete floors with no voids underneath.

e Covers for doors and airbricks.

e Non-return valves on new plumbing works.

¢ Avoidance of studwork partitions on 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 www.gov.uk.

A Code of Practice (CoP) for Property Flood Resilience (PFR) has been put in place to provide a
standardised approach for the delivery and management of PFR. Further information on the CoP
and guidance on how to make a property more flood resilient can be accessed, and downloaded,
from the Construction Industry Research and Information Association (CIRIA) Website:

https://www.ciria.org/Resources/Free publications/CoP_for PFR_resource.aspx
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Flood Warning

Although significantly reduced, the risk of pluvial flooding on site and particularly within the wider
area, is still present. Monitoring of the Met Office “Weather Warnings” may also provide an early
indication of when surface water flooding within the wider Lancing area might be expected:
(www.metoffice.gov.uk/weather/uk/uk forecast warnings.html).

As discussed within Section 4, the actual risk of flooding from tidal sources is low. Nonetheless,
areas within the wider Lancing area will not benefit from the same level of on-site flood defence.
With the sophisticated techniques now employed by the EA to predict the onset of flood events, the
opportunity now exists for all residents to stay informed as to whether the nearby areas and roads
within a higher flood risk classification are at risk from an oncoming event.

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;

www.gov.uk/sign-up-for-flood-warnings
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8 Conclusions and Recommendations

The overarching objective of this report is to appraise the risk of flooding at 74 Old Shoreham Road,
to ensure that the proposals for development are acceptable and that any risk of flooding to the
occupants of the proposed residential units is appropriately mitigated. In addition, the NPPF also
requires the risk of flooding offsite to be managed, to prevent any increase in flood risk as a result
of the development proposals. This report has therefore been prepared to appraise the risk of
flooding from all sources and to provide a sustainable solution for managing the surface water runoff
discharged from the development site, in accordance with the NPPF and local planning policy.

In this case a bespoke Sequential Test assessment has been undertaken by others, with the
support of this FRA. From Table 2.2 it can be seen that the proposed development is situated within
Flood Zone 3a 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.

The risk of flooding has therefore been considered across a wide range of sources and it is only
the risk of surface water flooding that has been shown to have any bearing on the development
during the baseline conditions. However, when this risk is examined in detail, it has been
demonstrated that with appropriate mitigation, the development will significantly improve the impact
of surface water flooding onsite and offsite, not increasing flood risk elsewhere whilst also providing
benefits to the predicted flooding in neighbouring developments.

The introduction of the proposed drainage strategy, raised FFLs and other recommended mitigation
measures result in the risk of flooding from surface water being greatly improved within the
development and offsite.

Consequently, it has been shown that the development will meet the requirements of the NPPF and
is therefore appropriate for its location within a flood risk area.
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Appendix A.1 — Drawings
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1. Background Information

1.1.

1.2.

Herrington Consulting has been commissioned to undertake numerical flood modelling for 74
Old Shoreham Road in Lancing. The purpose of the modelling is to support a Flood Risk
Assessment (FRA) and planning application for the development of 9 residential units on the
land to the rear of no.74 which will include the removal of the existing bungalow to provide

access. The location of the site is shown in Figure 1.

The National mapping for Risk of Flooding from Surface Water indicates surface water flood
risks at the site. Therefore, this model represents surface water (pluvial) flood risks exclusively.
This technical note details the setup of the model representing the existing and proposed
development conditions. Number 74, its neighbours, and other nearby streets are recognised
to be at risk of groundwater flooding. However, these risks have been dealt with, by others,

separately from this modelling study.

Figure 1 — Site location

Canterbury Office: Unit 6 & 7, Barham Business Park, Elham Valley Road, Barham, Canterbury, Kent, CT4 6DQ
London Office: 109 Three Tuns House, Borough High Street, London, SE1 1NL

www.herringtonconsulting.co.uk
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1.3.

1.4.

1.5.

1.6.

1.7.

A topographic survey of the site has previously been undertaken in 2023 and has been made
available to inform this modelling study.

