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Executive Summary

Leeds City Council declared a climate emergency in March 2019 with an ambition to work towards carbon neutrality
by 2030. The priority for the Local Plan Update 2021 is to update and improve existing policies and create new
policies, where deemed relevant, to address climate change, and the climate emergency declaration to achieve
net zero emissions by 2030.

Leeds City Council are planning for the long term to be ready for the impacts of climate change. Leeds already has
a significant level of development in the pipeline, which is anticipated to last until 2028 and beyond. If not built to
higher standards, taking into consideration the potential increased flood risk with climate change, these
developments may serve to exacerbate the challenge in the future.

Leeds City Council recognise that flooding will increase as the global and local climate changes. Increased risk of
flooding is one of the impacts of climate change. This update to the Strategic Flood Risk Assessment (SFRA)
identifies flood risk now and in the future including the impacts of climate change and the actions that can be taken
to reduce this risk. This includes identifying areas for sustainable development, green and blue infrastructure,
sustainable drainage and flood mitigation.

Leeds District is dominated by the valleys of the River Aire, River Wharfe and their tributaries. A very large
proportion of the local communities are situated adjacent to, or near, these rivers and/or their tributaries. The south-
eastern boundary of the District is adjacent to the River Calder and parts of Leeds District also experience flooding
from the Calder. Leeds Flood Alleviation Scheme Phase 1 completed in 2017, reduces risk of river flooding to
Leeds City Centre - the economic and commercial heart of the wider region. Leeds Flood Alleviation Scheme Phase
2 Step 1 and Step 2 are both currently under construction with Step 1 due to be completed in 2022 and Step 2
completed in 2023.

In addition to fluvial flood risk, parts of the Leeds District area are also at risk of flooding from surface water runoff
and surcharging of sewers during particularly heavy and/or prolonged rainfall. Future development can exacerbate
problems of this nature if not carefully designed, blocking flow paths and increasing the magnitude and speed of
runoff from the site.

This update to the Leeds SFRA has been carried out to deliver the following key outcomes:

. To collate all known sources of flooding, including river, surface water (local drainage), sewers and
groundwater, reservoir and overland flooding that may affect existing and/or future development within Leeds
District;

. To take into account the impacts of Climate Change;

. To delineate areas that have a ‘low’, ‘medium’ or ‘high’ probability of flooding within the District, defined in
accordance with the National Planning Policy Framework (NPPF)!; including delineating areas benefiting from
flood defence across all flood zones;

. To review existing flood risk planning policies to ensure they are resilient in respect to the impacts of climate
change and the use of SuDS. To consider the cumulative risk of flooding to existing development, taking due
consideration of the likely depth and speed of the flow, assessing the likely consequence that this may pose
to life and property within Leeds District;

. In accordance with the NPPF Sequential Test direct development away from areas at flood risk and where
this cannot be achieved, to areas of lowest flood risk first;

e  Where flood risk has been identified as a potential constraint to future development, recommend possible
flood mitigation solutions including the use of SuDS and Green/Blue Infrastructure that may be integrated into
the design (by the developer) to minimise the risk to property and life should a flood occur (in accordance with
the NPPF Exception Test);

. To identify opportunities to reduce the risk of flooding, including the requirement to prepare emergency plans
in site specific FRASs;

. Define the scope of site specific Flood Risk Assessments in relation to new development;

e A GIS based mapping system to allow for future updates as and when required and to provide a more
accessible means of demonstrating the current extent and nature of flood risk across the Leeds District.

1 National Planning Policy Framework, Ministry of Housing, Communities and Local Government, July 2021
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Flood Risk within the Leeds District

The first phase of the Leeds Flood Alleviation Scheme (LFAS1) and the second phase of Leeds Flood Alleviation
Scheme (LFAS2, currently under construction) reduce the risk of river flooding from the River Aire to Leeds City
Centre. There are also flood defence structures reducing the risk to other towns and communities within the Leeds
District. These structures may increase the standard of protection provided to properties situated behind them, but
there is always a residual risk that these structures may be overtopped in more extreme flood events or suffer
failures such as breaching. It is important, therefore, that future development takes careful consideration of the
standard of protection provided by these structures, the maintenance arrangements and any possible risk to life in
the event of defence failure. This underlines the NPPF requirement that development should only be located within
areas shown to be at medium and high flood risk on the Flood Map for Planning where the flood risk Sequential
Test and, as necessary, the Exception Test have been passed.

Smaller watercourses and local drainage paths are far more susceptible than the larger river systems to flashier
flood flow responses due to localised intense rainfall. Flooding of this nature can often occur unexpectedly and
involve rapid increase in water levels. With a changing climate it is expected that storms of this nature will become
increasingly common, potentially increasing the risk posed to properties situated in close proximity to local
watercourses.

In addition to river flooding, there is also a risk to properties posed as a result of localised flooding issues including
groundwater flooding, surface water runoff and/or surcharging of the underground sewer system. Many developed
areas of Leeds rely upon ageing underground networks to capture and convey local runoff. These networks may
have insufficient capacity to cater for increasing urban development within the Leeds District. There is an
opportunity to address surface water flooding within Leeds District whilst also responding to climate change
adaptation and mitigation through the use of sustainable drainage and multi-benefit blue-green infrastructure.

Why carry out a Strategic Flood Risk Assessment (SFRA)?

Flooding can result not only in costly damage to property but can also pose a risk to life and livelihood. It is essential
that future development is planned carefully, steering it away from areas that are most at risk from flooding, and
ensuring that it does not exacerbate existing flood risk.

The NPPF requires local planning authorities to review the variation in flood risk across their area and to steer
development towards areas of lowest risk. The SFRA helps to do this by mapping the variations in river flooding
and by indicating where there are other known sources of flooding.

In allocating land for development, it is essential that the Local Planning Authority (LPA) applies the principles of
the Sequential Test at the earliest stage in the planning process. The Sequential Test requires that land for future
development must first be sought within lower flood risk areas. Only if it can be demonstrated that, for sound
planning reasons, there are no suitable sites within this area, can sites elsewhere within the Council area be
considered.

Where the Sequential Test has been applied, and the LPA considers that there are sound reasons to allocate a site
within Flood Zone 2, Flood Zone 3 or at risk from other sources of flooding on planning grounds, then the NPPF
requires the Council to demonstrate that there are sustainable mitigation solutions available that will ensure that
the risk to property and life is minimised (throughout the lifetime of the development) should flooding occur. This
is through the application of the Exception Test which is informed by a site-specific Flood Risk Assessment and
Sustainability Appraisal.

The SFRA provides information and an evidence base upon which the Council's Planning and Development Control
decisions can be made. The NPPF was last updated in July 2021 and forms the basis for guiding planning decisions
within flood affected areas.
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Planning Policy Guidance Flood risk and coastal change — August 2022
update

The Planning Policy Guidance (PPG) Flood risk and coastal change guidance document, which has
informed the Leeds SFRA, was recently updated on 25 August 2022. This SFRA document was substantially
complete and in the final stages of review when the update to the PPG was published.

An important update to the PPG document has modified part of the definition of Flood Zone 3b The
Functional Floodplain as follows:

land having a 3.3% or greater annual probability of flooding, with any existing flood risk
management infrastructure operating effectively;

The previous guidance, and consequently the basis of this SFRA document and associated mapping,
defined Flood Zone 3b as land with a 5% or greater annual probability of flooding (1:20 year return period),
or land where water has to flow and/or be stored in times of flood. Given the extremely advanced status of
the SFRA, we are unfortunately unable to revise the whole SFRA document and associated mapping to
reflect the updated guidance. Where already available from existing modelling studies, we will update and
use the 3.3% annual probability (1:30 year return period) flood extent to delineate the starting point for the
extent of Functional Flood Plain. However, it is acknowledged that there is currently not available complete
mapping of the 3.3% annual probability flood extent across the Leeds administrative catchment area. To
avoid ambiguity or confusion, all references to Functional Flood Plain and/or Flood Zone 3b within the text
of this SFRA, should be read as set outin latest update to the PPG as land having a 3.3% or greater annual
probability of flooding, with any existing flood risk management infrastructure operating effectively.

Where the current day flood risk 3.3% annual probability flood extent is unavailable, developers will need to
demonstrate that their site(s) is not within the updated definition of Zone 3b. The 5% annual probability (1
in 20 year retum period) plus climate change modelled flood extents presented in the SFRA provide an
indication / starting point to define the 1 in 30 year, or 3.3% annual probability, flood extent. provide an
indication / starting point to define the 1 in 30 year, or 3.3% annual probability, flood extent.

Application of the Leeds SFRA

The NPPF requires that the Sequential Test is applied at all stages of the planning process, including both the
allocation of land for future development (i.e. by the Council) and at the planning application stage (i.e. by the
developer). The Leeds SFRA informs the application of the Sequential Test. Where the Sequential Test cannot be
satisfied the application should be refused. Where the sequential test has been passed it may then be necessary
to carry out the Exception Test. The SFRA provides guidance as to the minimum design considerations that will be
required to ensure that the proposed development is sustainable throughout its design life and assist in completion
of site specific Flood Risk Assessments.

This SFRA has identified land at risk of flooding, as follows:

. Main River fluvial flooding: Flood Zones 1, 2, 3 and 3b, as defined under the NPPF, have been identified
based on modelled Environment Agency flood outlines. These correspond to land:

- With less than a 1 in 1000 years annual probability (0.1% AEP) of fluvial flooding (Flood Zone 1);

- Between a 1 in 100 (1% AEP) to 1 in 1000 years annual probability (0.1% AEP) of fluvial flooding
(Flood Zone 2);

- More than a 1 in 100 years annual probability (1% AEP) of fluvial flooding (Flood Zone 3).

- Where water has to flow or be stored in times of flood, land having a 1 in 20 or greater annual
probability (5% AEP) of fluvial flooding (Flood Zone 3b).
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. The NPPF flood zones are defined using undefended flood zones, i.e. ignoring the presence of flood
defences. The Environment Agency Flood Map for Planning flood outlines have been used to denote the full
extent of Flood Zones 2 and 3, although it should be noted that these are sometimes based on broad scale
flood modelling and may be subject to future revision following detailed modelling. The Flood Map for Planning
also does not consider the risk of flooding from most Ordinary Watercourses unless specifically recorded for
an area. The location of named ordinary watercourses is shown in Figure A.2 in Appendix A and Figure A.9
(surface water flooding) provides an indication of flow paths. Fluvial flooding has occurred on a number of
occasions within Leeds, so mapping of historical main river fluvial flood extents has been carried out
separately.

. The Functional Floodplain (Flood Zone 3b, defined as land with a 1 in 20 years annual probability (5% AEP)
of flooding, or land where water has to flow and/or be stored in times of flood) has been mapped where this
flood outline is available. The Functional Floodplain is mapped with consideration to the presence of flood
defences.

Within the Leeds District the Functional Floodplain (Flood Zone 3b) includes the following categories:

- Functional Floodplain (undeveloped areas) - Areas of Functional Floodplain that do not have existing
development and will continue to be Functional Floodplain in the future.

- Functional Floodplain (existing development) - Developed areas within the functional floodplain where
only the footprint of existing development is acceptable for re-development (providing all other policy
requirements are met).

- Functional Floodplain (future defended) — Areas of existing Functional Floodplain that are expected to
be removed from the functional floodplain by future defences that are currently being delivered by
LCC, for example LFAS2.

. Surface Water Flooding: Areas at high, medium and low risk of surface water flooding (33%, 1% and 0.1%
annual probability) have been mapped based on the “Risk of Surface Water Flooding” dataset, along with the
locations of historical surface water flooding.

. There are no designated Critical Drainage Areas within the Leeds District.

. Groundwater Flooding: Areas susceptible to groundwater flooding have been mapped based on British
Geological Survey data. This map shows the estimated probability of groundwater emergence at the surface
(clearwater flooding), floodwater emergence from within superficial deposits, or a combination of both. The
extent of historical groundwater flooding has also been mapped to inform this assessment.

. Sewer Flooding and flooding from drainage systems: the risk of sewer flooding is limited to a postcode
level analysis of the number of internal and external sewer flooding incidents within the last five years. This
has been supplemented with mapped information on flooding from other drainage systems (e.g. highways
flooding).

. Flooding from artificial sources: flood risk from artificial sources, i.e. Canals and Reservoirs) has been
assessed by mapping the extent of the Environment Agency Flood Risk from Reservoirs flood outlines, and
the locations of any known breach or near failures of canal embankments, as provided by the Canal and River
Trust.

. Ordinary Watercourse flooding: flood risk from Ordinary Watercourse is not always quantified in the
available datasets, particularly for smaller watercourses. The risk from Ordinary Watercourses will need to be
assessed for development sites on a case by case basis, although some datasets can assist with this
detemmination, including the Risk of Surface Water Flooding map which identifies flow paths in local
topography. Historical flood mapping can also show where Ordinary Watercourse flooding has previously
occurred. However, site specific flood risk assessments for sites adjoining Ordinary Watercourses may need
to be informed by detailed hydrological and hydraulic modelling. This is outside the scope of this SFRA.

Flood Risk Constraints upon Emerging Future Development within

Leeds

The SFRA will inform the application of the Sequential Test and, where necessary, the Exception Test in the
allocation of future development sites, as required by the NPPF4, taking into account all sources of flooding.

AECOM has prepared the SFRA in such a way that it will provide relevant and easily accessible information to
assist applicants preparing site specific flood risk assessments.
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The primary objective of the Leeds SFRA is to inform the revision of flooding policies, including the allocation
of land for future development. Furthermore, the SFRA has a broader purpose and in providing a robust
depiction of flood risk across the district it can:

. Inform the development of Council policy that will underpin decision making within the District, particularly
within areas that are affected by (and/or may adversely impact upon) flooding;

e  Assist the development control process by providing a more informed response to development proposals
affected by flooding, influencing the design of future development within the District;

. Help to identify and implement strategic solutions to flood risk, providing the basis for possible future flood
attenuation works;

. Support and inform the Council's emergency planning response to flooding.

A Living Document

The SFRA has been developed building heavily upon existing knowledge and model data with respect to the
existing flood risk within the Leeds District.

With the completion of major flood alleviation schemes and following any major flood events, it is anticipated this
SFRA should be updated to provide an updated evidence base of flood risk within the Leeds District.
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Abbreviations and Glossary of Terms

" AEP

Annual Exceedance Probability e.g. 1% AEP is equivalent to 1% probabiiity of
occurring (or being exceeded) in any one year

Core Strategy

The Core Strategy is the main strategic document within the Local Plan for Leeds
and sets out the strategic policy framework for the district to 2028 and a housing
requirement to 2033.

MHCLG Ministry of Housing, Communities and Local Government
(Department for Levelling Up, Housing and Communities)
Defra Department of Environment, Food and Rural Affairs

Development

The carrying out of building, engineering, mining or other operations, in, on, over or
under land, or the making of any material change in the use of a building or other
land.

Development Plan

A spatial planning document within the Council's Local Development Framework

Document (DPD) which set out policies for development and the use of land. They are subject to
independent examination.
EA Environment Agency

Flood Zone Map

Nationally consistent delineation of ‘high’ and ‘medium’ flood risk, published on a
quarterly basis by the Environment Agency

Flood Zone 1 Low
Probability

NPPF Flood Zone, Land having a less than 1 in 1,000 annual probability (0.1% AEP)
of river or sea flooding.

Flood Zone 2 Medium
Probability

NPPF Flood Zone, Land having between a 1 in 100 and 1 in 1,000 annual probability
of river flooding;

Flood Zone 3a High
Probability

NPPF Flood Zone, Land having a 1 in 100 or greater annual probability (1% AEP)
of river flooding.

Flood Zone 3b
Functional Floodplain

NPPF Flood Zone, this zone comprises land where water has to flow or be stored
in times of flood. Land having a 1 in 20 or greater annual probability (5% AEP) of
river flooding. Local planning authorities identify in their Strategic Flood Risk
Assessments areas of Functional Floodplain and its boundaries accordingly, in
agreement with the Environment Agency.

Formal Flood Defence

A structure built and maintained specifically for flood defence purposes

Freeboard An allowance for uncertainty in design water level and any other physical
processes that may affect the ability of an asset to withstand the design criteria

Green-Blue A network of multi-functional green and blue spaces and other

Infrastructure natural features, urban and rural, which is capable of delivering a wide range of

environmental, economic, health and wellbeing benefits for nature, climate, local
and wider communities and prosperity.

Habitable Room

A room used as living accommodation within a dwelling but excludes bathrooms,
toilets, halls, landings or rooms that are only capable of being used for storage. All
other rooms, such as kitchens, living rooms, bedrooms, utility rooms and studies are
counted.

Informal Flood Defence

A structure that provides a flood defence function but has not been built and/or
maintained for this purpose (e.g. boundary wall)
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Leeds City Council

Lead Local Flood
Authority (LLFA)

Local government authority (county council or and unitary authority) who lead in
managing local flood risks (including risk of flooding from surface water, ground
water and ordinary watercourses). LLFAs have duties under the Flood and Water
Management Act 2010.

Local Development
Scheme

Consists of a number of documents which together form the spatial strategy for
development and the use of land

LPA

Local Planning Authority

Main River

All watercourses designated as Main River by the Environment Agency and Defra.
Main Rivers are usually larger rivers and streams. The Environment Agency has
powers to carry out maintenance, improvement or construction work on Main Rivers
to manage flood risk.

Mitigation Measures

Measures to mitigate the risk of flooding by taking actions to reduce or remove the
impact of flooding. Often approaches as a hierarchical approach to mitigation:

1. Locate development and infrastructure outside areas of high risk;
Adapt the design to reduce the risk of flooding;

3. Engineering measures to reduce flood risk, such as flood walls or flood storage
(Control);

4. Use of flood resilient design (property level protection)

Ordinary Watercourse

The Environment Agency carries out maintenance, improvement or construction
work on Main Rivers to manage flood risk. All other rivers are called ‘ordinary
watercourses’. Lead local flood authorities, district councils and internal drainage
boards have powers to carry out flood risk management work on ordinary
watercourses.

Previously Developed
(Brownfield) Land

Land which is or was occupied by a building (excluding those used for agriculture
and forestry). It also includes land within the curtilage of the building, for example
a house and its garden would be considered to be previously developed land.

Rapid Inundation Zone

The area near to flood defences where a breach or the source of flooding could
create a significant flood hazard i.e. due to high velocity floodwaters and
significant depth.

Residual Risk

A measure of the outstanding flood risks and uncertainties that have not been

explicitly quantified and/or accounted for as part of the review process. Examples

of residual flood risk includes:

o the failure of flood management infrastructure;

o a severe flood event that exceeds a flood management design standard, such
as a flood that overtops a raised flood defences;

e an intense rainfall event which exceeds the drainage system capacity.

Sustainability Appraisal
(SA)

The purpose of the sustainability appraisal process is to appraise the social,
environmental and economic effects of a plan from the outset. In doing so it will help
ensure that decisions are made that contribute to achieving sustainable
development.

Site Allocation Plan
(SAP)

The Site Allocations Plan (SAP) is a key document in the Local Plan for Leeds. The
SAP identifies sites for housing, employment, retail and greenspace to ensure that
enough land is available in appropriate locations to meet the growth targets set out
in the Core Strategy.

SubDS

Sustainable Drainage System

Sustainable
Development

Development that meets the needs of the present without compromising the ability
of future generations to meet their own needs” (The World Commission on
Environment and Development, 1987).

AECOM



Leeds City Council SFRA 2022 update Project number: 60659301

Table of Contents

1. USEI GUIHE ...ttt bbbt b b bbbt bbb £ bbb b £ £ h €4 b e e b e e b £ e b £ e b e e bt e b e e b £ e b e e bt eb e eb e e bt ebeebeebeebeebeebeas 15
1.1 Strategic Planning and PONCY .........couoiioiiiiee ettt sneenne s 15
1.2 Applying the SEQUENTIAI TEST....ccuiieiiierie et ee e steeneeeseeneeeneesseeneeeneas 15
G T 0 =Y (o 1=t o VoV o v o] 11 o SRR 15
1.4 Preparing Sit€ SPECIfIC FRAS.......ccie ettt e et eseesteeteeneenseeneeeneas 16
1.5  Assessing Planning APPIICALIONS ........cciiiiiierieie ettt e e sae e sreeneeeneas 16
2. IETOTUCTION ...ttt bbbt bbb bt bt b e b e bt e b £ eb e e bt e bt e b £ e b e e bt e bt e b e eb e e bt ebeebeebeebeeneeneas 17
2.1 Approach to Flood RiSK MaNagemMENT.........cueiieiriieiiese et see e ee st see e seeenee e sseeneesneesseenes 17
2.1.1 ASSESS FlOOA FISK...e.titiitiitiiiiiii bbbttt bbbttt bbbt e e 17
2.1.2  AVOID FlOOO FISK...cueeueeiieiieiieiteieeee ettt ettt b ekttt b et e b ettt e et et e et et e et e abeeeeenas 17
2.1.3 Manage and mitigate floOd FISK..........c.oiiiiriesi ettt e e sre e 18
2.2 PUIPOSE OF @ SFRA. ... oottt ettt ettt te et e s te e teeseeeteeeeaseeaseeteeneesseeneeeneeaseeeeeneenneenes 19
P22 S I 1V 3 To T To Tox B ] o 1= o) SRS 20
3. SFRA STUAY ATB&. ... et iieeitiesie ettt ettt e st ee st e et aseeate e eeaseeaseeneeameeaseeeeaseeaseeseassesseenseaneeaseenseeneeaseeseensenseenes 21
3.1 LEEAS DISIIICT .ttt ettt bbbkttt b bt bt bt bt bt ekt b bkt bt bRt bt bt b e b b e ens 21
G 02 L] oo | -1 o] /SRS 21
3.3 SUIMACE WALETCOUISES ... ittt ettt ettt bbbttt b e bttt b e bt et e e bt et et e b e ebeebeeeeens 22
1 €= T ] oo | SO SSS S 22
1S T 1o [ (0o T=To] (o ) SRS 22
4. CONSUIBLION ...ttt bbbttt b bt bbb e b £ b e b e e b £ e b e e b £ e b £ e bt eb e e bt eb e eb e eb e e bt ebeeb e ebeebeebeebeebeens 23
5. National, Regional and Local FIood RISK POLICY ..........coiiiiiiiieiiese e 25
6. [ YT 1o I 1= 1 =T | TSR 28
6.1  National and ReQIONaAl STTAtEQIES ........ciieririieriee et eee e se e s see e steenteereesteeneeeneesseeneeeneesseenes 28
6.2  Flood Management Measures and DEfENCES..........coiieiiiierieie e 28
6.2.1 Completed Flood ManagemeNnt MEASUIES.........cccvieeieereaeerieeneeaeesteeneeaseesseenseeseesseessesneesseessesseesseenes 28
6.2.2 Flood Management measures currently being delivered...........cccooveiiiienieie e 28
6.2.3 Flood Management measures identified and early stages of development..........cccccovevcveiniienennne 29
7. DALA COMIBCTION ...ttt bbbt bbbt bt bbb e bt b £ e b e e bt bt e b e e bt e bt e bt eb e eb e e bt ebeebeebeebeebeeneas 30
8. ST 7 2N/ 1= g To o (o] oo | SRS 33
8.1  SFRA Methodology and APPIOACK ..........ciiiiii ettt e ee e see e 33
8.2  Functional Floodplain (FIO0d ZONE 3D).......ciiiiieiiiesiee ettt 34
8.2.1 Functional Floodplain (UNAeVEIOPEd @rEas).......cccuieerieriiieiiee et see s 35
8.2.2 Functional Floodplain (future defended)...........c.ooi oo 35
8.2.3 Functional Floodplain (existing deVeIOPMENT)..........coiieiiiieriee e 35
8.3  Climate Change Methodology and AIOWANCES ........ccceeiiiieiieieiieseese e 35
9. FIOOT RISK M LEEAS. ...ttt bbbt bbbttt b bbbt bt b e e bt bt eb e bt bt e b e bt ebeebeebeeneas 37
9.1 RISK frOM MAaIN RIVETS ..ottt sttt bbbttt b bttt bttt b e b e b e ebeebeebesbeens 37
LS N R o 1V N = T T T T T TP PP U PO PP UR PP PRURURPRO 37
9.1.2  RIVEIN WRAITE ...ttt bbb bbbt bbbt bbbt bt bt e bt e bt e bt eb e e b e ebeebe b e ens 37
9.1.3  RIVET CBIHET ...ttt bbb bt bbbt b bt bbbt bt e bt bt bt b e e bt e bt e bt e bt eb e e b e ebeebeeneens 38
9.1.4 Meanwo0od BeCK CAtCRMENT...........cooiiiiiiii e 38
9.1.5 Wyke BECK CACHMENT......cciiiiiiiieie ettt e st e e te e esseeneeeneesneeneeeneenseenes 39
9.1.6  OUItON BECK CAICNMENT.......iitiiiiitiitiiti sttt bttt sttt sttt b et e eb et ebeebe e enis 39
LS A = 7 To |1 =TSRSS 40
9.1.8 COCK BECK CACRMENT.......cciiiiiiiiiiitiiici bbbttt b e bbb ens 40
9.1.9 Collingham Beck and Fir Green Beck CatChmMENtS...........ccoiieiiiieiiereceseee e 41
9.1.10 HOI BECK @Nd KEI BECK.....c.uiitiieiitiitiiiiitiiiisieseee ettt sttt bbb b bbb e e 41
9.1.11 Farnley Wood Beck and WOrtIeY BECK...........ccieriiieiieie ettt nee e 41
LS 2 I 1 Y SRS 42

AECOM



Leeds City Council SFRA 2022 update Project number: 60659301

10.

11.

12.

13.

14.

