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Executive Summary
Introduction
East Riding of Yorkshire Council (ERYC) require Level 2 SFRAs for sustainable settlements where
there is a significant risk of flooding and development may have to take place within areas at high
risk of flooding. Hedon is one of these settlements. This Level 2 SFRA builds upon information
in the Level 1 SFRA.

Purpose of the SFRA
The overall purpose of the Level 2 SFRA is to


Determine the variations in risk from all sources of flooding across the area, and also the
risks to and from surrounding areas in the same flood catchment



Inform the sustainability appraisal of the Local Plan, so that flood risk is fully taken into
account when considering allocation options and in the preparation of plan policies,
including policies for flood risk management to ensure that flood risk is not increased



Support application of the Sequential Test and, where necessary, the Exception Test when
determining land use allocations



identify the requirements for site-specific flood risk assessments in particular locations,
including those at risk from sources other than river and sea flooding;



determine the acceptability of flood risk in relation to emergency planning capability;



consider opportunities to reduce flood risk to existing communities and developments
through better management of surface water, provision for conveyance and of storage for
flood water.

Conclusions
Modelling shows that the majority of Hedon is protected from fluvial flooding for a 5% AEP, 1%
AEP and a 0.1% AEP event. Fluvial flooding mainly affects undeveloped land to the east and west
of Hedon, to a maximum depth of 0.5 metres. Maximum flood hazard is typically very low for 5%
and 1% AEP events, increasing to ‘danger for some’ in some areas for 0.1% AEP. Climate change
will increase the 1% AEP extent in the undeveloped areas to the east and west (whilst remaining
less than the present day 0.1% AEP extent) and increase the 1% AEP hazard in some areas to
‘danger for some’. The tidal defences protect Hedon from tidal flooding for a 0.5% AEP plus
climate change event.
Results from tidal breach modelling show that approximately half of Hedon along with large
swathes of surrounding rural land are potentially at risk of flooding from the Burstwick New Clough
tidal gate failing. Flood velocities range from 0 – 0.5 m/s. Within Hedon, flood depths mostly range
from 0 – 0.5 metres with very low hazard or ‘danger for some’. However, around the Draper’s Lane
area within Hedon and in the surrounding rural areas, flood depths reach up to 1 metre with
‘danger for most’ in parts. Modelled rates of ingress following a tidal breach show that the rate of
ingress varies between areas, with some flooding in less than 0.5 hours and some flooding in over
3 hours.
A breach of the fluvial defence results in a much smaller area potentially at risk of flooding than
tidal gate breach would, particularly within and to the west of Hedon. There are only relatively
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small pockets at flood risk within Hedon itself. Flood depths range from 0 – 0.5 metres in almost
all areas at risk in Hedon. In the Draper’s Lane area and surrounding rural areas, flood depths
range from 0 – 1 metres. In and around Hedon, flood velocities range from 0 – 0.5 m/s. Most of
Hedon and the rural land to the west has very low hazard. Only houses on the south of Westwick
(road) and the undeveloped land to the east of Hedon has ‘danger for some’ or ‘danger for all’.
Modelled rates of ingress following a fluvial breach show that much of Hedon and the surrounding
rural land at risk flood within 0.5 hours.
In addition to tidal and fluvial risk, there is surface water risk. This risk is primarily from tide locking
of flapped outfalls as a result of high tide, causing backing up of the surface water system where
the drainage network discharges into the Burstwick Drain through flapped outfalls. Additionally,
the raised banks of the Burstwick Drain may impede the free discharge of surface water during a
flood event.

Recommendations
Mapping and guidance set out in this SFRA should be used in combination to apply the Sequential
Test in Hedon. As, the majority of Hedon lies within Flood Zone 3a and is protected by defences,
it is essential that future development in Hedon takes the residual risk into account.
Given the high risk of flooding in Hedon, the study area has been broken down, using a policydependent approach, into regions to allow a more meaningful application of the Sequential Test.
Appendix E and Table 6-1 should be used in combination when applying the Sequential Test.
Should development pass the Sequential Test, then a site specific FRA will be required, and the
Exception Test will need to be passed, in accordance with the minimum standards expected for
any development within the Hedon Level 2 SFRA study area, set out in Table 6-2.
Other sources of flooding also need to be considered, for example surface water and groundwater,
and developers and planners should consider emergency planning arrangements including the
provision of safe access and egress, safe refuge areas, available flood warnings and evacuation
and emergency plans. Further information for these can be found in the Level 1 SFRA.

SFRA Maintenance
The SFRA is a document that is intended to be periodically updated as new information and
guidance becomes available. It is important to recognise that the SFRA has been developed
using the best available information at the time of preparation. The outcomes and conclusions of
the SFRA may not be valid in the event of future changes to the data. It is the responsibility of the
user to ensure they are using the best available information. It may be necessary for the user to
undertake their own assessment, for example and site-specific flood risk assessment or climate
change modelling.
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Glossary
Term
Active Mitigation
AEP
AStGWf
Basement
Breach Region
Catchment Flood
Management Plan
(CFMP)
Defence Buffer Region
Dwelling
Flood defence
Fluvial Flooding
Flood Risk Assessment
(FRA)
Flood Risk Management
Plans (FRMP)
Groundwater rebound
Habitable Use
Left Bank
LFRMS
LLFA
LPA
Main River

Minor development (as
defined by Environment
Agency)

NPPF
Ordinary Watercourse
Overtopping Region
Passive Mitigation
PFRA
Pitt Review
PPG

Definition
Mitigation measure that require human intervention (or power) to operate properly
The probability of fluvial (river) flooding uses the Annual Exceedance Probability (AEP).
This is sometimes known as the ‘annual probability’ of flooding. A flood event described
as a 1% AEP has a 1% (or 1 in 100) chance of occurring in any given year. This could
alternatively be described as a 100 year return period flood event, that is, it is an event
that is likely to occur, on average, once every 100 years.
Areas Susceptible to Groundwater Flooding
The floor of a building which is partly or entirely below ground level
Hedon Level 2 SFRA Policy: Areas that flood following a breach of defences in a 0.5%
AEP plus climate change event. This is the ‘residual risk’ scenario
A high-level planning strategy through which the Environment Agency works with their
key decision makers within a river catchment to identify and agree policies to secure the
long-term sustainable management of flood risk.
Hedon Level 2 SFRA Policy: 20 metre buffer region around flood defences, as required
for access e.g. for maintenance and / or future flood management options.
As defined in Part M of the Building Regulations – A house or flat.
Infrastructure used to protect an area against floods as floodwalls and embankments.
Flooding resulting from water levels exceeding the bank level of a watercourse
A site specific assessment of all forms of flood risk to the site and the impact of
development of the site to flood risk in the area.
FRMPs benchmark existing flood risk, set out strategic priorities and actions for
managing flood risk, and identify more detailed measures that will reduce flood risk to
communities
The raising of groundwater levels resulting from a reduction in abstractions rates
following a period of high abstraction which kept levels artificially low
As defined in Part M of the Building Regulations - A room used, or intended to be used,
for dwelling purposes, including a kitchen but not a bathroom or utility room.
The bank on the left when looking downstream
Local Food Risk Management Strategy
Lead Local Flood Authority - Local Authority responsible for taking the lead on local flood
risk management
Local Planning Authority
A watercourse shown as such on the Main River Map, and for which the Environment
Agency has responsibilities and powers
Minor development as defined by the Environment Agency include

Minor non-residential extensions: industrial/commercial/leisure etc. extension
with a footprint less than 250 square metres

Alterations: development that does not increase the size of buildings

Householder development: for example, sheds, garages etc. within the
curtilage of the existing dwelling itself. It excludes any proposed
development that would create a separate dwelling within the curtilage of the
existing dwelling
National Planning Policy Framework
All watercourses that are not designated Main River. Local Authorities or, where they
exist, IDBs have similar permissive powers as the Environment Agency in relation to
flood defence work. However, the riparian owner has the responsibility of maintenance.
Hedon Level 2 SFRA Policy: Areas that flood following overtopping of defences in a
0.5% AEP plus climate change event. This is the ‘design flood risk’ scenario.
Mitigation measures that require no human intervention (or power) to operate properly
Preliminary Flood Risk Assessment
Comprehensive independent review of the 2007 summer floods by Sir Michael Pitt,
which provided recommendations to improve flood risk management in England.
Planning Practice Guidance. Flood Risk and Coastal Change is the PPG most relevant
to flood risk
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Term

Rapid Inundation Zone

Replacement dwellings
Resilience Measures
Resistance measures
Right Bank
Risk
RoFfSW map
Return period
Sewer flooding
SFRA
Standard of Protection
(SoP)
Sustainable Drainage
Systems (SuDS)
Surface water flooding
Tide locking
Tidal Flooding

Definition
Areas that flood to depths greater than 900mm, within 0.5 hours of a breach, in a 0.5%
AEP plus climate change event. Breaches could occur at any point along the defences.
As only a limited number of breaches have been modelled for the SFRA, the combined
breach outline has been contoured to account for those areas in between the modelled
breaches.
A threshold of 900mm has been used as standard mitigation measures would not
exceed 900mm.
The replacement of an existing dwelling
Measures designed to reduce the impact of water that enters property and businesses;
could include measures such as raising electrical appliances.
Measures designed to keep flood water out of properties and businesses; could include
flood guards for example.
The bank on the right when looking downstream
In flood risk management, risk is defined as a product of the probability or likelihood of
a flood occurring, and the consequence of the flood.
Risk of Flooding from Surface Water map
Is an estimate of the interval of time between events of a certain intensity or size, in this
instance it refers to flood events. It is a statistical measurement denoting the average
recurrence interval over an extended period of time.
Flooding caused by a blockage or overflowing in a sewer or urban drainage system.
Strategic Flood Risk Assessment
Defence standards are usually described in terms of a flood event return period. For
example, a flood wall could be described as providing a 1% standard of protection,
meaning it is designed to protect against floods with a 1% AEP of flooding or less.
Management practices and control structures designed to drain surface water in a
sustainable manner.
Flooding as a result of runoff following high intensity, or prolonged, rainfall when water
is ponding or flowing over the ground surface before it enters the underground drainage
network or watercourse or cannot enter it because the network is full to capacity.
Tide locking occurs when the difference in relative water levels of watercourses and
tides impacts on drainage assets such as flaps and non-return valves. The tide prevents
or restricts fluvial flows from discharging, causing raised water levels in the river
Tidal flooding occurs when tides inundate land due to the high tide line exceeding land
or tidal defence level
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1