The larger part of the site sites to the rear (the south) of the properties on Old Shoreham Road
The elevations on Old Shoreham Road at the entrance to number 74 are around 2.5 mODN,
dropping to between 2.0 mODN and 2.2 mODN on the developable area.

The southern and eastern perimeters are bound by the ditches which drain the nearby
groundwater springs. Downstream of the site Marsh Barn Lane runs north to south and parallel
with the eastern perimeter Elevations on Marsh Barn Lane are around 2.2 mODN to 2.4 mODN.

The ditches that drain the area route through a recently upgraded culvert beneath Marsh Barn
Lane. This culvert was upgraded as part of the extensive improvements to groundwater
drainage in the area linked to the neighbouring New Monks Farm development. Downstream
of Marsh Barn Lane extensive improvements to ditches have been made as part of New Monks
Farm so as to connect the drainage in the area efficiently with the pumping stations that connect
into the Adur River.

The as-build construction drawings of the ditches, pipes, culverts, and land raising for New
Monks Farm have kindly been provided by the Civil Engineering Practice. The model geometry
downstream of Marsh Barn Lane has been based on these detailed drawings, including the 1D
representation of channels and pipes/culverts. These were crucial to the model setup while
much of the recent works in the downstream region were not represented in the available LiDAR.

2. Numerical Flood Model - Technical Methodology

2.1.

2.2

The model has been constructed using the TUFLOW 2-dimensional (2D) numerical flood
modelling system, version TUFLOW 2023-03-AF_w64. The model has several 1-dimensional
(1D) structures placed into the 2D domain, to represent the important culverts near the site and
the network of ditches that are prolific in the areas downstream of the site; these have been
constructed in ESTRY (TUFLOW'’s 1D channel and pipe flow model). The most recent version
of TUFLOW has been used to take advantage of TUFLOW'’s Highly Parallelised Computation
(HPC) using Graphical Processing Unit (GPU). This approach uses the latest advances in the
TUFLOW software to ensure the detail is captured and capitalises on improved model run times
to allow the entire catchment to be modelled.

The 2D Digital Elevation Model (DEM) of the catchment and floodplain uses a grid resolution
of 8 m to represent the remote parts of the wider catchment, reducing to 1 m on-site and on
roads off-site (to improve flow routing representation), with a further reduction to 0.25m to
represent small-scale on-site features. The ground elevations of the DEM are based upon the
EA’s 1 m LiDAR Composite Digital Terrain Model (DTM) originating 2022.

Canterbury Office: Unit 6 & 7, Barham Business Park, Elham Valley Road, Barham, Canterbury, Kent, CT4 6DQ
London Office: 109 Three Tuns House, Borough High Street, London, SE1 1NL

www.herringtonconsulting.co.uk
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2.3. The LiDAR levels, Figure 2, have been compared with the site-specific topographic survey

levels. Differences between the LiDAR and topographic survey measurements range +0.15m.
No modification of the model DEM has been undertaken using the topographic survey levels
while the key features of the site have already been represented sufficiently by the LiDAR. The
preference has been to remain consistent with the neighbouring ground elevations and not

impact any flow paths with ‘steps’ in grid levels.

Old Shoreham Road

Cecil Pashiey Way
pumping station

New Monks Farm
Phase 2

[_] site boundary
Elevation (mODN)
30

Marsh Barn Lane

Figure 2 — Ground elevations within the catchment and model domain

2.4.  The catchment in which the site is located drains into the wide and low-lying areas to the east
which are bound on their eastern perimeter by the tidal defences (two of; primary and set-back
secondary) of the Adur. This large low-lying area is typified by numerous drainage ditches and
is actively drained to the tidal Adur by two pumping stations. The pumping stations include the
Cecil Pashley Way screw-type pumping station some 1.5 km away, installed as part of the
recent New Monks Farm development. With no gravity outfall to the Adur the large low-lying
areas provide necessary significant storage volume for water in the catchment and represent
the downstream ‘boundary’ to the model. Except for an arbitrary small pumping rate (unqualified)
applied to the Cecil Pashley Way pumping station to prevent stagnation in the model there is

no materially impactful outflow from the model.