9.2 RISk from Ordinarny WatEICOUISES. .......ceuirueeieeiireeseeteseesteeeesseesieeeesaeesteensesseeseesseensesseesseensesseesseenes
9.3  Risk from Surface Water & DIAINAGE ......cceiueerierieiierieeneeeesieenee e stee e sreesseeneesseesseeneesneesseeneesseesseenes
9.4 RISK frOM GrOUNUWALET .......oiviitiitiitiitiitieieste sttt ettt sttt sttt b ettt bt b et e b et e ebeebe e ens
LSS T Y=V =T o 0T Lo |1 o T SRS
9.6  Risk of Flooding from Reservoirs and Canals..........ccccveeeieeiieieieene e sre e e
Flood Risk With ClMAte CRANGE ........eeiieiiiiei ettt e e ee et e e teenaeeseesaeeneeeseenaeeneesseenneeneas
10.1 Climate Change Allowances for Leeds CC Area

10.2 Functional Floodplain with Climate Change...........cccoiiiriierieesiere e
10.3 Peak Rainfall INtENSItY AIIOWANCE .......ccuiiiieiiierie e eiiese ettt et ae e seeeneeeseeseeeneesseeneeeneas
10.4 Climate Change Risk in LCC Area - Main RIVETS ........ccoiieiieiiiese et enee s 48
L0.4.1 RIVET AN ..ttt ettt ettt ettt bt bbbt bbb £ b b e b e b e e E £ e b e e b e e b £ e b £ e b e e bt e b e e R £ e b e e b e eR e bt bt e Rt e bt be bt reene s

10.4.2 River Wharfe
10.4.3 River Calder

10.4.4 MEANWOOT BECK .......uiiuiiiiitiitiitiiti stttk b bbbt bbbttt b bt bttt eb e bt e b e e be e b e ebeebeebeeneas 49
L0.4.5 WYKE BECK ...ttt ettt ettt et te st e st et e et e steenteeseeseeeneeaseenseeneeaseeneeeneeeseenneeneeaneenneenean 49
10.4.6 OUION BECK.......iitiitiiiitii bbbttt bbbt bt bt bt bt b e bt eb e e b e bt e bt ebeebeebe b 49
O S = T Vo | 1Y == SRR 49
L0.4.8 COCK BECK ... ettt bbb bbbt bt bbbt b e b bt bt bt b e e bt e bt e bt eb e e bt e bt e bt ebeebeebenneas 50
10.4.9 Collingham Beck and Fir GreEN BECK .......c..eiiiiiieiieei ettt esneeneeeneas 50
10.4.10 HOIBECK @NA KEI BECK ......ccuiiuiiiiiiiiiiiiiiiiiieeit sttt sbe b ene s 50
10.4.11  Farnley Wood Beck and WOTIEY BECK.........ccuiuierieieriiesii e sieesie e siee e eae st ee e see e sseeneeeneas 50
O 2 N1 T Y SR 50
10.5 Climate Change Risk in LCC Area - Ordinary WaterCOUISES. .......coveurreereaeenieeneeaeesieeneeaneesseeneesnes 50
10.6 Climate Change Risk - Surface Water & Drainage

10.7 Managing flood risk with Climate Change..........ccoiiiiieiiiieriee e
RESIAUAI FIOOT FISK ...ttt bbbttt bbbt b ekt b e bt bt bt e bt e bt ebeebeebeereeneas
L1.1 OVEIVIBW ettt b bt b bbbt bbb bbb €S b £ e b £ e h £ e b £ e b £ e b £ e b £ e h e e bt e b £ e b e e b e e b e eb e eb e e b e ebe e b e ebeebeeneeneas

11.2 Residual Risk Within the Study Area.........c.cccoevvvvrienriienieenen,
11.2.1 Residual Risk, Operation and Maintenance of the LFAS
O I TN Y 1 0T [0 (=Y = (o

R C I = - o] (o I Lo 10 T gTo F= U1 (o] o 10740 = SRS 55
Sequential Test and Site AlIOCALIONS ........coiiiiiiee e e st see e e steeneeeneesreeneeeneesseenes 56
D2 R S Y=o 11 1= q Y= LI 2Y o) ] o = U o OSSR 56
12.2  Applying Sequential TeSt — Plan-Making .........cceceieeriarriienieeseese e seesee e sseeseeeeesseeseeeneesseessesnees 56
12.2.1 Recommended stages for LPA application of the Sequential Test in Plan-Making............cccccceeve.... 58
12.2.2 WINGTAI SIS ...ttt bbbt bbbttt b e bt b e bt e b e e bt b e ebeebeereeneas
12.3 Applying Sequential Test — Planning Applications

12.4  Sequential TSt EXEMPIIONS.....cciiiiiierieiesiese e eee st see st e ste e e seeseeeseeaseesseenaeaseenseaneeaseeseeeneesseenseenees
12.5  LCC Sit€ AlIOCALIONS ... .c.veitiiiitiitietisie sttt ettt bbbttt b bbbt bt bt e bt et e ebeeb e e b e ebeebeebesbeereeneas
Applying the Exception Test — Assessment of Site AllOCALIONS...........ccevieiriierierr e 62
13.1 Application of Exception Test for Allocated Sites

GUIdaNCe TOr Site SPECITIC FRAS .....ee ettt ettt e et eee e s e steeteeseesteeseeneeaseeeeeneesseenes
LA.1 OVEIVIBW ..ttt ettt ettt ettt h bbbt bbb bbb e b b £ e b £ e H £ e b £ e H e e b £ e b £ SR e SRt e b £ eb £ e b e e b e ebeeb e e b e e bt ebeebeebeeneeneas 63
14.2 Development Layout and Sequential APPrOACH. ......cccviiiiierieesiese e 63
14.3  FiNISNEd FIOOT LEVEIS ..ottt sr b ene s 63
14.4 Flood Resistance ‘Water EXCIUSION STrAEgY’ ......ccuereerurreerieeieseeseeeeseeseeeeesseeseeeseesseeseesneesseessesnees 64
14.5 Flood Resilience ‘Water ENtry Strat@gy’........cocveieiierieiesiesieereseeseeee e see e sseeseeeeesseeseeeneesseensesnes 66
LA.5. 1 STTUCTUIES ...ttt ekt e Rt et E e R e e e e R e e Rt e e e e R e e e et e sneae e e n e e e e e b e e nreennenreenneennas 67
14.6  Safe ACCESS ANU EQIESS ...cuuiiiiiiiieieiiesieesesiee st ste et este e e teesteenaesseesseaneeaseeaseenseaseenseenseaseenseaneesseenseenees 67
L14.6.1 SAFE RETUGE .. e eeeiiee ettt ettt et e st et et e steenteeseeseeeneeeseeaseeneeaseenseaneeeseenaeeneeaneenneeneas 68
14.7 Floodplain COMPENSAtiON STOTAQE .....ccuieiueiieeriieieseeseeereesteesteeeesteeseeeeesseesseeaesseesseaseesseesseaneesseessesnees 68

AECOM



Leeds City Council SFRA 2022 update Project number: 60659301

LA.7.1 FIOOT VOIUS ...ttt bbbt bbbt bt bbbt bt bt bt e bt e bt eb e bt e bt e bt e bt ebeebeebeeneas 69
0 T T To o =0T U 1 o SRS 69
14.9  RIVErSIAE DEVEIOPIMENT ... .cii ettt ettt ee st e s et e e e reesseeneeeseesseeneeeseeneeeneesseenseeneas 69
14.10 Flood Waming and Evacuation PIaNS ............ccooiiiiiiirieseee e 70
0 I O T To o AN VAY 2=V 11T Y (=T SRR 71
15.  Sustainable Drainage Developer GUIHANCE. ..........c.uerieieiierie e sieseeseesee e seesee st sae e seeeaesneeseeeeeeneeneeenes 73
15.1 Surface Water MANAGEIMENT........cciiieriieiesiieste e steesteeeesteeste e e sseeseeaseeaseesseaneeaseesseenseaseesseaneesseenseenees 73
15.2 Technical Standards and SUPPOIING QUIANCE .........coocuiiierieieeiese et nee s 75
AppPendix A SFRA SUPPOTTING MAPS.....ccuiieeiiieieieesieeieseeseeeesseesteseesseesseseesseessesseesseessesseassessesssesseessesnseansessesssesees 77
N0 R V= To T [0 o To o | =1 o] VPRSP 78
A2 MaP LEEAS WALEICOUISES ....cueieueeiiieieeiesiee st eeeateestee e aseesteeseaseesseeeeaseesseeseaseesseenseaneesseenseeneesseensesnees 79
NG T V= To I € =To (oo VPSSR 80
AN S V= To N 7 2N o T Yo [0 =TSRSS 81
A5 Map Flood Modelling Outlines (Undefended)...........ccviierieieiieniee e 82
A.6  Map Flood Modelling Outlines (defended)...........cocueriierieiesereee e 83
A.7  Map Flood Modelling Outlines (undefended climate change).........cccccovoveivienieir e 84
A.8 Map Flood Modelling Outlines (defended climate change).........ccoccvieerieirieniere e 85
A.9  Map Surface Water Flooding, Map9A Flooding Heat Map........cccevviierieiriieniee e 86
A.10 Map Susceptibility to Groundwater FIOOING .......cccveoriierieieiiere e 88
A.11  Map Approximate reach location of Completed/FUuture FAS.........cocviierierr e 89
N 2 V= T B T <Y<Y (oo o 1o SRS 20
A0 e T V= To N =TT =Y Yo 1 gl (oY Yo |1 o PSSR RS 91
A0 I V= To N o £S5 (o Tl o Yoo 1o PSSR 92
A.15 Map Flood Warning and AIEIT ATEAS .........ceiiereieerieieeeesteesie e steesee e steesseaseesseenseaneesseensesneesseessesnees 93
A.16 Map SuDS Constraints — Superficial Permeability ...........ccccoiieiieiiieee e 94
A.17 Map SuDS Constraints — Bedrock Permeability ...........cccoouoiiiinieie e 95
A.18 Map SuDS Constraints — Infiltration SUItabIlity ..........cc.cerieirie s 96
A.19 Map Opportunity Mapping - Working with Natural PrOCESSES ......cccvieerieiriierieerer e seenee e nee s 97
A.20 Map Functional Floodplain (Climate Change)........c.couieeriereiiereere e e e see st see e see e eneeeneas 98
A.21 Map Developed and Undeveloped Functional Floodplain...........c.cccoerieiriienienn e 99
Appendix B List of modelled flood outlines (USE Of PrOXIi€S) ....ccuveueiierieieriere e see e eee e e e eeeneens 100
B.1  River Calder List of Modelling data (inCluding ProXi€S) ........c.cocveurreereerirseeneeeeseeseeeeeseeseeeeesneens 100
B.2  Aire catchment List of Modelling data (including ProXi€s).......ccueceieerrerereeneeeseeseeeee e see e sneens 102
B.3  Wharfe catchment List of Modelling data (inCluding ProXi€s)..........cccoeveeivereerrsieeneeeseeneeeeesneens 107

AECOM



Leeds City Council SFRA 2022 update Project number: 60659301

Figures

Figure 2-1: How flood risk can be taken into account in the preparation of a Local Plan (Planning Practice
Guidance for Flood Risk and Coastal Change)
1o (U= R I (010 | AN (- RS
Figure 9-1 Meanwood Beck Catchment.............ccccvvveneeee
Figure 9-2: Wyke Beck Catchment ...........cccocevvevviienennne
Figure 9-3: Oulton Beck Catchment..........ccccccoveveivieeeene
Figure 9-4: Bagley Beck Catchment.........cc..cccoovevviieenne
Figure 9-5: Cock Beck Catchment
Figure 9-6: Collingham Beck and Fir Green Beck Catchment Areas

Figure 9-7: Wortley and Farnely Wood Beck Catchment Area............cccccceue....

Figure 9-8: Lin DYKE CatChMENT.......cc.iiiiieiieie ettt et e e s te e te s e sseeteeseesseenteeneesneenseeneenseenes
Figure 12-1: Application of Sequential Test for Plan-MakKing.........cccoveoriierieirsiereere e see e
Figure 14-1: Flood Resistant / Resilient Design Strategies, Improving Flood Performance, CLG 2007 ................ 65
Figure 14-2: Examples of flood barriers, air bricks with covers and non-return valves.............cccccveevieeiincnieenenne 66
Figure 14-3: EXamPple Of OO0 QALES ........oouiiiiiieieeee ettt bbbttt b e bbbt b b ere b 66
Tables

Table 4-1: SFRA Stakeholder Organisations and ROIES ...........ccoiiiiiieiiee e neeeneas 23
Table 5-1: Flood Risk Policy and GUIidance DOCUMENTS.........ccueiiiiriieriieesieeseeeeeseeeseeeeesseesseeseeaseesseensesneesseessesnees 25
Table 5-2: Responsibilities and duties for managing flood risk in Leeds DiStriCt..........coooviieriieiennniene e 26
Table 5-3 Planning consultees for flood FISK ISSUES .........couiiiiieiiiesiese et nee e 27
Table 7-1: Details of Datasets Used Within thiS SFRA ... 30
Table 9-1: Canal Breach and Overtopping Records within Study Ar€a ..........cocvevviierieiniiene e 44
Table 10-1: Climate Change Allowances for River Flow Increases in the Aire and Calder River Management
CAICIMENT ...ttt bt bbbt h e b e e b e e bt b £ e b £ e b £ e b £ e b e e b e e b e e b £ e b £ e b £ eb £ eb e eb e e b e e b e e b e eb e ebeebeebeebeene e 46
Table 10-2: Climate Change Allowances for River Flow Increases in the Wharfe and Lower Ouse River
ManagemMENTt CAtCRMENT. ... ..ottt e e et e te et e s e ste e teeseesseeeeaneeaseeneeeneenseenseeneenseenes 46
Table 10-3: Climate Change Allowances to be Applied for Each Development Vulnerability Classification.......... 46
Table 12-1: Flood Risk Vulnerability Classification (PP G) ........cccoiiiiierieesiesie e ettt see e sneeseeeneeeneas
Table 12-2: Flood Risk Vulnerability and Flood Zone ‘Compatibility’ (PPG2, 2014) ........cccceveevireeeeieeeeeereeeeveenenes
Table 14-1: FiNIShed FIOOTr LEVEIS .......cciiiiiiiiiii bbbttt b bbbt b e bbb ene s
Table 14-2: Hazard to People Rating (HR=d x (v +0.5) +DF) (Table 8.2 FD2320/TR2).........c..cc.u.....

Table 14-3: Environment Agency Flood Waming Areas (refer to Appendix A - Figure A.15)

Table 15-1: Typical SuDS Components (Y; primary process. * some opportunities, subject to design)................ 74

AECOM



Leeds City Council SFRA 2022 update Project number: 60659301

1. User Guide

It is anticipated that this SFRA will have a number of end users with slightly different requirements; this Section
describes how to use the SFRA and how to navigate the report and mapping deliverables. The SFRA Report is set
out as follows:

. Section 2 Introduction

. Section 3 SFRA Study Area

. Section 4 Consultation

. Section 5 National, Regional and Local Flood Risk Policy

. Section 6 Plans and Strategies

. Section 7 Data Collection

. Section 8 SFRA Methodology

. Section 9 Flood Risk in Leeds

. Section 10 Flood Risk with Climate Change

. Section 11 Residual Flood Risk

. Section 12 Sequential Test and Site Allocations

. Section 13 Applying the Exception Test — Assessment of Site Allocations
. Section 14 Guidance for Site Specific Flood Risk Assessment
. Section 15 Sustainable Drainage Developer Guidance

e  Appendix A- Flood Maps

1.1 Strategic Planning and Policy

The main purpose of the SFRA for Leeds City Council (LCC), as explained in the NPPF4, is to provide a strategic
overview of flood risk within the LPA in order to enable effective risk-based strategic planning for the future, through
the preparation of the Local Plan. Sections 9, 10 and 11 present the information that should be used by LCC to
inform their knowledge of flood risk from all sources throughout their area. The SFRA is then used to inform the
application of the Sequential and Exception Tests during the process of allocating development within the LPA
Area. The current local plan is being updated in response to the Climate Emergency and does not include site
allocations and therefore Exception Tests have not been carried out as part of this SFRA.

1.2 Applying the Sequential Test

The NPPF* sets strict tests to protect people and property from flooding which all LPAs are expected to follow. The
aim of the Sequential Test, under the NPPF4, is to steer new development to areas with the lowest probability of
flooding. Section 12 provides an overview of how LCC has undertaken the Sequential Test and specific guidance
on how the Sequential Test is applied. Section 13 provides specific information on the Exception Test undertaken
by LCC and guidance for applying the Exception Test where appropriate.

1.3 Emergency Planning

LCC is a Category One Responder under the Civil Contingencies Act 20042 and therefore has a responsibility,
along with other organisations, to develop emergency plans to help reduce, control or ease the effects of an
emergency. The complex nature of flooding, and its subsequent impacts, often requires a comprehensive and
sustained response from a wide range of organisations. West Yorkshire Combined Authority (WYCA) is also a
Category One Responder and coordinates the West Yorkshire Local Resilience Forum to allow all Category One
and Category Two responding parties to work together to plan and implement the response to emergency events

2 HSMO (2004) Civil Contingencies Act. Available from: hitp://www.legislation.gov.uk/ukpga/2004/36/contents
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including flooding®. The SFRA deliverables should be used by LCC’s Emergency Planning team as a useful source
of up to date information about flood risk. The SFRA should be reviewed by the team, such that the findings can
be incorporated into their understanding of flood risk. Section 14.10 provides detail on Emergency Planning and
Flood Warnings within the LPA Area.

1.4 Preparing Site Specific FRAs

The SFRA can provide a useful starting point to the preparation of site specific Flood Risk Assessments (FRAs) for
individual development sites as follows;

1. Sections 9,10 and 11 provides an overview of the key issues within the LPA in relation to flood risk;

2. Section 12 provides guidance on the application of the Sequential Test for sites that have not yet been
tested by the LPA, and Section 13 provides details on when the Exception Test is required, and how to

apply it;

3. Section 5 provides details of relevant local plans and policies for managing and mitigating flood risk within
the study area,

4.  Section 14 provides specific guidance for preparing site specific FRAs in accordance with the checklist
presented in the National Planning Policy Guidance (PPG)®.

1.5 Assessing Planning Applications

Flood Risk Management Development Control officers who are reviewing site specific FRAs as part of the planning
application process should consult Sections 9 to 11 of the SFRA to provide background for flood risk in the area
relating to the planning application. Section 14 can also be used by those assessing applications as a checklist for
issues that need to be addressed as part of site specific FRAs.

3 West Yorkshire Emergency Response Manual (2011) is available here:
https://www.calderdale.gov.uk/v2/sites/default/files/emergency-contacts. pdf
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2. Introduction

The LCC administrative area extends from Otley in the north west, to Wetherby in the north east, to Allerton Bywater
in the south east and to Morley in the south west. LCC encompasses the major population centre of Leeds. A large
proportion of Leeds is designated Green Belt, interspersed by a number of suburbs, towns and villages.

The River Aire, River Wharfe and their tributaries are dominant features of Leeds. A large proportion of the local
communities are situated adjacent to, or near, these rivers and/or their tributaries. Additionally, the River Calder
flows along the south-eastem boundary of the District where it adjoins Wakefield and also poses a risk of flooding
in the Leeds area. Flooding represents a risk to both property and life. It is essential therefore that planning
decisions are informed and take due consideration of the risk posed to, and by, future development by flooding.

This SFRA for Leeds is being developed in tandem with the detailed preparation of the LCC planning framework.
The SFRA has been developed based upon the best available information regarding flood risk within the District
and will inform the preparation of climate change policies within the Local Plan. Understanding of flood risk will
improve over time and it is important that the SFRA is adopted as a ‘living’ document and is reviewed regularly in
light of emerging policy directives and an improved understanding of flood risk.

2.1 Approach to Flood Risk Management

The NPPF* and associated PPG® for Flood Risk and Coastal Change emphasise the active role LPAs should take
to ensure that flood risk is assessed, avoided, and managed effectively and sustainably throughout all stages of
the planning process. The overall approach for the consideration of flood risk set out in Section 1 of the PPG can
be summarised as follows:

Manage &
Mitigate Flood

Assess Flood

Risk

Risk

This has implications for LPAs and developers as described below.

2.1.1 Assess flood risk

The NPPF* outlines that Strategic Policies should be informed by a SFRA and should manage flood risk from all
sources. Figure 2-1 reproduced from the PPG?, illustrates how flood risk should be taken into account in the
preparation of the Local Plan by LCC. Certain sites will require a site-specific FRA as defined in the NPPF*. The
FRA process is described in further detail in Section 14.

2.1.2 Avoid flood risk

LCC should apply the sequential approach to site selection so that development is, as far as reasonably possible,
located where the risk of flooding from all sources is lowest, taking account of current and future impacts of climate
change and the vulnerability of future users and property to flood risk.

In plan-making this involves applying the Sequential Test, and where necessary the Exception Test to Local Plans,
as described in Figure 2-1. This SFRA update is not to inform a new site allocation plan, itis to update the evidence
base identifying flood risk now and in the future including the impacts of climate change.

In decision-taking this involves applying the Sequential Test and, if necessary, the Exception Test for specific
development proposals.

4 Ministry of Housing, Communities and Local Government. July 2021. Revised National Planning Policy Framework. Available
at: https://www.gov.uk/government/publications/national-planning-policy-framework--2

5 Communities and Local Government. Planning Practice Guidance: Flood Risk and Coastal Change. Available at:
http://planningguidance.planningportal.gov.uk/blog/guidance/flood-risk-and-coastal-change/
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2.1.3 Manage and mitigate flood risk

Where alternative sites in areas at lower risk of flooding are not available, it may be necessary to locate
development in areas at risk of flooding. In these cases, LCC and developers must ensure that development is
appropriately flood resilient and resistant, safe for its users for the lifetime of the development and will not increase
flood risk overall. LCC and developers should seek flood risk management opportunities (e.g. safeguarding land),
and to reduce the causes and impacts of flooding (e.g. through the use of SuDS, Green-Blue Infrastructure and
natural flood management).

Figure 2-1: How flood risk can be taken into account in the preparation of a Local Plan (Planning Practice
Guidance for Flood Risk and Coastal Change)

LPA undertakes a Level 1 SFRA (see Section 1.2)

The LPA uses the SFRA to:
(i) Inform the scope of the Sustainability Appraisal for consultation; and,

(INldentify where developmentcan be located in areas with a low
probability of flooding.

The LPA assesses alternative development options using the
Sustainability Appraisal, considering flood risk (from all sources) and other
planning objectives.

Can sustainable developmentbe achieved through new development
located entirely within areas with a low probability of flooding?

Use the SFRAto apply the Sequential Test and identify appropriate
allocation sites and development.

If the Exception Test needs to be applied, considerthe need for a Level 2
SFRA (see Section 11.2.3).

Assess alternative development options using the Sustainable Appraisal,
balancing flood risk against other developmentobjectives.

Use the Sustainability Appraisal to inform the allocation of land in
accordance with the Sequential Test. Incllude a policy on flood risk
considerations and guidance for each site allocation. Where appropriate
allocate land to be used for flood risk managament purposes.

Include the results of the Sequential Test (and Exception Test where
appropriate) in the Sustainability Appraisal report. Use flood risk indicators
and Core Output Indicators to measures the Plans success.
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2.2 Purpose of a SFRA

The purpose of the Level 1 SFRA will be to collate and analyse the most up to date flood risk information for use
by LCC to inform the strategy for developmentin the Local Plan, and to further inform site-specific FRAs. The SFRA
will assess the risks associated with all types of flooding in accordance with the NPPF® and PPG” and will assess
the risks both now and in the future. The SFRA will build on existing hydraulic modelling and available information.

As the LPA, LCC must demonstrate throughout the site allocation process that a range of possible sites have been
considered in conjunction with the flood risk information and that the Sequential Test has been applied. The
Sequential Test requires an understanding of all sources of flooding within the District, including the fluvial Flood
Zones in the study area and risk and potential sources of surface water flooding, as well as the vulnerability
classification of the proposed developments. The NPPF acknowledges that some areas will be at risk of flooding
from sources other than fluvial. All sources must be considered when planning for new development including;
flooding from land or surface water runoff; groundwater; sewers; and artificial sources (see Section 9).

The primary objective of the Leeds SFRA is to inform the revision of flooding policies in response to the
Climate Emergency. Furthermore, the SFRA has a broader purpose and in providing a robust depiction of flood
risk across the district it can:

. Inform the development of Council policy that will underpin decision making within the District, particularly
within areas that are affected by (and/or may adversely impact upon) flooding;

e  Assist the development control process by providing a more informed response to development proposals
affected by flooding, influencing the design of future development within the District;

. Help to identify and implement strategic solutions to flood risk, providing the basis for possible future flood
attenuation works;

. Support and inform the Council’s emergency planning response to flooding.

A considerable amount of knowledge exists with respect to flood risk within the District, including information
relating both to historical flooding and the predicted extent of flooding under extreme weather conditions (i.e. as
an outcome of detailed flood risk modelling carried out by the Environment Agency and LCC and Risk of Surface
Water flood maps developed by the Environment Agency). The Leeds SFRA has built heavily upon this existing
knowledge, underpinning the delineation of the district into ‘high’, ‘medium’ and ‘low’ risk zones, in accordance with
the NPPF. These zones have then been used to provide a robust and transparent evidence base for the
development of flooding related policy and the allocation of sites for future housing and employment uses.

Itis important to recognise that some of the rivers that affect Leeds flow into, or from, adjoining authorities. Future
development within the District, if not carefully managed, can influence the risk of flooding posed to residents within
neighbouring areas. Conversely, careless planning decisions within adjacent districts can also impact adversely
upon flooding within the District.

A number of authorities within the Aire Valley and Wharfe Valley are carrying out similar strategic flood risk
investigations at the current time. Whilst the delivery teams and programmes underpinning these studies vary from
one District to the next, all are being developed in close liaison with the Environment Agency. Consistency in
adopted approach and decision making with respect to the effective management of flood risk throughout the Aire
and Wharfe catchment is imperative. Regular discussions with the Environment Agency have been carried out
throughout the SFRA process to this end, seeking clarity and consistency where needed.

6 Ministry of Housing, Communities and Local Government. July 2021. Revised National Planning Policy Framework. Available
at: https://www.gov.uk/government/publications/national-planning-policy-framework--2

7 Communities and Local Government. 6th March 2014. Planning Practice Guidance: Flood Risk and Coastal Change.
Available at:

http://planningguidance.planningportal.gov.uk/blog/guidance/flood-risk-and-coastal-change/
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2.3 Living Document

This SFRA has been developed building heavily upon existing knowledge with respect to flood risk within the LPA
Area taking into account cross boundary flood risk issues. The Environment Agency review and update the Flood
Map for Planning (Rivers and Sea)® on a quarterly basis and a rolling programme of detailed flood risk mapping is
underway. The Environment Agency also have a programme to update the risk of flooding from surface water

mapping.

New information may influence future development control decisions within these areas, one example being Phase
2 of the Leeds Flood Alleviation Scheme. Therefore, it is important that the SFRA is adopted as a ‘living’ document
and is reviewed and updated regularly in light of emerging policy directives, updated flood risk datasets and an
improving understanding of flood risk within the LPA Area.

8 Environment Agency (2018) Flood Map for Planning https:/flood-map-for-planning.service.gov.uk/
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3. SFRA Study Area

3.1 Leeds District

The study area shown in Figure 3-1 below includes the whole of the LCC Area (Leeds District). Leeds is the second
largest metropolitan district in England, with a population of approximately 800,000 and covering an area of 552
square kilometres.

Figure 3-1: Study Area
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The Leeds District includes the City of Leeds and a number of towns and settlements including Wetherby, Otley,
Guiseley, Yeadon, Horsforth, Bramhope, Roundhay, Garforth, Kippax, Rothwell, Middleton, Pudsey, Boston Spa,
Collingham, Thorner, Barwick-in-Elmet and Scholes. At the heart of West Yorkshire, Leeds has excellent
transportation, located near to the motorway network (including M1, M62 and A1M) and Leeds Station is a transport
hub for Yorkshire and beyond. Transportation within the Leeds District is connected up by rail, bus, canal, road and
air (Leeds-Bradford International Airport) links.

3.2 Topography

Ordnance Survey 50m digital topographic data is presented in Figure A.1 in Appendix A. The highest point of the
District is approximately 343m Above Ordnance Datum (AOD) in Wharfedale above Guiseley in the West, with the
lowest point, <25m AOD, located just north of Castleford as the River Aire flows beyond the District boundary and
also near the River Wharfe at Boston Spa. The topography to the East of the Leeds District is generally lower and
flatter than in the West.
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3.3 Surface Watercourses

The River Aire and the River Wharfe are the two primary catchment areas of the Leeds District. The River Aire
flows from the Bradford Council area into the western edge of Leeds District and then through the communities of
Horsforth, Kirkstall and the City Centre and south easterly down through Woodlesford and around Mickletown and
Allerton Bywater, before leaving the District. Many of the town and villages have been developed along the Aire
and the regeneration and reconnection of people with the river and canal is an important focus for development.
The River Aire has a number of tributaries that are Main River, including Bagley Beck, Wortley Beck, Famley Wood
Beck, Oulton Beck, Meanwood Beck, Wyke Beck, Cock Beck and Lin Dyke.

The River Wharfe runs along much of the northem boundary of the Leeds District and flows through key towns of
Otley and Wetherby. The River Wharfe has a number of tributaries that are main river, including, Hol Beck, Kel
Beck, Collingham Beck and Fir Green Beck.

The River Calder makes up parts of the southem boundary of Leeds District and flows through Castleford and
Methley. The locations of the principal Main River watercourses are shown in Appendix A Figure A.2, however the
study area also includes other Main Rivers as well as numerous Ordinary Watercourses.

3.4 Geology

Datasets have been obtained from the British Geological Survey (BGS) website to provide a high-level identification
of the superficial deposits and bedrock geology across the district. This is displayed in Appendix A Figure A.3.

Bedrock is the consolidated rock underlying the ground surface. Superficial deposits refer to the more geologically
recent deposits (typically of Quaternary age) that may be present above the bedrock such as floodplain deposits,
beach sands and glacial drift. Underlying geology can influence the presence and nature of groundwater in an
area, and therefore potential groundwater flood risk. The geology can also impact on the potential for infiltration-
based drainage systems.

The bedrock of the study area is mostly comprised of Millstone Grit in the north, Pennine and South West Lower
Coal Measures in the central area and Pennine and South West Middle Coal Measures in the south. The Zechstein
Group of limestones and dolomites make up the bedrock geology in the east of the study area. The principle
superficial deposit is glacial till, found mainly in the north of the study area, with alluvium along the river valleys.

3.5 Hydrogeology

Aquifers are defined as layers of permeable rock or unconsolidated material (sand, gravel, silt etc.) capable of
storing and transporting large quantities of water. The understanding of the behaviour and location of aquifers is
important as they can provide an indication of the potential for groundwater flooding.

Strata designated as aquifers are limited to the superficial deposits within the study area and are designated as
Secondary A and Secondary (undifferentiated) aquifers. The Environment Agency describes these aquifers as:

‘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.

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.

Secondary Undifferentiated - has been assigned in cases where it has not been possible to
attribute either category A or B to a rock type.’

Further information on groundwater flooding from aquifers is provided within Section 9.
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4. Consultation

Under the Localism Act 20119, there is now a legal duty on LPAs to co-operate with one another, County Councils
and other Prescribed Bodies to maximise the effectiveness within which certain activities are undertaken as far as
they relate to a ‘strategic matter’.

In complying with the duty to cooperate, Government Guidance recommends that LPAs ‘scope’ the strategic
matters of Local Plan documents at the beginning of the preparation process taking account of each matters
‘functional geography’ and identify those LPAs and Prescribed Bodies that need to be constructively and actively
engaged.

Flood risk is identified as a strategic matter and specific engagement activities are proposed with a number of
adjoining LPAs and Prescribed Bodies, both in relation to the preparation of the SFRA and the Local Plan. As part
of the SFRA, a number of organisations were contacted, invited to attend an inception meeting, and/or requested
to provide data to inform the SFRA. A summary of the roles of each organization, and their involvement through
the SFRA project, is provided in Table 4-1.

Table 4-1: SFRA Stakeholder Organisations and Roles

Stakeholder Organisation Role with respect to LCC SFRA

Leeds City Council (LCC) As a, LPA, LCC has a responsibility to consider flood risk in their strategic land use planning
and the development of their Local Plan. The NPPF requires LPAs to undertake a SFRA and
to use their findings, and those of other studies, to inform strategic land use planning including
the application of the Sequential Test which seeks to steer development towards areas of
lowest flood risk prior to consideration of areas of greater risk. LCC is also required to consider
flood risk and, when necessary, apply the Sequential and Exception Tests when assessing
applications for development.

LCC is also the Lead Local Flood Authority (LLFA) for the study area. As the LLFA, under the
Flood and Water Management Act (FWMA) LCC has a duty to take the lead in the coordination
of local flood risk management, specifically defined as flooding from surface water,
groundwater and Ordinary Watercourses. LCC is also responsible for regulation and
enforcement on Ordinary Watercourses and is a statutory consultee for future sustainable
drainage systems (SuDS) for major developments in the District, following changes to the
Town and Country Planning (Development Management Procedures) (England) Order 2015.

LCC is also the Highways Authority and therefore has responsibilities for the effectual drainage
of surface water from adopted roads insofar as ensuring that drains, including kerbs, road
gullies and ditches and the pipe network which connect to the sewers, are maintained.

During the preparation of the SFRA, LCC has provided access to available datasets held by
the Council regarding flood risk across the Leeds District. This has included current datasets
in relation to the assessment of local sources of flooding (surface water, groundwater and
ordinary watercourses). The SFRA will be used by the LCC’s Emergency Planning team to
ensure that the findings are incorporated into their understanding of flood risk and the
preparation of their Multi-Agency Food Plan (MAFP).