Introduction

1.1

Purpose of the SFRA

The National Planning Policy Framework (NPPF) Planning Practice Guidance (PPG) Flood Risk
and Coastal Change1 Paragraph 012 sets out two levels of Strategic Flood Risk Assessment
(SFRA).
Level 1
A Level 1 Assessment should be carried out in local authority areas where flooding is not a major
issue and where development pressures are low. The Assessment should be sufficiently detailed
to allow application of the Sequential Test to the location of development and to identify whether
development can be allocated outside high and medium flood risk areas, based on all sources of
flooding, without application of the Exception Test.
Level 2
Where a Level 1 Assessment shows that land outside flood risk areas cannot appropriately
accommodate all the necessary development, it may be necessary to increase the scope of the
Assessment to a Level 2 to provide the information necessary for application of the Exception Test
where appropriate. A Level 2 Strategic Flood Risk Assessment should consider the detailed nature
of the flood characteristics within a flood zone including:


flood probability;



flood depth;



flood velocity;



rate of onset of flooding; and



duration of flood

A Level 1 Strategic Flood Risk Assessment has been prepared for the whole of East Riding. East
Riding of Yorkshire Council (ERYC) require a Level 2 SFRA for Hedon, which is a sustainable
settlement where further development may have to take place within areas at high risk of flooding.
This Level 2 SFRA builds upon information in the Level 1 SFRA.
The overall purpose of the Level 2 SFRA is to


Determine the variations in risk from all sources of flooding across the area, and also the
risks to and from surrounding areas in the same flood catchment



Inform the sustainability appraisal of the Local Plan, so that flood risk is fully taken into
account when considering allocation options and in the preparation of plan policies,
including policies for flood risk management to ensure that flood risk is not increased



Support application of the Sequential Test and, where necessary, the Exception Test when
determining land use allocations

________________________
1

Department for Communities and Local Government, March 2014. Planning Practice Guidance: Flood Risk and
Coastal Change Reference ID: 7-003-20140306
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identify the requirements for site-specific flood risk assessments in particular locations,
including those at risk from sources other than river and sea flooding;



determine the acceptability of flood risk in relation to emergency planning capability;



consider opportunities to reduce flood risk to existing communities and developments
through better management of surface water, provision for conveyance and of storage for
flood water.
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2

Study Area

Hedon is a small town to the east of Hull within the East Riding of Yorkshire, situated on Burstwick
Drain. The town has a population of approximately 7,100 according to the 2011 UK census. The
area surrounding Hedon is predominantly Grade 3 agricultural land. The study area is shown in
Figure 2-1.
Figure 2-1: SFRA Study Area

2.1

Watercourses and drainage in Hedon

2.1.1

Watercourses

The Burstwick catchment drains an area of 80km2. The land use of the area is predominantly
rural agricultural land, particularly in the upper parts of the catchment. The topography of the
catchment is relatively flat. The highest elevations reach approximately 27m AOD in the upper
catchment. The south western part of the catchment, which includes Hedon, down to the
confluence with the Humber Estuary, lies on very low ground, of approximately 3m AOD. The
Burstwick catchment covers a considerable number of drains that connect with the adjacent Old
Fleet catchment to the north-west of Hedon during high flows when water overtops the channel
banks and flows across the floodplain.
At Hedon, the Burstwick Drain flows east to west through the south area of the town. The drain
discharges at low tide at Salt End into the Humber Estuary through a tidal gate named Burstwick
New Clough. This tidal gate controls water discharging from the Burstwick catchment into the
Humber Estuary and prevents the backing up of water from the Estuary.
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The channel in the lower Burstwick catchment is gently sloped and flows through a relatively flat
landscape with its bed elevations varying between -1m AOD and 3m AOD between Salt End and
The Ings. The channel width varies between 6 and 25 metres.
Upstream, to the east of Hedon the Burstwick Drain is joined by a number of riparian watercourses.
West of Hedon, Westlands Drain flows into Burstwick Drain through a flapped outfall.
Watercourses in the Hedon area are shown in Figure 2-2.

2.1.2

Internal Drainage Board Drainage System

The South Holderness Internal Drainage Board (IDB) is responsible for a number of watercourses
within the Burstwick catchment, around Hedon including, but not limited to, part of Old Fleet Drain,
Preston New Drain, Reedmere Sewer, part of Burstwick Drain, part of Thorngumbald Drain and
part of Skeffling Drain.
The IDB does not have any pumping stations in the area. Through the operation and maintenance
of outfalls and the channel system, the IDB seek to maintain a general standard capable of
providing flood protection to agricultural land from a 5% AEP event, and to developed areas from
a 1% AEP event. However, this cannot be taken literally and there is a chance of some over
spilling from the system taking place2.

2.1.3

Surface Water Drainage

Hedon has both surface water and combined sewers, as well as highway drains. Non-return
valves, six of which are the responsibility of Yorkshire Water, protect the surface water network
from inundation from the Burstwick Drain at times when water levels in the Drain are high.
Additionally, the sewer system includes a balancing lagoon (Magdelan Storm Lake) and floating
arm non-return valve chamber on the Inmans Estate.

________________________
2

South Holderness Internal Drainage Board (May 2013) Policy Statement on Flood Protection and Water Level Management

https://www.southholdernessidb.co.uk/statements.html
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Figure 2-2: Watercourses in Hedon

2.2

Historic Flooding in Hedon

Historic flooding information can vary in quantity and quality as well as spatially throughout an
area. Monitoring and recording of flood events has improved over time; as a result, there is more
information available on more recent flood events than those that occurred further back in time.
Section 19 of the Flood and Water Management Act gave LLFAs the duty to investigate and
produce reports on flooding where it considers it necessary or appropriate. Section 19
investigations examine the cause of the flood, the role of flood risk management authorities that
may be involved and what is proposed in response to the flood. Before undertaking an
investigation ERYC consider the following criteria:


Significant risk to life or health;



Number of residential or commercial properties affected;



Number or extent of critical infrastructure affected;



Key transport infrastructure affected;



Significant disruption to commercial and business activities;



Reoccurrence of incidents;



The cause is unknown or unclear; and



A decision or action is required by the Humber Local Resilience Forum.
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As part of the Section 19 investigation, recommendations are made for measures that could
improve flood risk management and resilience.
The responsible organisation for the
recommendation is identified in the report and progress is reported in recommendation updates.
The published Section 19 reports and recommendation updates can be found on the Council’s
website.

2.2.1

August 2000

Torrential rain resulted in drainage systems on the Inmans Estate were unable to discharge into
the Burstwick Drain due to high water levels in the drain. Temporary pumps were deployed to
pump the water.

2.2.2

June 2007

Hedon was one of the communities worst hit by the summer floods of 2007 when the local
drainage system was overwhelmed by the volume of water. Similarly, to August 2000, drainage
systems on the Inmans Estate were unable to discharge into the Burstwick Drain due to high water
levels in the Drain.
Following the 2007 event, a number of improvements have been undertaken to drainage systems
and river banks by both the Environment Agency and East Riding of Yorkshire Council, to tackle
fluvial flood risk within the Burstwick catchment, including raising of flood defences and installation
of over-pumping stations.

2.2.3

August 2014

Hedon was one of 26 settlements affected by flooding issues on 10 August as a result of severe
weather (ex-hurricane Bertha) with strong winds and heavy rain. A council rain gauge at Hedon
recorded a peak rainfall rate of 7.8mm per hour, with 27.6mm of rain recorded between 9:00am
to 2:30pm. The flooding affected highways and gardens. The Section 19 investigation concluded
that the rainfall on 10 August was of an exceptional intensity which exceeded the current or historic
design standards for the drainage infrastructure.
The Section 19 investigation3 made four recommendations for measures that potentially should
improve flood resilience, although none relate specifically to Hedon.

2.2.4

August 2017

On 8 August 2017 steady rainfall across much of East Riding, and some localised periods of
intense rainfall, resulted in flooding in several locations. The worst affected area was Withernsea
where roads and properties were affected, including two properties internally, and Flamborough
where a road was closed for safety. Other affected areas include Barmston, Beverley, Bishop
Burton, Brandesburton, Bridlington, Coniston, Easington, Gransmoor, Great Hatfield, Hedon,
Hessle, Hornsea, Hollym, Hutton Cranswick, Keyingham, New Ellerby, Newport, Ottringham,
Patrington Haven, Preston, Pollington, Skerne and Woodmansey. The Section 19 investigation
concluded that flooding occurred as a result of the drainage systems becoming overwhelmed by
the intense rainfall following periods of rain throughout the day that had filled the drainage

________________________
3

ERYC, January 2015. Flood Investigation Report: Ex Hurricane Bertha 10 August 2014
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systems. In Flamborough the cause was the watercourse becoming overwhelmed by the runoff
from the catchment area4.
The Section 19 investigation identified a number of measures that could potentially improve flood
resilience including investigating the feasibility of remedial measures, consideration of installation
of property level flood protection, installation of additional gullies and improving drainage.

2.2.5

April 2018

On the 2 and 3 April 2018 many accounts of flooding were reported throughout the whole of East
Riding of Yorkshire, including reports of garden and highway flooding in Hedon5.
From the beginning of December 2017 through to April 2018 the rainfall throughout the region was
steady and frequent. The prolonged wet conditions resulted in saturated ground, high
groundwater levels and high levels in rivers and watercourses. Further heavy rain on the 2 and 3
April led to flooding within the town.
The highway flooding in Hedon was a result of high water levels in the Burstwick Drain and nonreturn valves being shut. In Ainslie Road, some surface water sewers were filling with river water
as a result of failure of non-return valves. Acklam Road also suffered flooding. A mobile pump
was deployed to Ainslie Road and Inmans Estate
The Section 19 investigation concluded the water levels in the Burstwick Drain and the
performance of the surface water sewer system contributed to the flooding which occurred, and
that the condition of the balancing lagoon and failure of non-return valves on sewer outfalls was a
significant factor in the flooding as this allowed river water to inundate the surface water sewers.
The Section 19 investigation made a number of recommendations relevant to Hedon including


Yorkshire Water should consider reviewing the maintenance arrangements and schedules
for the floating arm non-return valve and the balancing lagoon serving the Inmans estate



Check, confirm and report on the correct operation of Yorkshire water’s non-return valves
on all outfalls into the Burstwick Drain

2.2.6

November 2019

Heavy rain in November led to surface water flooding on major roads throughout East Riding of
Yorkshire6, including Hedon.
East Riding of Yorkshire Council are preparing a Section 19 investigation for this event which will
be published in the summer of 2020.

________________________
4

ERYC, December 2017. Flood Investigation Report: East Coast Flooding Event 2017

5

ERYC, November 2018. Flood Investigation Report: Spring 2018 Flooding Events

6

https://www.hulldailymail.co.uk/news/hull-east-yorkshire-news/flood-weather-electric-transport-warning-3512951
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3

Flood Risk Management in Hedon

3.1

Flood Defence Assets

Flood defences are any assets that provide flood defence or coastal protection functions and can
be formed of structures, buildings or parts of buildings. Usually a number of assets will be used
in combination to manage flood risk to an area. Hedon and the surrounding area generally have
a ground level of less than 5mAOD which is lower than the Mean High Water Spring level. As
such, Hedon and the surrounding area is reliant on flood defences to prevent regular tidal
inundation.
Following flooding in 2007, both the Environment Agency and East Riding of Yorkshire Council
have undertaken a number of improvements to drainage systems and river banks to tackle fluvial
flood risk within the Burstwick catchment. These include:


Raising of fluvial defences at Hedon and Burstwick to a 0.5% AEP standard of protection
to prevent overtopping of banks during high flows.



