London Borough of Enfield

New Enfield Local Plan 2041:
Level 1 Strategic Flood Risk Assessment

_________________________________________________

Final Report

December 2021

New Enfield Local Plan 2041: Level 1 Strategic Flood Risk Assessment

London Borough of Enfield

Document Control Sheet
Report Title

Strategic Flood Risk Assessment

Revision

1

Status

Draft

Control Date

February 2021

Report Title

Strategic Flood Risk Assessment

Revision

1.1

Status

Final Draft

Control Date

June 2021

Report Title

Strategic Flood Risk Assessment

Revision

2.0

Status

Final

Control Date

December 2021

Prepared by

Graham Campbell & Jamie Kukadia

Checked by

Ian Russell & Ismail Mulla

London Borough of Enfield
B-Block North, Civic Centre, Silver Street, Enfield, EN1 3XA
Email flooding@enfield.gov.uk

i

New Enfield Local Plan 2041: Level 1 Strategic Flood Risk Assessment

London Borough of Enfield

CONTENTS
PAGE
LIST OF TABLES AND FIGURES

v

SFRA USER GUIDANCE

vii

EXECUTIVE SUMMARY

x

1.0

INTRODUCTION

1

Aims and Objectives

1

Policy Context

4

2.0

3.0

4.0

FLOOD RISK IN ENFIELD

11

Geography of Enfield

11

Catchment Areas of Main Rivers in Enfield

13

Sources of Flooding

16

History of Flooding in Enfield

18

STRATEGIC ASSESSMENT OF FLOOD RISK

19

General Methodology

19

Data Collation and Review

19

Fluvial Flooding

20

Groundwater Flooding

27

Surface Water Flooding

30

Sewer Flooding

34

Reservoirs

36

The New River

38

Effects of Climate Change

39

FLOOD RISK MANAGEMENT INFRASTRUCTURE

41

Flood Defences

41

Flood Alleviation Schemes

43

Catchment Based Approach

45

Flood Warning Systems

47

Emergency Planning

48

ii

New Enfield Local Plan 2041: Level 1 Strategic Flood Risk Assessment

5.0

London Borough of Enfield

SITE-SPECIFIC FLOOD RISK ASSESSMENTS

51

The Sequential Test and Exception Test

51

Identification of Demand for a Flood Risk Assessment

51

Requirements for a Flood Risk Assessment

52

Requirements for a Ground Water Flood Risk Assessment

54

Management of Residual Flood Risk

54

SUSTAINABLE DRAINAGE SYSTEMS

56

The Purpose of Sustainable Drainage Systems

56

Guidance on the Applicability of Sustainable Drainage Systems

57

7.0

CONCLUSIONS

61

8.0

RECOMMENDATIONS

62

Reduce Flood Risk through Spatial Planning

62

Ensure Development is safe from Flooding

62

Ensure Development does not increase Flooding elsewhere

63

Reduce Flood Risk at the Catchment Scale

64

Reduce Flood Risk from all Sources of Flooding

64

Enhance and Restore the River Corridor

64

Improve Flood Awareness and Emergency Planning

65

6.0

GLOSSARY AND ABBREVIATIONS

66

Glossary of Terms

66

List of Abbreviations and Acronyms

70

REFERENCES

71

APPENDIX A

75

Enfield’s Adopted Local Plan
APPENDIX B

75
76

Statutory Consultee Matrix

76

Environment Agency Flood Risk Matrix

77

APPENDIX C
Environment Agency Development Control Policy and FRA
Recommendations

78
78

iii

New Enfield Local Plan 2041: Level 1 Strategic Flood Risk Assessment

London Borough of Enfield

APPENDIX D
Environment Agency: Flood Risk Assessments - Climate Change
Allowances (2016) Document Summary
APPENDIX E
Flood Zone and flood risk tables reproduced from Planning Practice
Guidance: Flood Risk and Coastal Change
APPENDIX F
Table of SuDS Features
APPENDIX G
Level 2 SFRA (2013) – Summary of recommendations
APPENDIX H
Borough Flood Map
APPENDIX I
Extract from Research and Development Technical Report FD2320 showing
Table 4 – Hazard to People Classification using Hazard Rating
APPENDIX J
Mapped details of the Local Flood Risk Management Asset Register

80
80
83
83
86
86
87
87
88
88
89
89
90
90

iv

New Enfield Local Plan 2041: Level 1 Strategic Flood Risk Assessment

London Borough of Enfield

LIST OF TABLES AND FIGURES
LIST OF TABLES
3.1

Data collated and reviewed for the SFRA

19

3.2

Model data used to create the combined model for the Borough Flood Map

20

3.3

Groundwater flooding incidents distribution related to extent of indicative
groundwater flood risk area

29

3.4

Number of properties flooded by overloaded sewers in the last 20 years

35

3.5

Reservoirs within Enfield

37

4.1

Emergency planning infrastructure located in Flood Zones

50

B1

Environment Agency Flood Risk Matrix

77

D1

Extract from Climate change allowances – Peak river flow allowances for
London Management Catchment (Thames river basin district) (using 1981 to
2000 baseline)

81

D2

Application of river basin changes allowances based on flood zone and flood
risk vulnerability classification

81

D3

Table 2 - Peak rainfall intensity allowance in the small and urban catchments
(using 1961 to 1990 baseline)

82

E1

Flood Zones

83

E2

Flood risk vulnerability classification

84

E3

Flood risk vulnerability and flood zone ‘compatibility’

85

F1

Descriptions of some common types of sustainable drainage systems

86

I1

Extract from Research and Development Technical Report FD2320 showing
Table 4 – Hazard to People Classification using Hazard Rating

89

v

New Enfield Local Plan 2041: Level 1 Strategic Flood Risk Assessment

London Borough of Enfield

LIST OF FIGURES
1.1

Reproduction of “Diagram 1: taking flood risk into account in the preparation
of a local plan” from the PPG

3

1.2

The extent of areas covered by Area Action Plans in Enfield

4

2.1

The main river network, town centres and other urban areas in Enfield

11

2.2

Digital Terrain Model of Enfield

12

2.3

Average monthly rainfall

13

2.4

The catchment area of the River Lee

14

2.5

The catchment areas of the main rivers in Enfield

15

2.6

Historical flood outlines

18

3.1

Environment Agency Flood Zones 2 and 3

20

3.2

Fluvial combined flood model output demonstrating 1 in 100 + 17%

21

3.3

Fluvial combined flood model output demonstrating 1 in 100 + 27%

22

3.4

Areas of significant increase in risk posed due to 1 in 100 year + 70%

23

3.5

London Borough of Enfield Flood Zone 3b (Functional Floodplain)

24

3.6

Bedrock and superficial deposits with groundwater flooding incidents

27

3.7

Areas Susceptible to Groundwater Flooding overlaid with indicative
groundwater flood risk areas and locations of groundwater flooding incidents

29

3.8

Extent of EA Risk of Flooding from Surface Water (1 in 100 year)