Environment Agency The Environment Agency is responsible for taking a strategic overview of the management of

all sources of flooding and coastal erosion. This includes, for example, setting the direction for
managing the risks through strategic plans; providing evidence and advice to inform
Government policy and support others; working collaboratively to support the development of
risk management skills and capacity; and providing a framework to support local delivery. The
Agency also has operational responsibility for managing the risk of flooding from main rivers,
reservoirs, estuaries and the sea, as well as being a coastal erosion risk management
authority. As part of its strategic overview role, the Environment Agency has published a
National Flood and Coastal Risk Management Strategy for England. The strategy provides a
lot more information designed to ensure that the roles of all those involved in managing risk
are clearly defined and understood.
The Environment Agency undertakes systematic modelling and mapping of fluvial flood risk
associated with all Main Rivers in the study area, as well as supporting LLFAs with the
management of surface water flooding by mapping surface water flood risk across England.
The Environment Agency has supplied available datasets for use within the SFRA.

Yorkshire Water Yorkshire Water is responsible for surface water drainage from development via adopted
sewers and for maintaining public sewers into which much of the highway drainage connects.
In relation to the SFRA, the main role that Yorkshire Water has played is providing data
regarding past sewer flooding.

West Yorkshire Combined WYCA comprises LCC and adjacent Councils within the West Yorkshire Region. The West

Authority (WYCA) Yorkshire Combined Authority takes a strategic view of flooding across the region and
coordinates regional strategy. Among other actions, WYCA has produced detailed guidance
on integrating Sustainable Drainage Systems into development.

9 HMSO (2011) Localism Act Available from: http://Awvww.legislation.gov.uk/ukpga/2011/20/contents/enacted
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Canal and River Trust

The Canal and River Trust have provided information to LCC on the locations of Canal
structures and recorded breach overtopping events within the study area. Canal and River
Trust were contacted as part of the consultation process to obtain information on historic flood
information.

Ainsty Internal Drainage Board

Ainsty Internal Drainage Board is responsible for maintaining and operating watercourses
draining a small area of mainly rural land in the northeast of the study area. Ainsty Internal
Drainage Board was contacted as part of the consultation process to obtain information on
their current and future expectations for providing flood management within the area.
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National, Regional and Local Flood Risk Policy

There is an established body of policy and guidance documents which are of particular importance when
considering development and flood risk. These are identified in Table 5-1 along with links for where these
documents can be found for further detail.

Table 5-1: Flood Risk Policy

and Guidance Documents

National Legislative and Policy Documents

Flood and Water Management
Act (2010)

Provides for a more comprehensive management of flood
risk, designating roles and responsibilities for different Risk
Management Authorities. Designates LCC as the LLFA,
with duties and responsibilities for managing local flood
risk (defined as flooding from surface water, groundwater
and Ordinary Watercourses).

https://www.legislation.gov.uk/uk
pga/2010/29/contents

Flood Risk Regulations (2009)

The Flood Risk Regulations transpose the EU Floods
Directive into law in England. It aims to provide a
consistent approach to flood risk across Europe.

http://www.legislation.gov.uk/uks
i/2009/3042/contents/made

Revised National Planning
Policy Framework

The NPPF was first published on 27 March 2012 and
updated on 24 July 2018, 19 February 2019 and 20 July
2021. This sets out the government’s planning policies for
England and how these are expected to be applied.

This includes Section 14 - Meeting the challenge of climate
change, flooding and coastal change.

https://www.gov.uk/guidance/nati
onal-planning-policy-framework

National Flood and Coastal
Erosion Risk Management
Strategy for England (2011)

The National FCERM Strategy sets out the long-term
objectives for managing flood and coastal erosion risks
and the measures proposed to achieve them. It provides
a framework for the work of all flood and coastal erosion
risk management authorities.

https://www.gov.uk/government/
publications/national-flood-and-
coastal-erosion-risk-
management-strateqy-for-
england--2

The Environmental Permitting
(England and Wales)
Regulations (2016)

In order to complete works on or near a Main River, on or
near a flood defence structure, in a floodplain or on or near
a sea defence. Guidance on obtaining an environmental
permit is available from the Environment Agency.

https://www.gov.uk/guidance/floo
d-risk-activities-environmental-
permits
http://www.legislation.gov.uk/uks
i/2016/1154/contents/made

Guidance Documents

Planning Policy Guidance —
Flood Risk and Coastal Change

Describes the planning approach to development within
areas at risk of flooding from all sources

http://planningguidance.planning
portal.gov.uk/blog/guidance/floo
d-risk-and-coastal-change/

Environment Agency Standing
Advice

Guidance on information to be included within robust site-
specific FRAs

https://www.gov.uk/guidance/floo
d-risk-assessment-standing-
advice

Flood and coastal risk projects,
schemes and strategies: climate
change allowances

Supporting guidance that provides the UK Climate
Projections (UKCP18) climate change factors for river
flood flows, extreme rainfall, storm surge and wave climate
for each river basin district and provides advice on
applying climate change projections.

Flood and coastal risk projects,
schemes and strategies: climate
change allowances - GOV.UK

(www.gov.uk)

Regional Flood Risk Policy

Aire, Calder and Ouse
Catchment Flood Management
Plans (CFMP)

Role of the CFMP is to establish flood risk management
policies which will deliver sustainable flood risk
management for the long term (an Environment Agency
Document).

https://www.gov.uk/government/
collections/catchment-flood-
management-plans

Humber River Basin
Management Plan

River Basin Management Plans (RBMPs) set out how
organisations, stakeholders and communities will work
together to improve the water environment.

https://www.gov.uk/government/
publications/humber-river-basin-
district-river-basin-management-
plan

Yorkshire Regional Flood and
Coastal Committee

The Regional Flood and Coastal Committee (RFCC)
brings together the Environment Agency, LLFAs and
expert independent parties to build understanding of flood
risk, guide the identification, communication and
management of flood risk across catchments, ensuring
investment in flood risk management is efficient and
targeted while benefitting local communities.

https://www.gov.uk/government/
groups/yorkshire-regional-flood-
and-coastal-committee

AECOM
25



Leeds City Council SFRA 2022 update

National Legislative and Policy Documents

Project number: 60659301

Leeds City Region Sustainable
Drainage System Guidance

This document outlines the types of sustainable drainage
systems, their use in the built environment and
requirements their use for future developments.

https://www.gov.uk/government/
groups/yorkshire-regional-flood-
and-coastal-committee

Local Documents and Strategies

Leeds Local Flood Risk
Management Strategy

The Local Flood Risk Management Strategy is used by risk
management authorities in Leeds (LCC, Environment
Agency, Yorkshire Water, Ainsty Internal Drainage Board,
and Highways England) to manage flood risk from Main
Rivers, Ordinary Watercourses, surface water, sewers and
groundwater.

https://www.leeds.gov.uk/emerg
encies/flooding-advice/flood-risk-
management-strateqy

Leeds Preliminary Flood Risk
Assessment

The Preliminary Flood Risk Assessment focusses on non-
main river flooding, i.e. the risk of surface water, sewer,
Ordinary Watercourse and groundwater flooding.

https://datamillnorth.org/dataset/f
looding-grants

LCC Section 19 Flood
Investigation Reports

Section 19 Flood Investigation Reports provide analysis of
significant flood events, outlining the locations affected
and the flood mechanisms. These reports outline where
flood mitigation may be targeted in future.

https://datamillnorth.org/dataset/f
looding-grants

Minimum Development Control
Standards for Flood Risk

This document sets out the minimum requirements for
flood risk assessment and drainage design for planning
application within LCC area.

https://www.leeds.gov.uk/docs/M
inimum%20development%20con
trol%20standards%20for%20floo

d%20risk.pdf

Within the LCC area there are a number of authorities responsible or involved with flood and/or water management.
Table 5-2 below shows who is responsible within the Leeds District.

Table 5-2: Responsibilities and duties for managing flood risk in Leeds District

Key
Responsibilities of
Different
Authorities

Environment
Agency

Yorkshire
Water

Highways

LCC England

Canal and
Rivers Trust

Riparian

owners Ainsty IBD

Fluvial Flooding v
from Main Rivers

v

Fluvial Flooding
from Ordinary
Watercourses

Surface Water
flooding

Groundwater
Flooding

Sewer Flooding

Reservoir Flooding v

Highways flooding

Canal Flooding

v

Further details and guidance of when to use standing advice on site specific flood risk assessment and when to
consult the LLFA and the Environment Agency is provided at:
https://www.gov.uk/quidance/flood-risk-assessment-local-planning-authorities
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Table 5-3 below shows the organizations that are statutory and non-statutory planning consultees for flood risk
issues within the Leeds District. Further details and guidance of when to use standing advice on site-specific
flood risk assessments, and when to consult the LLFA and the Environment Agency is provided :
https://mwww.gov.uk/guidance/flood-risk-assessment-local-planning-authorities

Table 5-3 Planning consultees for flood risk issues

Consultee

Environment

Flood Risk Issue

‘Agency

Leeds City
(LLFA)

Council

Yorkshire Water

Ainsty IDB

Flood Zones 2 & 3

All development
(except minor
development and
access & egress
issues).

For developments that will
increase the vulnerability

classification.

Development access and

egress & Minor
development.

Surface water

in an area with critical

drainage problems,

All major developments.

Where
development
connects to a

Where development
discharges to an
Internal Drainage

drainage from site other than minor Yorkshire Water ~ Board
development sewer (non- watercourse/land
statutory). drain.
Sur_fact_e Water All new buildings/ change
Indicative Flood of use to dwellings
Problem Areas 9s-
ﬁ;?ggg\%aflgo d All new buildings/ change
Problem Areas of use to dwellings.
Ordinary aotrks in Ordlnell\lry
Watercourses atercourses (Non-
Statutory).
Works within 20m of a
Main river designated Main
River.
Where
Major development development
Sewerage not using a main connects to a
9 sewer 9 Yorkshire Water
: sewer (non-
statutory).
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6. Plans and Strategies

6.1 National and Regional Strategies

The National 2020 Flood and Coastal Erosion Risk Management Strategy® includes three long term goals:

. Increasing resilience to flooding and coastal change across the nation, both now and in the face of climate
change;

. Making the right investment and planning decisions to secure sustainable growth and environmental
improvements as well as infrastructure resilient to flooding and coastal change, and;

. Ensuring local people understand their risk to flooding and coastal change and know their responsibilities
and how to take action.

This SFRA assists in delivering these goals by providing information on flood risk from all sources in the LCC area,
providing the evidence base for any new Local Plan. The information within the SFRA should be used to guide
location of development away from areas at flood risk but where development is necessary in these locations the
SFRA should be used to guide site-specific FRAs and mitigation proposals.’ .

The regional flood risk management strategies for this area (see Section 5) includes ongoing delivery of flood
alleviation and flood risk mitigation measures across the study area. Further details are provided below.

6.2 Flood Management Measures and Defences

Various flood alleviation schemes have recently been completed or will soon be implemented within the study area.

6.2.1 Completed Flood Management measures

The following schemes have been completed:

. Leeds Flood Alleviation Scheme Phase 1 (completed in 2017)

e  Wyke Beck Programme (deculverting at Arthurs Rein completed in 2018, flood control structure, ponds and
wetlands at Killingbeck Meadows now completed, supplemented with tree planting and NFM at Halton Moor)

. Mickletown Flood Alleviation Scheme (completed January 2021)
. Hawthom Terrace, Garforth, Flood Alleviation Scheme (completed February 2021)

The presence of these schemes is reflected in the defended flood outlines used in this SFRA where updated model
outputs are available (i.e. for Leeds City Centre), however updated defended flood outlines are not available for
Wyke Beck, Mickletown and Hawthom Terrace flood alleviation schemes. A more detailed analysis of the level of
protection provided by these schemes may be required if any sites are allocated for future development.

6.2.1.1 Leeds Flood Alleviation Scheme —Phase 1

Phase 1 of the Leeds Flood Alleviation Scheme (LFAS1) reduces flood risk to the area of Leeds downstream of the
railway station along the River Aire and Hol Beck. Through a combination of works LFAS1 provided the city centre
with a standard of protection of 1 in 100 year annual probability (1% AEP) event with an allowance for climate
change to 2039. The key feature of the scheme is the use of two moveable weirs, one at Crown Point in the city
centre and the other further downstream at Knostrop Weir. These weirs have been designed to be lowered in
advance of a flood event to increase the channel capacity through the City Centre. In doing so, the weirs meant
the flood walls through the city could be reduced in height whilst providing the same standard of protection.

6.2.2 Flood Management measures currently being delivered

The following schemes are currently under construction:

. Leeds Flood Alleviation Scheme Phase 2 — Step 1 and Step 2 (currently under construction)
. Otley Flood Alleviation Scheme (substantially complete)

The planned /progressing presence of these schemes is not reflected in the defended modelled flood outlines used
in this SFRA (i.e. for Kirkstall Road corridor). Once the construction has been completed and the “as-built” flood

10 https://www.gov.uk/government/publications/national-flood-and-coastal-erosion-risk-management-strategy-for-england--
2/national-flood-and-coastal-erosion-risk-management-strategy-for-england-executive-summary
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defences have been finalised the SFRA and associated definition of defended flood outlines can be updated to
reflect the revised flood risk.

6.2.21 Leeds Flood Alleviation Scheme — Phase 2 (LFAS2)

Phase 2 of the LFAS has been split into Steps 1 and 2. LFAS2 Step 1 will deliver linear flood defences upstream
of Leeds railway station through the Kirkstall corridor as far as Newlay Bridge. These floodwalls and embankments
aim to deliver a 1 in 100 annual probability (1% AEP) standard of protection in line with the LFAS1 area downstream
of the railway station. LFAS2 Step 2 will deliver a flood storage area at Calverley, upstream of the Step 1 linear
defences. This storage area aims to only operate at flows in excess of the 1 in 100 year annual probability (1%
AEP) event. The 1 in 100 year annual probability (1% AEP) flow will be allowed to pass downstream and flows up
to the 1 in 200 year annual probability (0.5% AEP) event will be stored at Calverley. The storage area aims to raise
the standard of protection by both the LFAS2 and LFASL1 flood defences to the 1 in 200 year annual probability
(0.5% AEP) event.

The flood risk along the River Aire aims to be significantly reduced from Newlay Bridge, through Leeds City Centre
and downstream as a result of the LFAS. The scheme has been designed to ensure the scheme does not transfer
the risk of fluvial flooding elsewhere.

The LFAS schemes are focused on reducing fluvial flood risk from the River Aire however, the works have ensured
that the defences along the river do not adversely affect the risk of surface water flooding and where the opportunity
presents it seeks to also reduce the risk of surface water flooding.

6.2.3 Flood Management measures identified and early stages of development

Additional flood alleviation schemes which are at an earlier stage of development are listed below:

. Pottemewton Surface Water Flood Alleviation Scheme
. Guiseley Surface Water Flood Alleviation Scheme
e  Wortley Beck Flood Alleviation Scheme

. Farnley Wood Beck Flood Alleviation Scheme

. Lin Dyke Garforth Flood Alleviation Scheme

. Lin Dkye Kippax Flood Alleviation Scheme

. Meanwood Beck Flood Alleviation Scheme

. Gledhow Lake Flood Alleviation Scheme

e  Wharfedale Flooded Communities Study

. FRM Coastal and Resilience Fund

. Methley Sluices Replacement

. Collingham Beck Improvements

. Leeds FAS Phase 2 NFM Programme

Land is likely to be needed for flood risk management features and structures proposed under many of these
schemes. Potential options include flood storage areas along Meanwood Beck and Wortley Beck, along with de-
culverting opportunities on Farnley Wood Beck. Plans for development on land adjoining these watercourses or
including culverted sections should be assessed against proposals for future flood alleviation schemes.
Opportunities to reduce the causes and impacts of flooding should be identified and taken forward, including de-
culverting, retaining and restoring river corridors, attenuating surface runoff and improving the flood resilience of
new development.
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7. Data Collection

A large quantity of information and datasets have been made available by the stakeholder organisations and used
to inform the assessment of flood risk. Descriptions of the datasets that have been used, along with details of their
appropriate use or limitations, are provided below and in the flood risk assessment discussion in Sections 8 to 10.

Table 7-1: Details of Datasets Used within this SFRA

Dataset Description Source Format Benefits / Limitations

Flood Map for Planning Environment  GIS Layer A quick and easy reference that can be used as an

(Rivers and Sea) Flood Zones Agency indication of the probability of flooding from Main Rivers.

2and3 Geostore* The original Flood Map was broad scale national
(*available to mapping that is generally thought to have some
the public on inaccuracies. This is regularly updated with the result of
the new modelling studies.
Environment For those rivers where there is no updated modelling, the
Agency Flood Zones may not provide an accurate representation
website) of probability of flooding. Ordinary watercourses are

typically omitted from Environment Agency mapping
unless there is a history of flooding affecting a
population. Consequently, there will be some locations
adjacent to watercourses that on first inspection, suggest
there is no flood risk.

Main Rivers Environment  GIS Layer Identification of the Main River network for which the
Agency Environment Agency have responsibility to maintain.
Geostore
w Detailed River Network (DRN) Environment  GIS Layer Identification of the river network including Main Rivers
g Agency and Ordinary Watercourses for which the Environment
o Geostore Agency and LCC have discretionary and regulatory
powers.
Modelled flood outlines for Environment  GIS Layer The flood extents for the hydraulic model studies that
Rivers Aire, Wharfe and Agency and have been completed for watercourses within Leeds
Calder, as well as Bagley LCC District have been mapped. These provide indication of
Beck, Oulton Beck, flooding from these rivers. The Environment Agency
Meanwood Beck, Wyke Beck, applies the outcomes from these detailed modelling
Fir Green Beck, Cock Beck, studies to update the Flood Map for Planning (Rivers
Hol Beck and Wortley Beck and Sea) on a quarterly basis.
For some Main River flood extents with defences and
without defences have been mapped.
Some watercourses have not been modelled (e.g.
some of the tributaries of other the Main Rivers). The
flood risk from these is based on broad scale modelling
and therefore the flood risk from these cannot be as
accurately assessed.
Asset Information Environment  GIS Layer Shows where there are existing flood defences and
Management System (AIMS)  Agency structures, including their heights, type and design
for the District standard. However, many fields contain default values.
‘Risk of Flooding from Surface Environment  GIS Layer Provides an indication of the broad areas likely to be at
§ 5 Water’ dataset Agency risk of surface water flooding, i.e. areas where surface
- Geostore water would be expected to flow or pond. This dataset
A = does not show the susceptibility of individual properties
to surface water flooding.
GIS layers of the geology EHDC GIS Layer Illustrates bedrock and superficial geology across Leeds
across the District District.
Aquifer Designation Maps for ~ Environment  GIS Layer A polygon shapefile that shows aquifer designations for
Bedrock and Superficial Agency bedrock aquifers. The designations identify the potential
5 Geostore of the geological strata to provide water that can be
IS abstracted and have been defined through the
% assessment of the underlying geology.
c
§ GIS layer 'Infiltration SuDS British GIS Layer Dataset produced by the BGS of relevance to
O Map' Geological professionals who make decisions on SuDS design,
Survey construction and approval. The maps will help: (1) make

preliminary decisions on the suitability of the subsurface
for infiltration SuDS; (2) make preliminary decisions on
the type of infiltration SuDS that will likely be appropriate;
(3) assess SuDS planning applications to determine
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Dataset Description Source Format Benefits / Limitations
whether the necessary factors have been considered;
and (4) determine whether infiltration SuDS could be
appropriate where a non-infiltrating SuDS technique has
been proposed.
GIS layer 'Susceptibility to British GIS Layer Dataset produced by BGS showing areas susceptible to
Groundwater Flooding' Geological groundwater flooding on the basis of geological and
Survey hydrogeological conditions. Suitable for broad scale
assessment such as the SFRA.
DG5 Register of sewer Yorkshire MS Excel Indicates post code areas that may be prone to flooding
flooding incidents, by post Water Spreadsheet  as have experienced flooding in the last 10 years due to
code area. hydraulic incapacity. However, given that Yorkshire
Water target these areas for maintenance and
improvements, areas that experienced flooding in the
- past may no longer be at greatest risk of flooding. It
g should be noted that these are flooding incidents that
3 have been reported to Yorkshire Water by the
homeowners. This will not account for any incidents that
don’t get reported and therefore do not show on the
register. Incidents of sewer flooding can be
retrospectively reported to Yorkshire Water via their
website - https://www.yorkshirewater.com/your-
water/report-a-problem/
LiDAR data (DTM, ASCII) Environment  GIS ASCII Provides a useful basis for understanding local
Agency topography and the surface water flood risk in the area.
Geomatics Spatial resolution of 1m. Accuracy of +/- 0.25m. The
= Group Environment Agency's LiDAR data archive contains
2 digital elevation data derived from surveys carried out
o) since 1998.
Ordnance Survey 50m DTM  Ordnance GIS ASCII Lower resolution digital terrain model — this data is not
Data Survey appropriate for site specific analysis, but national
coverage is available.
Canal flooding records Canal and GIS Layer Locations of historical canal breaches and overtopping
River Trust incidents
Reservoir Flooding Outline Environment  GIS Layer Extent of potential risk of flooding from reservoirs. Shows
" Agency the flood extents for all large raised reservoirs in the
o Geostore event that they were to fail and release the water held on
5 a
83 1. “dry day” when local rivers are at normal levels.
< 2. “wet day” when local rivers had already overflowed
2 their banks.
= It represents a prediction of a credible worst case
< scenario, however it's unlikely that any actual flood
would be this large because the flood outlines are the
combined extents from failures of all upstream
reservoirs. The data gives no indication of the likelihood
or probability of reservoir flooding.
> Recorded Flood Outlines Environment  GIS Layer A single GIS layer showing the extent of historic flood
i= Agency events from fluvial, surface water, groundwater sources
B Geostore created using best available information at time of
o publication. However, some of the data is based on
[ . . . . A S
o circumstantial and subjective evidence. There is not
s always available metadata, e.g. date of flood event.
'(Iﬁ Flood Investigations LCC GIS, pdf Detailed flood investigations carried out by LCC.
reports
Flood Warning Areas Environment  GIS Layer Indicates which areas are covered by the flood warning
3o Agency system.
cC C
Sz Geostore
T &
EQT
L
= OS Mapping of Leeds District Ordnance GIS Layer Provides background mapping to other GIS layers.
E Survey Designed for use at 1:50K and 1:10K scales.
§ GIS layer of administrative LCC GIS Layer Defines the administrative area of Leeds District for

boundary

mapping purposes.
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Dataset Description

Source

Format

Project number: 60659301

Benefits / Limitations

GIS layer of post code
boundaries

LCC

GIS Layer

Delineates post code boundaries for the District.
Enables mapping of Yorkshire Water datasets which are
provided by post code sector.
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8. SFRA Methodology
8.1 SFRA Methodology and Approach

Under Section 14 of the NPPF#4, the risk of flooding from all sources mustbe considered as part ofa SFRA, including
flooding from the sea, rivers, land, groundwater, sewers and artificial sources. The study area is not located within
an area at risk of tidal flooding, therefore flood risk from this source will not be considered further as part of this
SFRA. Section 9 provides a strategic assessment of the flood risk across the LPA Area from each source.
Reference should be made to the supporting mapping contained within Appendix A.

Planning Policy Guidance Flood risk and coastal change — August 2022
update

The Planning Policy Guidance (PPG) Flood risk and coastal change guidance document, which has
informed the Leeds SFRA, was recently updated on 25 August 2022. This SFRA document was
substantially complete and in the final stages of review when the update to the PPG was published.

An important update to the PPG document has modified part of the definition of Flood Zone 3b The
Functional Floodplain as follows:

land having a 3.3% or greater annual probability of flooding, with any existing flood risk
management infrastructure operating effectively;

The previous guidance, and consequently the basis of this SFRA document and associated mapping,
defined Flood Zone 3b as land with a 5% or greater annual probability of flooding (1:20 year retum period),
or land where water has to flow and/or be stored in times of flood. Given the extremely advanced status
of the SFRA, we are unfortunately unable to revise the whole SFRA document and associated mapping
to reflect the updated guidance. Where already available from existing modelling studies, we will update
and use the 3.3% annual probability (1:30 year return period) flood extent to delineate the starting point
for the extent of Functional Flood Plain. However, it is acknowledged that there is currently not available
complete mapping of the 3.3% annual probability flood extent across the Leeds administrative catchment
area. To avoid ambiguity or confusion, all references to Functional Flood Plain and/or Flood Zone 3b
within the text of this SFRA, should be read as set out in latest update to the PPG as land having a 3.3%
or greater annual probability of flooding, with any existing flood risk management infrastructure operating
effectively.

Where the current day flood risk 3.3% annual probability flood extent is unavailable, developers will need
to demonstrate that their site(s) is not within the updated definition of Zone 3b. The 5% annual probability
(2 in 20 year return period) plus climate change modelled flood extents presented in the SFRA provide
an indication / starting point to define the 1 in 30 year, or 3.3% annual probability, flood extent.

This SFRA has used the data sources outlined in Section 7 to identify land at risk of flooding, as follows:

. Main River fluvial flooding: Flood Zones 1, 2 and 3 and 3b, as defined under NPPF, have been identified
based on modelled Environment Agency flood outlines. These correspond to land:

- With less than a 1 in 1000 years annual probability (0.1% AEP) of fluvial flooding (Flood Zone 1);

- Between a 1 in 100 (1% AEP) to 1 in 1000 years annual probability (0.1% AEP) of fluvial flooding
(Flood Zone 2);

- More than 1 in 100 years annual probability (1% AEP) of fluvial flooding (Flood Zone 3).

- Where water has to flow or be stored in times of flood or land having a 1 in 20 or greater annual
probability (5% AEP) of fluvial flooding (Flood Zone 3b).

e The NPPF flood zones are defined using undefended flood zones, i.e. ignoring the presence of flood
defences. The Environment Agency Flood Map for Planning flood outlines have been used to denote the full
extent of Flood Zones 2 and 3, although it should be noted that these are sometimes based on broad scale
flood modelling and may be subject to future revision following detailed modelling. The Flood Map for Planning
also does not consider the risk of flooding from most Ordinary Watercourses. Fluvial flooding has occurred
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on a number of occasions within Leeds, so mapping of historical main river fluvial flood extents has been
carried out separately.

. The Functional Floodplain (Flood Zone 3b, defined as land with a 1 in 20 years annual probability (5% AEP)
of flooding, or land where water has to flow and/or be stored in times of flood) has been mapped where this
flood outline is available. The Functional Floodplain is mapped with consideration to the presence of flood
defences.

. Rapid Inundation Zone, the area near to flood defences where a breach or the source of flooding could
create a significant flood hazard i.e. due to high velocity floodwaters and significant depth. Developers will
need to demonstrate that their sites are not affected by rapid inundation.

. Detailed flood modelling has been carried out for many of the main watercourses within Leeds District. The
flood outlines available on the Flood Map for Planning at the time of publication of this report are included
within Appendix A. Flood maps based on detailed flood modelling are provided in Appendix A and provide
additional detail. The SFRA will be updated as and when required.

. Flood defences are present along most of the Main Rivers within the study area. However, the type of
defence and standard of protection varies. Separate flood maps have been produced which shows the extent
of flooding, taking flood defences into account, where this modelling has been carried out. For the purposes
of this study, “flood defences” have been defined as purpose-built walls, flood gates and embankments.
Natural features such as high ground and temporary demountable flood defences have not been considered.
LCC is currently developing flood defences, such as LFAS Phase 2, these defences have not been included
as LFAS2 Step 1 is currently under construction and the Step 2 design is being finalised.

. Surface Water Flooding: Areas at high, medium and low risk of surface water flooding (33%, 1% and 0.1%
annual probability) have been mapped based on the “Risk of Surface Water Flooding” dataset, along with the
locations of historical surface water flooding occasions.

. Groundwater Flooding: Areas susceptible to groundwater flooding have been mapped based on British
Geological Survey data. This map shows the estimated annual probability of groundwater emergence at the
surface (clearwater flooding), floodwater emergence from within superficial deposits, or a combination of both.
The extent of historical groundwater flooding has also been mapped to inform this assessment.

. Sewer Flooding and flooding from drainage systems: the risk of sewer flooding is limited to a postcode
level analysis of the number of internal and external sewer flooding incidents within the last five years. This
has been supplemented with mapped information on flooding from other drainage systems (e.g. highways
flooding).

. Flooding from artificial sources: flood risk from artificial sources, i.e. canals and reservoirs) has been
assessed by mapping both the extent of the Environment Agency Flood Risk from Reservoirs flood outline,
and the locations of any known breach or near failures of canal embankments, as provided by the Canal and
River Trust.

. Ordinary Watercourse flooding: flood risk from Ordinary Watercourse is not always quantified in the
available datasets, particularly for smaller watercourses. The risk from Ordinary Watercourses will need to be
assessed for development sites on a case by case basis, although some datasets can assist with this
detemmination, including the risk of surface water flooding map which identifies flow paths in local topography.
The historical flood mapping (shown in Appendix A Figure A.14) can also show where Ordinary Watercourse
flooding has previously occurred. However, site- specific FRAs (see Section 14) for sites adjoining Ordinary
Watercourses may need to be informed by detailed hydrological and hydraulic modelling. The responsibility
for this assessment rests with the developer.

8.2 Functional Floodplain (Flood Zone 3b)

The Functional Floodplain is defined in the NPPF as ‘land where water has to flow or be stored in times of flood’.
The Functional Floodplain (also referred to as Flood Zone 3b), is not separately distinguished from Flood Zone 3a
on the Flood Map for Planning. The SFRA is the place where LPAs should identify areas of Functional Floodplain.

The PPG states that the identification of Functional Floodplain should take account of local circumstances and not
be defined solely on rigid probability parameters. However, land which would naturally flood in a 1 in 20 year annual
probability (5% AEP) event or is designed to flood (such as a flood attenuation scheme) in an extreme event (1 in
1000 year annual probability) flood, should provide a starting point for consideration. The guidance goes on to say
that ‘areas which would naturally flood in a 1 in 20 annual probability (5% AEP) event but are prevented from doing
so by existing infrastructure or solid buildings will not normally be defined as Functional Floodplain’.
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Within the Leeds District the Functional Floodplain (Flood Zone 3b) includes the following categories:

- Functional Floodplain (undeveloped areas) - Areas of Functional Floodplain that do not have existing
development and will continue to be Functional Floodplain in the future.

- Functional Floodplain (existing development) - Developed areas within the functional floodplain where
only the footprint of existing development is acceptable for re-development (providing all other policy
requirements are met).