Installation of two over-pumping stations by the Environment Agency. One is a mobile
facility to be used at Burstwick New Clough to drawdown high water levels in the drain
whilst it is tide-locked. The other is installed at the outfall of the Westlands Drain and is
operated at times when water from the Westlands Drain cannot discharge into the
Burstwick Drain by gravity.

In addition to the above, Westlands Drain is protected by high ground as it flows through Hedon
and a tidal gate at Burstwick New Clough controls water discharging from the Burstwick Drain into
the Humber Estuary. Failure of the tidal gate during periods of high tide would lead to significant
volumes of water from the Humber Estuary entering the Burstwick Drain and would have a
significant effect on flood risk in Hedon and the surrounding area.
Figure 3-1, Figure 3-2, and Figure 3-3 show the location of the defences, the type and standard
of protection of the defence, and the operator of the defence.
In 2011, demountable pump apparatus, jointly funded by Yorkshire Water and East Riding of
Yorkshire Council, was installed within Greville Road Playing Fields on the Inmans Estate. The
project consisted of the installation of permanent buried pipework, valve gear and hardstanding
for temporary pumps. This was following the floods in 2000 and 2007 in which temporary pumps
were brought in which were difficult to install and blocked resident access.
The Humber Estuary is lined by embankments at Salt End down to Paull, where the defence is a
flood wall. The design standard of protection for these defences is 0.5% AEP.
The surface water network is protected from inundation by the Burstwick Drain by a number of
non-return valves. Additionally, the sewer system includes a balancing lagoon (Magdelan Storm
Lake) and floating arm non-return valve chamber on the Inmans Estate.
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Figure 3-1: Fluvial/tidal flood defence type

Figure 3-2: Fluvial/tidal flood defence design standard of protection

Page 18 of 51
Commercial in confidence

Figure 3-3: Fluvial/tidal flood defence operator

3.2

Flood Risk Management Measures

In addition to the flood defences, property level resilience measures have been completed at
Inmans Industrial Estate and a new screen structure installed on Westlands Drain.
Phase 2 of the Hull and Holderness Flood Alleviation Scheme (FAS) has been included in the
indicative pipeline programme 2021 onwards (based on best available information - May 2020).
The inclusion in the programme gives no assurance a scheme or project will be developed or
undertaken and can only be progressed subject to funding, technical feasibility and environmental
considerations.

3.3

Flood Risk Management Plans and Strategies

3.3.1

Humber Flood Risk Management Strategy (2008)

The current Humber Flood Risk Management Strategy, proposes the following management
approach:
“We will continue to protect this area and will work with the local and regional authorities, property
owners and developers to make sure flood risk is taken into account at all stages of the planning
process. The defences will need to be improved as sea levels rise. This will be expensive so we
will seek to supplement public funds with contributions from major beneficiaries and from
developers, who will be expected to pay the full cost of any new works needed to protect their
development”
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The published 2008 strategy ‘Planning for the Rising Tides’ was planned to be updated by the
Environment Agency starting in 2011; however, due to the tidal surge in December 2013, local
partners decided to develop their own bid direct to government. With the support of local MPs and
major businesses, the Humber Local Authorities, along with the Humber Local Enterprise
Partnership, submitted a proposal in 2015 to Central Government seeking a commitment for a
single settlement required to improve estuary-wide flood defences along the Humber Estuary.
Whilst the bid was unsuccessful, Defra proposed Humber local authorities and the Humber Local
Enterprise Partnership work with the Environment Agency to comprehensively review and update
the Humber Flood Risk Management Strategy. The Comprehensive Review and development of
the new strategy, named ‘Humber 2100+’, is currently underway. Humber 2100+ considers the
economic, social and environmental needs of the Humber Estuary to set the long-term strategic
approach to managing tidal flood risk, setting the way forward for the next 100 years. The aim is
to get Defra approval in 2020 following agreement by the local authority partners.

3.3.2

Humber Flood Risk Management Plan (2016)

Under the Flood Risk Regulations, the Environment Agency exercised an ‘Exception’ and did not
prepare a Preliminary Flood Risk Assessment (PFRA), choosing instead to prepare Flood Risk
Management Plans (FRMPs) for river basin districts (RBDs).
The Environment Agency FRMPs summarise the risk of flooding from Main Rivers, the sea,
groundwater and reservoirs, within the RBD. They set out how organisations, stakeholders and
communities will work together to manage flood risk and are updated with each six year cycle of
the Flood Risk Regulations. Environment Agency FRMPs draw from, and build on, existing flood
and coastal erosion risk management plans, for example, Catchment Flood Management Plans
(CFMPs), Shoreline Management Plans (SMPs) and Local Flood Risk Management Strategies
(LFRMSs).
The Humber Flood Risk Management Plan 2015 - 2021 sets out measures across the Hull and
East Riding Management Catchment and the Humber Estuary Strategic Area, both in which
Hedon falls.

3.3.3

Catchment Flood Management Plans

Catchment Flood Management Plans (CFMPs) are high-level strategic plans, prepared by the
Environment Agency, that provide an overview across a river catchment. They set out the longterm management plan for flood risk from rivers, groundwater, surface water and tidal flooding,
but not flooding directly from the sea (coastal flooding) and are used with other key stakeholders
to identify and agree the most effective way to manage flood risk in the future.
There are six pre-defined national policies set out in CFMPs and these are applied to specific
locations through ‘sub-areas’. These policies are intended to cover the full range of long term
flood risk management options in the catchment that can be applied to different locations.
The six policies are
1. no active intervention (including flood warning and maintenance). Continue to monitor and
advise;
2. reducing existing flood risk management actions (accepting that flood risk will increase
over time);
3. continue with existing or alternative actions to manage flood risk at the current level
(accepting that flood risk will increase over time from this baseline);
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4. take further action to sustain the current level of flood risk (responding to the potential
increases in risk from urban development, land use change and climate change);
5. take action to reduce flood risk (now and/or in the future); and
6. take action with others to store water or manage run-off in locations that provide overall
flood risk reduction or environmental benefits, locally or elsewhere in the catchment.
CFMPs can be found on the Government’s website. Hedon is covered by the Hull and Coastal
Streams Catchment Flood Management Plan (December 2010) and falls within the Burstwick Subarea. Policy Option 5 has been applied to this Sub-area.

3.3.4

Local Flood Risk Management Strategy (2015)

The East Riding Local Flood Risk Management Strategy (LFRMS) sets out the Council’s plan for
managing local flood risk up until 2027 and beyond, with an overall aim to reduce flood risk to
residents and businesses. It considers all aspects of flood risk management: preparation,
protection, prevention and recovery.

3.4

Flood Warning Service

The Environment Agency’s Flood Warnings Direct Service provides flood warnings, for fluvial and
tidal flooding, to homes and businesses in Flood Zones 2 and 3 via telephone, mobile, fax or
pager. The different levels of warning are shown in Table 3-17.
Table 3-1: Flood Warning Levels
Warning Level

Symbol

Flood Alert

Flood Warning

Description

Flooding is possible – be prepared

Flooding is expected – immediate action is required

Severe Flood Warning

Danger to life

________________________
7

https://www.metoffice.gov.uk/guide/weather/flood-warnings/what-does-this-mean
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The Hedon Level 2 Study area is covered by two Flood Alert Areas and four Flood Warning Areas
(FWAs) as shown in Appendix I
Table 3-2: Flood Warning Service Coverage relevant to Hedon
Flood Alert Area

Area Covered

Burstwick and Keyingham
Drains

Burstwick and Keyingham Drains and surrounding area, including Hedon, Saltend,
Burstwick, Thorgumbald and Sunk Island

Humber Estuary from
Thorngumbald Pumping
Station to Lords Clough

Humber Estuary from Thorngumbald Pumping Station to Lords Clough

FWA Area

Area Covered

Burstwick Drain at Hedon
East

All properties east of the B1240 (Sheriffs Highway)

Burstwick Drain at Hedon
West

All properties west of the B1240 (Sheriffs Highway)

Westlands Drain at Hedon

Properties on Poplar Grove, Farand Street, Robson Way, Cedar Close, Oak Grove,
Beech Avenue, New Road, Drapers Lane, Cloeberry Way and Green Road

North Bank of the Humber
Estuary at Saltend

Chemical works
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4

Fluvial / Tidal Flood Risk in Hedon

4.1

Flood Zone 3b (Functional Floodplain)

Flood Zone 3b for Hedon was not defined in the Level 1 SFRA. The modelling undertaken for this
Level 2 SFRA has provided the information necessary to define Flood Zone 3b in Hedon. The
present day Flood Zone 3b has been based on the 5% AEP defended modelling results which
includes existing defences and infrastructure. Buildings have not been represented within the
modelling.
An indication of the effect of climate change on Flood Zone 3b has been mapped using the 3.3%
AEP modelled flood extent from East Riding of Yorkshire Council’s integrated model of Burstwick
Drain developed for the Flood Risk Management Plan (FRMP). It should be noted that the FRMP
model followed a different approach and had a different purpose to the model developed with the
SFRA. However, it was agreed with the Environment Agency and East Riding of Yorkshire Council
that the 3.3% outline could be adapted and used as a proxy for Flood Zone 3b plus climate change.
The result show small increases in the extent of Flood Zone 3b due to climate change with the
exception of the rural land to the east of Hedon where larger increases in the extent of Flood Zone
3b are seen.
The Flood Zone 3b outlines, as well as the Flood Map for Planning Flood Zones 2 and 3a, are
provided in Appendix B.

4.2

Residual Risk

Residual risk refers to the risks that remain where flood alleviation measures have been taken.
Residual risk can be:


The effects of a flood of a magnitude greater than that for which the flood risk management
measures or defences have been designed to alleviate. This may result in overtopping of
flood defences, or failure of flood gates or pumping stations to cope with the level of flow
occurring.



Failure of the flood risk management measures or defences to perform as intended. This
may be a breach failure of flood embankments or walls, or failure of flood gates and walls
to operate as intended.

It is important, in areas where flood alleviation measures have been taken, to assess residual risks
to confirm if the consequences can be safely managed.
The residual risk to Hedon has been assessed through hydraulic modelling of a number of
overtopping and breach scenarios. Composite maps presenting the results from these modelled
scenarios are provided in Appendix C and Appendix D. A technical summary of the modelling
undertaken, including the location of the breaches, is included in Appendix A. When preparing a
site specific flood risk assessment, developers should be aware that they may need to undertake
further modelling (for example in areas where the individual breach scenarios are remote from the
site, or to update the existing modelling). Further assessment may also be required to investigate
critical flood depth, hazards or velocities to sites, or to be more explicit with regards speed of onset
of flooding and duration.
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In the event of breach that causes flooding of the town, it is important to acknowledge that recovery
may be slow due to the reliance on pumped discharges, and the potential repair(s) to any breach
locations.