32

3.9

EA RoFSW overlaid with pluvial direct rainfall modelling

33

3.10

Areas where sewer flooding has affected properties in the last 10 years

34

3.11

Location and extent of reservoirs within Enfield

37

3.12

The route of the New River through Enfield

38

4.1

Culverted main rivers and flood defences

41

4.2

Flood alleviation schemes in Enfield

44

4.3

Flood Warning Systems

47

4.4

Emergency planning infrastructure

48

4.5

Location of vulnerable institutions

49

4.6

Major utility infrastructure

49
vi

New Enfield Local Plan 2041: Level 1 Strategic Flood Risk Assessment

London Borough of Enfield

SFRA User Guidance
The Level 1 Strategic Flood Risk Assessment for Enfield has been produced by the London
Borough of Enfield in order to support the evidence base for the New Enfield Local Plan.
This report has been produced with the following main end users in mind:
Environment Agency

Emergency planners
Emergency services
Those
seeking
flood risk
information

Planning
Applicants

Local
Planning
Authority
Officers

Local resilience
forums

Risk Management
Authorities

• Inform advice regarding the local plan
• Understand risk of flooding to existing and
proposed communities
• Advise on the impact of any proposed
development on emergency planning resources
• Advise on measures which should be included in
development to avoid and reduce impacts on
emergency planning
• Inform their assessment and management of
sources of flood risk under their responsibility

Other Lead Local
Flood Authorities

• Identify opportunities where development may
help to reduce the causes and impacts of sources
of flood risk under their responsibility

Neighbourhood
planning bodies

• To consider whether neighbourhood planning
areas may be appropriate for development

Developers

• To inform site-specific flood risk assessments

Flood Risk
Consultants

• As evidence to support the sequential test and
exception test for individual applications

Planning case
officers

• To find suggestions of how development could
help to reduce the causes and impacts of flooding

London Borough of
Enfield departments
Local Plan Team
Other local planning
authorities

• To inform work in areas of specialism
• Inform cross border risks and opportunities

To aid the reader in identifying where the key information is held and what purpose the
information within each section contains with regards to the user categories above the
structure of the document is outlined below:
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Section
1.0

Flood Risk
Information

London Borough of Enfield

Planning
applicants

Local
Planning
Authority
Officers

Introduction
• Sets out the aims and objectives of the
document as outlined in the NPPF
• Overview of the various relevant polices at all
geographical levels

2.0

Flood Risk in Enfield
• Discussion of the geography and catchment
characteristics at a local level
• Discussion of sources of flooding general
mechanism
• Outline of the history of flooding in Enfield

3.0

Strategic Assessment of Flood Risk
• Outlines how the flood risk in the borough
has been assessed in order to compile the
mapping and assessment
• Overview of the flood risk from all sources in
Enfield and how climate change has been
considered including maps
• Definition and rationale for the functional
flood plain and other flood zones including
their status for planning applications

4.0

Flood Risk Management Infrastructure
• Sets out the provision of flood management in
Enfield including traditional defences, flood
alleviation schemes and catchment based
approaches
• How developments can contribute to
investment in this infrastructure
• Outlines the provision of flood warning and
emergency planning

5.0

Site-Specific Flood Risk Assessments
• Explanation of the sequential test and
exception test
• How to identify the need for and requirements
for a site-specific Flood Risk Assessment
including ground water
• How residual flood risk should be managed

viii
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6.0
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Sustainable Drainage Systems
• The purpose of sustainable drainage systems
including range of approaches and guidance
on how they should be applied by
developments

7.0

Conclusions
• Brief summary of the main findings

8.0

Recommendations
• Sets out the recommendations based on the
findings of the report which should be
incorporated into policy of the Local Plan or
Supplementary Planning Documents

Where the contents of the report are directly tied to Recommendations markers are contained
in the report with links as appropriate and appear in this form:
Recommendation
#

H

Borough Flood Map
• A PDF map showing flood information for
Enfield

Review and next steps
This SFRA is based on the best available information to date. It should be treated as a live
document and should therefore be reviewed periodically to reflect advances in understanding
and assessment of flood risk, emerging policy and the planning review cycle.
The contents and findings of this Level 1 SFRA are based on a high level screening of
opportunity areas for development. Allocated sites will be reviewed in more detail in a Level
2 SFRA which will appraise sites and apply the Sequential Test and Exception Tests as
necessary.
Useful Information for developers and planners
In order to begin dialogue for pre-application advice and find links to content within this
report such as SuDS Pro-Formas please review the following websites:
https://new.enfield.gov.uk/services/environment/flood-management/
https://new.enfield.gov.uk/services/planning/sustainable-drainage-systems/
http://online.flipbuilder.com/mccloy.consulting/ftyi/mobile/index.html

or contact
suds@enfield.gov.uk / flooding@enfield.gov.uk
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EXECUTIVE SUMMARY
Enfield is London’s northernmost borough and one of the largest by land area and
population, it also contains more watercourses than any other borough. Three main river
valleys – Turkey Brook, Salmons Brook and Pymmes Brook – run across Enfield towards the
River Lee valley which forms the eastern boundary of the borough. Enfield’s water spaces
are a valuable asset with the potential to improve people’s quality of life, however, they also
represent a source of flood risk, potentially threatening life and damaging property. The
combination of extensive man-made surfaces and underlying impermeable geology in
Enfield mean that local rivers respond rapidly to rainfall and are liable to sudden flooding.
Flooding is also an issue in the areas outside the main fluvial floodplains. Surface water
drainage systems, groundwater and artificial bodies of water such as the New River and the
William Girling and King George’s reservoirs all pose a risk of flooding. The combined
effects of increased urbanisation and climate change mean that flood risk is likely to rise in
the foreseeable future. Although flooding cannot be wholly prevented, its impacts can be
alleviated through good planning and management.
The Strategic Flood Risk Assessment for Enfield refines the existing information on areas
that may flood by considering all sources of flooding, and the potential impacts of climate
change, by assessing the information provided by the Environment Agency Flood Map and
carrying out independent direct rainfall modelling in accordance with the latest climate
change allowances. It has been produced in line with the latest government guidelines and
provides information and guidance for planners and developers to inform the future
management of flood risk across the borough.
It is widely recognised that sustainable forms of flood alleviation, such as providing more
space for rivers to flow and flood naturally using catchment based approaches, are preferable
to outdated techniques that rely on hard defences such as concrete walls and channels.
Through the full and proper implementation of National Planning Policy Framework, London
Plan policies, Enfield Council’s Local Plan and site-specific flood risk assessments, flood
risk can be managed in a sustainable, proactive and multi-beneficial manner. New
developments and the re-development of brownfield sites will provide opportunities to
reduce overall flood risk, principally through the use of sustainable drainage systems and
allowing space for flood storage, overland flows and future maintenance and upgrade of
flood defences.

x
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1.0 INTRODUCTION
Aims and Objectives
1.1

There are over 100 kilometres of watercourses running through Enfield, the greatest length of
any London borough. Pymmes Brook, Salmons Brook, Turkey Brook and their tributaries
create a large network which flows across the borough to join the River Lee. The borough
also contains the New River and the William Girling and King George’s reservoirs. Enfield’s
watercourses are a valuable asset with the potential to improve people’s quality of life,
however, they also represent a source of flood risk, potentially threatening life and damaging
property. Flooding is not just an issue for the areas in the floodplains. Elsewhere local
drainage systems, which can be significantly affected by new development, may contribute to
groundwater and surface water flooding as well as influencing flow patterns in the main river
network. Although flooding cannot be wholly prevented, its impacts can be alleviated
through good planning and management.