2.5.  No meaningful pumping rate has been identified that can be applied to the Cecil Pashley Way
pumping station. Online research reveals that the pumping station has a primary purpose of
reducing ground water levels in the wider area (including the site at Old Shoreham Road) in
order to reduce the general risks of ground water flooding locally and therefore alleviate some
of the issues that have been recognised with slow/poor drainage. An arbitrary estimate of the
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rate has been made of 0.5 m?%s. Testing during model setup identified that this rate was

sufficient to prevent stagnation in the model but did not impact flood levels on site during
extreme conditions. The water levels on-site are dominated by the flow in its immediate vicinity.
Friction dominates the flows in the low-lying areas downstream and thus prevents any impact
on-site by the rates applied at the pumping station. Therefore, no further sensitivity testing of

the pumping station rates was investigated.

2.6. The model applies a spatially varying Manning’s n roughness based on the land use types of
the Ordinance Survey VectorMap and the values proposed by Chow (1959). These applied

values are presented in Table 1.

Feature Code Manning’s n value Representation

10021 0.30 Buildings

10053 0.05 Land

10183, 10172 0.025 Roads Tracks and Paths
10056 0.04 Land

10089 0.03 Water

10185, 10123 0.03 Roads Tracks and paths
10096 0.03 Man made embankment
10111 0.08 Thick vegetation and trees

Table 1 — Manning’s n values and land use types

2.7. While buildings are attributed a value of 0.3 (legacy standard value for feature code 10021) this
is now curtailed automatically in TUFLOW HPC to 0.1 as part of the Wu viscosity formulation.
Sensitivity testing to raise this limit back to 0.3 has not been undertaken with respect to the
implementation of buildings. However, the impact of the 0.1 limitation has been tested with
respect to the representation of the filter drains included as part of the proposed development

and is detailed in Section 4.
2.8. Several extreme flow events have been simulated within the model, including:

. 1 in 30 year return period event (3.3%AEP, Annual Exceedance Probability), with

and without climate change (40%);

. 1in 100 year return period event (1%AEP) with and without climate change (45%);

and

. 1in 1,000 year return period event (0.1%AEP), with and without climate change.

2.9. The importance of the geology in the catchment has been recognised. The geology is complex
and provides two (vertically layered) groundwater aquifers. While the groundwater risks are not
the subject of this modelling study, the rate of transfer of surface water into the ground water is
of particular relevance as this will impact surface water volumes. Therefore, soil infiltration rates
have been measured using a double ring infiltrometer. This testing has been carried out by
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2.10.

Peter Baxter Associates (PBA) and the report is enclosed. The testing included three locations
around the site; first in the front garden of 74 Old Shoreham Road, second in the rear garden,
and the third in the proposed development land to the rear. Three infiltration rates were

measured and are summarised in Table 2.

Front garden 200
Rear garden 10
Land to the rear 6

Table 2 — Measured soil infiltration rates

A review of the Cranfield SoilScapes data reveals two main soil types. One of these represents
the upper catchment and is chalky and freely draining. The upper catchment is typified by an
absence of surface water drainage ditches or infrastructure. The second of these is a clay soll
with poor drainage characteristics, typically found in the lower parts of the catchment.
Numerous springs are located along Old Shoreham Road and nearby, being apparent in both
the digital mapping and the LiDAR. These springs are anticipated to link directly with the
boundary between the two soil types. The SoilScapes mapping data arbitrarily aligns the edge
of the clay soil with Old Shoreham Road and not the mapped springs, as shown in Figure 3. A

network of ditches route the water from the springs downstream.

SoilScapes Host Classes
1- Chalky

ul V-
— e ; 4 [ o-cay2
gt BN : :
. . .

Figure 3 — SoilScapes host classes
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2.11. The accuracy of the SoilScapes mapping is considered low and the exact position of the

chalky/clayey boundary may vary. The infiltrometer test in the front garden also aligns
approximately with spring-line boundary. The high infiltration rate in the front garden can be
considered to be representative of a freely draining chalky soil. Similarly, the much lower
infiltration rates of the rear garden and land to the rear can be considered to be representative
of the clayey soils type. Therefore, the SoilScapes digital mapping has been applied the model
with a minor adjustment such that the boundary between the two soils has been located to run
beneath the property, and therefore position the chalky soil in the front garden and the clayey
soil to the rear. The lower rate of 6 mm/hr has been applied to the clayey soil throughout the
model while the 10 mm/hr rate has not been used in the model.