4.3

Overtopping

4.3.1

Fluvial

The present day modelling results show the majority of Hedon is protected from flooding for a 5%
AEP, 1% AEP and a 0.1% AEP event, with flooding mainly affected undeveloped land to the east
and west of Hedon. Maximum flood depths in these locations is predominantly less than 0.5
metres. The 1% AEP plus climate change modelling shows an increase in flood extent in the
undeveloped areas to the east and west when compared to the present day 1% AEP event, but
the extent is less than that of the current 0.1% AEP event. Maximum flood hazard is typically
very low for the present day 5% and 1% AEP events, with hazard increasing to Danger to Some
in some areas in the present day 0.1% AEP event and 1% AEP plus climate change event.

4.3.2

Tidal

The standard of protection provided by the tidal defences means there is no overtopping of the
defences in a 0.5% AEP plus climate change event.

4.4

Breach

The consequences of a future breach failure of the existing defences in Hedon has been assessed
through hydraulic modelling of 5 agreed breach locations – 1 tidal, at Burstwick New Clough, and
4 fluvial. The location of the breaches is shown on the maps in Appendix D.

4.4.1

Tidal Defence breach

The consequences of a future breach failure of the Burstwick New Clough tidal gate have been
assessed through hydraulic modelling.
Model results show that approximately half of Hedon is potentially at risk of flooding if the tidal
gate were ever to fail. Areas of Hedon potentially at risk are the areas incorporating Draper’s Lane
/ Middle Lane / Farnand Road (south-west Hedon), incorporating Princes Avenue / The
Woodlands (north-west Hedon), bounded by Inmans Road / Brevere Road (north-east Hedon)
and incorporating Charles Street / Adeliza Garth (south Hedon). Large swathes of rural land
surrounding Hedon, particularly to the west towards Salt End, are also potentially at risk of
flooding. Flood depths range from 0 – 0.5 metres in almost all areas at risk in Hedon, except for
the Draper’s Lane area where flood depths range from 0 – 1 metre. In the areas surrounding
Hedon, flood depths range from 0 – 1 metre. In and around Hedon, flood velocities range from 0
– 0.5 m/s. Flood hazard assessment shows that the depths and velocity of flow following a breach
of the tidal gate would result in mostly very low hazard or danger for some within Hedon. However,
there is a danger for most in part of the Draper’s Lane area, particularly adjacent to the Burstwick
Drain, and in a large rural area between Hedon and Salt End.
Rate of ingress assessments show that, in Hedon, the Charles Street area is almost entirely
flooded within 2 hours with areas closer to the Burstwick Drain flooding in 0.5 – 1 hours. The
Draper’s Lane area is almost entirely flooded within 3 hours, with the south-west side of Draper’s
Lane flooding within 0.5 – 1 hours and over half of the area flooding in 1 – 2 hours. The Princes
Avenue area takes longer than 3 hours to flood, except for the roads themselves which take 1 –
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2 hours to flood. The entire Inmans Road area takes longer than 3 hours to flood. These rates
show that there is some available warning time and evacuation time in certain areas of Hedon.

4.4.2

Fluvial Defence breach

The consequences of future fluvial breaches have been assessed through hydraulic modelling.
Model results show that fluvial breaches put Hedon less at risk from flooding than a Burstwick
New Clough tidal gate failure would. Areas potentially at fluvial breach risk are a small area around
Middle Lane (south Hedon), a slightly larger area around Ainslie Road / Hildyard Close (south
Hedon) and a strip along the north-east side of Brevere Road (north-east Hedon). In addition, a
large swath of rural land to the east and a smaller area to the west of Hedon are at flood risk. Both
in and surrounding Hedon, flood velocities range from 0 – 0.5 m/s. In Hedon, flood depths mostly
range from 0 – 0.5 metres. However, the section of the Middle Lane area adjacent to the Burstwick
Drain has flood depths of 0.5 – 1 metre. Surrounding Hedon, flood depths range from 0 – 1 metre.
Flood hazard assessment shows that the depths and velocity of flow following a breach of the
fluvial defences would result in mostly very low hazard within Hedon, except for the Middle Lane
area adjacent to the Burstwick Drain where there is ‘danger for some’ and ‘danger for most’. The
rural land to the west of Hedon has mostly low hazard, and the rural land to the east has mostly
‘danger for some’ with small areas of ‘danger for all’.
Rate of ingress assessments show that almost all urban areas in Hedon at risk would flood in less
than 0.5 hours of a breach. The exception to this is the northern end of Middle Lane and the
northern ends of Adeliza Garth and Charles Street, which take over 3 hours to flood in the event
of a fluvial breach. Much of the rural area surrounding Hedon also floods in less than 0.5 hours.
These rates show the available warning time and evacuation time for residents and businesses
from a fluvial breach is limited.

4.5

Climate Change

Flood risk assessments: climate change allowances (2016) supports the NPPF in setting out how
planning can minimise and provide resilience against climate change impacts, through making an
allowance for climate change in flood risk assessments.
A new set of climate change projections was released in November 2018 under UKCP18. At the
time of final review of this SFRA, the revised climate change allowances (December 2019) had
just been released. The main update related to sea level rise allowances, however updates to
peak river flow and rainfall intensity may also be updated later. Full details of the update are
available at https://www.gov.uk/guidance/flood-risk-assessments-climate-change-allowances.
Individual Flood Risk Assessments will however need to ensure they have considered the impact
of the latest guidance relating to climate change.
For Hedon, there is a need for a balanced and pragmatic approach to considering the future impact
of climate change. For more usual land use considerations and for informing the current refresh
of the Local Plan, the February 2016 allowances have been used; and these have been included
within the evidence base of this current Level 2 SFRA. For windfall sites, they should ensure they
utilise the current guidance at time of submission, ensuring any changes to the evidence are
explored. The H++ simulations may still be required for certain applications such as infrastructure
projects or developments that significantly change existing settlement patterns, including urban
extensions and new settlements. Advice regarding such developments should be sought early
from the Environment Agency. Further information on climate change is provided in Appendix A.
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Developers are advised to contact the Environment Agency when preparing a Flood Risk
Assessment if their development may need additional assessment of the future effects of climate
change.

4.6

Implications for Flood Risk Management

Section 3.3 set out the various plans and strategies relevant to flood risk management in Hedon.
All of these plans and strategies highlight the high dependency of Hedon on the flood defences
protecting the town, which is supported by the findings from the SFRA modelling.
Given the commitment in the Humber Strategy and Ouse CFMPs of the intention to continue to
maintain the defences in Hedon to a good standard into the future, the likelihood of a breach of
the defences is considered to be low. However, these documents are not a commitment and do
not confirm what interventions will be delivered, when, or what the benefits will be. The delivery
of defence maintenance is dependent on ability to secure funding and the affordability of the work
at the time needed. Therefore, it is necessary for site-specific FRAs to consider the implication of
defence standard on risk to future development.
Despite the low likelihood of defence breach, the modelling has shown the consequences of failure
will be extreme with a high risk to life. As such, a minimum standard of mitigation is required for
future development in Hedon.
Requirements for managing flood risk and development planning for Hedon is provided in Section
6.

Page 26 of 51
Commercial in confidence

5

Flood Risk from Other Sources

5.1

Surface Water and Sewer Flood Risk

The Flood and Water Management Act 2010 defines surface runoff as ‘rainwater (including snow
and other precipitation) which
a) is on the surface of the ground (whether or not it is moving); and
b) has not entered a watercourse, drainage system or public sewer.
Surface runoff depends on a number of factors including catchment size and shape, slope,
geology, soil type and its antecedent conditions, vegetation, climate and rainfall. Surface runoff
pathways can also depend on the position of urban features such as buildings and roads. Low
lying areas, with gentle gradients, are particularly prone to surface water flooding. Surface water
flooding usually results from heavy rainfall falling either onto soil with high antecedent moisture or
onto impermeable surfaces.
Surface water risk in Hedon primarily comes from where the drainage network discharges into the
Burstwick Drain through flapped outfalls. When these flapped outfalls are locked as a result of
high levels in the Burstwick Drain, backing up in the surface water system will occur and
subsequently result in local surface water flooding, as was the case in 2007. Additionally, the
raised banks of the Burstwick Drain may impede the free discharge of surface water during a flood
event.
Present Day Risk
The Environment Agency Risk of Flooding from Surface Water mapping has been used to identify
the present day risk of surface water flooding in Hedon. Previously known as the updated Flood
Map for Surface Water (uFMfSW), the RoFfSW, published by the Environment Agency, is derived
from identifying topographical flow paths of existing watercourses and dry valleys that contain
some isolated ponding in low lying areas. Table 5-1 describes the four categories8 for surface
water risk in the RoFfSW maps and the map is provided in Appendix F.
Table 5-1: RoFfSW categories
Category

Definition

High

Each year, the area has a chance of flooding of greater than 1 in 30 (3.3%)

Medium

Each year, the area has a chance of flooding of between 1 in 100 (1%) and 1 in 30 (3.3%)

Low

Each year, the area has a chance of flooding of between 1 in 1,000 (0.1%) and 1 in 100 (1%)

Very Low

Each year, the area has a chance of flooding of less than 1 in 1,000 (0.1%)

Surface water risk mapping shows risk is predominantly along roads within the town, with larger
areas of risk in the land to the north and north east of the town.

________________________
8

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/297429/LIT_8986_eff63d.pdf
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The Environment Agency’s Long Term Flood Risk Information online map provides further detail
on the depth and velocity of surface water flooding9.
Climate Change
No surface water only climate change modelling is available for Hedon. As such, the 0.1% AEP
(low) RoFfSW category has been used to give an indication of the increase in the 1% AEP
(medium) RoFfSW category due to climate change.

5.1.1

Additional data available

LLFAs are also required to prepare FRMPs in Flood Risk Areas where the risk of flooding from
local flood risks such as surface water and ordinary watercourses is significant. The Council must
prepare a Flood Risk Management Plan for the area of the Kingston upon Hull and Haltemprice
catchment within its boundaries. This FRMP was adopted by the Council in November 2015 and
subsequently published in accordance statutory requirements10.
The Council subsequently decided to develop further FRMP technical studies for the remaining
catchments across the majority of the East Riding of Yorkshire to support the LFRMS and increase
the understanding of integrated flood risk. The studies benchmark existing and future flood risk
through detailed hydraulic modelling and assist in planning actions for managing flood risk and
identifying sites to reduce flood risk to communities. The Burstwick Drain was one of these
catchments. Due to the complexity of the integrated catchment modelling and the ongoing nature
of the developing flood alleviation study this information is not included in the SFRA. However,
additional, most up to date, data on integrated flooding is available on request from East Riding
of Yorkshire Council.