- Functional Floodplain (future defended) — Areas of existing Functional Floodplain that are expected to
be removed from the functional floodplain by future defences that are currently being delivered by
LCC, for example LFAS2.

8.2.1 Functional Floodplain (undeveloped areas)

Areas within the 1 in 20 year annual probability (5% AEP) event flood extents have been delineated. Within this
outline, undeveloped areas, where water has to flow or be stored in times of flood, are defined as Functional
Floodplain and protected from non-compatible development.

8.2.2  Functional Floodplain (future defended)

As discussed in Section 6.2 LCC is making a significant investment in flood defences including LFAS2 and Otley
FAS. These are areas that LCC are expecting to be removed from the Functional Floodplain as flood alleviation
schemes are completed.

8.2.3  Functional Floodplain (existing development)

Within Leeds District there are some areas within the 1 in 20 annual probability (5% AEP) event flood extent that
are already developed and are prevented from flooding by the presence of existing infrastructure or solid buildings.
Whilst these areas will be subject to frequent flooding, it may not be practical to refuse all future redevelopment. In
accordance with the PPG, the existing building footprints can be developed, where they can be demonstrated to
exclude floodwater and are used for existing or less vulnerable use. The land surrounding these buildings are
important flow paths and flood storage areas and properties within these areas will be subject to frequent flooding;
therefore, care must be given to the future sustainability of such development and ensuring there is no reduction
in any flood storage for all events up to the 1 in 100 year annual probability (1% AEP) flood event with an allowance
for climate change.

The planning policy approach to development within these areas recognises the importance of pragmatic planning
solutions that will not unnecessarily ‘blight areas of existing development as well as the importance of the
undeveloped land surrounding them and the potential opportunities to reinstate areas which can operate as
Functional Floodplain through redevelopment to provide space for floodwater and reduce risk to new and existing
development.

This primarily includes areas of existing development situated adjacent to the River Aire and the River Wharfe
(including Leeds City Centre) and along Wyke Beck and Bagley Beck.

8.3 Climate Change Methodology and Allowances

The currently available flood modelling for watercourses in the study area uses 20%, 30% and 50% allowances for
future increase in fluvial flood risk in the study area, based on UKCPO09 climate change projections for the Humber
River Basin..

Environment Agency guidelines on climate change allowances was updated on 27 July 20211, after publication of
the modelling used to inform this report. However, the range of revised upper end climate change allowances for
river flow in the study area is 22-51%, which is extremely similar to the previous 20-50% range. This means that
the current climate change flood outlines can still be used to assess the potential change in risk across the study
area as a result of climate change.

These allowances are applied to the 1 in 100 year annual probability (1% AEP) flow and the resulting flood maps
are provided in Appendix A. The changes in flood extent are discussed below for each main river watercourse for
which this modelling has been carried out.

11 hitps://www.gov.uk/guidance/flood-risk-assessments-climate-change-allowances, accessed 5 August 2021. These guidelines are subject to
periodic revision and should be checked prior to carrying out site specific flood risk assessments
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Climate change allowances of 20%, 30% and 50% have been applied in most of the modelled flood outlines in
Appendix A. A full set of climate change allowances has not been modelled for all watercourses, for example the
20% allowance is the only allowance available for Wortley Beck. A review of the geographic extent and scenarios
was undertaken as part of the SFRA and the most appropriate model output was chosen to represent flood outlines
for key flood events under NPPF. Exact model outputs for each key event are not available for all areas and a
suitable proxy has been identified. For example comparing the 1 in 1000 year annual probability (0.1% AEP) flood
extent to the 1 in 100 year annual probability (1% AEP) flood extent including a 51% allowance for climate change,
where this has been modelled, shows that the differences in the two modelled flood extents are usually small. The
1in 1000 year annual probability (0.1% AEP) event flood outline can therefore be used as a proxy for the 1 in 100
year annual probability (1% AEP) event with 51% allowance for climate change where required.
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0. Flood Risk in Leeds

9.1 Risk from Main Rivers

9.1.1 River Aire

The River Aire flows southeast through Leeds, entering the study area north of the village of Calverley and exiting
north of Castleford. The flood outlines in Appendix A are based on a number of modelling studies including:

. Northern Forecasting Package: Lower Aire Model, Final Report v1.0, July 2017, report ref 20163877, JBA
Consulting on behalf of the Environment Agency;

. Leeds Flood Alleviation Scheme Phase 1.

Defended and undefended modelled flood outlines were provided by the Environment Agency for Leeds City Centre
and take account of LFASL.

These studies show that the River Aire presents a risk of flooding to central Leeds as well as to the suburbs and
settlements of Rodley, Newlay, Sandford, Kirkstall, Knowsthorpe, Woodlesford, Lower Mickletown and Allerton
Bywater. The floodplain through Leeds is fairly narrow, however towards the downstream reaches the floodplain
expands to include large washlands.

Flooding occurred along the entire River Aire through the study area in Autumn 2000 and December 2015, as well
as more localised flooding in December 1978 and February 2020. Flooding also occurred within the downstream
reaches, north of Castleford, in February 1995, January 1982 and was particularly severe in February 2020.

The LFAS Phase 1 (completed in 2017) reduces flood risk from the River Aire to central Leeds and contains the 1
in 20 year (5% AEP) within the river channel and for all events up to the 1 in 100 year annual probability (1% AEP)
flood event with an allowance for climate change to 2039. The LFAS2 will increase this level of protection further
as well as providing protection to areas upstream of Leeds City Centre. LFAS2 is currently within the design and
construction stage. Note that the impact of the scheme on the 1 in 1000 year annual probability (0.1% AEP) event
has not been modelled.

In addition, the Mickletown Flood Alleviation Scheme was completed in January 2021 and reduces the risk of
flooding to properties downstream of Leeds, in the Mill Lane and Pit Lane area of north Mickletown from the River
Aire up to the 1 in 100 year annual probability (1% AEP) event including an allowance for climate change.

9.1.2 River Wharfe

The River Wharfe flows along much of the northern extent of the study area. The modelled flood outlines in
Appendix A.5 and A.6 are based on the 2020 River Wharfe Catchment Study’? and Otley Flood Alleviation Scheme
modelling®3 carried out by WSP for LCC (note there is a gap in the detailed modelling before Castley and the A61).
The Wharfe presents a risk of flooding to the settlements of Otley, Collingham, Linton and Wetherby. The Functional
Floodplain includes extensive areas of rural land and green space, although some properties within Boston Spa
may be located within Flood Zone 3b. Limited flooding occurred along the River Wharfe in February 2020 and
December 2015.There are flood defences on the reach of the River Wharfe downstream of the A61, including at
Wetherby and Boston Spa, however the standard of protection is low and there is little difference in the undefended
and defended flood extents even in the 1 in 20 year annual probability (5% AEP) event. Otley Flood Alleviation
Scheme is substantially complete and includes an additional culvert on Kel Beck (see Section 9.1.10), construction
of a defence embankment and vegetation management. It will reduce the risk of flooding up to the 1 in 25 year
annual probability (4% AEP) event and will therefore reduce the extent of the Functional Floodplain within Otley,
although the overall extent of Flood Zone 3 may not significantly be reduced.

12 Project Number 70036954, report dated October 2020
13 Otley Flood Alleviation Scheme Flood Risk Assessment, WSP, March 2020, Project Number 70049382
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9.1.3 River Calder

The River Calder defines a short section of the southern boundary of the study area, flowing into the River Aire
upstream of Castleford. The reach of the Calder near the confluence with the River Aire is included within Northem
Forecasting Package: Lower Aire Model. This area is the Lower Aire washlands area and an important designated
area of flood storage. The flood risk within this area of the Lower Aire and Calder confluence is complex with
interaction across both watercourses.

The reach of the Calder upstream of the Methley Junction is included within 2015 Calder and Canals Model. The
modelled flood outlines and Flood Zones show that the River Calder presents a risk of flooding to the villages of
Methley Lanes, Methley Junction and Methley. Much of this reach of the Calder is defended, however the standard
of protection relies heavily on antecedent conditions. Flooding occurred at the downstream end of the River Calder
in February 2020 and December 1978.

9.14 Meanwood Beck catchment

Meanwood Beck rises north of Leeds near
Bramhope and flows through an
extensively urbanised catchment (Figure
9-1), reaching the confluence with the
River Aire in central Leeds. The
watercourse is extensively culverted with
open and closed -culverts between
Buslingthorpe Lane and Mabgate and
culverted from Mabgate to the confluence
with the River Aire. Detailed flood
modelling is available for this
watercourse!®. There is an Ordinary
Watercourse tributary known as Gledhow
Beck and Gipton Beck which flows from
Lidgett Park to Mabgate and is also mainly
in culvert. The model results show that
these watercourses present a risk of
flooding to a narrow floodplain area,
mainly along the more downstream
culverted reaches. The Functional
Floodplain is often limited to the _

Named Ordinary Watercourses
immediate area of the Beck and its [ tecds Gty Boundary
tributary - extensive flooding does not || []ueamwood Beck catchment |7
occurinthe 1in 20 year annual probability [;585 13 195 2.6 Kilometersir 1
(5% AEP) event except in localised areas. [ HEE NN | X
Hazard mapping shows that areas of Figure 9-1 Meanwood Beck Catchment
“Danger for Most” include developed areas
during the 1 in 20 year annual probability (5% AEP) event and for larger events, but areas of “Danger for All” are
only seen in the extreme 1 in 1000 year annual probability (0.1% AEP) event. Historical records of flooding on
Meanwood Beck are limited to small areas affected in February 2020.

Legend

f| — Main Rivers

There are currently no flood defences along either Meanwood Beck or its tributary. However, opportunities to reduce
flood risk using sites for surface water management were identified as part of a 2020 feasibility study and flood
modelling. These proposals are currently being developed further.

14 Northern Forecasting Package: Meanwood Beck Model Update, Final Report, April 2017, JBA Consulting for Environment Agency, report ref
201653878
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oy e D | A 9.15 Wyke Beck catchment

= Wain Rivers

Nemed Ordmary warecourses || VVYKE BeCK flows north from Moor Allerton to the River
[ Leeds City Boundary Aire through the eastem suburbs of Leeds, including
[ wike Beck catenment alongside Oakwood, Kilingbeck and Halton Moor
065 13 1905 26kiometers| (Figure 9-2). Flood zones are defined for this
watercourse from downstream of the A58. The
floodplain is narrow but affects roads and properties in
the Harehills area. The 1 in 20 year annual probability
(5% AEP) event is usually contained within bank and the
only areas of mapped Functional Floodplain are within
green open space.

There are no historical flood outlines for flood events on
Wyke Beck, but frequent flooding and drainage issues
are seen on this watercourse. Constructed flood
defences are limited to the most downstream section,
between the M1 and the River Aire, however flood
storage areas have recently been constructed on the
Wyke Beck Valley at Arthur’s Rein, Killingbeck Meadows
and Halton Moor.

Figure 9-2: Wyke Beck Catchment

9.1.6 Oulton Beck catchment

Oulton Beck is initially named West Beck
and rises near Thorpe on the Hill and flows
southeast under the M1 (Figure 9-3). It then
flows east to where it joins Carlton Beck,
flowing north and receiving flows from 2
Haigh Beck before becoming Oulton Beck f\
north of Rothwell where it turns east and
flows through Oulton to the River Aire. The
Oulton Beck floodplain?é is narrow and only
affects properties and roads in Rothwell and

Legend

Main Rivers

Named Ordinary Watercourses

(.)ullton. Constructed flood defences are |- | [ teeds oty Boundary
limited to a short section upstream of the | < ] outon Beck catcment
A654 at Rothwell. Locallsed flooding was TR R TR T
recorded on Oulton Beck in Autumn 2000. : B

( C%;;DE data ® Crown Copyright and ﬂatab’éée‘r’ghlzuzc

Figure 9-3: Oulton Beck Catchment

15 Detailed flood modelling updated as part of Wyke Beck Flood Modelling Study, October 2014, JBA Consulting for Environment Agency, report
ref 2014s0885
16 Modelled as part of Upper Aire Tributaries Flood Mapping, October 2020, JBA Consulting for Environment Agency, report ref 2017s5501
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9.1.7 Bagley Beck

Bagley Beck rises near Pudsey and flows
north to the River Aire (Figure 9-4). Detailed
flood mapping has been carried out for the
section from Farsley to the River Aire only.
The floodplain!” is generally narrow and
limited to areas of public open space,
however the extent of the floodplain
increases close to the River Aire and some
roads and properties in Rodley are at risk of
flooding. The Functional Floodplain includes
areas of residential development, although
flood hazard mapping shows very low
hazard over the majority of the flooded area
in the 1 in 100 year annual probability (1%
AEP) event, with limited areas of Danger for
Most and small areas of Danger for All.
There are no historical flood outlines for
flood events on Bagley Beck.

N

Legend ﬁ

4
Named Ordinary Watercourses

|:| Leeds City Boundary IS,

F W
| D Bagley Beck Catchment { il

7
0 025 05 075 1 Kilometers g\

-:-:I i by el ol s B8 :e; ?-:-::.;c:-[--,n;n;a: -
Figure 9-4: Bagley Beck Catchment

Main Rivers
Pudsey

9.1.8 Cock Beck catchment

\\,\d‘_,f 7% Thormer i
Cock Beck (Figure 9-5) is a Main River |« 5 k
tributary of the River Wharfe located in '\} b La {
the east of the study area. This R
watercourse drains rural catchments ; g .
and presents a risk of flooding to [ i\ . \, - S
properties within the village of Aberford. Ronkfuood ™ \Zm,mv_/f
Detailed flood modelling is available for scroft Schol Horwick i kel
some reaches of Cock Beck. There are | "="""! \7‘ S ’
limited flood defences reducing the risk | ) \ Z
of flooding to small areas in Aberford. | N N N A
No historical flood outlines are available Ha i s Fields ™
for Cock Beck. A p s e —
reeheythor itkirk y : ! "
Y o ML IO i § | Legend A
1 Moor \tair 40 Garforthy Main Rivers
" N Garorth Named Ordinary Watercourses
i P ” 5 ' [ Leeds city Boundary
0 065 1.31 105 26 leorr.illeg‘r.s" e 7 D Cock Beck (Aberford) Catchment
I . _ I {DoiinsiG6 5= =8 Grown Copyrightand d=tobass 1#2020

Figure 9-5: Cock Beck Catchment

17 Modelled as part of Upper Aire Tributaries Flood Mapping, October 2020, JBA Consulting for Environment Agency, report ref 2017s5501
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9.1.9 Collingham Beck and Fir Green Beck catchments

Collingham Beck and Fir Green Beck
o N (Figure 9-6) are main river tributaries of

Legend . .
e T A the River Wharfe located in the north of
\ w: el vy Wil guraas the study area near Wetherby. These
[ Lesds city Boundary H watercourses drain rural catchments and
N [ Fir Green Beck Catchment present a risk of flooding to properties
[ catinanamgeck catchment within  the villages of Collingham
085 17 255 a4kiometers | (Colingham  Beck) and  Thorner,

Bramham and Clifford (Fir Green Beck).
Detailed flood modelling is available for
the lower reaches of Collingham Beck!®
and for reaches of Fir Green Beck which
pass through settlements on the edge of
Leeds and the villages of Bramham and
Clifford.

There are limited flood defences reducing
flood risk to small areas in Collingham and
Bramham. Collingham Beck flooded the
settlement of Collingham and upstream in

Figure 9-6: Collingham Beck and Fir Green Beck Catchment
Areas

9.1.10 Hol Beck and Kel Beck

June 2007, and flooded Collingham in
December 2015 and February 2020.
Localised flooding occurred on Fir Green
Beck in June 2007 and February 2020.

Hol Beck and Kel Beck are Main River tributaries of the River Wharfe which flow south from the northern edge of
the study area, through Otley, to the River Wharfe. Detailed flood outlines are available for Hol Beck, showing a
risk of flooding to properties through Otley, but neither detailed flood outlines nor broad scale Flood Zone 2 or 3
outlines are available for Kel Beck. Neither watercourse has constructed flood defences within the study area and
Hol Beck and Kel Beck both flooded in Otley in December 2015 and February 2020.

9.1.11 Farnley Wood Beck and Wortley Beck

Wortley Beck (Figure 9-7) rises west
of Leeds, on the outskirts of Bradford,
near Holme, and flows east into the
River Aire within Leeds City Centre.
Farnley Wood Beck is a tributary of
Wortley Beck which rises near Scott
Green before flowing east and then
north to meet Wortley Beck. A small
section of Farnley Wood Beck and a
long section of Wortley Beck are
designated main river, however the
reach of Wortley Beck from the
Farnley Wood Beck confluence to the
River Aire is designated Ordinary

Dr

/

P '-ﬂ
/'..l\

Watercourse and is culverted. :
Legend

Main Rivers

Detailed modelling of both Wortley
Beck and Farnley Wood Beck have
been  carried out!®.  Neither
watercourse has significant flood

Named Ordinary Watercourses

D Leeds City Boundary
] wortley Beck catchment

t
¥

0 075 15 225

defences within the study area but |’ gy

3 Kilometers -

thidins 05 data ©

g:lafngmand database right 2020

most of the Wortley Beck floodplain is
contained within open green space,

Figure 9-7: Wortley and Farnely Wood Beck Catchment Area

18 River Wharfe Catchment Study Hydraulic Modelling Report, October 2020, WSP for Leeds City Council, report ref 70036954

19 Wortley Beck Flood Modelling Study, February 2017, Environment Agency
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with properties only at risk in limited areas of Park Spring and New Blackpool. Farnley Wood Beck presents a
greater risk of flooding, with commercial and residential development shown to be at risk in the Cottingley area.
The Functional Floodplain of Wortley Beck affects development only in localised areas in Park Spring and New
Blackpool, and the Farnley Wood Beck Functional Floodplain is very limited in extent and only affects a small
developed area in Cottingley. Flood hazard outside the watercourse channel is generally low in the 1 in 20 year
annual probability (5% AEP) event, with some areas of Danger for Some in the 1 in 100 year annual probability
(1% AEP) event, and localised areas of “Danger for Most” in the extreme 1 in 1000 year annual probability (0.1%
AEP) event. Historical flood outlines show localised flooding along Wortley Beck and tributaries in February 2020.

Additional flood alleviation measures are currently under consideration for both Wortley Beck and Farnley Wood
Beck. Proposals for flood storage measures on Wortley Beck are being developed as part of a feasibility study,
while proposals for Farnley Wood Beck focus on de-culverting and are expected to proceed in 2021-2022.

9.1.12 Lin Dyke

Lin Dyke (Figure 9-8) rises in Garforth and flows
mainly south to the River Aire through rural land. No
detailed flood modelling is available for this
watercourse and Flood Map for Planning outlines
have been used in Figure A5. The Flood Zone 3
outline has been used to define the Functional
Floodplain. Lin Dyke only presents a risk of flooding
to limited numbers of properties east of Preston Hill
and to some areas of farmland downstream. There
are no formal constructed flood defences on this
watercourse and therefore no detailed flood extent
or hazard mapping or historical flood outlines.

Some localised flood alleviation measures have || |egena
been undertaken within Garforth (e.g. Hawthorn || — vanaues

Terrace FAS and Barleyhill recreation ground FAS) H Named OIil WelSreoiies
. - [ teeds city Boundary
which have reduced the flood risk to the | uroskecachmen

downstream sections of Lin Dyke 0 05 1 15 2Kiometer
[ e e

Contaths OF dats ® Ge

Figure 9-8: Lin Dyke Catchment

9.2 Risk from Ordinary Watercourses

There are numerous small named and unnamed Ordinary Watercourses within the Study area, including the
upstream reaches of Meanwood Beck and Wortley Beck, most of Farnley Wood Beck and its tributaries and a
number of rural watercourses to the north and east of Leeds. Flood outlines do not currently exist for most of these
watercourses, although some (e.g. Farnley Wood Beck) have been modelled as part of Main River fluvial flood risk
mapping projects. Flood risk from Ordinary Watercourses will therefore need to be assessed for nearby and
adjoining proposed development sites on a case-by-case basis. Resources which can assist with this include the
“Risk of Surface Water Flooding map” (see below) which can show major overland flow routes and flooding extents,
and maps of historical flooding extents. Historic flood extents in Figure A.14 show flooding along a tributary of Fir
Green Beck in June 2007, on tributaries of Wyke Beck in February 2020 and on a tributary of Cock Beck in January
2021. Surface water flooding is discussed in Section 9.3 below.
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9.3 Risk from Surface Water & Drainage

The risk of surface water flooding map is presented in Figure A.9. The risk across the study area is generally low
outside the topographic river valleys, but there are many isolated areas of higher risk within the Leeds urban area,
some of which show where watercourse ditches may have been diverted or culverted. Historical surface water
flooding extents are shown in Appendix A Figure A.14 and are greatest in the lower River Aire valley, with smaller
extents in other locations.

Recorded instances of surface water flooding from 2014 onwards have been used to create the surface water
flooding heat map in Appendix A Figure A.9A. This shows that the principal areas at risk of surface water flooding
are central Leeds and the suburbs of Burley and Graveleythorpe as well as the towns of Otley, Guiseley,
Collingham, Garforth, Kippax and Allerton Bywater. Although the heat maps identify areas with high frequency of
historic flooding, this is a combination of fluvial and surface water flooding and each hot spot should be assessed
on a case by case basis with a detailed assessment of the flooding incidents.

9.4 Risk from Groundwater

Areas susceptible to groundwater flooding are mapped in Appendix A Figure A.10. The risk over most of the study
area is extremely low, with most of the high-risk areas being focussed along the Aire and Wharfe river valleys.
There are only five small locations (one incident in each in Beeston, Pudsey, Yeadon, Guiseley and Otley) across
the study area which have records of groundwater flooding, associated with three recent named storms (Ciara and
Dennis in February 2020 and Christoph in January 2021).

9.5 Sewer Flooding

Historic sewer flooding records have been obtained from Yorkshire Water and are summarised by postcode area
in Appendix A Figure A.12. The area most affected by sewer flooding is east of Leeds, around Garforth and
Rothwell, while sewer flooding is less common in central and westem Leeds. It is important to note that Yorkshire
Water may have implemented, or be planning, capital schemes that address the identified areas at risk of sewer
flooding. As part of any FRA or Drainage Strategy prepared to support a planning application for a new
development, Yorkshire Water should be consulted to determine the capacity of the receiving network to
accommodate any additional flows.

9.6 Risk of Flooding from Reservoirs and Canals

Significant areas of Leeds are at risk of flooding in the event of reservoir failure. Reservoir flood extents were made
available in 2021 that provided flood extents for all large raised reservoirs in the event that they were to fail and
release the water held on a:

. “dry day” when local rivers are at normal levels.
. “wet day” when local rivers had already overflowed their banks.

These are mapped in Appendix A Figure A.13. The reservoir flood map for the area is complex as there are a large
number of reservoirs of varying size and capacity in the upstream catchment, some at considerable distance from
the study area, and the reservoir flood map provides the combined flood outline for all structures such that the risk
from individual reservoirs is difficult to assess.

Central Leeds is at risk from flooding from reservoirs in the River Aire catchment. There are: Reva Reservoir,
Weecher Reservoir, Graincliffe reservoir, Chellow Dean Reservoir, Thornton Moor Reservoir, Leeshaw Water,
Lower Laithe Reservoir, Ponden Reservoir, Watersheddles Reservoir, Keighley Moor Reservoir, Silsden Reservaorr,
Whinny Gil Reservoir, Embsay Reservoir, Elslack Reservoir, Winterbum Reservoir, Coniston Lake and Malham
Tam. These are often small reservoirs located at a significant distance from the study area where water flows along
the River Aire to Leeds in the event of reservoir failure. There is also a risk of flooding due to breach of embanked
sections of the Leeds and Liverpool Canal (see below).

In addition to the risk to central Leeds, there is an area of reservoir flood risk along the Wortley Beck valley from
an impounded lake at Silver Royd Hill. The main area at risk is New Blackpool. There is also an area of flood risk
along the Wyke Beck Valley from Waterloo Lake (Roundhay) — the main areas of risk are Hollin Park and Gipton.

There are also a number of reservoirs in the upper River Wharfe valley which pose a risk of flooding in the north of
the study area in the event of reservoir failure. Flood risk along the River Wharfe Valley arises from: Thruscross
Reservoir, Fewston Reservoir, Swinsty Reservoir, Lindley Wood Reservoir, March Ghyll Reservoir, Chelker
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Reservoir, Lower Barden Reservoir, Upper Barden Reservoir and Grimwith Reservoir. These are much larger
waterbodies than those in the River Aire catchment and there are therefore more extensive areas of flood risk along
the River Wharfe. There is one reservoir within the study area — Eccup Reservoir on Eller Beck, an Ordinary
Watercourse tributary of the River Wharfe. Failure of this reservoir would potentially cause flooding to a limited area
of rural land downstream of the impounding wall and along the River Wharfe downstream.

Land around Methley, in the south of the study area, is potentially at risk of flooding due to failure of reservoirs
within the River Calder catchment. This risk derives from: an unnamed impounded waterbody at Wintersett,
Wintersett Reservoir, Cold Hiendley Reservoir, Newmiller Dam, Ardsley Reservoir, Whitley Reservoir, Park Dam,
Scammonden Water, Ridgestone Edge Reservoir, Booth Wood Reservoir, Booth Dean Upper Reservoir, Green
Withens Reservoir, Baitings Reservoir, Wharley Moor Reservoir, Haigh Cote Dam, Leadbeater Dam, Ogden
Reservoir, Walshaw Dean Upper, Middle and Lower Reservoirs, Widdop Reservoir, Gorple Lower Reservaorr,
Warland Reservoir, Light Hazzles Reservoir, White Holme Reservoir, Withens Clough Reservoir, Ringstone Edge
Reservoir, Deanhead Reservoir, Wessenden Head Reservoir, Wessenden Reservoir, Blakeley Reservaorr,
Swellends Reservoir, Redbrook Reservoir, Butterley Reservoir, March Haigh Reservoir and Compensation
Reservoir. As for the River Aire, there is considerable variation in the size and capacity of these reservoirs; some
are very large, and some are smaller omamental lakes. Some structures are maintained for public water supply,
and some for water supply to Calder and Hebble and Aire and Calder Navigations.

The Leeds and Liverpool Canal and Aire and Calder Navigation follow the course of the River Aire through the
study area. Flooding from canals can occur for three reasons:

1. Where the Canalis used as a major flow path for fluvial floodwater from a local watercourse or surface
water runoff and its capacity is exceeded resulting in over-topping;

2. Where the Canal is embanked, and a raised section of bank is breached or the aqueduct fails or;
3.  Operational failure, e.g. where lock paddles are improperly left open and flows are not properly controlled.

Details of recorded Canal breach and overtopping incidences within the study area have been provided by the
Canals and Rivers Trust and are summarised in Table 9-1.

Table 9-1: Canal Breach and Overtopping Records within Study Area

Date Canal Type Location Description

15/06/2007 Leeds and Overtopping  Leeds City Centre Flooding on River Aire — Canal is part of River
Liverpool Canal Aire in this reach.

25/06/2007 Leeds and Overtopping  Rodley Marina, Rodley,  Field runoff increased canal water level.
Liverpool Canal near Bagley Beck

25/06/2007  Aire and Calder Overtopping  Woodlesford Flood bank overtopped by adjacent river Aire
Navigation

25/06/2007 Leeds and Overtopping  Leeds City Centre Flooding on River Aire — Canal is part of River
Liverpool Canal Aire in this reach.

13/01/2015 Leeds and Overtopping  Leeds City Centre Minor overtopping, cause unknown

Liverpool Canal

27/06/2015 Leeds and Overtopping  Leeds City Centre Vandalism with lock paddles left in incorrect
Liverpool Canal position

07/01/2016  Aire and Calder Overtopping  Woodlesford Flood bank overtopped by adjacent river Aire
Navigation

23/12/2015 Leeds and Overtopping  Leeds City Centre Overtopping due to heavy rain, resolved by
Liverpool Canal opening sluices.

26/12/2015 Leeds and Breach Leeds City Centre Lock bywash damaged during works on Leeds
Liverpool Canal Flood Alleviation scheme resulting in breach

02/08/2017 Leeds and Overtopping  Kirkstall Forge Insufficient capacity in overflow channel.
Liverpool Canal

20/04/2018 Leeds and Overtopping  Leeds City Centre Possible overtopping recorded, possibly caused
Liverpool Canal by vegetation blocking sluices.

12/01/2018 Leeds and Overtopping  Leeds City Centre Blockage of lock bypass channel

Liverpool Canal
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The records in Table 9-1 show that the most common cause of flooding from Canals (5 of 12 occasions) in the
study area is overtopping where the Leeds and Liverpool Canal or Aire and Calder Navigation join the River Aire.
This allows floodwater to flow into the canalised sections and cause flooding — this flood mechanism is represented
in the hydraulic flood modelling of the River Aire and the fluvial flood outlines can be used to assess the risk to
proposed development sites. Failure of Canal structures due to vandalism is less common, accounting for only one
record of flooding, but failure of canal structures due to blockage or lack of capacity accounts for a further three
incidents. Runoff from a natural catchment area draining to the canal caused overtopping on one occasion and on
one further occasion the cause of overtopping is unknown. There is only one recorded incidence of breach within
the study area, and this was associated with significant engineering works to the canal and adjoining River Aire.

Overall, the risk of flooding from Canals is low across the study area and is associated mainly with fluvial flooding
on adjoining watercourses. The recorded overtopping incidents are either localised or associated with major fluvial
flood events and the only breach event was caused by local engineering works. Most of the study area will not be
at risk of flooding from Canals, however sites adjacent to Canals should assess this risk in more detail.
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10. Flood Risk with Climate Change

Climate change is causing more frequent intense rainfall events, in addition to more frequent extreme weather
conditions (e.g. extremely wet winters and extremely dry summers). This will increase the risk of flooding in future
as the capacity of natural (rivers) and artificial (sewers) drainage systems is exceeded. The risk can be exacerbated
by development and land use change which reduce infiltration of rainwater into the soil. This Section provides an
assessment of changes in fluvial flood risk in Leeds, based on the currently available information, as well as current
allowances to be used in assessment of future fluvial flood risk to sites and rainfall intensity for design of drainage
systems.