1.2

Under the requirements of the National Planning Policy Framework (NPPF) 1, the Council is
preparing a New Local Plan. The Local Plan will set out local planning policies and identify
how land is used, determining what will be built where across the borough. It will replace the
existing Local Plan documents (Appendix A).

1.3

The Local Plan aims to provide a clear blueprint to guide and coordinate future growth and
development in the borough up to 2041 by determining phasing and location of new homes,
jobs and services such as supporting infrastructure. As well as this it will set out the character
of places in the borough, what changes will occur within them and how important heritage,
cultural and natural assets will be safeguarded and enhanced. The policies will be used to
make decisions on planning applications until the end of 2041.

1.4

The Local Plan will be prepared in general conformity with both the NPPF 1 and with the
London Plan, which sets out strategic planning policies for the whole of London. To be
effective, the New Local Plan will aim to meet objectively assessed need and infrastructure
requirements whilst being deliverable with the Plan period taking account of identified
constraints, infrastructure requirements and viability considerations. It must also contribute
to sustainable development and therefore be supported by an Integrated Impact Assessment
including a Sustainability Appraisal and Habitat Regulation Assessment, whilst taking into
account evidence of environmental constraints on development and the need to conserve the
built and natural heritage. It is also important that it demonstrates joint working on crossboundary issues.

1.5

The New Local Plan has the ambition to consider future development needs in light of
London’s growing population and where necessary review and update current planning
policies which had informed the adopted Local Plan including the Core Strategy (2010) 2,
Development Management Document (2014) 3, North Circular Area Action Plan (2014) 4,
North East Enfield Area Action Plan (2016) 5 and Edmonton Leeside Area Action Plan
(2020) 6. Further details of these documents are set out in Appendix A. The extent of the
areas covered by the current opportunity areas are shown in Figure 1.2 below.

1.6

This Level 1 SFRA represents an update to the previous SFRA published in 2008 as part of
the current adopted Local Plan, which the New Local Plan will replace.

1
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1.7

The NPPF 1 published by the Department for Housing, Communities and Local Government
in December 2012 (updated in July 2018) requires local planning authorities to apply a riskbased approach to the preparation of their development plans in respect of possible flooding.
This is to be achieved by the production of a Strategic Flood Risk Assessment (SFRA). The
key requirements of a SFRA are described in paragraph 157 of the NPPF and the
accompanying “Planning Practice Guidance for Flood Risk and Coastal Change” 7 (hereafter
referred to as the PPG).

1.8

The main purpose of this SFRA as defined by the PPG is to:
•

Determine the variations in risk from all sources of flooding across the Borough, as
well as the risks to and from surrounding areas

•

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

•

Provide the basis from which to apply the Sequential Test and where necessary,
Exception Test in the determination of land use allocations

•

Identify the requirements for site-specific Flood Risk Assessments (FRAs) in
particular locations, including those at risk from sources other than river and sea
flooding

•

Determine the acceptability of flood risk in relation to emergency planning capability

•

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

The PPG sets out the process of an SFRA in “Diagram 1: taking flood risk into account in the
preparation of a local plan”, reproduced here as Figure 1.1.
1.9

Recommendation
2

In preparing the updated SFRA, Enfield Council commissioned new direct rainfall modelling
to assess fluvial and surface water flood risk in the Pymmes Brook and Salmons Brook
catchments in accordance with the current Climate Change Allowances, which were updated
in July 2021 8. For the River Lee and Turkey Brook catchments, suitably up to date hydraulic
models were available for fluvial flooding so no additional modelling was undertaken. The
models for these catchments do not cover surface water flooding however, so in these areas
the Environment Agency’s national surface water flood mapping has also been used. This
process has been considered in combination with the information provided by the
Environment Agency Flood Risk Maps 9 and Enfield’s Local Flood Risk Management
Strategy (2016) 10.

1.10 Where it is not feasible to allocate all proposed development and infrastructure in accordance
with the Sequential Test it will be necessary to increase the scope of this SFRA by carrying
out further analysis, this will provide the information required for application of the
Exception Test. This should additionally consider the impact of flood risk management
infrastructure on the frequency, rate of onset, depth and velocity of flooding within the
Environment Agency Flood Zones considering a range of flood risk management scenarios.
These are the requirements of a Level 2 SFRA and has not been included as part of this initial
Level 1 SFRA.

2
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Figure 1.1 Reproduction of “Diagram 1: taking flood risk into account in the preparation of a local plan” (PPG7 ) :

1.11 Following the publication of the Level 1 SFRA in 2008, two priority regeneration areas in the
Lee Valley were judged to be exposed to significant levels of flood risk having had the
Sequential Test applied in the SFRA. These were identified as Ponders End and Meridian
Water. At the time these two areas were considered to represent the only viable opportunity
for large-scale, strategic development which would help exceed the housing targets of the
London Plan, reduce the gap between housing demand and provision, and provide significant
opportunities for employment to boost the local economy.
1.12 As such a Level 2 SFRA 11 which fulfilled the requirements of The Exception Test was
carried out for these two sites in July 2013. This process reviewed the flood risk over the
regeneration areas, demonstrating how any development could be safe without increasing
flood risk elsewhere, whilst considering the potential wider sustainability benefits to the
community. The Level 2 SFRA made a series of recommendations which are re-produced in
Appendix G of this report.

3
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Figure 1.2 The extent of areas covered by adopted Area Action Plans (dashed) and Place Shaping Priority Areas
(purple shaded) in Enfield

Policy Context
1.13 Since the publication of the last Level 1 SFRA in 2008 there have been a number of other
policy changes as well as those cited above, the main points of these legislation and policy are
summarised here where they influence the context of this updated SFRA.
National Policy
1.14 National Planning Policy Framework
As outlined above the NPPF 1 is supplemented by a series of Planning Practice Guidance
(PPG) documents which replaced the Technical Guidance in March 2014. The PPG for Flood
Risk and Coastal Change 7 sets out the approach that local authorities should take in the
preparation of the SFRA. Namely the application of a risk-based approach to development
which performs the Sequential Test against potential site allocations. Following on from this,
where the Sequential Test is unable to deliver a sufficient number of sites the Exception Test
should be applied.
1.15 Floods and Water Management Act (2010)
One of the aims of the introduction of the Flood and Water Management Act (2010) 12
(FWMA) was to improve flood risk management coordination. The Act seeks to implement
recommendations made in the Pitt Review 13 which considered the national and local
approach and response to the exceptional flooding in the summer of 2007. The Act considers
the statutory responsibility for all sources of flooding, particularly surface water, which prior
to the implementation of the Act was not appropriately attributed.