5.2

Groundwater

Groundwater flooding occurs when water levels in the ground rise above the surface, usually
during prolonged wet periods. It commonly occurs where the water table meets the ground
surface in low lying areas which are underlain by permeable rock known as aquifers. The risk of
groundwater flooding is highly variable and dependent on local geology, topography and weather.
Hedon is underlain by chalk of the East Yorkshire aquifer which is designated as a Principal
Aquifer. Descriptions of the aquifer designations are provided in Table 5-2. However, the drift
geology of the catchment is principally composed of clayey and loamy soils that would impede
water infiltration to the lower horizons. This characteristic limits interactions between surface
water and groundwater and prevent groundwater flooding associated with the rise of the water
table.
Table 5-2: Aquifer Designations
Aquifer Designation

Description

Principal Aquifer

These are layers of rock or drift deposits that have high intergranular and/or fracture
permeability - meaning they usually provide a high level of water storage. They may

________________________
9

https://flood-warning-information.service.gov.uk/long-term-flood-risk/map

10

East Riding of Yorkshire, December 2015. Flood Risk Management Plan: Kingston upon Hull and Haltemprice Catchment within
East Riding of Yorkshire
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Aquifer Designation

Description
support water supply and/or river base flow on a strategic scale. In most cases, principal
aquifers are aquifers previously designated as major aquifer.

Secondary A

Permeable layers capable of supporting water supplies at a local rather than strategic
scale, and in some cases forming an important source of base flow to rivers. These are
generally aquifers formerly classified as minor aquifers;

Secondary B

Secondary B - predominantly lower permeability layers which may store and yield limited
amounts of groundwater due to localised features such as fissures, thin permeable
horizons and weathering. These are generally the water-bearing parts of the former nonaquifers.

Current understanding of groundwater risk is limited, with few groundwater risk maps available.
The Environment Agency’s Areas Susceptible to Groundwater Flooding Map (AStGWf) has been
used to identify groundwater risk in Hedon. The map is provided in Appendix G.
The AStGWf map is a strategic scale (1 km square grid) map showing the proportion of each 1
km square which may be susceptible to groundwater emergence. It is formed of five classes


None



Less than 25% of the 1km2



Between 25% and 50% of the 1km2



Between 50% and 75% of the 1km2



Greater than 75% of the 1km2

It is likely that only isolated locations within the overall susceptible area actually suffer the
consequences of groundwater flooding. The dataset does not show the likelihood of groundwater
flooding occurring, and it does not take into account the chance of flooding from groundwater
rebound. The AStGWf is not suitable for site level analysis and should only be used as a starting
point for further investigation into groundwater risk.
A map of the AStGWf is provided in Appendix G. All of the 1km grid squares covering Hedon fall
within the less than 25% of the square susceptible to groundwater flooding classes or no
susceptibility class.

5.3

Reservoirs

Reservoirs in England and Wales are regulated under the Reservoirs Act 1975, as amended by
the Flood and Water Management Act 2010. The Act defines a large raised reservoir as having
an impounded volume greater than 25,000 m3. These reservoirs are listed on a register held by
the Environment Agency. The Act prescribes tight regulations on periodic inspections and
maintenance of the reservoir, and on water level monitoring.
The nature of reservoir failure means there is little or no warning in the event of a flood. Although
potentially large uncontrolled releases of water from the reservoirs could result in deep and fast
moving floodwaters and place people’s lives in danger, the tight regulations mean the probability
of occurrence is very low, and therefore flood risk is considered as low.
There are two main risks of flooding from impounded reservoirs, the first being failure of the
reservoir structure.
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The second risk relates to precautionary or emergency drawdown of a reservoir. Drawdown
relates to the lowering of a reservoir’s water level to ensure safety in the event of a problem
occurring which threatens the structural performance of the reservoir dam. The aim of drawdown
is to reduce the load on the dam, reduce the likelihood of failure and minimise the impacts
downstream in the event of failure. Drawdown may have the potential to cause localised flooding
downstream of the reservoir. The effect of drawdown on the extent of flooding is dependent on a
number of factors including the existing flows and levels in the receiving watercourse, the amount
of water released from the reservoir and the rate it is released.
Hedon is not shown to be at risk of inundation in the event of reservoir failure, based on existing
mapping. However, it should be noted that the rural land east of Tailler Road following the course
of the Burstwick Drain is shown to be at risk of inundation in the event of failure of the Skeckling
Drain Flood bank. A map of areas potentially at risk of inundation in the event of failure is provided
in Appendix H.

5.4

Canal

There are no canals in or near Hedon.
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6

Development Management Recommendations

6.1

Guidance on applying the Sequential Test and Exception Tests
in Hedon

The SFRA flood maps in Appendices B and C provide an overview of the spatial variation in flood
risk from all sources throughout Hedon.
A sequential approach should be adopted when considering where land should be allocated for
future development. The SFRA maps should be used to inform this sequential approach.
The flood risk information has been compiled into a Development Management Map (Appendix
E) to guide planners and developers when applying the Sequential and Exception Tests.
Given the high risk of flooding in Hedon, both in terms of hazard and extent (the majority of the
study area lies within Flood Zone 3a), the map has been broken down, using a policy-dependent
approach, into regions to allow a more meaningful application of the Sequential Test and
development management recommendations. Table 6-1 sets out how the regions have been
defined and the order of preference for the location of development.
Table 6-1: Development Management Zone Definitions and Order of Preference for Location of Development
Flood Zone 1 (no
other sources of
flooding)
Flood Zone 1 + other
sources of flooding
Flood Zone 2
Remaining Flood
Zone 3a Areas

Most
Preferable

Areas with no fluvial or tidal flood risk.
Areas with risk of flooding from sources other than fluvial or tidal (i.e.
surface water.
All remaining areas. These areas fall within the Environment Agency’s
Flood Zones 3 and / or 2. Note: few areas fall within Flood Zone 2.
This area is not considered further in the report. For recommendations
and guidance, for planners and development, see the Level 1 SFRA
report.

Breach Region
(within Flood Zone
3a)

Areas that flood following a breach of the tidal gate, defences at Paull or
fluvial defences on the Burstwick Drain at Hedon. The region has also
been contoured in between fluvial breaches to account for potential risk
from breach of defences in between those modelled. This is the ‘residual
risk’ scenario

Overtopping Region
(within Flood Zone
3a)

Areas that flood following overtopping of fluvial defences in a 1% AEP
plus climate change event. This is the ‘design flood risk’ scenario.
Note: there is no overtopping of tidal defences, as discussed elsewhere
in this report.

Flood Zone 3b plus
climate change

Based on the Burstwick Flood Risk Management Plan (FRMP) integrated
model 3.3% AEP results, with surface water results removed.

Flood Zone 3b

Based on the 5% AEP overtopping modelling results as well as GIS
watercourse centrelines to represent river channels that also form part
of the functional floodplain.

Defence Buffer
Region

20 metre buffer region around flood defences, as required for access e.g.
for maintenance and / or future flood management options.

Refer to NPPF
Table 3 for
development
compatibility
and Exception
Test
requirements

Water
Compatible
development
Essential
Infrastructure
(if Exception
Test is passed)
Not Permitted
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Rapid inundation zones have been considered as part of the methodology; however, the results
are not considered to be sufficiently high risk to be included in the Development Management
Zone definitions.
Table 6-1 and Appendix E should be used in combination to apply the Sequential Test in Hedon.
Should development pass the Sequential Test, then a site specific FRA will be required, and the
Exception Test will need to be passed, in accordance with the development management and
spatial planning recommendations set out in Table 6-2.

6.2

Spatial Planning and Development Management in Hedon

Table 6-2 has been provided specifically for development management in Hedon. This table sets
out the minimum standards expected for any development within the Hedon Level 2 SFRA study
area. The different scenarios used to define the development management map are provided
below.

6.2.1

Defence Buffer Region

No development will be permitted in the Defence Buffer Region. This region should be kept as
open space to allow access to defences for maintenance and / or future flood management.

6.2.2

Functional Floodplain

The Functional Floodplain is based on the 5% AEP modelling results as well as GIS watercourse
centrelines to represent river channels that also form part of the functional floodplain. This zone
is restricted to water compatible development and essential infrastructure only. Essential
Infrastructure must pass the Exception Test.

6.2.3

Overtopping Region and Breach Region

The Overtopping Region covers areas that flood following overtopping of defences in a 1% AEP
plus climate change fluvial event (the ‘design flood risk’ scenario). The Breach Region covers
areas that flood following a breach of tidal defences in a 0.5% AEP plus climate change event and
a breach of fluvial defences in a 1% AEP plus climate change event (the ‘residual risk’ scenario).
When applying the Sequential Test, development should be directed to the lower risk Breach
Region.
Both regions have significant risk due to the depths and hazards that may result from overtopping
or breach of defences. As such, a minimum standard of mitigation is required for any development
proposed in these areas. Table 6-2 sets out the minimum standards required.
Access/egress in and out of the town may not be possible, and may potentially be unsafe, due to
the predicted depths, hazards and speed of onset of flooding. As such, developers and planners
must provide emergency planning arrangements, for example the provision of a Place of Safety,
available flood warnings and evacuation and emergency plans. Further information on emergency
planning is provided in Section 8.5 of the Level 1 SFRA and recommendations for safe access
and egress is provided in Table 6-2 and Appendix J.
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Planning applications in this region should not be permitted without an accompanying site-specific
FRA which clearly demonstrates the Sequential Test and Exception Tests can be passed.
Where hazard varies across a site, a Sequential approach should be taken for the layout of the
site directing development of higher vulnerability to areas of lower hazard.

6.2.4

Remaining Flood Zone 3a, Flood Zone 2 and Flood Zone 1

The requirements set out in this Level 2 SFRA concentrate largely on the Flood Zone 3b,
Overtopping Region and Breach Region, as the majority of Hedon falls within these categories.
However, it is acknowledged that there are some small areas that fall outside of these Regions
but are still within Environment Agency Flood Zones. For development recommendations for
these remaining Flood Zones areas, Table 8.3 and the maps in the Level 1 SFRA should be
referred to.

6.2.5

Other considerations

Other sources of flooding also need to be considered, for example surface water and groundwater.
This is particularly important in Hedon where flood history has shown flooding is sensitive to the
interaction between surface water drainage and the Burstwick Drain. Table 8.3 and Section 8.4
of the Level 1 SFRA provides guidance on other sources of flood risk.
As detailed in Section 5.1.1, due to the complexity of the integrated catchment modelling and the
ongoing nature of the developing flood alleviation study this information is not included in the
SFRA. However, additional, most up to date, data on integrated flooding is available on request
from East Riding of Yorkshire Council.
Under the revised 2018 NPPF, SFRAs are required to ‘consider cumulative impacts in, or
affecting, local areas susceptible to flooding’ (para. 156), rather than just to or from individual
development sites. Whilst the loss of storage for individual developments may only have a minimal
impact on floodplain storage volume, the cumulative effect of multiple developments may be more
severe. As such, when allocating land for development, consideration should be given to the
potential cumulative impact of the loss of floodplain storage volume. East Riding of Yorkshire
Council should impose conditions on development to allow for mitigation measures so any
increase in runoff as a result of development is properly managed and does not introduce, or
exacerbate, flood risk elsewhere.
Developers and planners must provide emergency planning arrangements, for example the
provision of safe access and egress, safe refuge areas, available flood warnings and evacuation
and emergency plans. New guidance, Flood Risk Emergency Plans for New Development,
produced by ADEPT (Association of Directors of Environment, Economy, Planning & Transport)
provides guidance on flood risk emergency plans for both local authority planners and developers
and their consultants.11.