10.1 Climate Change Allowances for Leeds CC Area

Current climate change allowances for river flow were updated on 27 July 2021 and are available at
https://mwww.gov.uk/guidance/flood-risk-assessments-climate-change-allowances. The updated climate change
allowances are calculated on the scale of individual river management catchment areas, while the previous
allowances had been calculated on the scale of regional river basins. The study area includes two river
management catchments — the Aire and Calder and the Wharfe and Lower Ouse. The current climate change
allowances for these river management catchments are shown in Table 10-1 and Table 10-2 - These allowances
are usually used to adjust the 1 in 100 year annual probability (1% AEP) river flow.

Table 10-1: Climate Change Allowances for River Flow Increases in the Aire and Calder River
Management Catchment

Allowance Total potential change Total potential change Total potential change

category anticipated for the ‘2020s’ (2015 anticipated for the ‘2050s’ (2040 anticipated for the ‘2080s’ (2070
to 2039) to 2069) to 2115)

Upper end 24 31 51

Higher central 15 18 31

Central 11 13 23

Table 10-2: Climate Change Allowances for River Flow Increases in the Wharfe and Lower Ouse River
Management Catchment

Allowance Total potential change Total potential change Total potential change

category anticipated for the ‘2020s’ (2015 anticipated for the ‘2050s’ (2040 anticipated for the ‘2080s’ (2070
to 2039) to 2069) to 2115)

Upper end 22 29 48

Higher central 14 18 31

Central 11 13 23

The allowance to be applied to a proposed development site depends on the type of development proposed.
Development s divided into vulnerability classifications under NPPF2° and Table 10-3 shows which climate change
allowances should be applied to each vulnerability classification in a given Flood Zone. Development vulnerability
types are given in Table 12-1.

Table 10-3: Climate Change Allowances to be Applied for Each Development Vulnerability Classification

Flood Zone Development Vulnerability Climate Change Allowance
2 and 3a Essential Infrastructure Higher Central
Highly Vulnerable, More Vulnerable, Less Vulnerable and Central

Water Compatible

3b Essential Infrastructure Higher Central
Highly Vulnerable, More Vulnerable and Less Vulnerable Development should not be
permitted
Water Compatible Central

20 https://www.gov.uk/guidance/flood-risk-and-coastal-change#T able-2-Flood-Risk-Vulnerability-Classification, accessed 12
July 2021
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The above allowances are applied to the 1 in 100 year annual probability (1% AEP) flow to assess the potential
future flood risk to development sites, including sites which are in Flood Zone 1 under the present day scenario but
may be in Flood Zones 2 or 3 in future. The central allowance should be used for assessing risk to access and
egress routes, escape routes and places of refuge, except for essential infrastructure when the higher central
allowance should be used.

Climate change allowances should also be used to design mitigation measures for essential infrastructure or water
compatible uses that result in loss of floodplain storage. According to the current Environment Agency guidance,
the central allowance should be used unless the affected area includes essential infrastructure, in which case the
higher central allowance should be used.

The climate change allowances for peak river flow in relation to SFRAs are set out in the current climate change
allowances (July 2021). For SFRAs both the central and higher central allowances should be assessed.

Where the SFRA shows an increased risk of flooding in the future apply the peak river flow allowances to
developments and allocations. This includes locations that are currently in Flood Zone 1 but might be in Flood Zone
2 or 3 in the future.

10.2 Functional Floodplain with Climate Change

The Functional Floodplain (Flood Zone 3b) comprises land where water has to flow or be stored in times of flood
orland having a 1 in 20 or greater annual probability (5% AEP) of river flooding. The impact of climate change, with
higher intensity and more frequent storms, is likely to result in increases in peak river flow levels. The Environment
Agency have recently updated the guidance on peak river flow allowances. As an example using the “central
allowance” the increase in the peak river flow will be 23% in the 2080’s (Aire and Wharfe). Changes to the functional
floodplain with climate change are shown in Appendix A Figure A.20.

The SFRA has used existing hydraulic modelling output to estimate the likely changes in the extent of Functional
Floodplain with climate change, in many cases these were 20% as proxy for 23%, 30% as a proxy for 31% and
50% as a proxy for 48/51%. This future scenario has also assumed that the LFAS and Otley FAS have been
completed and therefore these schemes have been included within the estimate of the future Functional Floodplain.

10.3 Peak Rainfall Intensity Allowance

Development proposals should include drainage designs which will ensure that the proposals do not increase flood
risk off-site through increasing the rates and volumes of surface water runoff. Further requirements for drainage
systems are discussed in Section 15, however these drainage proposals will need to include appropriate
allowances for future increased rainfall intensity during the design event. Very large strategic rural development
sites (more than 5km?) should use the allowances for river flow in Table 10-1 and Table 10-2, however urbanised
sites and sites smaller than 5km? should apply the allowances in Table 10-4 and Table 10-5. Both the central and
upper end allowances based on the lifetime of the development should be considered in the drainage design
calculations to understand the potential range of impacts due to climate change. Further details of how these are
applied can be found in Environment Agency guidelines ‘Flood risk assessments: climate change allowances™!.

Table 10-4: Climate Change Allowances for Peak Rainfall Intensity in the Aire and Calder Management
Catchment

Allowance ‘2050s’ (2022 to 2060)  ‘2050s’ (2022 to 2060)  ‘2070s’ (2061 to 2125)  ‘2070s’ (2061 to 2125)
category 30 year return period 100 year return period 30 year return period 100 year return period
Upper end 35% 40% 40% 45%
Central 20% 25% 25% 30%

21 Flood risk assessments: climate change allowances https://www.gov.uk/guidance/flood-risk-assessments-climate-change-
allowances
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Table 10-5: Climate Change Allowances for Peak Rainfall Intensity in the Wharfe and Lower Ouse
Management Catchment

Allowance ‘2050s’ (2022 to 2060)  ‘2050s’ (2022 to 2060)  ‘2070s’ (2061 to 2125)  ‘2070s’ (2061 to 2125)
category 30 year return period 100 year return period 30 year return period 100 year return period
Upper end 35% 40% 40% 40%
Central 20% 25% 25% 30%

The design of the proposed development should consider overland flow paths in the event that the capacity of the
drainage system is exceeded, including assessment of the impacts of climate change. If overland flows are such
that the velocity or depth of surface water flow is sufficient to present a hazard to site users then mitigation
measures should be provided — the upper end allowance for climate change should be used in this assessment,
and there should be no significant flood hazard to site users when the central allowance is applied.

10.4 Climate Change Risk in LCC Area - Main Rivers

The currently available flood modelling for Main Rivers and Ordinary Watercourses in the study area uses 20%,
30% and 50% allowances for future increase in fluvial flood risk in the study area and are based on UKCPO09 climate
change projections. These allowances are applied to the 1 in 100 year annual probability (1% AEP) flow and the
resulting flood maps are provided in Appendix A Figure A.7 and Figure A.8. These climate change allowances
provide a good approximation of the 2021 climate change allowances set out in Table 10-1 and Table 10-2 above.
The coverage of flood modelling with appropriate climate change allowances for the various watercourses across
the Leeds District is complex. Included within Appendix B is an overview of the modelling data and an indication of
where proxies have been utilised to define modelled climate change outlines. The changes in flood extent are
discussed below for each Main River watercourse for which this modelling has been carried out.

10.4.1 River Aire

The impacts of climate change on flood risk from the River Aire has been assessed taking into account the presence
of flood defences. This is because the main impact of climate change will be to reduce the standard of protection
provided by the flood defence schemes that have been completed.

The completed LFAS Phase 1 provides a 1 in 100 annual probability (1% AEP) plus climate change protection to
2039. However, the modelling results also show that the extent of flooding in the 1 in 100 year annual probability
(1% AEP) event will be significantly increased as a result of climate change. The main area of risk is at the
downstream end of Wortley Beck, where this watercourse is known as Hol Beck, and is at risk of flooding in the 1
in 100 year annual probability (1% AEP) event including a 23% allowance for climate change. Areas immediately
adjacent to the River Aire are also at risk when a 31% allowance is used. A 51% increase in the 1 in 100 year
annual probability (1% AEP) event flow significantly exceeds the capacity of the flood alleviation scheme and
presents a risk of flooding to large areas of Leeds City Centre, although the reach of the river downstream to the
M1 can generally convey this flow.

No climate change flood outlines are available for the reach of the River Aire between the M1 and the A642 because
this section falls between the modelled flood extent from the Phase 1 LFAS and the 2017 Lower Aire study. A
provisional assessment of changes in flood risk from climate change has been made in this area using the Flood
Zone 2 outline as a proxy for the 1 in 100 year annual probability (1% AEP) plus climate change event. However,
it should be noted that this section of watercourse may benefit indirectly from changes in flow due to the LFASs,
and that a more detailed analysis will be required if large developments are planned for this area. The Flood Zone
2 outline shows that climate change in this section will increase the flooded area, but mainly in areas of existing
green open space such as the River Aire/Leeds and Aire and Calder Navigation corridor.

The extent of flooding downstream of the A642 is expected to increase as a result of climate change, with a 23%
and 31% allowance resulting in a similar extent of change and increased flood risk immediately downstream of the
A642 and to the Allerton Bywater area. A 51% allowance for climate change produces a flood extent which is
extremely similar to the present day 1 in 1000 year annual probability (0.1% AEP) flood extent.

Along much of the River Aire with the LFAS, the Functional Floodplain (1 in 20 year annual probability (5% AEP))
with a climate change allowance (future Functional Floodplain) is contained within the defences. Therefore, the
reaches of the Aire that benefit from LFAS1 and LFAS2 are not expected to cause an increase in the extent of the
Functional Floodplain. There is increased flooding in the Lower Aire flood storage areas in the 1 in 20 year annual
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probability (5% AEP) with a climate change allowance (future Functional Floodplain) as more water is stored in
these areas.

The Environment Agency are currently reviewing and revising the LFAS1 as-built hydraulic model downstream
around Woodlesford and once this information and flood outlines are available, the SFRA web-based mapping will
be updated.

10.4.2 River Wharfe

The impacts of climate change on flood risk from the River Wharfe has been assessed taking into account the
presence of flood defences. This is because the main impact of climate change will be to reduce the standard of
protection provided by flood defence schemes.

The available modelling results show similar increased flood extents on the River Wharfe when 23%, 31% and
48% allowances for climate change are applied to the 1 in 100 year annual probability (1% AEP) flow. The flood
extent is similar to the present day defended 1 in 1000 year annual probability (0.1% AEP) flood extent. The main
area of increased flood risk is in Collingham, where a small number of additional properties are at risk of flooding.

Within the River Wharfe catchment the Functional Floodplain with climate change (1 in 20 year annual probability
(5% AEP) increases in extent within Otley, downstream of Otley and through Wetherby.

10.4.3 River Calder

The model output shows an increase in flood risk with climate change from the River Calder. The extent of flooding
increases in the undefended scenario and shows that the extent of flooding in the 1 in 100 year annual probability
(1% AEP) event could increase significantly in future. This area of the District includes important areas of both flood
storage and areas benefiting from defences (with uncertain standard of protection). The standard of protection to
areas of Methley would be expected to decrease with climate change. Development proposals in this area should
consider the future risk of flooding from the River Calder.

10.4.4 Meanwood Beck

There are no significant flood defences along Meanwood Beck and the impacts of climate change have therefore
been considered with reference to undefended flood outlines. The 23%, 31% and 51% allowances for climate
change give generally similar flood extents, similar to or slightly smaller than the presentday 1 in 1000 year annual
probability (0.1% AEP) flood extent along Meanwood Beck. The 1 in 100 year annual probability (1% AEP) flood
extent is not significantly increased due to climate change along the modelled tributary of Meanwood Beck because
the culverted sections have sufficient capacity to convey the increased flow (flooding is expected in the 1 in 1000
year annual probability (0.1% AEP) event on this tributary).

10.4.5 Wyke Beck

There are no significant flood defences along Wyke Beck and the impacts of climate change have therefore been
considered with reference to undefended flood outlines. The current modelling includes a 20% allowance for climate
change only and shows no significant increase in the 1 in 100 year annual probability (1% AEP) flood extent using
this allowance. Using the current 1 in 1000 year annual probability (0.1% AEP) flood extent as a proxy for the higher
climate change allowances shows potential for significant increased flood risk to residential developments along
the Wykebeck Valley Road area.

10.4.6 Oulton Beck

There are no significant flood defences along Oulton Beck and the impacts of climate change have therefore been
considered with reference to undefended flood outlines. The 23%, 31% and 51% allowances for climate change
give generally similar flood extents, similar to or slightly smaller than the present day 1 in 1000 year annual
probability (0.1% AEP) flood extent along Oulton Beck. In the area in and around Rothwell there is increased extent
and risk of flooding with climate change especially at the 1 in 100 year annual probability (1% AEP).

10.4.7 Bagley Beck

There are no significant flood defences along Bagley Beck and the impacts of climate change have therefore been
considered with reference to undefended flood outlines. This shows that the 23%, 31% and 51% allowances for
climate change generally show similar increased flood extent, generally similar to the extent of flooding currently
expected in the 1 in 1000 year annual probability (0.1% AEP) event. However, the majority of the area affected by
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flooding is also currently at risk in the 1 in 100 year annual probability (1% AEP) event, and the increased flood
extent generally affects undeveloped land between the Leeds and Liverpool Canal and the River Aire.

10.4.8 Cock Beck

Detailed flood modelling of climate change scenarios for sections of Cock Beck indicate that flood risk along Cock
Beck is not expected to increase significantly as the difference in flood extent with and without the climate change
allowance is minimal. However, there may be some increase in risk in Aberford, immediately upstream of the A1(M).

10.4.9 Collingham Beck and Fir Green Beck

There are no significant flood defences along Collingham Beck and the impacts of climate change have therefore
been considered with reference to undefended flood outlines. This shows that the 23%, 31% and 48% allowances
for climate change generally show similar increased flood extent, generally similar to the extent of flooding currently
expected in the 1 in 1000 year annual probability (0.1% AEP) event. There is also potential increased risk of flooding
from Collingham Beck to the A58 and properties at Bardsey, as well as undeveloped land downstream.

Along Fir Green Beck there is potential for increased risk downstream of the A1(M), including to the settlement of
Bramham.

10.4.10 Hol Beck and Kel Beck

There are no significant flood defences along Hol Beck and Kel Beck and the impacts of climate change have
therefore been considered with reference to undefended flood outlines. This shows that the 23%, 31% and 48%
allowances for climate change generally show increased flood extent, particularly at the 1 in 20 year annual
probability (5% AEP) event.

10.4.11 Farnley Wood Beck and Wortley Beck

There are currently no significant flood defences along Farnley Wood Beck or Wortley Beck and the impacts of
climate change have therefore been considered with reference to undefended flood outlines. The available flood
modelling shows that 21%, 31% and 51% allowances for climate change generally produce similar flood extents,
and that these flood extents are similar to the present day 1 in 100 year annual probability (1% AEP) flood extent.
The current climate change allowances therefore make minimal impact on the risk of flooding to developments
along these watercourses.

10.4.12 Lin Dyke

Detailed flood modelling of climate change scenarios is not available for Lin Dyke. Flood Zones 2 and 3 have
therefore been used to identify where climate change may significantly increase the risk of flooding. These flood
zones have very similar flood extents along most of Lin Dyke, suggesting that climate change will not significantly
increase the extent of flooding in the 1 in 100 year annual probability (1% AEP) event. The main areas where an
increase is possible is towards the downstream extent of Lin Dyke, north of Allerton Bywater, however this does
not affect developed areas.

10.5 Climate Change Risk in LCC Area - Ordinary Watercourses

Modelled flood outlines do not currently exist for most Ordinary Watercourses within the study area. The risk to
sites adjoining Ordinary Watercourses will need to be assessed on a case by case basis, potentially including
detailed hydrological and hydraulic modelling studies. These studies should apply the climate change allowances
set out in Section 10.1 unless these are superseded.

10.6 Climate Change Risk - Surface Water & Drainage

The risk of surface water flooding map does not include a specific scenario to determine the impact of climate
change on the risk of surface water flooding. However a range of three annual probability events have been
undertaken, 1 in 30 year (3.33% AEP), 1 in 100 year (1% AEP) and 1 in 1000 year (0.1% AEP), and therefore it is
possible to use with caution the 1 in 1000 year annual probability (0.1% AEP) outline as a substitute dataset to
provide an indication of the implications of climate change in site- specific FRAs. This assessment should include
discussion of any local, relevant policies and actions taken under LCC actions to reduce climate change, including
aspirations for providing additional bio-diversity and green infrastructure.
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10.7 Managing flood risk with Climate Change

Blue-Green Infrastructure, Sustainable Drainage and Water Sensitive Urban Design are all important elements of
the sustainable urban design process that can reduce flood risk. By working with and enhancing natural habitats
to take advantage of their ability to sequester carbon, nature-based solutions have the potential to tackle climate
mitigation and adaptation challenges at relatively low cost while delivering numerous additional benefits for the
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Leeds District.

Upton Sustainable Drainage Deansgate, Green Wall

Natural Flood Management

Natural Flood Management (NFM) is a sustainable catchment-based approach to complement sustainable water
management in our cities and towns and reduce the risk of flooding.

The natural landscape plays an important role in
managing water. NFM uses natural features, such
as tree planting, to store or slow down the flow of
water before it reaches communities downstream.
NFM can provide multiple benefits to compliment
engineered solutions, enhancing the natural
environment whilst providing reduced flood risk to
the built environment. This includes:

¢ increased bio-diversity through river restoration

e green networks through riparian vegetation and
native species buffer strips

¢ healthier moorlands through moorland grip
blocking

e water supply to farms

Swindale Beck re-meandering e reduced fine sediment loading to rivers.

Within the wider Aire catchment NFM techniques can play a key role in improving resilience to climate change. To
compliment the engineering work being developed as part of the LFAS (Phase 2) and Wyke Beck FAS Phase 2
NFM techniques are being implemented (eg. White Rose Forest https://whiteroseforest.org/about/aire-river-
catchment-programme/). In other parts of Leeds District similar approaches should be actively considered to
identify and implement NFM techniques.
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Working with Natural Processes

Compared to flood defences and flood storage,
floodplain restoration represents the most
sustainable form of strategic flood risk solutions, by
allowing watercourses to retum to a more
naturalised state, and by creating space for
naturally functioning floodplains working with
natural processes.

Braid Burn — flood management

Although the restoration of a floodplain is
difficult in previously developed areas
where development cannot be rolled
back, the following measures are
methods that could be implemented to
help catchment  and floodplain
restoration:

. Promoting existing and future
brownfield sites that are adjacent to
watercourses to naturalise banks as
much as possible.

. Buffer areas around
watercourses provide an opportunity to
restore parts of the floodplain.

" R S %! j . Removal of redundant
Leicester Conveyance improvements structures to reconnect the river and the
floodplain.

. Avoid placing new development
within the floodplain

A review of the mapping outputs from the Environment Agency led research project ‘Working with Natural
Processes’ has been used to identify potential locations for Working with Natural Processes (WWNP) in the
District. Four of these layers are included within the Appendix A Figure A.19:

e  WWNP Floodplain Reconnection Potential — best estimate of locations where it may be possible to establish
reconnection between a watercourse and its natural floodplain, especially during high flows. The dataset is
designed to support signposting of areas where there is currently poor connectivity such that flood waters
are constrained to the channel and flood waves may therefore propagate downstream rapidly.

e  WWNP Floodplain Woodland Potential — best estimate of locations where tree planting on the floodplain
may be possible, and effective to attenuate flooding. The dataset is designed to support signposting of
areas of floodplain not already wooded.

e  WWNP Riparian Woodland Potential — best estimate of locations where tree planting may be possible on
smaller floodplains close to flow pathways, and effective to attenuate flooding. The dataset is designed to
support signposting of riparian areas not already wooded.

¢  WWNP Wider Catchment Woodland Potential — best estimate of locations where there are slowly
permeable soils, where scrub and tree planting may be most effective to increase infiltration and
hydrological losses. The dataset is designed to support signposting of areas not already wooded.
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Blue-Green Infrastructure

Blue-Green infrastructure, including urban green spaces, such as parks, green walls and green roofs and urban
wetlands, provide resilience to climate change. This approach protects, restores, or mimics the natural water cycle
and allows a way of managing surface water as close as possible to where it falls.

= s R

O N T

SuDS at Olympic Park
https://www.susdrain.org/case-studies/case_studies/olympic_park_london.html

In terms of climate resilience woodlands, wetlands, grasslands and marshlands can effectively absorb carbon
dioxide and sequester carbon, mitigating emissions as well as providing benefit in terms of quality and quantity of
stormwater run-off. There are opportunities for increased green-blue infrastructure that creates a natural system of
resilience against the impacts of the climate change including reducing local temperatures, lowering flood risk and
defending against storms. It also provides a mechanism to reconnect individuals and local communities with the
natural landscape.

Clandeboye Rainwater Garden

SuDS at Clandeboye Primary School, taking inspiration from the natural environment and a child’s love of
play to design a raingarden consisting of ponds, cascades, bog gardens and duck races.

Those proposing development should actively consider opportunities to undertake river/watercourse restoration
and enhancement and implement natural flood management measures as part of a development to make space
for water and reduce flood risk. Enhancement opportunities should be sought when renewing assets (e.g. de-
culverting, the use of bio-engineered river walls, raising bridge soffits to take into account climate change).

The SusDrain website provides range of case studies of successful implementation of sustainable drainage.
https://www.susdrain.org/

AECOM
53



Leeds City Council SFRA 2022 update Project number: 60659301

11. Residual flood risk

11.1 Overview

It is important to recognise that the risk of flooding in the study area can never be fully mitigated, and there will
always be a residual risk of flooding that will remain after measures have been implemented to protect an area or
a particular site from flooding. This residual risk is associated with a number of potential risk factors including (but
not limited to):

. a flooding event that exceeds that for which the flood risk management measures have been designed e.g.
flood levels above the designed finished floor levels,

. the structural deterioration of flood defence structures (including informal structures acting as a flood defence)
over time, and/or

. general uncertainties inherent in the prediction of flooding (the modelling of flood flows and flood levels is not
an exact science, therefore there are inherent uncertainties in the prediction of flood levels used in the
assessment of flood risk. Whilst the NPPF flood zones provide a relatively robust depiction of flood risk for
specific conditions, all modelling requires the making of core assumptions and the use of empirical estimations
relating to (for example) rainfall distribution and catchment response.)

Steps should be taken to further reduce these residual risks where required, e.g. through the use of flood waming
and evacuation procedures, as described in Section 14.

11.2 Residual Risk Within the Study Area

The principal source of residual flood risk within the study area is failure of water management infrastructure. Small
scale failures, e.g. localised blockage or exceedance of the capacity of surface water sewers, will need to be
considered on a site-by-site basis, however the risk from breaching of flood defences has potential to affect larger
areas and multiple sites. The principle areas defended by structures which may breach (embankments and walls)
are:

. Leeds City Centre (flood risk reduced by flood walls and infrastructure on the River Aire and Wortley Beck);
e  Washlands downstream of the A642 (protected by embankments on the River Aire);

. Collingham (protected by embankments on Collingham Beck and the River Wharfe);

e  Wetherby (protected by embankments on the River Wharfe, but to a low standard of protection), and;

. Otley (when Otley FAS is completed) protected by embankments on the River Wharfe.

Note that there are additional flood defences in the study area, including demountable defences and flood gates.
These defences have a patrticularly high level of residual risk because they depend on deployment and operation
during flood events which may not occur due to factors such as rapid onset of flooding or lack of access.

The Aire CFMP? includes policies to maintain and improve the level of flood protection provided to Leeds City
Centre. This will reduce the residual risk to Leeds from breach of raised flood defences.

The River Ouse CFMP? includes plans to reduce the risk of flooding to Collingham and Wetherby. This includes
maintaining and improving existing flood defences, which will reduce the residual risk in this area due to breach of
fluvial flood defences.

22 Aire Catchment Flood Management Plan Summary Report, Environment Agency, December 2010
23 River Ouse Catchment Flood Management Plan Summary Report, Environment Agency, December 2010
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11.2.1 Residual Risk, Operation and Maintenance of the LFAS

LFASL1 includes the moveable weirs at Crown Point and Knostrop which present a residual risk should they not
operate during a flood event. The flood walls alone provide a lesser standard of protection than the moveable weirs
and flood walls together. The flood defences also include a number of floodgates, there is also a residual risk that
these may not be closed in advance of a flood event.

LFAS2 will include moveable gates at the storage area in Calverley and should they not operate correctly, there is
a risk that flows in excess of the 1 in 100 year annual probability (1% AEP) event will pass downstream and could
overtop the linear defences.

When completed LFAS? includes structures which may breach (embankments and walls).

11.2.2 LFAS maintenance

LCCs Flood Risk Management team are responsible for the flood defence assets that have been, and will be
delivered, by the LFAS. The delivery of the scheme has included detailed inputwith LCC'’s Flood Risk Management
team to ensure that they understand, appreciate and are able to develop the operation and maintenance
requirements. The LCC Flood Risk Management team undertakes a regular schedule of maintenance for the flood
defence assets ensuring that they are in good working order and operational.

11.2.3 Rapid Inundation Zone

Failure of water management infrastructure such as a breach of the fluvial flood defences or overtopping of flood
defences may result in areas that are at risk of rapid inundation. These areas, generally near to flood defences,
may be impacted by high velocity floodwater with sudden onset and significant depth of flooding.

Developers will need to demonstrate that their sites are not affected by rapid inundation in the event of breach or
other failure of flood defences.
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12. Sequential Test and Site Allocations

12.1 Sequential Approach

This Section provides information on the Sequential Test in Local Development Plan-making and planning
application processes and information on the approach taken by LCC to the Sequential Test and Site Allocation.
Not all development will be required to undergo the Sequential Test, as described below, but may still be required
to undertake a site-specific FRA, guidance about which is included in Section 14.

The sequential approach is a decision-making tool designed to ensure that sites at little or no risk of flooding are
developed in preference to sites at higher risk. This will help avoid the development of sites that are inappropriate
on flood risk grounds. The sequential approach can be applied at all levels and scales of the planning process,
both between different sources of flooding, within fluvial flood zones and within sites. All opportunities to locate new
developments (except Water Compatible) in reasonably available areas of little or no flood risk should be explored,
prior to any decision to locate them in areas of higher risk.

12.2 Applying Sequential Test — Plan-Making

As the LPA, LCC must demonstrate that throughout the site allocation process that a range of possible sites have
been considered in conjunction with the flood risk information and that the Sequential Test has been applied. The
Sequential Test requires an understanding of all sources of flooding within the District, including the fluvial flood
zones in the study area and risk and potential sources of surface water flooding. Also the vulnerability classification
of the proposed developments. Flood zone definitions are provided in Section 8.1 and mapped in Appendix A Figure
4 (and the Environment Agency’s Flood Map for Planning (Rivers and Sea)) and Risk of Surface Water flooding is
mapped in Appendix A Figure A.9. Flood risk vulnerability classifications, as defined in the PPG are presented in
Table 12-1 and Table 12-2 sets out which development vulnerability classifications are considered appropriate
within each flood zone. The NPPF acknowledges that some areas will be atrisk of flooding from sources other than
fluvial. All sources must be considered when planning for new development including; flooding from land or surface
water runoff; groundwater; sewers; and artificial sources (see Section 9).

The flow diagram presented in Figure 12-1 illustrates how the Sequential Test process should be applied to identify
the suitability of a site for allocation, in relation to the flood risk classification.

Table 12-1: Flood Risk Vulnerability Classification (PPG)

Vulnerability Development Uses
Classification

Essential e Essential transport infrastructure (including mass evacuation routes) which has to cross the area at
Infrastructure risk.

Essential utility infrastructure which has to be located in a flood risk area for operational reasons,
including electricity generating power stations and grid and primary substations; and water treatment
works that need to remain operational in times of flood.

Wind turbines.

Police stations, ambulance stations and fire stations and command centres and telecommunications
installations required to be operational during flooding.

Emergency dispersal points.

Basement dwellings.

Caravans, mobile homes and park homes intended for permanent residential use.

Installations requiring hazardous substances consent. (Where there is a demonstrable need to locate
such installations for bulk storage of materials with port or other similar facilities, or such installations
with energy infrastructure or carbon capture and storage installations, that require coastal or water-

side locations, or need to be located in other high flood risk areas, in these instances the facilities
should be classified as “essential infrastructure”).

Highly Vulnerable

More Vulnerable

Hospitals.

Residential institutions such as residential care homes, children’s homes, social services homes,
prisons and hostels.

Buildings used for dwelling houses, student halls of residence, drinking establishments, nightclubs
and hotels.

Non-residential uses for health services, nurseries and educational establishments.
Landfill and sites used for waste management facilities for hazardous waste.

e Sites used for holiday or short-let caravans and camping, subject to a specific warning and evacuation
plan.
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Vulnerability
Classification

Development Uses

Less Vulnerable

¢ Police, ambulance and fire stations which are not required to be operational during flooding.

Buildings used for shops, financial, professional and other services, restaurants and cafes, hot food
takeaways, offices, general industry, storage and distribution, non—residential institutions not included
in “more vulnerable”, and assembly and leisure.

Land and buildings used for agriculture and forestry.

Waste treatment (except landfill and hazardous waste facilities).

Minerals working and processing (except for sand and gravel working).

Water treatment works which do not need to remain operational during times of flood.

Sewage treatment works (if adequate measures to control pollution and manage sewage during
flooding events are in place).

Water-Compatible

Development

Flood control infrastructure.

Water transmission infrastructure and pumping stations.
Sewage transmission infrastructure and pumping stations.
Sand and gravel working.

Docks, marinas and wharves.

Navigation facilities.

MOD defence installations.

Ship building, repairing and dismantling, dockside fish processing and refrigeration and compatible
activities requiring a waterside location.

Water-based recreation (excluding sleeping accommodation).