4
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1.16 Under the FWMA 12 the London Borough of Enfield is given the status of Lead Local Flood
Authority (LLFA), and as such is granted certain responsibilities and powers with regards to
managing local flood risk from ordinary watercourses, surface water and groundwater. The
key responsibilities include:
•

Establishment and maintenance of a register of flood risk management assets, with
the ability to designate structures or features that impact on flood risk (summary
shown in Figure 4.2 below)

•

Develop, maintain, apply and monitor a Local Flood Risk Management Strategy
(LFRMS) 10 for its area of operation outlining the functions of all risk management
authorities, a series of objectives for managing flood risk and the measures which will
be undertaken to reach these objectives

•

Co-operation with other relevant authorities in the exercise of flood risk management
functions. These include Thames Water (TWUL), the Environment Agency (EA),
Transport for London (TfL), Network Rail (NR), Canal and River Trust (CRT), the
Greater London Authority (GLA) and neighbouring boroughs and authorities
(particularly those in the same catchment division (River Lee))

•

Carry out investigations of flooding incidents in the area of operation which it
becomes aware of, to an extent which is deemed appropriate based on significance
(commonly referred to as Section 19 investigations)

•

Act as a regulatory authority with control over ordinary watercourses consents
(OWC) based on applications from outside organisations

•

As of April 2015, the LLFA became a statutory consultee for ‘major’ planning
applications. Major applications are defined as “developments of 10 or more
dwellings or a development site of 1 hectare or more” in the Town & Country
Planning Order (2015) 14 However, it is recognised that minor developments have a
cumulative impact on flood risk, and therefore all developments must be considered
to include Sustainable Drainage Systems (SuDS)

1.17 The Flood Risk Regulations (2009)
The Flood Risk Regulations 15 transposed the EU Floods Directive into UK law and following
their introduction confirmed the role of LLFA for unitary councils such as London Borough
of Enfield as well as county councils. As such they required such authorities to carry out a
Preliminary Flood Risk Assessment 16 (PRFA), this high-level screening exercise was carried
out in 2011 and looked at readily available flood risk information and determined indicative
flood risk areas. The majority of the London Borough of Enfield was included as being an
indicative flood risk area as was much of Greater London. The PFRA was reviewed and
updated in 2017 17.
1.18 The Civil Contingencies Act (2004)
The Civil Contingencies Act 18 provides a single framework for civil protection in the United
Kingdom and is divided into two parts. Part 1 (Local arrangements for civil protection)
establishes a clear set of responsibilities for those involved in emergency preparation and
response at a local level. The London Borough of Enfield is a category 1 organisation and as
such has a number of civil protection duties.
1.19 Flood Risk Assessments: Climate Change Allowances (2016)
The ‘Flood Risk Assessments: Climate Change Allowances’ 8 is a guidance document
published by the Environment Agency which updated previous climate change allowances in
support of NPPF 1. It gives guidance on how Site-Specific Flood Risk Assessments (FRA)
5
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and SFRAs should apply climate change allowances in order to help minimise vulnerability
and provide resilience to flooding in the future. These were updated in 2021 and this SFRA in
prepared in accordance with these allowances. The main content of this document which is
relevant to the SFRA is included in appendix D.
Regional Policy
1.20 The London Plan (2021)
The London Plan 19 is a spatial development strategy and sets out an integrated economic,
environmental, transport and social framework for development across the 33 London
boroughs. The document is a statutory development plan for London, meaning that the
policies in the Plan should inform decisions on planning applications. The current relevant
plan policies are presented here:
1.21 Policy SI12 relates to flood risk management and states the following:
•

Current and expected flood risk from all sources across London should be managed
in a sustainable and cost effective way in collaboration with the Environment
Agency, the Lead Local Flood Authorities, developers and infrastructure providers.

•

Development Plans should use the Mayor’s Regional Flood Risk Appraisal and their
Strategic Flood Risk Assessment as well as Local Flood Risk Management Strategies,
where necessary, to identify areas where particular and cumulative flood risk issues
exist and develop actions and policy approaches aimed at reducing these risks.
Boroughs should co-operate and jointly address cross-boundary flood risk issues
including with authorities outside London.

•

Development proposals should ensure that flood risk is minimised and mitigated, and
that residual risk is addressed. This should include, where possible, making space for
water and aiming for development to be set back from the banks of watercourses.

•

Developments Plans and development proposals should contribute to the delivery of
the measures set out in Thames Estuary 2100 Plan 20. The Mayor will work with the
Environment Agency and relevant local planning authorities, including authorities
outside London, to safeguard an appropriate location for a new Thames Barrier.

•

Development proposals for utility services should be designed to remain operational
under flood conditions and buildings should be designed for quick recovery following
a flood.

•

Development proposals adjacent to flood defences will be required to protect the
integrity of flood defences and allow access for future maintenance and upgrading.
Unless exceptional circumstances are demonstrated for not doing so, development
proposals should be set back from flood defences to allow for any foreseeable future
maintenance and upgrades in a sustainable and cost-effective way.

•

Natural Flood Management methods should be employed in development proposals
due to their multiple benefits including increasing flood storage and creating
recreational areas and habitat.

1.23 Policy SI13 provides policy on sustainable drainage and states the following:
•

Lead Local Flood Authorities should identify – through their Local Flood Risk
Management Strategies and Surface Water Management Plans – areas where there
are particular surface water management issues and aim to reduce these risks
Increases in surface water run-off outside these areas also need to be identified and
addressed.
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Development proposals should aim to achieve greenfield run-off rates and ensure that
surface water run-off is managed as close to its source as possible. There should also
be a preference for green over grey features, in line with the following drainage
hierarchy:

1. Rainwater use as a resource (for example rainwater harvesting)
2. Rainwater infiltration to ground at or close to source
3. Rainwater attenuation in green infrastructure features for gradual release (for example
green roofs, rain gardens)
4. Rainwater discharge direct to a watercourse (unless not appropriate)
5. Controlled rainwater discharge to a surface water sewer or drain
6. Controlled rainwater discharge to a combined sewer
•

Development proposals for impermeable surfacing should be refused unless they can
be shown to be unavoidable, including on small surfaces such as front gardens and
driveways.

•

Drainage should be designed and implemented in ways that address issues of water
use efficiency, river water quality, biodiversity, amenity and recreation.

1.32 Draft London Regional Flood Risk Appraisal (2017)
The proposed updated London Regional Flood Risk Appraisal 21 seeks to build on the version
adopted in 2014 which included the requirement for SFRAs to use regeneration opportunities
to set back development from river edges to enable sustainable and cost effective options for
flood risk management; ensure developments at residual flood risk are designed to be flood
compatible / resilient; maximise the use of open spaces within developments to make space
for water.
1.33 The Draft appraisal includes a chapter on the ‘Spatial implications of flood risk’ for London
in relation to strategic growth locations. This chapter gives guidance on the procedure for
updated SFRAs for London Boroughs to reflect significant new data. It advises that in
updating SFRAs the following should be considered:
•

Where appropriate, take forward key recommendations into flood risk management
policies within the Local Plans

•

Use the characterisation of risk to identify areas where redevelopment could be an
opportunity to reduce flood risk. Where redevelopment is likely and capable of
contributing to a reduction in flood risk this could be achieved through relocating
buildings, improving layout and design, removing certain vulnerable land uses or
providing flood compatible open spaces