________________________
11

https://adeptnet.org.uk/floodriskemergencyplan
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Table 6-2: Spatial Planning and Development Management Recommendations for areas at residual risk
This table should be used in combination with the map provided in Appendix E.
Recommendation

Development in Hedon is likely to present significant implications in the event of flooding, including risk to life and property, and to trained and equipped emergency services. The minimum
requirements set out in this table should be followed in order for development to be considered acceptable in terms of flood risk.
Defence Buffer
Region

Flood Zone 3b (Functional
Floodplain)

Flood Zone 3b plus
Climate change

Overtopping Region2

Breach Region

Sequential Test must be applied (unless the site falls under one of the circumstances below):


Sequential Test



Exception Test

Minor developments1 (as defined by the Planning Practice Guidance (https://www.gov.uk/guidance/flood-risk-and-coastal-change#minor-development-toflood-risk ) need not undertake the Sequential Test.
Changes of use, except for a change of use to a caravan, camping or chalet site, or to a mobile home or park home site.
Replacement dwellings with no increase in the number of dwellings or footprint of dwellings need not undertake the Sequential Test.

Must be passed for More Vulnerable development and Essential Infrastructure (subject to land use restrictions below)
Caravans, mobile homes and park homes are permitted for holiday or short term letting only, and
subject to a flood warning and evacuation plan.
Basements are not permitted.

All vulnerabilities

Caravans, mobile homes and park homes are not permitted.
Basements are not permitted.

Water Compatible
Development

Water compatible development is acceptable. Where ancillary sleeping or residential uses are required, they will be considered as a more vulnerable use.
Essential Infrastructure only permitted if Exception Test is passed and should be designed and constructed to remain operational and safe in times of flood.

Essential Infrastructure

Highly Vulnerable

Where ancillary sleeping or residential uses are required, they will be considered as a more vulnerable use. Flood sensitive uses, and equipment should be set above
the greatest flood depths in Appendix C and D.
No development is
permitted in this
region.

Development not permitted in Flood Zone 3, in line with Table 3 of the PPG to the NPPF, unless there are exceptional circumstances. Where such development is
being considered in Hedon, the proposal should be discussed early with the Local Planning Authority and in consultation with the Environment Agency. Development
will need to be supported by a site-specific Flood Risk Assessment with full justification why such development cannot be located elsewhere.
Sleeping uses:
Sleeping areas should be set above the greatest flood depths in Appendix C and D, plus an
additional 300mm freeboard.

Land Use

More Vulnerable

Development not permitted in Flood Zone 3b, in line with Table 3
of the PPG to the NPPF, except minor development1. Change of
use is considered in a separate row.

All other uses:
Finished floor levels should be set above the greatest depths shown in the figures in Appendix C
and D.
OR
Finished floor levels to be set at least 600mm above average ground levels or adjacent road
frontage.
(whichever is greatest)
An additional 300mm flood proofing should also be provided.
If it is not possible to set finished floor levels
above greatest flood depths, finished floor level
should be set no lower than 300mm below the
greatest flood depths in Appendix D; where a
minimum of 300mm flood resilience is
incorporated.
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This table should be used in combination with the map provided in Appendix E.
Recommendation

Development in Hedon is likely to present significant implications in the event of flooding, including risk to life and property, and to trained and equipped emergency services. The minimum
requirements set out in this table should be followed in order for development to be considered acceptable in terms of flood risk.
Defence Buffer
Region

Flood Zone 3b (Functional
Floodplain)

Flood Zone 3b plus
Climate change

Development not permitted in Flood Zone 3b, in line with Table 3
of the PPG to the NPPF, except minor development1. Change of
use is considered in a separate row.

Less Vulnerable

Overtopping Region2

Breach Region

Finished floor levels should be set above the greatest depths shown in the figures in Appendices
C and D.
OR
Finished floor levels to be set at least 600mm above average ground levels or adjacent road
frontage.
(whichever is greatest)
An additional 300mm flood proofing should also be provided.
Where there is an operational need for parts of the development below this, the Flood Risk
Assessment should provide full justification. Examples may include loading bays or general
storage but would not include office spaces. In such cases, flood mitigation should be maximised
to reduce the likelihood or consequences of flooding.

Change of Use – increase in
vulnerability and / or additional
residential units proposed

Development not permitted in Flood Zone 3b in line with Table 3
of the PPG to the NPPF.

Requirements as per new development

Change of Use – no increase in
vulnerability

Developers and planners should seek to relocate development
from these Zones, where possible.

Environment Agency National Flood Risk Standing Advice should be followed. However, in
addition to the standing advice, it is expected that place of safety and structural stability
information will be included.

Important Considerations

Where developments contain different elements of vulnerability, the highest vulnerability category as defined in Table 2 of the PPG to the NPPF should be used, unless
the development is considered in its component parts.

Detailed FRA

Required – including for minor development and change of use (see below for further details on Change of Use expectations).
An assessment of the residual risk of flooding will be required for FRAs where sites are protected by flood defences. Appendices C and D of this SFRA provide maps
of residual risk.
The FRA should specify whether the site is in an area of surface water or groundwater risk and, if so, provide an explanation of how the risk will be addressed.

Raising of Ground Levels

Flood Resistance

Raising of ground levels is not permitted in these regions.

No development is
permitted in this
region.

If modifying ground levels to reduce the risk of flooding (e.g. to elevate sites above predicted flood
depths or as part of a mitigation strategy), care must be taken to ensure there is no subsequent
effect on flood risk elsewhere. All proposals should be supported by a detailed site specific flood
risk assessment. The FRA should also show that raising of ground levels will not cause increased
ponding or build-up of surface water on third party land or property. Designs for ground raising
should show how the raised ground can withstand flood forces.
The raising of ground levels may also affect the residual flood risks to others (e.g. by redirecting
flow). In these cases, the FRA must demonstrate that residual flood risks to others do not increase
(e.g. by increasing the predicted flood hazard or speed of onset).

Additional flood mitigation measures (e.g. in addition to floor levels and ground raising) should seek to provide passive resistance to floodwater. Where this is not
practical, a combination of flood resistance and resilient construction should be considered which should consider the intended internal uses. Active flood resistance
should not be used instead of passive resistance measures due to the unpredictability of potential flooding and the consequences should they fail. Active measures
should only be proposed after careful consideration of how quickly peak depths are reached.
In cases where flood risk remains to a development additional measures can be implemented to reduce damage. These measures should not be relied upon as an
appropriate mitigation measure and their effectiveness is often reliant on a reliable forecasting and warning system to ensure measures are deployed in time.
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This table should be used in combination with the map provided in Appendix E.
Recommendation

Development in Hedon is likely to present significant implications in the event of flooding, including risk to life and property, and to trained and equipped emergency services. The minimum
requirements set out in this table should be followed in order for development to be considered acceptable in terms of flood risk.
Defence Buffer
Region

Flood Zone 3b (Functional
Floodplain)

Flood Zone 3b plus
Climate change

Overtopping Region2

Breach Region

Flood resilience involves measures designed to reduce the impact of water once it enters property. Buildings can be designed and constructed to accept that water will
enter the building itself, by aiming to reduce the impact of water entering to avoid permanent damage, maintain structural integrity and allow easy drying and cleaning.
This allows faster re-occupancy of the building after the flood event. Examples of resilience measures include:
Flood Resilience



Use of water-resistant materials



Installation of electrical circuitry at higher levels


Use of non-return valves to prevent waste water pushing up through plugs or lavatories
Further information can be found in the publication Improving the Flood Performance of New Buildings: Flood Resilient Construction (2007)12
Offsite evacuation in a flood is unlikely to be possible due to the potential hazard and
unpredictable nature of flooding. Where offsite evacuation is possible, this should not divert
occupants to 'dry islands' and should not require crossing areas that may be subject to deep
(>250mm) or hazardous (higher than 'Danger to Some') flooding.

Access, Egress and Place of Safety

This zone is restricted to Water Compatible development
Essential Infrastructure.
Essential Infrastructure will only be permitted if the Exception Test
is passed.
In the event either of the above are permitted, then the availability
of safe access and egress will need to be demonstrated.

Surface Water and Site Drainage

A Place of Safety must be provided within
the development, 300mm above the
maximum on-site flood depths. Flood depths
can be found in Appendix C.

A Place of Safety should be provided within the
development, 300mm above the maximum on-site
flood depths.
Where the site is at risk from both tidal and fluvial
breach, whichever scenario gives the greatest
depths should be used. Maximum flood depths
from both fluvial and tidal breach can be found in
Appendix D..

Given the high risk and speed of onset of flooding, is it essential that all development provide a
Place of Safety with immediate access from within.
Where there is a reliance on an internal Place of Safety, consideration must be given to avoiding
more vulnerable ground-floor uses, additional flood mitigation, Flood Warning Evacuation Plans,
and Means of Escape, in that order. If future users or occupants cannot be shown to have
reasonable protection from flooding, the development is likely to be refused due to unacceptable
risk to life and/or property.

Surface water drainage assessments need to report into how surface water affects a site and the surrounding area. They should also include information on what
effect the development will have on surface water flood risk and outline measures the developer will need to take so that runoff rates will meet local and national
guidance. For Greenfield developments, the peak runoff rate to any highway, drain, sewer or surface water body for the 1 in 1 year rainfall event and the 1% AEP
rainfall event should never exceed the peak greenfield runoff rate for the same development. From previously developed sites a minimum of 30% reduction in the
existing discharge rate will be required along with sufficient proof that flood risk will not be increased by the proposed discharge. If the LLFA consider that an
unacceptable flood risk may result from the calculated brownfield runoff rate then a reduced discharge rate will be imposed on, or agreed with, the developer.
Detailed Standing Advice on surface water drainage is available on the Council’s website – East Riding of Yorkshire Council Sustainable Drainage Systems & Surface
Water Drainage Requirements For New Development: Combined Planning Note and Standing Advice (September 2016)
SuDS should be implemented on all sites unless it is demonstrated that they are not practicable.
Any SuDS design should take due account of groundwater and geological conditions.