Lifeguard and coastguard stations.

Amenity open space, nature conservation and biodiversity, outdoor sports and recreation and
essential facilities such as changing rooms.

Essential ancillary sleeping or residential accommodation for staff required by uses in this category,
subject to a specific warning and evacuation plan.

Table 12-2: Flood Risk Vulnerability and Flood Zone ‘Compatibility’ (PPG?2, 2014)

Flood Risk Vulnerability Essential Highly Water
Classification Infrastructure Vulnerable More Vulnerable Less Vulnerable Compatible
1 v v v v v
o 2 v Exceptic_)n Test v v v
s Required
N
-§ 3a Exceptic_)n Test < Exceptic_)n Test v v
T Required Required
3b *t Exception Test < < < o

Required*

v’ - Development is appropriate % - Development should not be pemitted
* In Flood Zone 3b (Functional Floodplain) essential infrastructure that has to be there and has passed the
Exception Test, and water-compatible uses, should be designed and constructed to:

- remain operational and safe for users in times of flood;

- result in no net loss of floodplain storage;

- not impede water flows and not increase flood risk elsewhere.
1There are some areas within Flood Zone 3b that are already developed and are prevented from flooding
by the presence of existing infrastructure or solid buildings. Whilst these areas will be subject to frequent
flooding it may not be practical to refuse all future development.
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Figure 12-1: Application of Sequential Test for Plan-Making

Project number: 60659301
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The recommended steps in undertaking the Sequential Test are detailed below. This is based on the Flood Zone

and Flood Risk Vulnerability.

12.2.1 Recommended stages for LPA application of the Sequential Test in Plan-

Making

LPAs take the following steps in the application of the Sequential Test:

1. Assign potential developments with a vulnerability classification (Table 12-1). Where development is mixed,
the development should be assigned the highest vulnerability class of the developments proposed.

2. The location and identification of potential development should be recorded.

3. The flood zone classification of potential development sites should be determined based on a review of
flood risk information contained within SFRA. Where these span more than one flood zone all zones should
be noted, preferably using percentages. All sources of flooding need to be considered within the Sequential
Test therefore the risk of flooding from all sources to sites needs to be identified.

4. The design life of the development should be considered with respect to climate change:

- 100 years —for residential developments; and

- 75 years — for commercial / industrial developments, or other time horizon specific to the non-

residential use proposed.

5. Identify existing flood defences serving the potential development sites. If a site is defended in Flood Zone
3a itis sequentially preferable to a site that is undefended in Flood Zone 3a.

6. Highly Vulnerable developments to be accommodated within the LPA area should be located on those sites
identified as being within Flood Zone 1 and low risk of flooding from other sources. If these cannot be
located within this low risk area because the identified sites are unsuitable or there are insufficient sites in
areas of low flood risk, sites in moderate risk of flooding (Flood Zone 2 and moderate risk of surface water)
can then be considered. If sites in moderate flood risk areas are inadequate then additional sites in higher
flood risk areas may need to be identified to accommodate development or opportunities sought to locate

the development outside the LPA.
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7. Once all Highly Vulnerable developments have been allocated to a development site, consideration can be
given to those development types defined as More Vulnerable. In the first instance More Vulnerable
development should be located on sites in Flood Zone 1. Where these sites are unsuitable or there are
insufficient sites remaining, sites in Flood Zone 2 can be considered. If there are insufficient sites in Flood
Zone 1 or 2 to accommodate More Vulnerable development, sites in Flood Zone 3a can be considered.
More Vulnerable developments in Flood Zone 3a will require application of the Exception Test (see Section
12).

8. Once all More Vulnerable developments have been allocated to a development site, consideration can be
given to those development types defined as Less Vulnerable. In the first instance Less Vulnerable
development should be located on sites in Flood Zone 1, continuing sequentially with Flood Zone 2, then
3a. Only Essential Infrastructure and Water Compatible uses are appropriate in Flood Zone 3b Functional
Floodplain.

9. Essential Infrastructure should be preferentially located in the lowest flood risk zones, however this type of
development may be located in Flood Zones 3a and 3b, provided the Exception Test is satisfied.

10. Water Compatible development has the least constraints with respect to flood risk and it is considered
appropriate to allocate these sites last. The sequential approach should still be followed in the selection of
sites; however, it is appreciated that Water Compatible development by nature often relies on access and
proximity to water bodies.

11. On completion of the Sequential Test, consideration may need to be given to the risks posed to a site within
a flood zone in more detail. This more detailed study should consider the detailed nature of flood hazard to
allow a sequential approach to site layout within a flood zone. Consideration of flood hazard within a flood
zone would include:

- flood risk management measures,
- the rate of flooding,

- flood water depth,

—  flood water velocity.

Where the development type is Highly Vulnerable, More Vulnerable, Less Vulnerable or Essential Infrastructure
and a site is found to be impacted by a recurrent flood source (other than tidal or fluvial), the site and flood sources
should be investigated further regardless of any requirement for the Exception Test.

12.2.2 Windfall Sites

Windfall Sites is a term to describe development on a site not specifically allocated for development in a
development plan, but which unexpectedly becomes available for development during the lifetime of a plan. It is
recommended that the acceptability of windfall applications in flood risk areas should be considered at the strategic
level through a policy setting out broad locations of windfall development that would be acceptable or not in
Sequential Test terms.

12.3 Applying Sequential Test — Planning Applications

Itis necessary to undertake a Sequential Test for a planning application if both of the following apply:

. The proposed development is in Flood Zone 2 or 3.

. The Sequential Test hasn't already been applied for a development of the type intended for the proposed
site by LCC while developing the Local Plan.

The Environment Agency publication ‘Demonstrating the flood risk Sequential Test for Planning Applications?¥ sets
out the procedure for applying the sequential test to individual applications as follows:

. Identify the geographical area of search over which the test is to be applied; this could be the LCC area, or
a specific catchment if this is appropriate and justification is provided (e.g. school catchment area or the
need for affordable housing within a specific area). For residential or mixed use development the Housing
Market Characteristic Area should be used as defined in the Site Allocation Plan and Core Strategy.

24 Environment Agency, April 2012, ‘Demonstrating the flood risk Sequential Test for Planning Applications’, Version 3.1
https://www.gov.uk/guidance/flood-risk-assessment-the-sequential-test-for-applicants

AECOM
59



Leeds City Council SFRA 2022 update Project number: 60659301

Identify the source of ‘reasonably available’ alternative sites; usually drawn from the Site Allocation Plan,
Aire Valley Leeds Area Action Plan, Natural Resources and Waste Local Plan, Employment Land Survey
and other evidence base / background documents produced to inform the Local Plan.

State the method used for comparing flood risk between sites; for example, the Environment Agency Flood
Map for Planning, the SFRA mapping, site-specific FRAs if appropriate, other mapping of flood sources.

Apply the Sequential Test; systematically consider each of the available sites, indicate whether the flood risk
is higher or lower than the application site, state whether the alternative option being considered is allocated
in the Local Plan, identify the capacity of each alternative site, and detail any constraints to the delivery of
the altemative site(s).

Conclude whether there are any reasonably available sites in areas with a lower probability of flooding that
would be appropriate to the type of development or land use proposed.

The presence of defences may be considered sequentially by identifying existing flood defences serving the
potential development sites. For example, a site in defended Flood Zone 3a is sequentially preferable to a
site that is undefended in Flood Zone 3a.

Where necessary, as indicated by Table 12-2, apply the Exception Test.

Apply the Sequential approach to locating development within the site, as described in Section 12.2.

It should be noted that it is for LCC, taking advice from the Environment Agency as appropriate, to consider the
extent to which Sequential Test considerations have been satisfied, taking into account the particular circumstances
in any given case. The developer should justify with evidence what area of search has been used when making
the application.

Ultimately, after applying the Sequential Test, LCC needs to be satisfied in all cases that the proposed development
would be safe and not lead to increased flood risk elsewhere. This needs to be demonstrated within a FRA (see
Section 14) and is necessary regardless of whether the Exception Test is required.

12.4 Sequential Test Exemptions

It should be noted that the Sequential Test does not need to be applied in the following circumstances:

Individual developments proposed on sites which have been allocated in development plans through the
Sequential Test.

Minor development, which is defined in the NPPF as:

- minor non-residential extensions: industrial / commercial / leisure etc. extensions with a footprint
<250m?2.

- alterations: development that does not increase the size of buildings e.g. alterations to external
appearance.

- householder development: for example, sheds, garages, games rooms efc. within the curtilage of the
existing dwelling, in additional 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 resulting in a net addition e.g. subdivision of houses into flats.

Change of Use applications, unless it is for a change of use of land to a caravan, camping or chalet site, or
to a mobile home site or park home site.

Development proposals in Flood Zone 1 (land with a low probability of flooding from rivers or the sea)
unless the SFRA, or other more recent information, indicates there may be flooding issues now or in the
future (for example, through the impact of climate change, see Section 10).

Redevelopment of existing properties (e.g. replacement dwellings), provided they do not increase the
number of dwellings in an area of flood risk (i.e. replacing a single dwelling within an apartment block).
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12.5 LCC Site Allocations

The sequential test was completed for sites allocated in the Site Allocations Plan and the Aire Valley Leeds Area
Action Plan and further details can be found in the separate background paper explaining the methodology used.

. Site Allocations Plan, Flood Risk Sequential and Exception Test, Background Paper, May 2017.
https://www.leeds.gov.uk/SiteAllocationMaps/SAP _Submission_Documents May%202017/CD1-
30%20Flood%20Risk%20Sequential%20and%20Exception%20Test%20Background%20Paper,%20May%2

02017Ir.pdf
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13. Applying the Exception Test — Assessment of Site
Allocations

The application of the Exception Test, where required, will ensure that new developments in flood risk areas will
only occur where flood risk is clearly outweighed by other sustainability drivers. The purpose of the Exception Test
is to ensure that, following the application of the Sequential Test, new development is only permitted in Flood Zone
2 and 3 where flood risk is clearly outweighed by other sustainability factors and where the development will be
safe during its lifetime, considering climate change.

For the Exception Test to be passed:

. Part 1 - It must be demonstrated that the development provides wider sustainability benefits to the
community that outweigh flood risk, informed by the SFRA and;

. Part 2 - A site-specific FRA must demonstrate that the development will be safe for its lifetime taking
account of the vulnerability of its users, without increasing flood risk elsewhere, and, where possible, will
reduce flood risk overall.

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

In order to determine Part 1) of the Exception Test, applicants should assess their scheme against the objectives
within the LCC Sustainability Appraisal (SA) Framework. In order to demonstrate satisfaction of Part 2) of the
Exception Test, the flood risk management measures outlined in Section 14 should be applied and demonstrated
within a site-specific FRA.

13.1 Application of Exception Test for Allocated Sites

To support the identification of site allocations and development of the Leeds Local Plan, a Flood Risk Exception
Test — Site Specific FRA study was undertaken in 2017 by LCC for particular parts of Leeds District including the
Aire Valley. The study provided supporting information to the Local Plan development and sought to identify for
each development site:

. Part A -Wider sustainability benefits to the community that outweigh flood risk;

. Part B - High level FRA demonstrated that the development will be safe for its lifetime, without increasing
flood risk elsewhere, and, where possible, reduce flood risk overall.

This study identified which sites passed the Exception Test and gave an indication of the mitigation measures that
would be needed requirements for the site to be developed. The information in Part B of the Exception Tests will
need to be updated by the developer as sites come forward for development.
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14. Guidance for Site Specific FRAs

14.1 Overview

The NPPF appreciates that it may not always be possible to avoid locating development in areas at risk of flooding.
This Section provides guidance on the range of measures that could be considered in order to manage and mitigate
flood risk. These measures should be considered when preparing a site-specific FRA; Table 14-1 sets out which of
these measures would need to be considered as part of proposals for householder developments, extensions and
new developments.

As noted in Section 2.2, it is essential that the development management process influencing the design of future
development within the study area carefully mitigates the potential impact that climate change may have upon the
risk of flooding. As a result, mitigation measures should be designed with an allowance for climate change over
the lifetime of the proposed development as follows:

. 100 years for residential developments; and

. 75 years for commercial / industrial developments, or other time horizon specific to the non-residential use
proposed.

14.2 Development Layout and Sequential Approach

A sequential approach to site planning should be applied within new development sites. Flood risk should be
considered at an early stage in deciding the layout and design of a site to provide an opportunity to reduce flood
risk within the development. Most large development proposals include a variety of land uses of varying vulnerability
to different sources of flooding. The sequential approach should be applied within development sites to locate the
most vulnerable elements of a development in the lowest risk areas (considering all sources of flooding) e.g.
residential elements should be restricted to areas at lower probability of flooding whereas parking, open space or
proposed landscaped areas can be placed on lower ground with a higher probability of flooding.

14.3 Finished Floor Levels

All More Vulnerable and Highly Vulnerable development within Flood Zones 2 and 3 should set Finished Floor
Levels 300mm above the known or modelled 1 in 100 year annual probability (1% AEP) flood level including an
allowance for climate change. Where developing in Flood Zone 2 and 3 is unavoidable, the recommended method
of mitigating flood risk to people, particularly with More Vulnerable (residential) and Highly Vulnerable land uses, is
to ensure internal floor levels are raised by an appropriate freeboard level above the design flood level to account
for uncertainty in determining flood levels.

In certain situations (e.g. for proposed extensions to buildings with a lower floor level or conversion of existing
historical structures with limited existing ceiling levels), it could prove impractical to raise the internal ground floor
levels to sufficiently meet the general requirements. In these cases, the Environment Agency and/or LCC should
be approached using their respective pre-application enquiry services to discuss options for a reduction in the
minimum internal ground floor levels provided flood resistance measures are implemented up to an agreed level.
There are also circumstances where flood resilience measures should be considered first. These are described
further below. For both Less and More Vulnerable developments where internal access to higher floors is required,
the associated plans showing the access routes and floor levels should be included within any site-specific FRA.
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Table 14-1 provides an overview of the minimum requirements for finished floor levels for development in LCC

area.

Table 14-1: Finished Floor Levels

Development Flood Zone 3 Flood Zone 2
Type
Minor Provide evidence to LCC that EITHER, Provide evidence to LCC that,

development (i.e.
non-residential
extensions with a
floor space
<250m? and minor
householder
developments
undertaken within
the curtilage of an
existing  property
i.e. development
directly linked to
an existing
residential
building.)

Floor levels within the proposed development will be set
no lower than existing levels AND, flood proofing of the
proposed development has been incorporated up to
600mm above the level of the 1 in 100 annual probability
flood event within an allowance for climate change where
appropriate. Details of flood proofing / resilience and
resistance techniques to be included in accordance with

Floor levels within the proposed development
will be set no lower than existing levels AND,
flood proofing of the proposed development has
been incorporated up to 600mm above the 1 in
100 annual probability flood event with an
allowance for climate change where appropriate.
Details of flood proofing / resilience and

‘Improving the flood performance of new buildings’ CLG resistance techniques to be included in
(2007). accordance with  ‘Improving the flood
OR, performance of new buildings’ CLG (2007).

Floor levels within the extension will be set at a minimum
of 300mm above the known or modelled 1 in 100 year
(1% AEP) river flood event including climate change.
Applicants should provide a plan showing floor levels
relative to flood levels. All levels should be stated in
relation to Ordnance Datum.

New  residential
development
(More Vulnerable)

Where appropriate, subject to there being no other planning constraints (e.g. restrictions on building
heights), finished floor levels should be set a minimum of 300mm above the 1 in 100 year (1% AEP) flood
level including climate change. The design flood level should be derived for the immediate vicinity of the
site (i.e. relative to the extent of a site along a watercourse as flood levels are likely to vary with increasing
distance downstream) as part of a site-specific FRA.

Sleeping accommodation should be restricted to the first floor or above to offer the required ‘safe places’.
Internal ground floors below this level could however be occupied by either Less Vulnerable commercial
premises, garages or non-sleeping residential rooms (e.g. kitchen, study, lounge) (i.e. applying a sequential
approach within a building).

New
residential
development (e.g.
Less Vulnerable)

non-

Finished floor levels shall be set a minimum of 300mm above the flood level of the 1 in 100 year (1% AEP)
flood event, with an allowance for climate change, for office developments and 300mm above the flood
level of the 1 in 100 annual probability flood event, with an allowance for climate change, for all other less
vulnerable developments in accordance with the Leeds CC Minimum Development Control Standards for
Flood Risk. Where this is not possible then subject to agreement the developments can be designed to be
floodable instead of raising floor levels and this may be beneficial to help minimise the impact of the
development on the displacement of floodwater and the risk of flooding to the surrounding area. In addition,
it is recommended that the design incorporates suitable flood resilience measures. However, it is strongly
recommended that internal access is provided to upper floors (first floor or a mezzanine level) to provide
safe refuge in a flood event. Such refuges will have to be permanent and accessible to all occupants and
users of the site and a Flood Warning and Evacuation Plan (FWEP) should be prepared to document the
actions to take in the event of a flood.

Basements

Basements, basement extensions, conversions of All basements, basement extensions and

basements to a higher vulnerability classification or self-
contained units are not permitted in Flood Zone 3b. Self-
contained residential basements and bedrooms at
basement level are not permitted in Flood Zone 3a.

conversions must have internal access to a
higher floor situated 300mm above the 1 in 100
year (1% AEP) flood level including climate
change.

Internal access to a higher floor situated 300mm above
the 1 in 100 year (1% AEP) flood level including climate
change must be provided for all other basements,
basement extensions and conversions.

14.4

There is a range of flood resistance and resilience construction techniques that can be implemented in new
developments to mitigate potential flood damage. The Department for Communities and Local Government (CLG)
have published a document ‘Improving the Flood Performance of New Buildings, Flood Resilient Construction'?®,
the aim of which is to provide guidance to developers and designers on how to improve the resistance and
resilience of new properties to flooding through the use of suitable materials and construction details. Figure 14-1
provides a summary of the Water Exclusion Strategy (flood resistance measures) and Water Entry Strategy (flood
resilience measures) which can be adopted depending on the depth of floodwater that could be experienced.

Flood Resistance ‘Water Exclusion Strategy’

25 CLG (2007) Improving the Flood Performance of New Buildings, Flood Resilient Construction
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Figure 14-1: Flood Resistant / Resilient Design Strategies, Improving Flood Performance, CLG 2007

Figure 4.1 Rationale for design strategies

* Materials with low permeability up to 0.3m
Allow water through property A
OB sural damage. . :Ic;';egt ::tt:'r ;:psls;sge through building at
5 lnwl i of fi l?"”“ D = Design to drain water away after flooding
= 'Waterdm ing 2 * Access to all spaces to permit drying and
2 Entry Strategy cleaning
“
@
gé Attempt to keep water out, » Materials with low permeability to at least
z in full or in part, depending 03m
& on structural assessment. D * FHood resilient materials and designs
g If structural concerns exist follow = Access to all spaces to permit drying and
(2 approach above*** cleaning
Attempt to keep water out * Materials and constructions with low
‘Water Exclusion Strategy’ permeability
@
L
= Remove D . . ;
3 * Land raising, landscaping, raised thresholds
3 from flood hazard
<
Notes:
* Design water depth should be based on assessment of all flood types that can impact on the building
** Resistance/resilience measures can be used in conjunction with Avoidance measures to minimise overall flood risk
*** In all cases the ‘water exclusion strategy’ can be followed for flood water depths up to 0.3m

Resistance measures are aimed at preventing water ingress into a building (Water Exclusion Strategy); they are
designed to minimise the impact of floodwaters directly affecting buildings and to give occupants more time to
relocate ground floor contents. These measures will probably only be effective for short duration, low depth flooding,
i.e. less than 0.3m, although these measures should be adopted where depths are between 0.3m and 0.6m and
there are no structural concems.

In areas at risk of flooding of low depths (<0.3m), implement flood resistance measures such as:

. Using materials and construction with low permeability.
. Land raising (without leading to displacement).

. Landscaping e.g. creation of low earth bunds (subject to this not increasing flood risk to neighbouring
properties).

. Raising thresholds and finished floor levels e.g. porches with higher thresholds than main entrance.
. Flood gates with waterproof seals.
. Sump and pump for floodwater to remove water faster than it enters.

There are a range of property flood protection devices available on the market which are designed specifically to
resist the passage of floodwater (Figure 14-2 and Figure 14-3). These include removable flood barriers and gates
designed to fit openings, vent covers, and stoppers designed to fit WCs. These measures can be appropriate for
preventing water entry associated with fluvial flooding as well as surface water and sewer flooding. The efficacy of
such devices relies on their being deployed before a flood event occurs. It should also be bome in mind thatdevises
such as air vent covers, if left in place by occupants as a precautionary measure, may compromise safe ventilation
of the building in accordance with Building Regulations.
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Figure 14-2: Examples of flood barriers, air bricks with covers and non-return valves

Figure 14-3: Example of flood gates

14.5 Flood Resilience ‘Water Entry Strategy’

For flood depths greater than 0.6m, it is likely that structural damage could occur in traditional masonry construction
due to excessive water pressures. In these circumstances, the strategy should be to allow water into the building,
but to implement careful design in order to minimise damage and allow rapid re-occupancy. This is referred to as
the Water Entry Strategy. These measures are appropriate for uses where temporary disruption is acceptable and
suitable flood waming is received.

Materials should be used which allow the passage of water whilst retaining their structural integrity and they should
also have good drying and cleaning properties. Alternatively, sacrificial materials can be included for internal and
external finishes; for example, the use of gypsum plasterboard which can be removed and replaced following a
flood event. Flood resilient fittings should be used to at least 0.1m above the design flood level. Resilience
measures are either an integral part of the building fabric or are features inside a building that will limit the damage
caused by floodwaters.
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In areas at risk of frequent or prolonged flooding, implement flood resilience measures such as:

. Use materials with either, good drying and cleaning properties, or, sacrificial materials that can easily be
replaced post-flood.

. Design for water to drain away after flooding.

. Design access to all spaces to permit drying and cleaning.

. Raise the level of electrical wiring, appliances and utility meters.

. Coat walls with intemal cement-based renders; apply tanking on the inside of all internal walls.
. Ground supported floors with concrete slabs coated with impermeable membrane.

. Tank basements, cellars or ground floors with water resistant membranes.

. Use plastic water resistant internal doors.

Further specific advice regarding suitable materials and construction techniques for floors, walls, doors and
windows and fittings can be found in ‘Improving the Flood Performance of New Buildings, Flood Resilient
Construction'?6.

14.5.1 Structures

Structures such as bus shelters, bike shelters, park benches and refuse bins (and associated storage areas)
located in areas with a high flood risk should be flood resilient and be firmly attached to the ground and designed
in such a way as to prevent entrainment of debris which in turn could increase flood risk and/or breakaway posing
a danger to life during high flows.

14.6 Safe Access and Egress

Safe access and egress is required to enable the evacuation of people from the development, provide the
emergency services with access to the development during times of flood and enable flood defence authorities to
carry out any necessary duties during periods of flood.

A safe access/egress route should allow occupants to safely enter and exit the buildings and be able to reach land
outside the flooded area (e.g. within Flood Zone 1) using public rights of way or other suitable free access routes
without the intervention of emergency services or others during design flood conditions, including climate change
allowances. This is of particular importance when contemplating development on sites located on dry islands. A
safe access route is an important part of emergency planning and should be included within an evacuation plan
(see Section 14.10).

Guidance prepared by the Environment Agency?’ uses a calculation of flood hazard to determine safety in relation
to flood risk. Flood hazard is a function of the flood depth and flow velocity at a particular point in the floodplain
along with a suitable debris factor to account for the hazard posed by any material entrained by the floodwater. The
derivation of flood hazard is based on the methodology in Flood Risks to People FD2320, the use of which for the
purpose of planning and development management is clarified in the above-mentioned publication.

Table 14-2: Hazard to People Rating (HR=d x (v +0.5) +DF) (Table 8.2 FD2320/TR2)?8

Flood Hazard (HR) Description

Less than 0.75 Very low hazard — Caution

0.75t0 1.25 Dangerous for some — includes children, the elderly and the infirm
1.25t02.0 Dangerous for most — includes the general public

More than 2.0 Dangerous for all —includes the emergency services

26 CLG, 2007, Improving the Flood Performance of New Buildings, Flood Resilient Construction.
http://www.planningportal.gov.uk/uploads/br/flood _performance.pdf?bcsi scan E956BCBESADBC89F=0&bcsi_scan_filename
=flood performance.pdf

27 Environment Agency, HR Wallingford, May 2008, Supplementary note on Flood hazard ratings and thresholds for
development planning and control purpose. Clarification of Table 13.1 FD2320/TR2 and Figure 3.2 FD2321/TR1.
http://evidence.environment-agency.gov.uk/FCERM/Libraries/FCERM_Project Documents/FD2321 7400 PR _pdf.sfib.ashx
28 DEFRA, Environment Agency, March 2006, Flood Risks to People Phase 2 FD2321/TR2 Guidance Document.

AECOM
67



Leeds City Council SFRA 2022 update Project number: 60659301

For developments located in areas at risk of fluvial flooding safe access / egress must be provided for new
development as follows in order of preference:

. Safe dry route for people and vehicles.
. Safe dry route for people.

. If a dry route for people is not possible, a route for people where the flood hazard (in terms of depth and
velocity of flooding) is low and should not cause risk to people.

. If a dry route for vehicles is not possible, a route for vehicles where the flood hazard (in terms of depth and
velocity of flooding) is low to permit access for emergency vehicles. However, the public should not drive
vehicles in floodwater.

In all these cases, a ‘dry’ access/egress is a route located above the 1 in 100 year annual probability (1% AEP)
flood level including an allowance for climate change.

ADEPT/EA have produced joint guidance on flood risk emergency plans for new development ‘ADEPT/EA Flood
Risk Emergency Plans for New Development’ 2°.

14.6.1 Safe Refuge

In exceptional circumstances, dry access above the 1 in 100 year annual probability (1% AEP) flood level including
climate change may not be achievable. In these circumstances the Environment Agency and LCC Emergency
Planning Officer should be consulted to ensure that the safety of the site occupants can be satisfactorily managed.
This will be informed by the type of development, the number of occupants and their vulnerability and the flood
hazard along the proposed egress route. For example, this may entail the designation of a safe place of refuge on
an upper floor of a building, from which the occupants can be rescued by emergency services. It should be noted
that sole reliance on a safe place of refuge is a last resort, and all other possible means to evacuate the site should
be considered first. Provision of a safe place of refuge will not guarantee that an application will be granted.

14.7 Floodplain Compensation Storage

Floodplain compensatory storage should be a last resort. All new development within flood risk areas must not
resultin a net loss of flood storage capacity. Where possible, opportunities should be sought to achieve an increase
in the provision of flood storage. Where proposed development results in a change in building footprint, the
developer must ensure that it does not impact upon the ability of the floodplain to store water and should seek
opportunities to provide betterment with respect to floodplain and surface water storage.

Floodplain compensation must be provided on a level for level, volume for volume basis on land which is within the
site boundary. Where land is not within the site boundary, it needs to be in the immediate vicinity, in the applicant’s
ownership and linked to the site°. Floodplain compensation must be considered in the context of the relevant 1 in
100 year annual probability (1% AEP) flood level including an allowance for climate change. When designing a
scheme flood water must be able to flow in and out and must not pond. An FRA must demonstrate that there is no
loss of flood storage capacity and include details of an appropriate maintenance regime to ensure mitigation
continues to function for the life of the development. Guidance on how to address floodplain compensation is
provided in Appendix A3 of the CIRIA Publication C62431.

29 ADEPT/EA Flood Risk Emergency Plans for New Development’ https://adeptnet.org.uk/floodriskemergencyplan
30 In hydrological connectivity.
31 CIRIA January 2004, CIRIA Report 624: Development and Flood Risk - Guidance for the Construction Industry
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14.7.1 Flood Voids

The use of under-floor voids are discouraged in Flood Zone 2 and 3. They are generally considered to provide
indirect compensation or mitigation, but not true compensation for loss of floodplain storage. The use of under-
floor voids will typically require a specific planning condition alongside the approved plans as well as a maintenance
plan for them to remain open for the lifetime of the development to be enforced by the LPA. Sole reliance on the
use of under-floor voids to address the loss of floodplain storage capacity is generally not acceptable on
undeveloped sites or for individual properties.

14.8 Flood Routing

All new development in Flood Zones 2 and 3 should not adversely affect flood routing and thereby increase flood
risk elsewhere.

Opportunities should be sought within the site design to make space for water, such as:

. Removing boundary walls or replacing with other boundary treatments such as hedges, fences (with gaps).

. Considering altematives to solid wooden gates or ensuring that there is a gap beneath the gates to allow
the passage of floodwater.

. On uneven or sloping sites, consider lowering ground levels to extend the floodplain without creating ponds.
The area of lowered ground must remain connected to the floodplain to allow water to flow back to river
when levels recede.

In order to demonstrate that ‘flood risk is not increased elsewhere’, development in the floodplain will need to prove
that flood routing is not adversely affected by the development, for example by giving rise to backwater affects or
diverting floodwaters onto other properties. Demonstrating no impact of floodplain conveyance may require specific
post development modelling, the extent of which will need to be agreed with the Environment Agency in advance.
Potential overland flow paths should be determined, and appropriate solutions proposed to minimise the impact of
the development, for example by configuring road and building layouts to preserve existing flow paths and improve
flood routing, whilst ensuring that flows are not diverted towards other properties elsewhere. Careful consideration
should be given to the use of fences and landscaping walls so as to prevent causing obstruction to flow routes and
increasing the risk of flooding to the site or neighbouring areas.

14.9 Riverside Development

The Environment Agency is likely to seek an 8-metre-wide undeveloped buffer strip alongside fluvial Main Rivers
for maintenance purposes and would also ask developers to explore opportunities for riverside restoration as part
of any development. LCC will also seek a 8-metre-wide undeveloped buffer strip to be retained alongside the top
of the bank of Ordinary Watercourses although subject to site specific cicumstances and adequate access for
maintenance and repair, this distance may be able to be reduced.