1.34 Thames river basin district river basin management plan (2016)
The Thames River Basin Management Plan 22 sets out the state of the water environment and
the pressures affecting it. It goes on to set environmental objectives in order to protect and
improve the waters in the Thames basin, resulting in a programme of measures and actions
required to achieve the objectives. The focus of investing in flood risk management
infrastructure highlights the importance of measures which, as well as reducing the risk of
flooding to homes and economy, also improve the natural environment and mitigate climate
change. The plan also highlights the importance of developing catchment partnerships to
tackle shared pressures in the water environment. The plan is due for renew beyond 2021.
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1.35 Thames Catchment Flood Management Plan (2009)
The Thames Catchment Flood Management Plan 23 provides an approach for managing flood
risk and provides key policies and actions at a catchment and sub-catchment scale. One of its
explicit aims is to inform spatial planning activities. Enfield’s setting in the Lower Lea
tributary area is described as ‘urbanised with some flood defences’. The policy for this area
recognises the protection provided by the urbanised channels and the opportunity to maintain
and improve the capacity of the floodplain to store water by making use of open spaces. It
also values the importance of utilising redevelopment opportunities to maintain the existing
open space in the floodplain, manage urban run-off, take advantage of opportunities for flood
storage and increase the resistance and resilience of buildings when redevelopment
opportunities arise. Another action includes the provision to identify locations where the
attenuation of water could demonstrate other benefits.
1.36 Recommendations from SFRAs should create the potential to reduce flood risk through
adaptation of places at risk, managing run-off and retaining open spaces in the flood plain.
1.37 London Sustainable Drainage Action Plan (2016)
The London Sustainable Drainage Action Plan 24 was published by the GLA with a main
focus on the ‘retrofitting of sustainable drainage to existing buildings, land and infrastructure’
identifying that when and where other planned maintenance, repair or improvement works are
scheduled sustainable drainage should be incorporated. The action plan identifies 40 actions
for the 5 years following 2016 in order to set a direction for sustainable drainage up to 2036.
Some of the relevant actions include:
•

Maintain a strong London Plan policy to support sustainable drainage in new
development

•

Provide strategic guidance on sustainable drainage requirements for major
development locations

•

Provide detailed Integrated Water Management Plans for specific opportunity areas

•

Produce guidance and good practice examples of sustainable drainage applicable to
all sectors (education, housing, transport, health, retail etc.)

•

Identify opportunities and funding for sustainable drainage retrofit at the same time as
planned maintenance, repair and improvement works in all sectors (education,
housing, transport, health, retail, etc)

Local Policy
1.38 Local Flood Risk Management Strategy (2016)
The Floods and Water Management Act 2010 12 placed a duty on LLFAs to produce a Local
Flood Risk Management Strategy (LFRMS) 10. This overarching strategy provides an
understanding of flood risk from all sources such as ordinary watercourses, surface water,
groundwater as well as fluvial. A set of 8 objectives are set out which aim to manage the
specific local flood risk issues, of these the most relevant to planning policy is ‘Flood Risk
and Development’ which aims to ensure that new development is safe from flooding, does not
increase flood risk elsewhere and, through the re-development of previously developed land,
reduces overall flood risk. Policies and recommendations drawn out of the SFRA should
work towards this objective. The LFRMS also highlights the importance of protecting
existing developments from increasing flood risk through measures such as delivery of
catchment measures such as flood alleviation schemes and SuDS backed up by economic
8
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assessment, which maximise the opportunity for multiple benefits. Details of this approach
and the management of flood risk to existing development is outlined later in this document.
The LFRMS is due to be updated in due course.
1.39 Surface Water Management Plan (2012)
The Surface Water Management Plan (SWMP) 25 was published in 2012 as part of Tier 2 of
the Drain London project which was coordinated by the GLA. It included modelling of
surface water, identifications of critical drainage areas (CDAs) with management scheme
options and an action plan.
1.40 Development Management Document (2014)
The Development Management Document 3 (DMD) was adopted by Enfield Council in 2014
and forms part of the suite of documents of the previous Local Plan. It includes policies for
avoiding and reducing flood risk; requirements for site specific flood risk assessments (FRA)
and drainage strategies for surface water management for all developments which must
maximise the use of SuDS to meet a set of standards; flood control and mitigation measures
to ensure developments are safe; and protection and improvement of watercourses and flood
defences associated with new developments.
1.41 Enfield Blue & Green Strategy (2021)
In late 2020 / 2021 as part of the development of the New Enfield Local Plan, Enfield Council
consulted a draft Blue and Green Strategy, this set out proposals to protect, maintain and
enhance Enfield’s network of blue and green assets. The final version of this document will
inform the emerging Local Plan policies, the key aims will be to:
•

Achieve a 25% increase in blue-green infrastructure in Enfield

•

Ensure residents can access blue and green spaces within 15 minutes walking
distance of homes and businesses

•

Make places more distinctive, healthier, attractive and culturally inclusive

•

Achieve a fierier distribution of blue-green infrastructure to overcome deficiencies

•

Create wilder, more natural spaces to enable biodiversity to thrive, support the
restoration of ecosystems and increase interest among people

•

Create a healthy water environment with increased resistance to flooding and drought

•

Provide innovative and multi-functional space and activities to meet the needs of all

1.42 This SFRA includes the following key outputs:
•

A borough flood map showing the main rivers, ordinary watercourses and Flood
Zones, including the functional floodplain, across the local authority area, as well as
the extent of the Area Action Plans in the Local Plan

•

An assessment of the implications of climate change for flood risk over an
appropriate time period in line with the Environment Agency’s latest climate change
allowances

•

Identification of areas at risk of flooding from all sources, and the management of
that risk

•

The location of any flood risk management measures, including both infrastructure
and the coverage of flood warning systems

•

Locations where additional development and land-use change may significantly
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increase flood risk elsewhere through cumulative impacts
•

Guidance on the preparation of site-specific FRAs for allocated development sites

•

Opportunities to reduce the causes and impacts of flooding

•

Recommendations on how to address flood risk in development, with information on
good practice flood risk measurement approaches including Blue Green Infrastructure
(BGI) and other types of SuDS

This information will be sufficient to allow application of the Sequential Test and inform the
Sustainability Appraisal and subsequent plan policies.
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2.0 FLOOD RISK IN ENFIELD
Geography of Enfield
2.1

Enfield is London’s northernmost borough and one of the largest by land area and population,
being home to about 330,000 people 26. It is located approximately 19 kilometres from the
centre of London.

2.2

The borough is broadly bounded by the River Lee to the east, the M25 Motorway to the north
and the North Circular Road to the south. The total land area of the borough is 8,200 hectares.
Much of the area is heavily urbanised, however there are also substantial amounts of green
space, particularly to the north-west, as shown in Figure 2.1 below. The borough flood map in
Appendix H provides a more detailed picture of the drainage network and land types within
Enfield.

Figure 2.1 The main river network (blue lines), town centres (circles) and other urban areas (shaded areas) in
Enfield

2.3

The entire borough is within the catchment of the River Lee which in turn forms part of the
River Thames catchment area. Generally, the land is drained west to east by three main river
valleys; Turkey Brook, Salmons Brook and Pymmes Brook, these are described in greater
detail in the following section.
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The lowest parts of Enfield are just 10 metres above sea level whereas some of the upland
areas exceed 100 metres in altitude. Figure 2.2 below, shows a topographical display of
Enfield. The borough can be roughly divided into two halves: the low-lying, fairly flat swathe
of the Lee valley running down the eastern side and the more hilly areas that make up the
western half.