________________________
12

Environment Agency and Department for Communities and Local Government, May 2007. Improving the flood performance of new buildings: flood resilient construction
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This table should be used in combination with the map provided in Appendix E.
Recommendation

Development in Hedon is likely to present significant implications in the event of flooding, including risk to life and property, and to trained and equipped emergency services. The minimum
requirements set out in this table should be followed in order for development to be considered acceptable in terms of flood risk.
Defence Buffer
Region

Flood Zone 3b (Functional
Floodplain)

Flood Zone 3b plus
Climate change

Overtopping Region2

Breach Region

Development free buffer zones around watercourses should be provided according to the following risk management authority by-laws. Buffer zones should be free of
buildings and structures, trees, shrubs, willow or similar growth.

Watercourse Buffer Zone

IDBs require a minimum 9 metre wide buffer zone around IDB and ordinary watercourses



Environment Agency: Works in, over, under or within a ‘Main River.’ (as shown on maps in Level 1 SFRA Appendix D), and within 8 metres of ‘Main Rivers’
(or flood defence where present), will require an Environmental Permit from the Environment Agency. This buffer zone increases to 16 metres on tidal ‘Main
Rivers’ and from sea defences. There must be no new development in these areas.
Where existing development comes forward, opportunities should be taken to relocate structures outside these buffer zones, providing betterment over the current
situation.

Structural Stability

Differential water levels (internal vs external) of >600mm may present additional structural concerns and will need to be supported by suitable reports demonstrating
that the measures would remain effective in a flood event.

Integrated flood risk

Due to the complexity of the integrated catchment modelling and the ongoing nature of the developing flood alleviation study this information is not included in the
SFRA. However, additional, most up to date, data on integrated flooding is available on request from East Riding of Yorkshire Council and should be considered where
appropriate.

Notes on Table 6-2
1.

In this instance, minor development is classified as:

minor non-residential extensions: industrial/commercial/leisure etc extensions with a footprint less than 250 square metres.

alterations: development that does not increase the size of buildings eg alterations to external appearance.

householder development: For example; sheds, garages, games rooms etc within the curtilage of the existing dwelling, in addition to physical extensions to the existing dwelling itself. This definition excludes any proposed development
that would create a separate dwelling within the curtilage of the existing dwelling eg subdivision of houses into flats.
(source https://www.gov.uk/guidance/flood-risk-and-coastal-change#minor-development-to-flood-risk)

2.

Development within the overtopping region shown in Appendix E may also be at risk of a breach of the flood defences. Developments should take account of the minimum requirements for the overtopping and breach columns if it is at risk of
overtopping and breach.

3.

Habitable uses are defined within the SFRA main report as: “As defined in Part M of the Building Regulations - A room used, or intended to be used, for dwelling purposes, including a kitchen but not a bathroom or utility room.”
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7

Conclusions and Recommendations

7.1

Conclusions

Modelling shows that the majority of Hedon is protected from fluvial flooding for a 5% AEP, 1%
AEP and a 0.1% AEP event. Fluvial flooding mainly affects undeveloped land to the east and
west of Hedon, to a maximum depth of 0.5 metres. Maximum flood hazard is typically very low
for 5% and 1% AEP events, increasing to ‘danger for some’ in some areas for 0.1% AEP. Climate
change will increase the 1% AEP extent in the undeveloped areas to the east and west (whilst
remaining less than the present day 0.1% AEP extent) and increase the 1% AEP hazard in some
areas to ‘danger for some’. The tidal defences protect Hedon from tidal flooding for a 0.5% AEP
plus climate change event.
Results from tidal breach modelling show that approximately half of Hedon along with large
swathes of surrounding rural land are potentially at risk of flooding from the Burstwick New Clough
tidal gate failing. Flood velocities range from 0 – 0.5 m/s. Within Hedon, flood depths mostly range
from 0 – 0.5 metres with very low hazard or ‘danger for some’. However, around the Draper’s
Lane area within Hedon and in the surrounding rural areas, flood depths reach up to 1 metre with
‘danger for most’ in parts. Modelled rates of ingress following a tidal breach show that the rate of
ingress varies between areas, with some flooding in less than 0.5 hours and some flooding in over
3 hours.
A breach of the fluvial defence results in a much smaller area potentially at risk of flooding than
tidal gate breach would, particularly within and to the west of Hedon. There are only relatively
small pockets at flood risk within Hedon itself. Flood depths range from 0 – 0.5 metres in almost
all areas at risk in Hedon. In the Draper’s Lane area and surrounding rural areas, flood depths
range from 0 – 1 metre. In and around Hedon, flood velocities range from 0 – 0.5 m/s. Most of
Hedon and the rural land to the west has very low hazard. Only houses on the south of Westwick
(road) and the undeveloped land to the east of Hedon has ‘danger for some’ or ‘danger for all’.
Modelled rates of ingress following a fluvial breach show that much of Hedon and the surrounding
rural land at risk flood within 0.5 hours.
In addition to tidal and fluvial risk, surface water also poses a significant risk to Hedon. This risk
is primarily from tide locking of flapped outfalls as a result of high tide, causing backing up of the
surface water system where the drainage network discharges into the Burstwick Drain through
flapped outfalls. Additionally, the raised banks of the Burstwick Drain may impede the free
discharge of surface water during a flood event.
Given the current good standard of protection of existing flood defences, the likelihood of a breach
of the defences is considered to be low. The area resides within the current Humber Strategy
(under review as part of Humber 2100+) and Humber river basin district FRMP. However, these
documents are not a commitment and do not confirm what interventions will be delivered, when,
or what the benefits will be. Therefore, it is necessary for site-specific FRAs to consider the
implication of defence standard on risk to future development.
Despite the low likelihood of defence breach, the modelling has shown the consequences of failure
will be extreme with a high risk to life. As such, a minimum standard of mitigation is required for
future development in Hedon.
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7.2

Recommendations

Mapping and guidance set out in this SFRA should be used in combination to apply the Sequential
Test in Hedon. As, the majority of Hedon lies within Flood Zone 3a and is protected by defences,
it is essential that future development in Hedon takes the residual risk into account.
Given the high risk of flooding in Hedon, the study area has been broken down, using a policydependent approach, into regions to allow a more meaningful application of the Sequential Test.
Appendix E and Table 6-1 should be used in combination when applying the Sequential Test.
Should development pass the Sequential Test, then a site specific FRA will be required, and the
Exception Test will need to be passed, in accordance with the minimum standards expected for
any development within the Hedon Level 2 SFRA study area, set out in Appendix E and Table
6-2.
Other sources of flooding also need to be considered. In particular, surface water poses a
significant risk to Hedon. When allocating land for development, consideration should be given to
the potential cumulative impact of the loss of floodplain storage volume and increase in surface
runoff. East Riding of Yorkshire Council should impose conditions on development to allow for
mitigation measures so any increase in runoff as a result of development is properly managed
and does not introduce, or exacerbate, flood risk elsewhere.
Developers and planners should also consider emergency planning arrangements including the
provision of safe access and egress, safe refuge areas, available flood warnings and evacuation
and emergency plans. Further information for these can be found in the Level 1 SFRA.

7.3

SFRA Maintenance

The SFRA is a document that is intended to be periodically updated as new information and
guidance becomes available. It is important to recognise that the SFRA has been developed
using the best available information at the time of preparation. The outcomes and conclusions of
the SFRA may not be valid in the event of future changes to the data. Changes to the data may
include


Change to hydrology. For example, new or additional climate change allowances



Change to flood defences, either within or outside Hedon



Change to integrated flood risk data sets

It is the responsibility of the user to ensure they are using the best available information. East
Riding of Yorkshire Council hold all the evidence prepared for the SFRA. However, users should
also confirm with the Environment Agency whether they have any more up-to-date data.
It may be necessary for the user to undertake their own assessment, for example a site-specific
flood risk assessment or climate change modelling.
The SFRA should be reviewed in response to the following. An SFRA update should be
considered if they provide any significant change to the evidence base or policy requirements:


Updates to the Environment Agency Flood Map for Planning;



Updates to existing or new detailed hydraulic model results;
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Updates required following the completion of the Humber Strategy. The outputs from the
Strategy will have implications for the management of long term tidal flood risk in the
estuary and, subsequently, development in Hedon.



Updates to defence and asset information, including completed and proposed flood
alleviation schemes;



Results from the completed FRMPs; and



Updated local knowledge for example Section 19 Flood Investigations.



Changes to climate change allowances



Changes to the National Planning Policy Framework, or its associated Planning Practice
Guidance
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A

Modelling Approach
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A

Modelling Approach

A.1

Data used

East Riding of Yorkshire’s Burstwick and Old Fleet Drain ICM model has been used to model flood
risk in Hedon. The model has been changed from a direct rainfall model to a river model with
fluvial inflows derived using up-to-date Flood Estimation Handbook methods.

A.2

Defended Scenarios

Present Day
The following present day runs were undertaken.


Fluvial: defended model runs were undertaken for the 5%, 1%, and 0.1% AEP fluvial
events, coinciding with a MHWS peak tide level.

Climate Change
The following climate change scenario was modelled:


A.3

Fluvial climate change defended: the fluvial inflows were increased by the Upper End
climate change allowance of +50% (as agreed with the Environment Agency). These
coincided with a MHWS peak tide level.

Tidal overtopping

The interim Humber water levels, provided by the Environment Agency, are 5.51m AOD at Paull
for the 0.5% AEP. The tide level was increased by the predicted sea level rise of 1.109m for
climate change (as agreed with the Environment Agency). The recently completed Paull tidal
defences have a minimum flood defence level of 6.8 mAOD. This defence level is higher than the
0.5% AEP tidal level plus climate change allowance of 6.619 m AOD. As such, there is no tidal
flooding in both the present day and climate change 0.5% AEP events.

A.4

Breach Scenarios

Breach modelling was carried out on both fluvial and tidal scenarios.
A.4.1

Breach locations – new modelling

A review of the defences within the catchment was undertaken on both the fluvial watercourses
though the town and the tidal defences of the Humber Estuary.
Four fluvial defence breaches and one tidal defence breach were agreed for Hedon.
The following data was available and used to support this assessment;


Environment Agency GIS AIMS data set



The Burstwick Drain and Old Fleet Drain ICM FRMP model

The following factors were considered for determining breach locations;


Elevation of area at risk



Elevation of defence asset



Type of defence asset

Risk can be defined as a multiplication of probability of an incident and the severity of the incident.
Both the likelihood of a breach occurring and the severity of a potential breach have been
considered.
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Elevation of area at risk is an important factor as a breach in a lower lying area will result in a
greater area being flooded to a greater depth and as a consequence a greater number of
properties affected if the area is urbanised. The breach locations selected all maximise severity
of flooding impact.
The type of defence asset, in particular whether an asset is a formally maintained, a built asset or
natural high ground, is a key factor in breach probability. Natural high ground, being a naturally
occurring fluvial feature was considered less likely to breach compared with an asset reliant on
ongoing maintenance. As such AIMS assets classified as ‘high ground’ were not considered for
breach locations. Equally embankments were considered more likely to breach than hard
engineered walls. The fluvial breach locations selected were all built embankments.
The 1% AEP 2025 model results from the Burstwick and Old Fleet ICM model indicate that peak
stage on the Burstwick Drain as it passes through Hedon is 2.65m AOD. Figure A-1 highlights all
areas below this level in red. If there were a breach at an appropriate location, these areas would
be liable to flood. Three breach locations were selected on the north bank. On the South Bank the
low point was selected as a breach location. Each breach was modelled separately.