2.11.1. Noinfiltration has been applied in the ditches or drains in the model. A rate of 12 mm/hr has
been applied to the roads in the catchment to represent the highways drainage in line with
the approach applied in the national surface water mapping modelling.

2.12. Rainfall data from the FEH online service was applied in the ReFH2.3 software to generate the
appropriate hyetographs for application to the model. The rainfall hyetographs have been
applied to the whole of the model domain which represents the complete upper catchment and
includes an adjustment to widen the downstream areas to represent the wider historic floodplain.

2.12.1. During initial model setup, different rainfall event durations were tested to find the worst-
case condition. The 1-hour event provided very slightly deeper water on site than the 3-, 4-,
and 6-hour events. All subsequent tests used the 1-hour duration rainfall event.

2.13. The culvert beneath Marsh Barn Lane is a rectangular concrete 2 m wide and 1 m high, with
an invert or 0.79 mODN (details from the Civil Engineering Practice). This culvert was initially
implemented in the model with SX-type boundaries connecting to the 2D domain either side of

Marsh Barn Lane.

2.13.1. During initial model setup the culvert proved very difficult to fully stabilise with regular
negative depths recorded in the logs. The model never became unstable as a result of these
negative depths. However, it was evident that this behaviour was affecting the water levels
some 200 m upstream and downstream of the culvert (which included the site) and were
clearly evident when the difference plots were reviewed to compare the pre- and post-
development conditions; the impacts of the proposed development were difficult to discern
from the ‘noise’ generated by the instability at the culvert.

2.13.2. Every effort was made to control and prevent the stability issues at the Marsh Barn Lane
culvert. However, the minimal water level gradients through the entire area drive very little
flow through the culvert. Subsequent oscillations in the flow direction and general stagnation
of the water levels in the model (due to the exceptionally low flows throughout) provide
difficult conditions in the culvert to stabilise.
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2.13.3. Therefore, the culvert has instead been represented in the 2D domain with a 2d_zsh file

adjustment to the geometry where a 2 m wide cut-through has been applied to the
embankment of Marsh Barn Lane. This represents a potentially under-restrictive conduit at
Marsh Barn Lane. However, considering the very low flows in the ditches and minimal water
surface gradient the ‘open’ conduit is increasingly unlikely to mis-represent the actual
situation. Considering the difficulties in implementing a stable culvert here there are very
limited options for sensitivity testing available.

2.13.4. The 1D channel representation of the culvert beneath Marsh Barn Lane has been left active
in the model for posterity, although its dimensions have been reduced to 0.01 m height and
0.01 m width. This is sufficient to exclude the culvert from any practical use.

2.13.5. The representation of the culvert with the 2D cut-through completely alleviates the negative
depths and any impact on the water level and removes any impact on the results that
prevent the direct comparison of the pre- and post-development mode results.

3. Post development Scenario
3.1.  The proposed post development scenario includes land raising to approximately 3.0 mODN.
This is proposed in combination with a series of filter drains along some perimeter sections of
the site to prevent negative off-site impacts.

3.2. The extent of the land raising is shown in Figure 4. The location and routing of the filter drains
is shown in Figure 5. The filter drains have been positioned to intercept overland flows and
prevent backing up of surface water and any impacts off-site.
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12000
CL xx
1L xx

s

GWx O Proposed precast concrete

inspection chamber, size and
levels as specified.

Proposed 600mm wide filter drain
trench with 225mm diameter twin
wall perforated HDPE pipe.

Proposed 225mm diameter
twin wall HDPE pipe.