Figure 2.2 Digital Terrain Model of Enfield, developed using Lidar data; low to high altitudes (10 mAOD to greater
than 100 mAOD) range from light to dark

2.5

The whole of Enfield sits above the London Clay formation, this precludes infiltration of
rainwater through to the confined Chalk aquifer below. There are however substantial drift
deposits distributed around the borough, notably Dollis Hill gravels to the inter-fluvial zones in
the west and river terrace deposits of Enfield Silt and Kempton Park Gravel in the Lee valley.
Unlike the London Clay formation, these deposits offer varying degrees of permeability and
hence act as buffer between rainfall and the surface water drainage network. Figure 3.6 in the
following chapter shows the distribution of these deposits throughout the borough.

2.6

The average annual rainfall in London is just below 650 mm. This is about three times less
rainfall than in some of the wettest parts of the UK, as shown by Figure 2.3 below. This chart
demonstrates the average monthly rainfall recorded at a weather station in Greenwich,
London between 1971 and 2000 compared with that recorded by a rainfall gauge in
Kinlochewe, Scotland during the same period. The data for Kinlochewe demonstrates a far
greater seasonal variation in rainfall than that recorded in London. Though October is the
single month with the highest average rainfall in London, in general the summer months
experience roughly the same amount of rainfall as those in the winter.
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Figure 2.3 Average monthly rainfall in millimetres recorded at weather stations in Greenwich, London and
Kinlochewe, Scotland between the years 1971 and 2000 27

2.7

In the south-east of England flooding is just as likely to occur in the summer as it is in the
winter, this is due to the increased likelihood of thunderstorms which can deliver high
quantities of water in storms of relatively short duration. The combination of extensive manmade surfaces and impermeable soils in Enfield mean that local rivers respond rapidly to
rainfall and are liable to sudden flooding.
Catchment Areas of Main Rivers in Enfield

2.8

The extent of Enfield in relation to the River Lee catchment and boundary of London is
shown in Figure 2.4 overleaf. The catchment areas of the main rivers that drain Enfield are
shown in Figure 2.5 on the following page.

2.9

River Lee – Most of the Lee catchment is outside London and drains a large, mainly rural
area. Consequently, the response time of the River Lee to extreme rainfall events will be
much longer and slower than those of the local rivers that drain most of Enfield. Because of
this, floods on the River Lee will also be more prolonged.

2.10 The Lee catchment area covers over 140,000 hectares. The geology of the Upper Lee is
mainly Chalk, whereas the Lower Lee is almost exclusively London Clay. Enfield is located
in the Lower Lee catchment. Some areas of the Upper Lee catchment have well drained soils,
but generally the soils are only slowly permeable.
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Figure 2.4 The catchment area of the River Lee (dotted line), with the boundaries of Enfield and London
superimposed (thick solid lines), the River Thames is also shown (thin solid line)

2.11 Salmons Brook – Brimsdown Ditch, Saddlers Mill Stream and Houndsden Gutter are all
tributaries of Salmons Brook. The Brimsdown Ditch catchment is a flat, heavily urbanised
area within the Lee valley drained almost entirely by artificial means. The river itself is
largely culverted or channelised, it runs through the south-east corner of this area and outfalls
to Salmons Brook close to where it crosses Meridian Way.
2.12 Saddlers Mill Stream rises out of the sewerage system beneath Enfield Town and runs southeast for several kilometres before outfalling to Salmons Brook at Montagu Road. This is
another highly urbanised catchment, over 90% of the watercourse has been culverted.
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2.13 The Houndsden Gutter catchment is also largely urbanised and much of the river is culverted.
Even so there are significant stretches of open watercourse running through this
comparatively steep catchment. The watercourse drops by around 60 metres in altitude from
its origins north of Southgate to its confluence with Salmons Brook about 4 kilometres
downstream.

Figure 2.5 The catchment areas of the main rivers in Enfield

2.14 The entire Salmons Brook catchment covers an area of about 4,170 hectares. The river rises
in agricultural land just outside the western boundary of the borough and runs through open,
fairly natural channels over London Clay and gravel beds for several kilometres. As it enters
more urban areas the river passes through a series of culverts before meeting Pymmes Brook
south of the North Circular Road. The proportion of urban extent for the whole catchment is
35%.
2.15 Pymmes Brook – The Pymmes Brook catchment covers a total area of 4,230 hectares with an
urban extent of 44%. The river rises just outside Enfield in Barnet and flows through Hadley
Wood before passing out of the borough, this upstream section is often referred to as Monken
Mead Brook. It re-enters Enfield at New Southgate and flows eastwards towards the River
Lee, picking up Bounds Green Brook along the way. The Moore Brook, an urbanised ‘lost’
watercourse, flows through the lower part of the Pymmes Brook catchment, this watercourse
runs for approximately 2.5km and joins Pymmes Brook south of Pymmes Park. The Pymmes
Brook catchment geology and soil types are similar to those of the Salmons Brook catchment.
Pymmes Brook is more heavily engineered, passing through almost 2 kilometres of culvert
and over 4 kilometres of concrete lined channels.
2.16 Turkey Brook – Turkey Brook drains a more rural catchment with an urban extent of just
4%, the total area is 4,170 hectares. The geology is London Clay with significant sections of
gravel, soils are generally slowly permeable and subject to some seasonal water-logging. The
source of Turkey Brook lies just outside the northern boundary of Enfield. Much of the
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catchment is drained by Cuffley Brook, this tributary rises 5 kilometres to the north of Enfield
and flows through mainly agricultural land to its confluence with Turkey Brook in
Whitewebbs Park. Turkey Brook then flows eastwards to the meet the Small River Lee near
Enfield Lock.
2.17 Small River Lee – This catchment covers a small area of Enfield towards the north-east
corner of the borough. It is a significant catchment however covering a total area of 3,400
hectares. The catchment is largely rural with London Clay geology and slowly permeable
soils.
Sources of Flooding
2.18 Flood risk is a combination of the probability of flooding and the consequence of flooding.
Strategies for reducing the probability of flooding may involve provision of additional storage
for floodwaters or increasing channel capacity for the enhanced conveyance of floodwaters.
Options for reducing the consequence of flooding include the creation of emergency plans to
be implemented during flood events, the adaptation of properties to make them resilient to
flooding and the removal of properties from the floodplain.
2.19 Flooding may arise from a number of different sources:
•