Under Section 109 of the Water Resources Act 1991 and/or Environment Agency Byelaws, any works within 8
metres of any statutory Main River (both open channels and culverted sections), on or near a flood defence
structure or in a floodplain requires an Environment Agency Flood Risk Activity Permit under the Environmental
Permitting regulations. Whilst Flood Defence Consents are dealt with outside of the planning process, since the
requirements of the consenting process in relation to flood risk, biodiversity and pollution may result in changes to
development proposals or construction methods, the Environment Agency aims to advise on such issues as part
of its statutory consultee role in the planning process. Should proposed works require planning permission, the
LPA and the Environment Agency should be consulted regarding permission to do work on or near a river, flood or
sea defence by contacting enquiries@environment-agency.gov.uk.

As of 6 April 2012, responsibility for the consenting of works by third parties on Ordinary Watercourses under
Section 23 of the Land Drainage Act 1991 (as amended by the Flood and Water Management Act 2010) has
transferred from the Environment Agency to the LLFA, LCC. LCC is now responsible for the consenting of works
to Ordinary Watercourses and has powers to enforce un-consented and non-compliant works. This includes any
works (including temporary) within 8 metres that affect flow within the channel (such as in channel structures or
diversion of watercourses). Enquiries and applications for Ordinary Watercourse consent can be found on the LCC
website3?

32 https://www.leeds.gov.uk/emergencies/flooding-advice/getting-watercourse-consent
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14.10 Flood Warning and Evacuation Plans

Evacuation is where flood alerts and warnings provided by the Environment Agency enable timely actions by
residents or occupants to allow evacuation to take place unaided, i.e. without the deployment of trained personnel
to help people from their homes, businesses and other premises. Rescue by the emergency services is likely to
be required where flooding has occurred, and prior evacuation has not been possible.

For all developments (excluding minor developments and change of use) proposed in Flood Zone 2 or 3, a Flood
Warning and Evacuation Plan (FWEP) should be prepared to demonstrate what actions site users will take before,
during and after a flood event to ensure their safety, and to demonstrate their development will not impact on the
ability of the local authority and the emergency services to safeguard the current population.

For sites in Flood Zone 1 that are located on ‘dry islands,’ it may also be necessary to prepare a FWEP to determine
potential egress routes away from the site through areas that may be at risk of flooding during the 1 in 100 year
(1% AEP) flood event including an allowance for climate change.

The Environment Agency has a tool on their website to create a Personal Flood Plan33. The Plan comprises a
checklist of things to do before, during and after a flood and a place to record important contact details. Where
proposed development comprises non-residential extension <250m? and householder development (minor
development), it is recommended that the use of this tool to create a Personal Flood Plan will be appropriate.

FWEPSs should include:
How flood warning is to be provided, such as:

. availability of existing flood warning systems (refer to Table 14-3 for existing flood warning areas);
. where available, rate of onset of flooding and available flood waming time; and
. how flood warning is given.

What will be done to protect the development and contents, such as:

. How easily damaged items (including parked cars) or valuable items (important documents) will be
relocated;

. How services can be switched off (gas, electricity, water supplies);
. The use of flood protection products (e.g. flood boards, airbrick covers);

. The availability of staff/loccupants/users to respond to a flood warning, including preparing for evacuation,
deploying flood barriers across doors etc.; and

. The time taken to respond to a flood warning.

Ensuring safe occupancy and access to and from the development, such as:

. Occupant awareness of the likely frequency and duration of flood events, and the potential need to
evacuate;

. Safe access route to and from the development;
. If necessary, the ability to maintain key services during an event;
e  Vulnerability of occupants, and whether rescue by emergency services will be necessary and feasible; and

. Expected time taken to re-establish normal use following a flood event (clean-up times, time to re-establish
services etc.)

Details of what could be included in a Personal Flood Plan are provided by the Environment Agency using their
tool https://www.gov.uk/government/publications/personal-flood-plan.

There is no statutory requirement for the Local Planning Authority, the Environment Agency, Emergency Planning
Officers or the emergency services to approve FWEPSs as they are only required to be consulted on their adequacy.
LCC will assess the suitability of the plan during the application and this should be done in consultation with the
LPA.

33 Environment Agency Tool ‘Make a Flood Plan’. https://www.gov.uk/government/publications/personal-flood-plan

AECOM
70



Leeds City Council SFRA 2022 update Project number: 60659301

It will very rarely be appropriate to use a planning condition to defer the provision of an FWEP to a later date,
because it may show that the development cannot be made safe and therefore call into question whether the
development is acceptable in principle and therefore the production of a FWEP should be included within any FRA.

An informative drawing within the plan should be attached to any forthcoming decision notice. The responsibility to
maintain the FWEP and enact the plan in the event of a flood incident lies with the building owner or any tenants
or leaseholders.

14.11 Flood Warning Areas

There are 52 flood warning areas within the LCC District, as shown in Appendix A Figure A.15 and Table 14-3. The
Environment Agency issues flood wamings to residents and businesses that have registered for the service in
these specific areas when flooding is expected.

Table 14-3: Environment Agency Flood Warning Areas (refer to Appendix A - Figure A.15)

Watercourse Environment Agency Flood Warning Area (Name)
Fir Green Beck, Bramham Beck Bramham Beck at Bramham
Gledhow Beck Gledhow Beck at Harehills

Meanwood Beck at Headingley and Weetwood

Meanwood Beck Meanwood Beck at Buslingthorpe, Mabgate and Quarry Hill

Meanwood Beck at Buslingthorpe and Sheepscar

Oulton Beck Oulton Beck at Oulton

River Aire north bank from City Gate to Leeds City Station

River Aire at Savins Mill Way

River Aire at Woodlesford

River Aire at Newton and Fairburn

River Aire at Allerton Ings, Barnsdale Road and Properties

River Aire at Kirkstall Road

River Aire at Central Leeds including Sovereign Street and Asda House

River Aire at Methley Junction

River Aire at Burley, Kirkstall Works and Wellington Road Industrial Estate

River Aire at Knowsthorpe, Thwaite Gate and Stourton

River Aire at St Anns Mill and the Goits

River Aire at Redcote Lane

River Aire River Aire at Canal Wharfe between Bridge End and Crown Point Bridge

River Aire at Castleford Lock Lane

River Aire at Newlay

River Aire at Kirkstall Forge

River Aire at Cardigan Fields Leisure Park and Kirkstall Works

River Aire at Cardigan Trading Estate

River Aire at Neptune Street - Canal and River Trust car park

River Aire at Esholt and Apperley Bridge

River Aire at Sovereign Street, The Calls and Clarence Dock

River Aire at Mickletown - Mill Lane, Nelson Court and Lower Mickletown

River Aire at Neptune Street

River Aire at Allerton Bywater

River Aire at Mickletown

River Calder River Calder at Methley and Mickletown
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Watercourse Environment Agency Flood Warning Area (Name)

River Wharfe at Pool in Wharfedale

River Wharfe at Burley in Wharfedale

River Wharfe at Boston Spa

River Wharfe at Billams Hill and riverside properties between Otley and Pool
River Wharfe

River Wharfe at The Avenue Collingham and Linton Ings

River Wharfe at Harewood Bridge

River Wharfe at Wetherby

River Wharfe at Otley

River Wharfe, Collingham Beck

Collingham Beck at Collingham

Tyersal and Pudsey Beck

Tyersal and Pudsey Beck at Pudsey

Wortley Beck

Wortley Beck from Pudsey Road to Butt Lane

Wortley Beck from Far Royd to City West One office park

Wortley Beck from Stone Bridge Mill to Whitehall Roundabout

Wyke Beck

Wyke Beck at Foundry Mill

Wyke Beck at Neville Road

Wyke Back at Valley Road

Wyke Beck at Fearnville

Wyke Beck at Wykebeck Valley Road, Gipton

Wyke Beck at Dunhills, Halton
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15. Sustainable Drainage Developer Guidance

15.1 Surface Water Management

All major3* developments and other development must not result in an increase in surface water runoff and, where
possible, should demonstrate betterment in terms of rate and volumes of surface water runoff.

Unless demonstrated to be inappropriate, Sustainable Drainage Systems (SuDS) must be used to reduce and
manage surface water run-off to and from proposed developments as near to source as possible in accordance
with the requirements of the Technical Standards and supporting guidance published by Ministry of Housing,
Communities and Local Govemment (MHCLG) and Department for the Environment, Food and Rural Affairs
(DEFRA)®. In line with the Leeds Core Strategy, SuDS must be considered for all sites.

SuDS are typically softer engineering solutions inspired by natural drainage processes such as ponds and swales
which manage water and seek to replicate the pre-development drainage system as close to its source as possible.
A SuDS technique should seek to contribute to each of the four goals identified below:

Reduce flood risk (to the site and neighbouring areas) — Water Quantity,
Reduce pollution — Water Quality,

Create and sustain better places for people - Amenity, and

P 0 bdPE

Create and sustain better places for nature — Biodiversity.

The requirement must be to discharge surface water run-off as high up the following hierarchy of drainage options
as reasonably practicable:

a) into the ground (infiltration)

b) To a surface water body

c¢) To a surface water sewer, highway drain, or another drainage system
d) To a combined sewer

SuDS techniques can be used to reduce the rate and volume and improve the water quality of surface water
discharges from sites to the receiving environment (i.e. natural watercourse or public sewer etc.). The SuDS
Manual®® identified several processes that can be used to manage and control runoff from developed areas. Each
option can provide opportunities for storm water control, flood risk management, water conservation and
groundwater recharge.

. Infiltration: the soaking of water into the ground. This is the most desirable solution as it mimics the natural
hydrological process. The rate of infiltration will vary with soil type and condition, the antecedent conditions
and with time. The process can be used to recharge groundwater sources and feed base flows of local
watercourses, but where groundwater sources are vulnerable or there is risk of contamination, infiltration
techniques are not suitable.

. Detention/Attenuation: the slowing down of surface flows before their transfer downstream, usually
achieved by creating a storage volume and a constrained outlet. In general, though the storage will enable
a reduction in the peak rate of runoff, the total volume will remain the same, just occurring over a longer
duration.

. Conveyance: the transfer of surface runoff from one place to another, e.g. through open channels, pipes
and trenches.

e  Water Harvesting: the direct capture and use of runoff on site, e.g. for domestic use (flushing toilets) or
irrigation of urban landscapes. The ability of these systems to perform a flood risk management function will
be dependent on their scale, and whether there will be a suitable amount of storage always available in the
event of a flood.

34 Major development — 10 or more dwellings and 1000 sgm floor space

35 Sustainable drainage systems: non-statutory technical standards - https://www.gov.uk/government/publications/sustainable-
drainage-systems-non-statutory-technical-standards; PPG Flood Risk and Coastal Change -
http://planningguidance.planningportal.gov.uk/blog/guidance/flood-risk-and-coastal-change/reducing-the-causes-and-impacts-
of-flooding/why-are-sustainable-drainage-systems-important/

36 CIRIA C753 SuDS Manual. https://www.ciria.org/Resources/Free_publications/SuDS_manual_C753.aspx
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As part of any SuDS scheme, consideration must be given to the long-term maintenance of the SuDS to ensure
that it remains functional for the lifetime of the development. Table 15-1 has been reproduced from the SuDS
Manual, CIRIA C753 and outlines typical SuDS techniques.

The application of SuDS is not limited to a single technique per site. Often a successful SuDS solution will utilise
a combination of techniques, providing flood risk, pollution and landscape/wildlife benefits. In addition, SuDS can
be employed on a strategic scale, for example with a number of sites contributing to large scale jointly funded and
managed SuDS. It should be noted, each development site must offset its own increase in runoff and attenuation
cannot be “traded” between developments.

Table 15-1: Typical SuDS Components (Y; primary process. * some opportunities, subject to design)

[}
Q =)
c c
Technique Description S E 2 =
v £ ©® 3
5 2 £ &
O a = T
Pervious Surfaces Pervious surfaces allow rainwater to infiltrate through the surface into
an underlying storage layer, where water is stored before infiltration to Y Y *
the ground, reuse, or release to surface water.
Filter Drains Linear drains/trenches filled with a permeable material, often with
perforated pipe in the base of the trench. Surface water from the edge Y Y
of paved areas flows into the trenches, is filtered and conveyed to other
parts of the site.
Filter Strips Vegetated s_trips of gently sloping ground d(_asigned tq drain water N N
evenly from impermeable areas and filter out silt and particulates.
Swales Shallow vegetated channels that conduct and/or retain water and can v v .
permit infiltration when unlined.
Ponds Depressions used for storing and treating water. Y * Y

Wetlands As ponds, but the runoff flows slowly but continuously through aquatic
vegetation that attenuates and filters the flow. Shallower than ponds.
Based on geology these measures can also incorporate some degree
of infiltration.

Detention Basin Dry depressions designed to store water for a specified retention time. Y
Soakaways Sub-surface structures that store and dispose of water via infiltration.

Infiltration Trenches  As filter drains but allowing infiltration through trench base and sides. * Y Y
Infiltration Basins Depressions that store and dispose of water via infiltration. Y Y
Green Roofs Green roofs are systems which cover a building’s roof with vegetation.

They are laid over a drainage layer, with other layers providing
protection, waterproofing and insulation. It is noted that the use of
brown/green roofs should be for betterment purposes and not to be Y
counted towards the provision of on-site storage for surface water. This

is because the hydraulic performance during extreme events is similar

to a standard roof (CIRIA C697).

Rainwater Harvesting Storage and use of rainwater for non-potable uses within a building, e.g.
toilet flushing. It is noted that storage in these types of systems is not
usually considered to count towards the provision of on-site storage for * *
surface water balancing because, given the sporadic nature of the use
of harvested water, it cannot be guaranteed that the tanks are available
to provide sufficient attenuation for the storm event.

The use of infiltration techniques is highly dependent on the underlying ground conditions. As part of this SFRA,
an indication of the suitability of using infiltration SuDS techniques across the LCC District has been undertaken
using the detailed BGS Infiltration SuDS Map (Appendix A Figures A.16, A.17, A.18). Detail about this dataset is
provided in Section 7.

In broad terms, areas along the Main River valleys and the northem parts of LCC area have the greater constraints
on the use of SuDS, for example there are particular areas where the depth to the water table is less than 3m
below the ground surface.
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The areas with most potential for widespread use of infiltration SuDS are those in the north-east of the District
which are underlain by limestone and where the depth to the water table is greater than 5m below the ground
surface. However, the opportunity for infiltration SuDS is variable across the study area and will need intrusive
ground investigation to confirm the suitability on larger development sites. Note that detention measures are not
constrained by geology, though in areas of permeable geology there will also be a degree of infiltration of runoff
taking place.

15.2 Technical Standards and supporting guidance

A set of non-statutory Technical Standards have been published, to be used in conjunction with supporting guidance
in the PPG2, which set the requirements for the design, construction, maintenance and operation of sustainable
drainage systems (SuDS).

Technical Standards that are of chief concern in relation to the consideration of flood risk to and from development
relating to peak flow control and volume control have been adapted to be consistent with LCC requirements and
are presented below:

Peak flow control

S2 For greenfield developments, the peak runoff rate from the development to any drain, sewer or surface
water body for the 1 in 1 year rainfall event and the 1 in 100 year (1% AEP) rainfall event should never exceed
the peak greenfield runoff rate for the same event.

S3 For developments which were previously developed, the peak runoff rate from the development to any
drain, sewer or surface water body for the 1 in 1 year rainfall event and the 1 in 100 year (1% AEP) rainfall event
must be as close as reasonably practicable to the greenfield runoff rate from the development for the same
rainfall event, but should never exceed the rate of discharge from the development prior to redevelopment for
that event.

Volume control

S4 Where reasonably practicable, for greenfield development, the runoff volume from the development to any
drain, sewer or surface water body in the 1 in 100 year (1% AEP), 6-hour rainfall event should never exceed the
greenfield runoff volume for the same event.

S5 Where reasonably practicable, for developments which have been previously developed, the runoff
volume from the development to any drain, sewer or surface water body in the 1 in 100 year (1% AEP), 6- hour
rainfall event must be constrained to a value as close as is reasonably practicable to the greenfield runoff volume
for the same event but should never exceed the runoff volume from the development site prior to redevelopment
for that event.

S6 Where it is not reasonably practicable to constrain the volume of runoff to any drain, sewer or surface water
body in accordance with S4 or S5 above, the runoff volume must be discharged at a rate that does not adversely
affect flood risk.

Flood risk within the development

S7 The drainage system must be designed so that, unless an area is designated to hold and/or convey water as
part of the design, flooding does not occur on any part of the site for a 1 in 30 year (3.33% AEP) plus an allowance
for climate change rainfall event.

S8 The drainage system must be designed so that, unless an area is designated to hold and/or convey water as
part of the design, flooding does not occur during a 1 in 100 year (1% AEP) plus an allowance for climate change
rainfall event in any part of: a building (including a basement); or in any utility plant susceptible to water (e.g.
pumping station or electricity substation) within the development.

S9 The design of the site must ensure that, so far as is reasonably practicable, flows resulting from rainfall in
excess of a 1 in 100 year (1% AEP) plus an allowance for climate change rainfall event are managed in
exceedance routes that minimise the risks to people and property.
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All major development3” must include provision for SuDS unless demonstrated to be inappropriate. The LLFA is a
statutory consultee for these schemes and a Surface Water Drainage Statement will need to be completed and
signed by a competent drainage engineer to accompany any planning application®. This must be cross-referenced
within an FRAwhere appropriate.

Guidance on the evidence required to comply with the technical standards of SuDS in developments is available
within the Leeds CC Minimum Development Control Standards for Flood Risk,. Applicants are strongly encouraged
to discuss their proposals with LCC at the pre-application stage. The LCC have partnered with neighbouring LLFA
within WY CA to produce detailed guidance for integrating SuDS into developments®. For schemes (including minor
development) located within Flood Zones 2 and 3, SuDS will need to be addressed as part of an FRA and will be
assessed by LCC as LLFA.

37 Major development as defined in the Town and County Planning (Development Management Procedure) (England) Order
2010

38 SuDS Planning Advice -
https://www.leeds.gov.uk/docs/Minimum%20development%20control%20standards%20for%20flood%20risk. pdf

39 Leeds City Region Sustainable Drainage Systems Guidance, February 2020, https://www.westyorks-
ca.gov.uk/media/5397/Icr-suds-guidance-final-february-2020- 1. pdf
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Appendix A SFRA Supporting Maps

Al
A.2
A.3
A.4
A.5
A.6
A.7
A.8
A.9
A.10
A.l1
A.12
A.13
A.14
A.15
A.16
A.17
A.18
A.19
A.20
A.21

Map Topography

Map Leeds Watercourses

Map Geology

Map EA Flood zones

Map Flood Modelling Outlines (undefended)

Map Flood Modelling Outlines (defended)

Map Flood Modelling Outlines (undefended climate change)
Map Flood Modelling Outlines (defended climate change)
Map Surface Water Flooding, Map9A Flooding Heat Map
Map Susceptibility to Groundwater Flooding

Map Approximate reach location of Completed/Future FAS
Map Sewer Flooding

Map Reservoir Flooding

Map Historic Flooding

Map Flood Warning and Alert Areas

Map SuDS Constraints — Superficial Permeability

Map SuDS Constraints — Bedrock Permeability

Map SuDS Constraints — Infiltration Suitability

Map Opportunity Mapping - Working with Natural Processes
Map Functional Floodplain (Climate Change)

Map Developed and Undeveloped Functional Floodplain
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Project number: 60659301

Appendix B List of modelled flood outlines (use of proxies)

B.1 River Calder List of Modelling data (including proxies)

Reach/Watercourse

Target Return period

Proxy

Study/model

Comments

Aire - Lower Aire (including confluence of Calder) Defended 1 in 20 year

No Proxy Required

Northern Forecasting Package:

2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency, July

Defended 1 in 100 year

No Proxy Required

Northern Forecasting Package:

2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency, July

Defended 1 in 1000 year

No Proxy Required

Northern Forecasting Package:

2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency, July

Undefended 1 in 20 year

No Proxy Required

Northern Forecasting Package:

2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency, July

Undefended 1 in 100 year

No Proxy Required

Northern Forecasting Package:

2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency, July

Undefended 1 in 1000 year

No Proxy Required

Northern Forecasting Package:

2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency, July

Defended Climate Change 1 in 100 year + 23%

Defended Climate Change 1 in 100 year + 20%

Northern Forecasting Package:

2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency, July

Defended Climate Change 1 in 100 year + 31%

Defended Climate Change 1 in 100 year + 30%

Northern Forecasting Package:

2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency, July

Defended Climate Change 1 in 100 year +51%

Defended Climate Change 1 in 100 year +50%

Northern Forecasting Package:

2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency, July

Undefended Climate Change 1 in 100 year +
23%

Undefended Climate Change 1 in 100 year + 20%

Northern Forecasting Package:

2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency, July

Undefended Climate Change 1 in 100 year +
31%

Undefended Climate Change 1 in 100 year + 30%

Northern Forecasting Package:

2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency, July

Undefended Climate Change 1 in 100 year
+51%

Undefended Climate Change 1 in 100 year +50%

Northern Forecasting Package:

2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency, July

Climate Change 1 in 20 year + 23%

Defended 1in 100 year

Northern Forecasting Package:

2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency, July

Climate Change 1 in 20 year + 31%

Defended 1in 100 year

Northern Forecasting Package:

2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency, July

Climate Change 1 in 20 year +51%

Defended 1in 100 year

Northern Forecasting Package:

2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency, July

Calder M62 to railway culverts

Defended 1 in 20 year

Defended 1 in 25 year

2015 Calder and Canals Model

Defended 1 in 100 year

No Proxy Required

2015 Calder and Canals Model

Defended 1 in 1000 year

No Proxy Required

2015 Calder and Canals Model

Undefended 1 in 20 year

Defended 1 in 25 year

2015 Calder and Canals Model

Undefended 1 in 100 year

No Proxy Required

2015 Calder and Canals Model

Undefended 1 in 1000 year

No Proxy Required

2015 Calder and Canals Model

Defended Climate Change 1 in 100 year + 23%

Defended 1 in 200 year

2015 Calder and Canals Model

Defended Climate Change 1 in 100 year + 31%

Defended 1 in 200 year

2015 Calder and Canals Model

Defended Climate Change 1 in 100 year +51%

Defended 1 in 200 year

2015 Calder and Canals Model

Undefended Climate Change 1 in 100 year +
23%

Undefended 1000 year

AECOM
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Undefended Climate Change 1 in 100 year +
31%

Project number: 60659301

Undefended 1000 year

2015 Calder and Canals Model

Undefended Climate Change 1 in 100 year
+51%

Undefended 1000 year

2015 Calder and Canals Model

Climate Change 1 in 20 year + 23%

Defended 1 in 25 year

2015 Calder and Canals Model

< 100 year runs have the same
extents

Climate Change 1 in 20 year + 31%

Defended 1 in 25 year

2015 Calder and Canals Model

< 100 year runs have the same
extents

Climate Change 1 in 20 year +51%

Defended 1 in 25 year

AECOM
101

2015 Calder and Canals Model

< 100 year runs have the same
extents
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B.2 Aire catchment List of Modelling data (including proxies)

Reach/Watercourse Target Return period

Proxy

Study/model

Comments

Aire - Bradford border Defended 1 in 20 year
to Leeds City Centre

No Proxy Required

Leeds Flood Alleviation Scheme Phase 2, Step 2 Fluvial Hydraulic Modelling Report EUCR2, Mott
MacDonald for Leeds City Council, February 2021

With LFAS Phase 2 Step 1 and Step 2 in place

(LFAS2)

Defended 1 in 100 year No Proxy Required Leeds Flood Alleviation Scheme Phase 2, Step 2 Fluvial Hydraulic Modelling Report EUCR2, Mott With LFAS Phase 2 Step 1 and Step 2 in place
MacDonald for Leeds City Council, February 2021

Defended 1 in 1000 year No Proxy Required Leeds Flood Alleviation Scheme Phase 2, Step 2 Fluvial Hydraulic Modelling Report EUCR2, Mott With LFAS Phase 2 Step 1 and Step 2 in place
MacDonald for Leeds City Council, February 2021

Undefended 1 in 20 year No Proxy Required Leeds Flood Alleviation Scheme Phase 2, Step 2 Fluvial Hydraulic Modelling Report EUCR2, Mott
MacDonald for Leeds City Council, February 2021

Undefended 1 in 100 year No Proxy Required Leeds Flood Alleviation Scheme Phase 2, Step 2 Fluvial Hydraulic Modelling Report EUCR2, Mott
MacDonald for Leeds City Council, February 2021

Undefended 1 in 1000 year No Proxy Required Leeds Flood Alleviation Scheme Phase 2, Step 2 Fluvial Hydraulic Modelling Report EUCR2, Mott
MacDonald for Leeds City Council, February 2021

Defended Climate Change 1 in 100 year + 23% Defended Climate Change 1 in 100 year + 20% Leeds Flood Alleviation Scheme Phase 2, Step 2 Fluvial Hydraulic Modelling Report EUCR2, Mott With LFAS Phase 2 Step 1 and Step 2 in place
MacDonald for Leeds City Council, February 2021

Defended Climate Change 1 in 100 year + 31% Defended Climate Change 1 in 100 year + 30% Leeds Flood Alleviation Scheme Phase 2, Step 2 Fluvial Hydraulic Modelling Report EUCR2, Mott With LFAS Phase 2 Step 1 and Step 2 in place
MacDonald for Leeds City Council, February 2021

Defended Climate Change 1 in 100 year +51% Defended Climate Change 1 in 100 year +50% Leeds Flood Alleviation Scheme Phase 2, Step 2 Fluvial Hydraulic Modelling Report EUCR2, Mott With LFAS Phase 2 Step 1 and Step 2 in place
MacDonald for Leeds City Council, February 2021

Undefended Climate Change 1 in 100 year + 23% Undefended Climate Change 1 in 100 year + 20% Leeds Flood Alleviation Scheme Phase 2, Step 2 Fluvial Hydraulic Modelling Report EUCR2, Mott
MacDonald for Leeds City Council, February 2021

Undefended Climate Change 1 in 100 year + 31% Undefended Climate Change 1 in 100 year + 30% Leeds Flood Alleviation Scheme Phase 2, Step 2 Fluvial Hydraulic Modelling Report EUCR2, Mott
MacDonald for Leeds City Council, February 2021

Undefended Climate Change 1 in 100 year +51% Undefended Climate Change 1 in 100 year +50% Leeds Flood Alleviation Scheme Phase 2, Step 2 Fluvial Hydraulic Modelling Report EUCR2, Mott
MacDonald for Leeds City Council, February 2021

Climate Change 1 in 20 year + 23% Defended 1 in 100 year Leeds Flood Alleviation Scheme Phase 2, Step 2 Fluvial Hydraulic Modelling Report EUCR2, Mott With LFAS Phase 2 Step 1 and Step 2 in place
MacDonald for Leeds City Council, February 2021

Climate Change 1 in 20 year + 31% Defended 1 in 100 year Leeds Flood Alleviation Scheme Phase 2, Step 2 Fluvial Hydraulic Modelling Report EUCR2, Mott With LFAS Phase 2 Step 1 and Step 2 in place
MacDonald for Leeds City Council, February 2021

Climate Change 1 in 20 year +51% Defended 1 in 100 year Leeds Flood Alleviation Scheme Phase 2, Step 2 Fluvial Hydraulic Modelling Report EUCR2, Mott With LFAS Phase 2 Step 1 and Step 2 in place
MacDonald for Leeds City Council, February 2021

Aire - LFAS1 Defended 1 in 20 year No Proxy Required FAS 1 Modelled Outlines EA 2021

Defended 1 in 100 year

No Proxy Required

FAS 1 Modelled Outlines EA 2021

Defended 1 in 1000 year

Undefended 1 in 1000 year

FAS 1 Modelled Outlines EA 2021

Undefended 1 in 20 year

No Proxy Required

FAS 1 Modelled Outlines EA 2021

Undefended 1 in 100 year

No Proxy Required

FAS 1 Modelled Outlines EA 2021

Undefended 1 in 1000 year

No Proxy Required

FAS 1 Modelled Outlines EA 2021

Defended Climate Change 1 in 100 year + 23%

Defended Climate Change 1 in 100 year + 20%

FAS 1 Modelled Outlines EA 2021

Defended Climate Change 1 in 100 year + 31%

Defended Climate Change 1 in 100 year + 30%

FAS 1 Modelled Outlines EA 2021

Defended Climate Change 1 in 100 year +51%

Defended Climate Change 1 in 100 year +50%

FAS 1 Modelled Outlines EA 2021

Undefended Climate Change 1 in 100 year + 23%

Undefended 1 in 1000 year

FAS 1 Modelled Outlines EA 2021

Undefended Climate Change 1 in 100 year + 31%

Undefended 1 in 1000 year

FAS 1 Modelled Outlines EA 2021

Undefended Climate Change 1 in 100 year +51%

Undefended 1 in 1000 year

AECOM
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Defended 1 in 100 year

FAS 1 Modelled Outlines EA 2021

FAS SoP includes climate change allowances, 20 year is
defended.

Climate Change 1 in 20 year + 31%

Defended 1 in 100 year

FAS 1 Modelled Outlines EA 2021

FAS SoP includes climate change allowances, 20 year is
defended.

Climate Change 1 in 20 year +51%

Defended 1 in 100 year

FAS 1 Modelled Outlines EA 2021

FAS SoP includes climate change allowances, 20 year is
defended.