Figure 5 — Proposed routing of filter drains and drain design

3.3.  The TUFLOW software does not yet include specific features for the inclusion of filter drains.
Advice received from TUFLOW software support suggested two potential methods by which
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the filter drains could be represented. However, these require either iterative runs of the model
to reach the singular results required, or the use of the TUFLOW interlayer functionality. Neither
suggestion suits the specific situation for the proposed design particularly well. Therefore, a
physical representation in the model grid was chosen that includes a conservative approach
whereby the conveyance by the filter drains is under-represented (i.e. they flow less in the
model than they would in reality).

3.3.1. The chosen approach requires a high resolution in the model grid combined with high
roughness to represent the ‘pit’ of the drain only and the gravel contained within it. The
presence of the perforated pipe in the base of the filter drain pit has been excluded from the
model, and thus makes the representation in the model conservative (flows less in the model

than in reality).

3.3.2. Theffilter drains are proposed to be 0.6 m wide and filled with well graded gravel. The gravel
can reasonably be assumed to have a void ratio of 0.35, or near one-third of its true cross-
sectional area. Therefore, the pit in the model can be represented by a reduction in width.
The nearest subdivision of the grid resolution is 0.25 m, and therefore the model grid has
been resolved at 0.25 m for the routes of the filter drains. Initial testing of the increased
resolution included a grid of 0.125 m but memory limitations on the workstation hardware
prevented such a high resolution from being applied in the model.

3.3.3. The modelled filter drain ‘pit’ has been combined with a high Manning’s n value of 0.1 (the
natural limit of the TUFLOW HPC Wu formulation). This increased Manning’s n value
represents the resistance to flows by the gravel in the pit. While there are no
recommendations for representing flows through the void space of a gravel the choice of
high Manning’s n becomes arbitrary. Therefore, a sensitivity test was conducted to
understand the impact that other values of Manning’s n could have for the conveyance in
the pit. This test requires that the default upper limit of Manning’s n be raised in the model
setup. For this sensitivity test only, the limit was raised to 0.7 so that a value of 0.5 could be
tested representing the gravels in the filter drains. Only very minor alterations to the
operation of the filter drains were observed as a result of this test. These minor changes
were not of significance to the operation of the drains and therefore the representation of
the filter drain gravels with high Manning’s can be considered insensitive to further increases

include those outside of the normal range of those values.

3.3.4. The model includes a necessary deviation from the design shown in Figure 5. This relates
to the pipe crossing beneath the access road, where the pipe has been included as a filter
drain instead of a pipe only. This is necessary to increase the overall flow capacity of the
crossing under the road.
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34.

3.5.

Table 3 lists the models run for the TUFLOW baseline conditions and initial testing. All
simulations use the TUFLOW control file 4071_0OIldShrm_~s1~_~e1~_~s2~.fcf. All baseline
simulations are designated A3 while the post development scenario is designated C3.

P30 3.3%AEP
P30cc40 3.3%AEP+40% climate change
Loxsing A3 P100 1%AEP
000
P100cc45 1%AEP+45% climate change (higher central)
P1000 0.1%AEP
Post development | C3 P100cc45 Proposed development scenario
nUP Manning’s n roughness +20%
A3
Sensitivity tests P100cc45s | PN Manning’s n roughness -20%
c3 MHi Manning’s upper limit of 0.1 raised to test filter
drains with a Manning’s n of 0.5

Table 3 — List of model simulations with corresponding events

Table 4 lists and describes the files used in the TUFLOW model setup, including geometry files,

boundary files for both 2D and 1D.

2d_code_4071_Active_Area_A_R.SHP
2d_loc_4071_Grid_A_L.SHP
2d_qnl_4071_Grid_Res_C1_R.SHP

2D files controlling the active area of the model, the
grid orientation and resolution

TQmerge_AdurRight DTM_1m.TIF

LiDAR data interpolated into the model grid

2d_zsh_4071_NMF_landscaping_A2_R
2d_zsh_4071_Setback_defence_A2_ L
2d_zsh_4071_ditches_A2_L
2d_zsh_4071_ditches_A2_P
2d_zsh_4071_Roads_routing_A2_L
2d_zsh_4071_Channel_Slopes_A2 R
2d_zsh_4071_Channel_Slopes_A2 L
2d_zsh_4071_Channel_Slopes_A2_P

Adjustments to the model grid geometry for features
not represented well in the LiDAR.