Main rivers

•

Tidal flooding

•

Groundwater

•

Ordinary watercourses

•

Surface water runoff

•

Sewers

•

Reservoirs

•

Other artificial sources

2.20 Fluvial flooding refers to flooding from rivers, caused by overtopping or breaching of their
banks or defences. A degree of flood protection is provided by the capacity of the river
channels, when the flow exceeds the capacity of the channel the water level will rise until the
banks are overtopped and overland flows inundate the surrounding area. The capacity of the
channel to convey water depends on several characteristics including its cross-sectional area,
longitudinal fall and the roughness of the channel bed and sides. Breaching of a flood wall or
embankment can lead to far more severe incidences of fluvial flooding. Once the defence in
question has failed the area behind it can become rapidly inundated with flood waters,
inundation of the floodplain due to overtopping is comparatively gradual and more
predictable.
2.21 Tidal flooding refers to flooding from the sea. Though some of the lower reaches of the River
Lee, near its confluence with the River Thames, are tidal, Enfield is sufficiently far inland not
to be at risk from this type of flooding.
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2.22 Groundwater is broadly defined as water that has infiltrated the ground surface into layers of
rock or earth that are capable of bearing significant quantities of water. These include sand,
gravels and also heavily fissured rocks such as chalk. Ground-water flooding is caused by
groundwater permeating back above ground level, this often occurs following prolonged
periods of above average rainfall. Groundwater flooding can last for weeks and tends to
happen in late winter when the water table is at its peak. It can also be caused by poor
drainage or interference with the natural flow paths that exist in water bearing strata.
2.23 Surface water flooding refers to generally localised flooding events caused by surface runoff
of rainwater before or soon after it has entered the local drainage network. The local drainage
network includes highway drainage infrastructure, public sewers and private drains which
outfall to main rivers and ordinary watercourses. Flooding may occur because of the
operational failure of engineering infrastructure such as pumping stations, outfall flap valves,
grilles, culverts and underground pipes. Such failures are by their nature fairly random and
therefore unpredictable. These types of failures may occur due to a number of reasons
including poor design, inadequate maintenance and improper operation. A common example
is for highway gullies to become blocked following seasonal leaf fall. This type of failure can
also exacerbate or even cause fluvial flooding. Typically during storm events large items of
debris such as branches are washed down from higher up the catchment and become lodged at
locations where the channel is restricted in some way, such as culverts.
2.24 Highly localised flooding can also be caused by intense convective storms of short duration,
generally occurring in the summer. In urban areas of largely impermeable surfacing the
intensity of the rainfall can lead to runoff conditions which can temporarily overwhelm the
local drainage network causing flash flooding. Examples of this type of flooding can have
dramatic consequences, it is estimated that during the summer 2007 floods, five times as
many homes and businesses in places like Hull were flooded by overflowing drains and
sewers as were affected by river flooding 28. In upland areas with relatively steep catchments
surface water can cause fairly severe floods over a small area. In lower-lying areas these
floods are generally distributed over a wider area and consequently the effects are less
concentrated.
2.25 The combined effects of increased urbanisation and climate change mean that flood risk is
likely to rise in the foreseeable future. Increased urbanisation is caused by two separate
effects. Urban creep is the process whereby the impermeability of an urban area increases
over time, due to modifications to individual properties 29, examples include the construction
of extensions and conversion of lawns to patios and driveways. Additionally the
development of greenfield sites to accommodate the pressures of residential and commercial
demands also leads to an increase in impermeable ground surfacing. Increases in
impermeable surfacing will lead to increased surface water runoff and consequently greater
risk of flooding in the local area and further down the catchment.
2.26 For the UK, projections of future climate change indicate that more frequent short-duration,
high-intensity rainfall and more frequent periods of long-duration rainfall can be expected 8.
These scenarios indicate that drainage systems will become increasingly stressed, both for
fluvial flooding and localised flash flooding.
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History of Flooding in Enfield
2.27 Major flooding of the Lee and many of its tributaries in 1947 led to the construction of the
River Lee Flood Relief Channel, which became operational in 1976 30. There has been no
flooding on this scale since although the flood relief channel almost reached full capacity in
1987, 1993 and 2000. Severe flooding of the Salmons Brook catchment in the vicinity of
Montagu Road in December 2000 caused widespread damage to property. Over the last 40
years there have been several incidences of fluvial flooding around the borough as well as
numerous incidents of localised surface water flooding. Recorded incidents of surface water
flooding, and other non-fluvial types of flooding, are described in the following chapter.

Figure 2.6 Historical flood outlines for main river flooding in Enfield since 1947

2.28 Figure 2.6 demonstrates the outline of historical flood events recorded by the Environment
Agency, or their predecessors, over the last seven decades. Notably, about half of all fluvial
flood events recorded in Enfield have occurred during the summer period. In most of the
borough, the extent of recorded flood inundation matches the areas shown to be at risk of
flooding by the Environment Agency Flood Zone outlines shown in Figure 3.1.
2.29 Figure 2.6 does not show historical flooding in the Pymmes Brook valley, even though
significant flooding is known to have occurred in this area in the past. This is due to a lack of
available records. The Environment Agency Flood Map and the calibrated direct rainfall
model described later in this report show that extensive areas of the Pymmes Brook
catchment are subject to flood risk.
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STRATEGIC ASSESSMENT OF FLOOD RISK
General Methodology

3.1

This SFRA uses data from a wide range of sources including model outputs from several
separate hydraulic models, as described in Tables 3.1 and 3.2. The models provide results
for a number of different return periods and include the latest climate change allowances.
The outputs have been considered alongside the Environment Agency Flood Maps (“Rivers
& Sea” and “Risk of flooding from Surface Water”). This information will be sufficient to
allow application of the Sequential Test described in PPG 7.
Data Collation and Review

3.2

Table 3.1 describes the data that have been analysed as part of this assessment.
Information

Source

Main river maps

Environment Agency

Flood Map for Planning (Rivers & Sea)

Environment Agency

Historical flood outlines

Environment Agency

Lee Hydrology and Mapping Study

Environment Agency

Groundwater flooding records

Environment Agency

Spatial flood defences

Environment Agency

Risk of Flooding from Surface Water (RoFSW)

Environment Agency

Flood Risk Assessments: Climate Change Allowances

Environment Agency

National Flood Risk Assessment (NaFRA)

Defra

Draft Regional Flood Risk Appraisal (RFRA)

Greater London Authority

Lower Lee Flood Risk Management Strategy

Environment Agency

Thames Catchment Flood Management Plan

Environment Agency

Canal & River Trust flooding records

Canal & Rivers Trust *

Sewer flooding records

Thames Water

Modelled capacity of sewerage network

Thames Water *

Ordinary watercourse maps

London Borough of Enfield

Local flood records

London Borough of Enfield

Public Register of Reservoirs

Environment Agency

Digital Terrain Model (Lidar)

Environment Agency

Database of flood warning systems

Environment Agency

Database of flood storage assets

Thames Water

Geological and soil maps

British Geological Society

Table 3.1 Data collated and reviewed for the SFRA (* these sources of information were considered but are not
available at the time of writing)
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Table 3.2 shows the hydraulic models that have been used to assess flood risk in the main
catchments that cover Enfield (refer to Figure 2.5) for the SFRA. The results from these four
models have been integrated to form a combined borough flood map (hereafter referred to as
the “combined model”. The direct rainfall models produced for Salmons Brook and Pymmes
Brook catchments have been separated into fluvial and pluvial outlines, whereas the Turkey
Brook and River Lee catchment models do not include pluvial simulations, the treatment of
this is covered later in the report. The modelled extents represent the undefended scenarios.
Catchment