Figure A-1: New modelled breach locations

The tidal gate on the Burstwick Drain was selected as the tidal breach location. This was selected
over the embankments to the north and south as ingress of tidal waters up the Burstwick Drain
would concentrate water levels. To the north of Burstwick Drain elevations exceed 3m AOD and
to the south there is a wide low lying rural area.
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A.4.2

Breach representation

The representation of a breach scenario within a hydraulic model requires several components to
be defined. The model setup for breaches from previous studies, available guidance, and the
approach used in this SFRA are detailed in Table A-1. The model setup was discussed and
agreed with East Riding of Yorkshire Council (ERYC) and the Environment Agency.
The breach scenarios were run using the updated Burstwick and Old Fleet defended model. Each
breach was modelled and run separately and the maximum results combined to provide the
mapping used in the SFRA.
Table A-1: Breach representation
Breach
Element
Size

Model Setup

Notes

50 metres wide for earth defence.
20 metres wide for hard defence.

As agreed with the East Riding of Yorkshire
Council and Environment Agency.

Fluvial: at peak level.
Burstwick Drain stage hydrograph has 3 stage
peaks which relate to the tidal gates closing
with the incoming tide, each stage peak has a
similar stage level for the 1% AEP event. The
first stage peak was selected for the breach
timing, and therefore all three peaks were
included within the duration of the breach. A
sensitivity test of starting the model at the
second peak, showed a smaller modelled flood
outline. A breach at the first stage peak is
considered a conservative approach.

Timing

As agreed with the East Riding of Yorkshire
Council and Environment Agency.

Tidal: 1 hour before high water.
Due to model stability issues the modelled
breach required a warmup and started 2 hours
before, this is considered to be a conservative
approach.

Duration

72 hours

Following discussions with East Riding of
Yorkshire Council and the Environment Agency
regarding the response times to a breach, in the
absence of any further information, or
confirmation of secured resource to attend any
breaches, the recommended breach duration of
72 hours was selected.

Locations

5 locations

4 fluvial locations
1 tidal location

Invert Level

Ground level used at all locations

As agreed with the Environment Agency.

A.5

Hazard

To assess the risk that the floodwaters pose to life, hazard was computed by the hydraulic model
and the consequent hazard zones mapped. The ‘hazard’ posed by flooding is determined as a
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product of the depth and the speed of the flow and assessed in accordance with Defra guidance
‘Flood Risk to People (FD2320)1.
𝐻𝑎𝑧𝑎𝑟𝑑

𝑑𝑒𝑝𝑡ℎ 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦

0.5

𝐷𝑒𝑏𝑟𝑖𝑠 𝐹𝑎𝑐𝑡𝑜𝑟

Where debris factor is dependent on flood depths, velocities and dominant land uses.
The hazard categories adopted for the SFRA are
Table A-2: Hazard Classes
Flood Hazard Rating

Description

<0.75

Very low: shallow flowing water or deep standing water

0.75 – 1.25

Danger to Some (e.g. children, the elderly and infirm): flooding with deep or fast flowing
water

1.25 – 2.0

Danger to Most (e.g. the general public): flooding with deep, fast flowing water

>2.0

Danger to All (including emergency services): flooding with deep, fast flowing water

A.6

H++ Climate Change

Current climate change guidance indicates that the projected sea level rise for the East of England
from 1990 to 2115 to be 1.21m cumulatively, whilst the H++ scenario provides a significantly
higher sea level rise of 2.40m.
However, H++ allowances will only apply in assessments for developments that are very sensitivity
to flood risk and with lifetimes beyond the end of the century, for example infrastructure projects
or developments that significantly change existing settlement patterns.
The Environment Agency’s Adapting to Climate Change: Advice for Flood and Coastal Erosion
Risk Management Authorities2 states the following for H++ scenarios


Fluvial: For circumstances where the consequences of rare events could be extreme, Risk
Management Authorities may wish to test their designs and plans against the H++
scenario. Extreme consequences could include flooding of nuclear installations or large
scale energy generating infrastructure, for which the scale of the flooding impact may
extend far wider than the immediate locality of the flooding incident. This would help
illustrate the risks such changes could present but given that H++ estimates represent the
Upper limit of climate projections that are considered plausible, it would not normally be
expected for schemes or plans to be designed to/ incorporate built-resilience for the H++
estimate.



Tidal: It is envisaged that only those circumstances involving events of extremely high
probabilities or where the consequences of rare events could be extreme would be
required to consider the H++ limits within assessments covering the period to 2115.

The effects of climate change on flood risk in the future is uncertain. Within the Humber Estuary
this is more complicated as the propagation of tidal surge, and the interaction with fluvial inputs
and the function of washlands upstream, make predicting the specific impacts difficult. Whilst it is
unlikely, the H++ allowances provide an additional degree of precaution over the climate change
allowances from February 2016 and the updated projections from the UKCP18 simulations. For
________________________
1

http://randd.defra.gov.uk/Document.aspx?Document=FD2321_3437_TRP.pdf

2

https://www.gov.uk/government/publications/adapting-to-climate-change-for-risk-management-authorities
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some particularly sensitive locations and land uses, for example those associated with sensitive
infrastructure, it may be necessary to undertake an assessment which considers those less likely
impacts of future climate change.
For Hedon, there is a need for a balanced and pragmatic approach to considering the future impact
of climate change. For more usual land use considerations and for informing the current refresh
of the Local Plan, the February 2016 allowances have been used; and these have been included
within the evidence base of this current Level 2 SFRA. The H++ simulations may still be required
for certain applications, and the advice from the Environment Agency should be sought early.
A new set of climate change projections was released in November 2018 under UKCP18. At the
time of final review of this SFRA, the revised climate change allowances (December 2019) had
just been released. The main update related to sea level rise allowances, however updates to
peak river flow and rainfall intensity may also be updated later. Full details of the update are
available at https://www.gov.uk/guidance/flood-risk-assessments-climate-change-allowances.
Individual Flood Risk Assessments will however need to ensure they have considered the impact
of the latest guidance relating to climate change.
Developers are advised to contact the Environment Agency when preparing a Flood Risk
Assessment if their development may need additional assessment of the future effects of climate
change.

Page 5 of 5
Commercial in confidence

B

Flood Zones
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Legend

D Hedon L2 SFRA Study Area

••• Flood Defences
• Flood Zone 3b
• Flood Zone 3b plus Climate
Change
• Flood Zone 3a
• Flood Zone 2
D Flood Zone 1
Flood Zones 3a and 2 use the Environment
Agency's Flood Map. Functional floodplain (Flood
Zone 3b) in Hedon has been based on the 5%
AEP overtopping modelling that has been
undertaken as part of this SFRA.
The ERYC FRMP Burstwick Drain intergated
model 3.3% AEP event has been used as a proxy
for Functional Floodplain plus Climate Change.
Users of this SFRA may need to undertake
additional modelling to confirm the impact of
climate change on the extent of Functional
Floodplain.
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Overtopping Mapping

C.1

Present Day Fluvial Overtopping 5% AEP Maximum Flood Depths

C.2

Present Day Fluvial Overtopping 5% AEP Maximum Flood Hazard

C.3

Present Day Fluvial Overtopping 1% AEP Maximum Flood Depths

C.4

Present Day Fluvial Overtopping 1% AEP Maximum Flood Hazard

C.5

Present Day Fluvial Overtopping 0.1% AEP Maximum Flood Depths

C.6

Present Day Fluvial Overtopping 0.1% AEP Maximum Flood Hazard

C.7

Climate Change Fluvial Overtopping 1% AEP Maximum Flood Depths

C.8

Climate Change Fluvial Overtopping 1% AEP Maximum Flood Hazard
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Breach Mapping

D.1

Tidal Breach 0.5% AEP + CC Maximum Flood Depths

D.2

Tidal Breach 0.5% AEP + CC Maximum Flood Hazard

D.3

Tidal Breach 0.5% AEP + CC Maximum Flood Velocity

D.4

Tidal Breach 0.5% AEP + CC Ingress of Flooding

D.5

Combined Fluvial Breach 1% AEP + CC Maximum Flood Depths

D.6

Combined Fluvial Breach 1% AEP + CC Maximum Flood Hazard

D.7

Combined Fluvial Breach 1% AEP + CC Maximum Flood Velocity

D.8

Combined Fluvial Breach 1% AEP + CC Ingress of Flooding

D.9

Combined Fluvial and Tidal Breach Maximum Flood Depths

D.10 Combined Fluvial and Tidal Breach Maximum Flood Hazard
D.11 Combined Fluvial and Tidal Breach Maximum Flood Velocity
D.12 Combined Fluvial and Tidal Breach Ingress of Flooding
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Development Management Map
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Risk of Flooding from Surface Water Map
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Risk of Flooding from Groundwater Map
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Areas Susceptible to Reservoirs Map
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Flood Warning Service Coverage Map
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Access, Egress and Place of Safety
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J

Place of Safety

J.1

Introduction

The modelling and mapping undertaken for the SFRA show access/egress in and out of Hedon
would be highly unlikely due to the predicted depths, hazards and speed of onset of flooding. As
such, developers and planners must provide emergency planning arrangements, for example the
provision of a Place of Safety, available flood warnings and evacuation and emergency plans.
A Place of Safety must be designed to meet the following strict criteria


A Place of Safety must be provided, at least 300mm above the maximum on-site flood
depths.



Where the site is at risk from both tidal and fluvial flooding, whichever scenario gives the
greatest depths should be used.



Where there is a reliance on an internal Place of Safety, consideration must be given to
avoiding more vulnerable ground-floor uses, additional flood mitigation, Flood Warning
Evacuation Plans, and Means of Escape, in that order. If future users or occupants cannot
be shown to have reasonable protection from flooding, the development is likely to be
refused due to unacceptable risk to life and/or property.

In addition, the Place of Safety must


Have immediate access from within



Be permanently available and unrestricted for all users



Be of sufficient scale to accommodate all the intended users



Have an adequate Means of Escape e.g. through a roof window

Where there is a reliance on an internal Place of Safety, consideration must be given to avoiding
higher vulnerability ground-floor uses, additional flood mitigation, Flood Warning Evacuation
Plans, and Means of Escape, in that order. If future users or occupants cannot be shown to have
reasonable protection from flooding, the development is likely to be refused due to unacceptable
risk to life and/or property.
In all instances, it will be necessary to ensure that East Riding of Yorkshire Council
Emergency Planning Team and the emergency services (consulted via the Emergency
Planning Team) accept the proposals.
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