2d_zsh_4071_MBL_culvert_artificial_A_R

Marsh Barn Lane embankment artificial culvert cut
through (see methodology section for reasoning)

2d_zsh_4071_buildings_offsite_ A_R

Offsite neighbouring buildings

2d_zsh_4071_740IdShorehamRd_A_R_R

Existing on-site building

2d_zsh_4071_Proposed_Landscaping_C1_R
2d_zsh_4071_Proposed_Landscaping_C1_L

2d_zsh_4071_Proposed_Landscaping C1_P

Adjustments to the model grid geometry for the
proposed land raising and filter drains.
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2d_zsh_4071_Berrys_drains_A2_L
2d_zsh_4071_Berrys_drains_A1_P

2d_soil_4071_measured_rates_ A R
2d_soil_4071_Impermeable_watercourses_A_R
2d_soil_4071_Roads_drainage_A1_R Soils infiltration rates applied to the model.

2d_soil_4071_Berrys_dains_A1_R

Materials files specifying land use types; includes the
roughness applied to the filter drains (standard
representation, and the higher value for sensitivity
testing)

2d_mat_4071_Roads_A2 R
2d_mat_4071_Berrys_drains_A R
2d_mat_4071_Berrys_drains_high_C_R

1D — 2D boundary interface connection between the

2d_bc_4071_SX_A2 R2d bc 4071_SX A2 L pipe and the 2D representation of the watercourse

Abstraction point representing the pumping station at

2d_sa_4071_GW_pump_A R Cecil Pashley Way

Representation of several culverts in the model

1d_nwk_4071_Culverts_A2 L . .
1d nwk 4071 Culverts A2 UP L (malnly.on New Monks.Farm lands); |nc|l:|q§s '
1d nwk 4071 Culverts A2 DN L alternative versions which match to sensitivity testing

- of Manning’s n roughness

Table 4 — TUFLOW model files

4. Sensitivity Testing

4.1. Several key sensitivity tests have been undertaken to ensure a full understanding of model
behaviour. These have included:

. Manning’s n roughness value +20%; and
. Manning’s n roughness value -20%.

4.2. Other sensitivity tests have been undertaken that relate specifically to the setup of the model
and therefore have been detailed in the relevant sections of this report.

4.3.  Manning’s n values £20% — the surface roughness in the model represents typical conditions
with respect to seasonal vegetative growth. However, vegetation can change significantly
between summer and winter, and therefore greatly affect the speed at which flood water may

transit through an area.

4.3.1. The results show that the variance of Manning’s n by +20% and -20% results in flood levels
varying in the river adjacent to the-site by 0.008 m and -0.014 m respectively. On this basis,
the seasonal growth and variation in vegetation is not considered to be significant and
therefore, no further adjustment has been made or investigated.

5. Simulation Messages

5.1.  The model simulation reports no significant messages before or during the simulation that

require further investigation.
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6. Results

6.1.  The graphical model results are appended to this technical report and are listed in Table 5.

Model . . Figure
T Scenario Event Scenario Output No.
1:30 year, present
1 day Max depth A1
1:30 year, +40%
2 climate change Max depth A2
Existing
3 1:100 year, present Max depth A3
day
1:100 +45%
4 climate change Design event Max depth A4
[2125]
1:100 +45%
5 Post development climate change Max depth A5
[2125]
1:100 +45%
6 Difference plot (impacts) climate change ';I.OOd level A6
ifference
[2125]
- 1:1,000 year,
7 Existing present day Max depth A7

Table 5 - List of appended figures

6.2. In summary, the results show that the filter drains more than compensate for the displacement
by the proposed land raising, and overall have a positive impact off-site with a reduction in the
flood level in the vicinity of neighbouring property numbers 72 and 76.

6.2.1. All negative impacts are contained on-site.

6.2.2. There are no impacts downstream of the site.

6.3. These results require that the filter drain is continuous beneath the access road.

7. Enclosed Documents
7.1.  The following documents have been enclosed with this technical note:
. Modelling results;
. Topographic survey;
. Soil infiltration testing report; and

. Proposed development plan.
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