Aire - A642 to M1 Defended 1 in 20 year Flood Zone 3 area with little/no development, nature reserves and lakes
Defended 1 in 100 year Flood Zone 3 area with little/no development, nature reserves and lakes
Defended 1 in 1000 year Flood Zone 2 area with little/no development, nature reserves and lakes
Undefended 1 in 20 year Flood Zone 3 area with little/no development, nature reserves and lakes
Undefended 1 in 100 year Flood Zone 3 area with little/no development, nature reserves and lakes
Undefended 1 in 1000 year Flood Zone 2 area with little/no development, nature reserves and lakes
Climate Change 1 in 100 year + 23% Flood Zone 2 area with little/no development, nature reserves and lakes
Climate Change 1 in 100 year + 31% Flood Zone 2 area with little/no development, nature reserves and lakes
Climate Change 1 in 100 year +51% Flood Zone 2 area with little/no development, nature reserves and lakes
Climate Change 1 in 20 year + 23% Flood Zone 3 area with little/no development, nature reserves and lakes
Climate Change 1 in 20 year + 31% Flood Zone 3 area with little/no development, nature reserves and lakes
Climate Change 1 in 20 year +51% Flood Zone 3 area with little/no development, nature reserves and lakes

Aire - Lower Aire
(including confluence
of Calder)

Defended 1 in 20 year

No Proxy Required

Northern Forecasting Package:

July 2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency,

Defended 1 in 100 year

No Proxy Required

Northern Forecasting Package:

July 2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency,

Defended 1 in 1000 year

No Proxy Required

Northern Forecasting Package:

July 2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency,

Undefended 1 in 20 year

No Proxy Required

Northern Forecasting Package:

July 2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency,

Undefended 1 in 100 year

No Proxy Required

Northern Forecasting Package:

July 2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency,

Undefended 1 in 1000 year

No Proxy Required

Northern Forecasting Package:

July 2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency,

Defended Climate Change 1 in 100 year + 23%

Defended Climate Change 1 in 100 year + 20%

Northern Forecasting Package:

July 2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency,

Defended Climate Change 1 in 100 year + 31%

Defended Climate Change 1 in 100 year + 30%

Northern Forecasting Package:

July 2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency,

Defended Climate Change 1 in 100 year +51%

Defended Climate Change 1 in 100 year +50%

Northern Forecasting Package:

July 2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency,

Undefended Climate Change 1 in 100 year + 23%

Undefended Climate Change 1 in 100 year + 20%

Northern Forecasting Package:

July 2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency,

Undefended Climate Change 1 in 100 year + 31%

Undefended Climate Change 1 in 100 year + 30%

Northern Forecasting Package:

July 2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency,

Undefended Climate Change 1 in 100 year +51%

Undefended Climate Change 1 in 100 year +50%

Northern Forecasting Package:

July 2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency,

Climate Change 1 in 20 year + 23%

Defended 1in 100 year

Northern Forecasting Package:

July 2017

Lower Aire Model, Final Report v1.0, JBA for Environment Agency,

Climate Change 1 in 20 year + 31%

Defended 1in 100 year

AECOM
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Defended 1in 100 year

Northern Forecasting Package: Lower Aire Model, Final Report v1.0, JBA for Environment Agency,
July 2017

Bagley Beck

Defended/Undefended 1 in 20 year

No Proxy Required

Upper Aire Tributaries Flood Mapping, Final Report, JBA for Environment Agency, October 2020

Defended/Undefended 1 in 100 year

No Proxy Required

Upper Aire Tributaries Flood Mapping, Final Report, JBA for Environment Agency, October 2020

Defended/Undefended 1 in 1000 year

No Proxy Required

Upper Aire Tributaries Flood Mapping, Final Report, JBA for Environment Agency, October 2020

Climate Change 1 in 100 year + 23%

Climate Change 1 in 100 year + 20%

Upper Aire Tributaries Flood Mapping, Final Report, JBA for Environment Agency, October 2020

Climate Change 1 in 100 year + 31%

Climate Change 1 in 100 year + 30%

Upper Aire Tributaries Flood Mapping, Final Report, JBA for Environment Agency, October 2020

Climate Change 1 in 100 year +51%

Climate Change 1 in 100 year +50%

Upper Aire Tributaries Flood Mapping, Final Report, JBA for Environment Agency, October 2020

Climate Change 1 in 20 year + 23%

Defended/Undefended 1 in 50 year

Upper Aire Tributaries Flood Mapping, Final Report, JBA for Environment Agency, October 2020

Climate Change 1 in 20 year + 31%

Defended/Undefended 1 in 75 year

Upper Aire Tributaries Flood Mapping, Final Report, JBA for Environment Agency, October 2020

Climate Change 1 in 20 year +51%

Defended/Undefended 1 in 100 year

Upper Aire Tributaries Flood Mapping, Final Report, JBA for Environment Agency, October 2020

Wortley Beck

Defended/Undefended 1 in 20 year

No Proxy Required

Wortley Beck Flood Modelling Study, Environment Agency, February 2017

Defended/Undefended 1 in 100 year

No Proxy Required

Wortley Beck Flood Modelling Study, Environment Agency, February 2017

Defended/Undefended 1 in 1000 year

No Proxy Required

Wortley Beck Flood Modelling Study, Environment Agency, February 2017

Climate Change 1 in 100 year + 23%

Climate Change 1 in 100 year + 20%

Wortley Beck Flood Modelling Study, Environment Agency, February 2017

Climate Change 1 in 100 year + 31%

Climate Change 1 in 100 year + 30%

Wortley Beck Flood Modelling Study, Environment Agency, February 2017

Climate Change 1 in 100 year +51%

Climate Change 1 in 100 year +50%

Wortley Beck Flood Modelling Study, Environment Agency, February 2017

Climate Change 1 in 20 year + 23%

Defended/Undefended 1 in 50 year

Wortley Beck Flood Modelling Study, Environment Agency, February 2017

Climate Change 1 in 20 year + 31%

Defended/Undefended 1 in 75 year

Wortley Beck Flood Modelling Study, Environment Agency, February 2017

Climate Change 1 in 20 year +51%

Defended/Undefended 1 in 100 year

Wortley Beck Flood Modelling Study, Environment Agency, February 2017

Meanwood Beck

Defended/Undefended 1 in 20 year

No Proxy Required

Northern Forecasting Package, Meanwood Beck Model Update, Final Report, JBA for Environment
Agency, April 2017

Defended/Undefended 1 in 100 year

No Proxy Required

Northern Forecasting Package, Meanwood Beck Model Update, Final Report, JBA for Environment
Agency, April 2017

Defended/Undefended 1 in 1000 year

No Proxy Required

Northern Forecasting Package, Meanwood Beck Model Update, Final Report, JBA for Environment
Agency, April 2017

Climate Change 1 in 100 year + 23%

Climate Change 1 in 100 year + 20%

Northern Forecasting Package, Meanwood Beck Model Update, Final Report, JBA for Environment
Agency, April 2017

Climate Change 1 in 100 year + 31%

Climate Change 1 in 100 year + 30%

Northern Forecasting Package, Meanwood Beck Model Update, Final Report, JBA for Environment
Agency, April 2017

Climate Change 1 in 100 year +51%

Climate Change 1 in 100 year +50%

Northern Forecasting Package, Meanwood Beck Model Update, Final Report, JBA for Environment
Agency, April 2017

Climate Change 1 in 20 year + 23%

Defended/Undefended 1 in 50 year

Northern Forecasting Package, Meanwood Beck Model Update, Final Report, JBA for Environment
Agency, April 2017

Climate Change 1 in 20 year + 31%

Defended/Undefended 1 in 75 year

Northern Forecasting Package, Meanwood Beck Model Update, Final Report, JBA for Environment
Agency, April 2017

Climate Change 1 in 20 year +51%

Defended/Undefended 1 in 100 year

Northern Forecasting Package, Meanwood Beck Model Update, Final Report, JBA for Environment
Agency, April 2017

Wyke Beck

Undefended 1 in 20 year

No Proxy Required

Model Guide for Wyke Beck I1SIS TUFLOW Model, JBA for Environment Agency, December 2015

Undefended 1 in 100 year

No Proxy Required

Model Guide for Wyke Beck I1SIS TUFLOW Model, JBA for Environment Agency, December 2015

Undefended 1 in 1000 year

No Proxy Required

Model Guide for Wyke Beck I1SIS TUFLOW Model, JBA for Environment Agency, December 2015

Climate Change 1 in 100 year + 23%

Climate Change 1 in 100 year + 20%

Model Guide for Wyke Beck I1SIS TUFLOW Model, JBA for Environment Agency, December 2015

"As built" includes new survey - no defences

Climate Change 1 in 100 year + 31%

Defended 1000 year

AECOM
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Model Guide for Wyke Beck I1SIS TUFLOW Model, JBA for Environment Agency, December 2015
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Climate Change 1 in 100 year +51%
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Defended 1000 year

Model Guide for Wyke Beck I1SIS TUFLOW Model, JBA for Environment Agency, December 2015

Climate Change 1 in 20 year + 23%

Undefended 1 in 40 year

Model Guide for Wyke Beck I1SIS TUFLOW Model, JBA for Environment Agency, December 2015

Climate Change 1 in 20 year + 31%

Undefended 1 in 50 year

Model Guide for Wyke Beck I1SIS TUFLOW Model, JBA for Environment Agency, December 2015

Climate Change 1 in 20 year +51%

Undefended 1 in 75 year

Model Guide for Wyke Beck I1SIS TUFLOW Model, JBA for Environment Agency, December 2015

Oulton Beck

Defended 1 in 20 year

No Proxy Required

Upper Aire Tributaries Flood Mapping, Final Report, JBA for Environment Agency, October 2020

Defended 1 in 100 year

No Proxy Required

Upper Aire Tributaries Flood Mapping, Final Report, JBA for Environment Agency, October 2020

Defended 1 in 1000 year

No Proxy Required

Upper Aire Tributaries Flood Mapping, Final Report, JBA for Environment Agency, October 2020

Undefended 1 in 20 year

Undefended 1 in 30 year

Upper Aire Tributaries Flood Mapping, Final Report, JBA for Environment Agency, October 2020

No difference 30 year defended/undefended. 20 year
defended and undefended assumed no difference.

Undefended 1 in 100 year

No Proxy Required

Upper Aire Tributaries Flood Mapping, Final Report, JBA for Environment Agency, October 2020

Undefended 1 in 1000 year

No Proxy Required

Upper Aire Tributaries Flood Mapping, Final Report, JBA for Environment Agency, October 2020

Climate Change 1 in 100 year + 23%

Climate Change 1 in 100 year + 20%

Upper Aire Tributaries Flood Mapping, Final Report, JBA for Environment Agency, October 2020

Climate Change 1 in 100 year + 31%

Climate Change 1 in 100 year + 30% (defended)

Upper Aire Tributaries Flood Mapping, Final Report, JBA for Environment Agency, October 2020

Climate Change 1 in 100 year +51%

Climate Change 1 in 100 year +50% (defended)

Upper Aire Tributaries Flood Mapping, Final Report, JBA for Environment Agency, October 2020

Climate Change 1 in 20 year + 23%

Defended 1 in 50 year

Upper Aire Tributaries Flood Mapping, Final Report, JBA for Environment Agency, October 2020

Climate Change 1 in 20 year + 31%

Defended 1 in 75 year

Upper Aire Tributaries Flood Mapping, Final Report, JBA for Environment Agency, October 2020

Climate Change 1 in 20 year +51%

Defended 1 in 100 year

Upper Aire Tributaries Flood Mapping, Final Report, JBA for Environment Agency, October 2020

Lin Beck/Dyke Defended/Undefended 1 in 20 year Flood Zone 3
Defended/Undefended 1 in 100 year Flood Zone 3
Defended/Undefended 1 in 1000 year Flood Zone 2
Climate Change 1 in 100 year + 23% Flood Zone 2
Climate Change 1 in 100 year + 31% Flood Zone 2
Climate Change 1 in 100 year +51% Flood Zone 2
Climate Change 1 in 20 year + 23% Flood Zone 3
Climate Change 1 in 20 year + 31% Flood Zone 3
Climate Change 1 in 20 year +51% Flood Zone 3
Oil Mill Beck Defended/Undefended 1 in 20 year Flood Zone 3
Defended/Undefended 1 in 100 year Flood Zone 3
Defended/Undefended 1 in 1000 year Flood Zone 2
Climate Change 1 in 100 year + 23% Flood Zone 2
Climate Change 1 in 100 year + 31% Flood Zone 2
Climate Change 1 in 100 year +51% Flood Zone 2
Climate Change 1 in 20 year + 23% Flood Zone 3
Climate Change 1 in 20 year + 31% Flood Zone 3
Climate Change 1 in 20 year +51% Flood Zone 3
Ledsham Beck Defended/Undefended 1 in 20 year Flood Zone 3
Defended/Undefended 1 in 100 year Flood Zone 3
Defended/Undefended 1 in 1000 year Flood Zone 2
Climate Change 1 in 100 year + 23% Flood Zone 2
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Climate Change 1 in 100 year + 31%

Flood Zone 2

Project number: 60659301

Climate Change 1 in 100 year +51%

Flood Zone 2

Climate Change 1 in 20 year + 23%

Flood Zone 3

Climate Change 1 in 20 year + 31%

Flood Zone 3

Climate Change 1 in 20 year +51%

Flood Zone 3

Guiseley Beck/Tran
Mire Beck/ Nun Royd
Beck/Shaw
Beck/Calfhole Beck

Defended/Undefended 1 in 20 year

Flood Zone 3

Defended/Undefended 1 in 100 year

Flood Zone 3

Defended/Undefended 1 in 1000 year

Flood Zone 2

Climate Change 1 in 100 year + 23%

Flood Zone 2

Climate Change 1 in 100 year + 31%

Flood Zone 2

Climate Change 1 in 100 year +51%

Flood Zone 2

Climate Change 1 in 20 year + 23%

Flood Zone 3

Climate Change 1 in 20 year + 31%

Flood Zone 3

Climate Change 1 in 20 year +51%

Flood Zone 3
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B.3 Wharfe catchment List of Modelling data (including proxies)

Reach/Watercourse

Target Return period

Proxy

Study/model

Comments

Wharfe - Otley (to Knotford) -
including Kel Beck

Defended 1 in 20 year

Defended 1 in 25 year

Otley Flood Alleviation Scheme Flood Risk Assessment, WSP for Leeds City Council, March 2020

Includes Otley FAS scheme

Defended 1 in 100 year

Defended 1 in 100 year

Otley Flood Alleviation Scheme Flood Risk Assessment, WSP for Leeds City Council, March 2020

Includes Otley FAS scheme

Defended 1 in 1000 year

Baseline 1 in 1000 year

Otley Flood Alleviation Scheme Flood Risk Assessment, WSP for Leeds City Council, March 2020

Does not include Otley FAS scheme

Undefended 1 in 20 year

Baseline 1 in 25 year

Otley Flood Alleviation Scheme Flood Risk Assessment, WSP for Leeds City Council, March 2020

Does not include Otley FAS scheme

Undefended 1 in 100 year

Baseline 1 in 100 year

Otley Flood Alleviation Scheme Flood Risk Assessment, WSP for Leeds City Council, March 2020

Does not include Otley FAS scheme

Undefended 1 in 1000 year

Baseline 1 in 1000 year

Otley Flood Alleviation Scheme Flood Risk Assessment, WSP for Leeds City Council, March 2020

Does not include Otley FAS scheme

Defended Climate Change 1 in 100 year + 23%

Defended Climate Change 1 in 100 year +30%

Otley Flood Alleviation Scheme Flood Risk Assessment, WSP for Leeds City Council, March 2020

Includes Otley FAS scheme

Defended Climate Change 1 in 100 year + 31%

Defended Climate Change 1 in 100 year +30%

Otley Flood Alleviation Scheme Flood Risk Assessment, WSP for Leeds City Council, March 2020

Includes Otley FAS scheme

Defended Climate Change 1 in 100 year +48%

Defended Climate Change 1 in 100 year +50%

Otley Flood Alleviation Scheme Flood Risk Assessment, WSP for Leeds City Council, March 2020

Includes Otley FAS scheme

Undefended Climate Change 1 in 100 year + 23%

Baseline Climate Change 1 in 100 year + 20%

Otley Flood Alleviation Scheme Flood Risk Assessment, WSP for Leeds City Council, March 2020

Does not include Otley FAS scheme

Undefended Climate Change 1 in 100 year + 31%

Baseline Climate Change 1 in 100 year + 30%

Otley Flood Alleviation Scheme Flood Risk Assessment, WSP for Leeds City Council, March 2020

Does not include Otley FAS scheme

Undefended Climate Change 1 in 100 year +48%

Baseline Climate Change 1 in 100 year +50%

Otley Flood Alleviation Scheme Flood Risk Assessment, WSP for Leeds City Council, March 2020

Does not include Otley FAS scheme

Climate Change 1 in 20 year + 23%

Defended 1 in 100 year

Otley Flood Alleviation Scheme Flood Risk Assessment, WSP for Leeds City Council, March 2020

Climate Change 1 in 20 year + 31%

Defended 1 in 100 year

Otley Flood Alleviation Scheme Flood Risk Assessment, WSP for Leeds City Council, March 2020

Climate Change 1 in 20 year +48%

Defended 1 in 100 year

Otley Flood Alleviation Scheme Flood Risk Assessment, WSP for Leeds City Council, March 2020

Wharfe - Knotford to Castley
(railway culvert)

Defended 1 in 20 year

Defended in 1 in 25 year

River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020

Defences at Castley Lane (d/s A658) and Collingham

Defended 1 in 100 year

No proxy required

River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020

Defences at Castley Lane (d/s A658) and Collingham

Defended 1 in 1000 year

Flood Zone 2

Not included in current modelling

Undefended 1 in 20 year

Defended in 1 in 25 year

River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020

No defences in Leeds area in this section

Undefended 1 in 100 year

Defended 1 in 100 year

River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020

No defences in Leeds area in this section

Undefended 1 in 1000 year

Flood Zone 2

Not included in current modelling

Climate Change 1 in 100 year + 23% (undefended)

Defended Climate Change 1 in 100 year + 20%

River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020

Climate Change 1 in 100 year + 31% (undefended)

Defended Climate Change 1 in 100 year + 30%

River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020

Climate Change 1 in 100 year +48% (undefended)

Defended Climate Change 1 in 100 year + 50%

River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020

Climate Change 1 in 100 year + 23% (defended)

Defended Climate Change 1 in 100 year + 20%

River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020

Defences at Castley Lane (d/s A658) and Collingham

Climate Change 1 in 100 year + 31% (defended)

Defended Climate Change 1 in 100 year + 30%

River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020

Defences at Castley Lane (d/s A658) and Collingham

Climate Change 1 in 100 year +48% (defended)

Defended Climate Change 1 in 100 year + 50%

River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020

Defences at Castley Lane (d/s A658) and Collingham

Climate Change 1 in 20 year + 23%

Defended 1 in 100 year

River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020

Climate Change 1 in 20 year + 31%

Defended 1 in 100 year

River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020

Climate Change 1 in 20 year +48%

Defended 1 in 100 year

River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020

Wharfe - Castley (railway Defended 1 in 20 year Flood Zone 3 River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020 - Not
culvert) to A61 in 2D Domain
Defended 1 in 100 year Flood Zone 3 River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020 - Not
in 2D Domain
Defended 1 in 1000 year Flood Zone 2 Not included in current modelling
Undefended 1 in 20 year Flood Zone 3 Not included in current modelling
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Undefended 1 in 100 year Flood Zone 3 Not included in current modelling

Undefended 1 in 1000 year Flood Zone 2 Not included in current modelling

Defended Climate Change 1 in 100 year + 23% Flood Zone 2 River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020 - Not
in 2D Domain

Defended Climate Change 1 in 100 year + 31% Flood Zone 2 River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020 - Not
in 2D Domain

Defended Climate Change 1 in 100 year +48% Flood Zone 2 River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020 - Not
in 2D Domain

Undefended Climate Change 1 in 100 year + 23% Flood Zone 2 Not included in current modelling

Undefended Climate Change 1 in 100 year + 31% Flood Zone 2 Not included in current modelling

Undefended Climate Change 1 in 100 year +48% Flood Zone 2 Not included in current modelling

Climate Change 1 in 20 year + 23% Flood Zone 3 Not included in current modelling

Climate Change 1 in 20 year + 31% Flood Zone 3 Not included in current modelling

Climate Change 1 in 20 year +48% Flood Zone 3 Not included in current modelling

Wharfe - A61 to Collingham

Defended 1 in 20 year

No proxy required

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Defended 1 in 100 year

No proxy required

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Defended 1 in 1000 year

No proxy required

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Undefended 1 in 20 year

No proxy required

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Undefended 1 in 100 year

No proxy required

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Undefended 1 in 1000 year

No proxy required

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Defended Climate Change 1 in 100 year + 23%

Defended Climate Change 1 in 100 year + 20%

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Defended Climate Change 1 in 100 year + 31%

Defended Climate Change 1 in 100 year + 30%

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Defended Climate Change 1 in 100 year +48%

Defended Climate Change 1 in 100 year + 50%

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Undefended Climate Change 1 in 100 year + 23%

Undefended Climate Change 1 in 100 year +
20%

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Undefended Climate Change 1 in 100 year + 31%

Undefended Climate Change 1 in 100 year +
30%

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Undefended Climate Change 1 in 100 year +48%

Undefended Climate Change 1 in 100 year +
50%

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Climate Change 1 in 20 year + 23%

Defended 1 in 100 year

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Climate Change 1 in 20 year + 31%

Defended 1 in 100 year

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Climate Change 1 in 20 year +48%

Defended 1 in 100 year

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Wharfe - Collingham to ds
AL(M)

Defended 1 in 20 year

Defended in 1 in 25 year

River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020

Defended 1 in 100 year

No proxy required
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No proxy required

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Undefended 1 in 20 year

No proxy required

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Undefended 1 in 100 year

No proxy required

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Undefended 1 in 1000 year

No proxy required

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Defended Climate Change 1 in 100 year + 23%

Defended Climate Change 1 in 100 year + 20%

River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020

Defended Climate Change 1 in 100 year + 31%

Defended Climate Change 1 in 100 year + 30%

River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020

Defended Climate Change 1 in 100 year +48%

Defended Climate Change 1 in 100 year + 50%

River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020

Undefended Climate Change 1 in 100 year + 23%

Undefended Climate Change 1 in 100 year +
20%

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Undefended Climate Change 1 in 100 year + 31%

Undefended Climate Change 1 in 100 year +
30%

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Undefended Climate Change 1 in 100 year +48%

Undefended Climate Change 1 in 100 year +
50%

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Climate Change 1 in 20 year + 23%

Defended 1 in 100 year

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Climate Change 1 in 20 year + 31%

Defended 1 in 100 year

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Climate Change 1 in 20 year +48%

Defended 1 in 100 year

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Wharfe - A1(M) to LCC
boundary

Defended 1 in 20 year

No proxy required

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Defended 1 in 100 year

No proxy required

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Defended 1 in 1000 year

No proxy required

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Undefended 1 in 20 year

No proxy required

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Undefended 1 in 100 year

No proxy required

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Undefended 1 in 1000 year

No proxy required

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Defended Climate Change 1 in 100 year + 23%

Defended Climate Change 1 in 100 year + 20%

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Defended Climate Change 1 in 100 year + 31%

Defended Climate Change 1 in 100 year + 30%

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Defended Climate Change 1 in 100 year +48%

Defended Climate Change 1 in 100 year + 50%

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Undefended Climate Change 1 in 100 year + 23%

Undefended Climate Change 1 in 100 year +
20%

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Undefended Climate Change 1 in 100 year + 31%

Undefended Climate Change 1 in 100 year +
30%

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Undefended Climate Change 1 in 100 year +48%

Undefended Climate Change 1 in 100 year +
50%

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Climate Change 1 in 20 year + 23%

Defended 1 in 100 year
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Defended 1 in 100 year

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Climate Change 1 in 20 year +48%

Defended 1 in 100 year

2018 Ouse and Wharfe Washlands Optimisation Study - Defended and Undefended Flood Modelling for Flood
Map Creation, Environment Agency, Mott MacDonald, July 2018.

Hol Beck

Defended/Undefended 1 in 20 year

No proxy required

River Wharf tributaries, Environment Agency, JBA 2021

Defended/Undefended 1 in 100 year

No proxy required

River Wharf tributaries, Environment Agency, JBA 2021

Defended/Undefended 1 in 1000 year

No proxy required

River Wharf tributaries, Environment Agency, JBA 2021

Climate Change 1 in 100 year + 23%

Climate Change 1 in 100 year + 20%

River Wharf tributaries, Environment Agency, JBA 2021

Climate Change 1 in 100 year + 31%

Climate Change 1 in 100 year + 30%

River Wharf tributaries, Environment Agency, JBA 2021

Climate Change 1 in 100 year +48%

Climate Change 1 in 100 year +50%

River Wharf tributaries, Environment Agency, JBA 2021

Climate Change 1 in 20 year + 23%

Baseline 1 in 50 year Event

River Wharf tributaries, Environment Agency, JBA 2021

Climate Change 1 in 20 year + 31%

Baseline 1in 75 year event

River Wharf tributaries, Environment Agency, JBA 2021

Climate Change 1 in 20 year +48%

Baseline 1 in 100 year event

River Wharf tributaries, Environment Agency, JBA 2021

Fir Green Beck

Defended 1 in 20 year

No proxy required

River Wharf tributaries, Environment Agency, JBA 2021

Defended 1 in 100 year

No proxy required

River Wharf tributaries, Environment Agency, JBA 2021

Defended 1 in 1000 year

No proxy required

River Wharf tributaries, Environment Agency, JBA 2021

Undefended 1 in 20 year

No proxy required

River Wharf tributaries, Environment Agency, JBA 2021

Undefended 1 in 100 year

No proxy required

River Wharf tributaries, Environment Agency, JBA 2021

Undefended 1 in 1000 year

No proxy required

River Wharf tributaries, Environment Agency, JBA 2021

Climate Change 1 in 100 year + 23%

Climate Change 1 in 100 year + 20%

River Wharf tributaries, Environment Agency, JBA 2021

Climate Change 1 in 100 year + 31%

Climate Change 1 in 100 year + 30%

River Wharf tributaries, Environment Agency, JBA 2021

Climate Change 1 in 100 year +48%

Climate Change 1 in 100 year +50%

River Wharf tributaries, Environment Agency, JBA 2021

Climate Change 1 in 20 year + 23%

Baseline 1 in 50 year Event

River Wharf tributaries, Environment Agency, JBA 2021

Climate Change 1 in 20 year + 31%

Baseline 1in 75 year event

River Wharf tributaries, Environment Agency, JBA 2021

Climate Change 1 in 20 year +48%

Baseline 1 in 100 year event

River Wharf tributaries, Environment Agency, JBA 2021

Collingham Beck

Defended 1 in 20 year

Defended in 1 in 25 year

River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020

Defended 1 in 100 year

No proxy required

River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020

Defended 1 in 1000 year Flood Zone 2 Not included in current modelling
Undefended 1 in 20 year Flood Zone 3 Not included in current modelling
Undefended 1 in 100 year Flood Zone 3 Not included in current modelling
Undefended 1 in 1000 year Flood Zone 2 Not included in current modelling

Defended Climate Change 1 in 100 year + 23%

Defended Climate Change 1 in 100 year + 20%

River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020

Defended Climate Change 1 in 100 year + 31%

Defended Climate Change 1 in 100 year + 30%

River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020

Defended Climate Change 1 in 100 year +48%

Defended Climate Change 1 in 100 year + 50%

River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020

Undefended Climate Change 1 in 100 year + 23% Flood Zone 2 Not included in current modelling
Undefended Climate Change 1 in 100 year + 31% Flood Zone 2 Not included in current modelling
Undefended Climate Change 1 in 100 year +48% Flood Zone 2 Not included in current modelling

Climate Change 1 in 20 year + 23%

Defended 1 in 100 year

River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020

Climate Change 1 in 20 year + 31%

Defended 1 in 100 year

River Wharfe Catchment Study, Hydraulic Modelling Report, WSP for Leeds City Council, October 2020

Climate Change 1 in 20 year +48%

Defended 1 in 100 year
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Cock Beck Defended 1 in 20 year No proxy required River Wharf tributaries, Environment Agency, JBA 2021
Defended 1 in 100 year No proxy required River Wharf tributaries, Environment Agency, JBA 2021
Defended 1 in 1000 year No proxy required River Wharf tributaries, Environment Agency, JBA 2021
Undefended 1 in 20 year No proxy required River Wharf tributaries, Environment Agency, JBA 2021
Undefended 1 in 100 year No proxy required River Wharf tributaries, Environment Agency, JBA 2021
Undefended 1 in 1000 year No proxy required River Wharf tributaries, Environment Agency, JBA 2021
Defended Climate Change 1 in 100 year + 23% Climate Change 1 in 100 year + 20% River Wharf tributaries, Environment Agency, JBA 2021
Defended Climate Change 1 in 100 year + 31% Climate Change 1 in 100 year + 30% River Wharf tributaries, Environment Agency, JBA 2021
Defended Climate Change 1 in 100 year +48% Climate Change 1 in 100 year +50% River Wharf tributaries, Environment Agency, JBA 2021
Undefended Climate Change 1 in 100 year + 23% Climate Change 1 in 100 year + 20% River Wharf tributaries, Environment Agency, JBA 2021
Undefended Climate Change 1 in 100 year + 31% Undefended 1 in 1000 year River Wharf tributaries, Environment Agency, JBA 2021
Undefended Climate Change 1 in 100 year +48% Undefended 1 in 1000 year River Wharf tributaries, Environment Agency, JBA 2021
Climate Change 1 in 20 year + 23% Baseline 1 in 50 year Event River Wharf tributaries, Environment Agency, JBA 2021
Climate Change 1 in 20 year + 31% Baseline 1 in 75 year event River Wharf tributaries, Environment Agency, JBA 2021
Climate Change 1 in 20 year +48% Baseline 1 in 100 year event River Wharf tributaries, Environment Agency, JBA 2021

Eller Beck Defended/Undefended 1 in 20 year Flood Zone 3
Defended/Undefended 1 in 100 year Flood Zone 3
Defended/Undefended 1 in 1000 year Flood Zone 2
Climate Change 1 in 100 year + 23% Flood Zone 2
Climate Change 1 in 100 year + 31% Flood Zone 2
Climate Change 1 in 100 year +51% Flood Zone 2
Climate Change 1 in 20 year + 23% Flood Zone 3
Climate Change 1 in 20 year + 31% Flood Zone 3
Climate Change 1 in 20 year +51% Flood Zone 3
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