Hydraulic Model

Fluvial /
Pluvial

Approved

Turkey Brook

Tuflow model prepared for the
Turkey Brook Flood Alleviation
Scheme (BMT, November 2019)

Fluvial only

2019

River Lee (including Small River
Lee)

Tuflow model prepared for the
Meridian Water Flood Risk
Assessment (Arup, March 2020)

Fluvial only

2020

Salmons Brook (including
Houndsden Gutter, Saddlers Mill
Stream and Brimsdown Ditch)

Direct rainfall Tuflow model
prepared for the Enfield SFRA
(Edenvale Young, 2021)

Fluvial /
Pluvial

2021

Pymmes Brook

Direct rainfall Tuflow model
prepared for the Enfield SFRA
(Edenvale Young, 2021)

Fluvial /
Pluvial

2021

Table 3.2 Model data used to create the combined model for the Borough Flood Map

Fluvial Flooding
3.4

By identifying areas at risk of fluvial flooding the Environment Agency Flood Map for
Planning (Rivers and Sea) provides the basis for application of the Sequential Test. Four
Flood Zone categories are described in Table 1 of the PPG (as shown in Appendix E):
•

Zone 1 Low Probability

•

Zone 2 Medium Probability

•

Zone 3a High Probability

•

Zone 3b The Functional Floodplain

Flood zone 1 comprises land assessed as having a less than 1 in 1000 annual probability of
river flooding in any year (<0.1%) and is therefore not exposed to any practical risk of fluvial
flooding. Flood Zone 2 is the land assessed as having between a 1 in 100 and 1 in 1000 annual
probability of river flooding in any year (1% – 0.1%). This means that such an area will on
average flood one or more times in a 1000-year period of time. Flood Zone 3 comprises land
assessed as having a 1 in 100 or greater annual probability of river flooding (>1%) in any year,
this zone has been split into two parts, 3a and 3b.
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Figure 3.1 Environment Agency Flood Zones 2 and 3
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Figure 3.2 Fluvial combined flood model (1 in 100 year) & (1 in 100 year + 17%) output overlaid on EA Flood Zone 3
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Figure 3.3 Fluvial combined flood model (1 in 100 year) & (1 in 100 year + 17%) & (1 in 100 year + 27%) output overlaid on EA Flood Zone 3
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Figure 3.4 Areas of significant increase in risk posed due to 1 in 100 year + 70%
23

New Enfield Local Plan 2041: Level 1 Strategic Flood Risk Assessment

London Borough of Enfield

Figure 3.5 London Borough of Enfield Flood Zone 3b (Functional Floodplain)
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3.5

Flood Zone 3b is defined as the functional floodplain, this is land where water has to flow or
be stored in times of flood. PPG 7 suggests that the functional floodplain should be identified
by taking into account local circumstances and not be defined solely on rigid probability
parameters. However it is also stated that land which would naturally flood with an annual
probability of 1 in 20 (5%) or greater in any year, or is designed to flood in an extreme flood
such as 1 in 1000 (0.1%) annual probability is an acceptable starting point for identifying the
functional floodplain (Flood Zone 3b). Another factor that should be taken into account in the
consideration of the functional floodplain is the effect of defences and other flood risk
management infrastructure. As such an area which would naturally flood at the 1 in 20 annual
probability but is protected by existing defences and infrastructure should be omitted from the
functional flood plain, by the same rule, an area which has been modified so that it can flood
for extreme events in order to protect communities downstream should be safeguarded by
identification within the functional floodplain. Analysis of the predicted flooding for an event
of this probability suggests that this is a reasonable basis on which to define the functional
floodplain for the London Borough of Enfield. In order to further take into account climate
change it is also suggested that the functional floodplain will be designated to existing open
space areas with a 1 in 100 year AEP (+17% allowance for climate change).

3.6

In line with the approach described the Functional Floodplain (Flood Zone 3b) for Enfield is
defined as covering:
• Undefended land assessed as having a 1 in 20 or greater annual probability of fluvial
flooding (>5%) in any year (as defined by the Environment Agency Flood Map for
Rivers and Sea)
• Any undeveloped open space land assessed as having a 1 in 100 (+17% climate
change allowance) of fluvial flooding in any year (as defined by the SFRA direct
rainfall modelling)
• Land which is designated and designed to flood as part of local flood alleviation
schemes
This area is shown on the Borough Flood Map in Appendix H and Figure 3.5. It is felt that this
approach adequately takes into account climate change aligned to the approach as set out in the
Environment Agency Climate Change Allowances 8 . It also recognises the fact that the main
river network of Enfield has been engineered in parts and therefore disconnected from the
natural floodplain, therefore safeguarding other open areas which are modelled to flood for the
1 in 100 year (+17%) event compensate for this loss.

3.7

As the Environment Agency Flood Zones do not take the possible impacts of climate change
into account, the updated models described in Table 3.2 have been used to evaluate potential
changes in the future probability of flooding. This has been done in accordance with the
Environment Agency Guidance for Flood Risk Assessments 8 which provides the probability
scenarios and allowances to be applied. These hydrodynamic flow models are based on the
Flood Estimation Handbook 31 methodology in conjunction with a digital terrain model to
predict flood flows and the extent of the floodplain across the catchment area. In general, the
Flood Zones are based on undefended flood outlines, which do not include the impact of flood
defences. The exceptions include Flood Zone 3b, which is takes into account defended flood
outlines, and Flood Zone 2, which also includes the full extent of the Environment Agency’s
historical flood records

3.8

As the Flood Zones are based on undefended flood outlines, they could be considered to
represent a hypothetical worst-case scenario. However, it should also be noted that the Flood
Zones assume that all conveyance channels and drainage systems are 100% operational when
in practice many flood events are associated with operational failures such as blockages –
especially to highly vulnerable infrastructure such as culverts. Consequently, the Flood Zones
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may not always represent a reasonable worst-case scenario. This issue is considered further in
chapter 5.
3.9

Recommendation
5

The borough flood map in Appendix H shows the extents of all the Flood Zones in the London
Borough of Enfield including the functional floodplain. It also shows the locations of the Area
Action Plans that are to be prepared as part of the Council’s Local Plan. These are also shown
in Figure 1.1 in the first chapter while Figures 3.1 to 3.5 on the previous pages indicate the
areas that are at risk of fluvial flooding. In the absence of a list of allocated development sites,
the Area Action Plans offer the best indication of where future development is likely to occur.

3.10 A proposal of this SFRA is that where updated modelling has been carried out in accordance
with the latest climate change guidance that this should be adopted as the flood zone to be
applied for site allocation and flood risk assessment process. A difference in this approach
from the Environment Agency Flood Zones are that they include flood extent coverage for
Saddlers Mill Stream and Moore Brook, which are ordinary watercourses. The rationale for
this is discussed below in paragraph 3.15. Coverage of the model can be seen in Figures 3.2
and 3.3. As a starting point for this flood zone 3 would be represented by the central allowance
applied to the 1 in 100 year (+17% climate change allowance) return period. Where there are
any gaps in the modelling, the Environment Agency Flood Zones would take precedent, such
as the upper reaches of Turkey Brook and its tributary Cuffley Brook. The modelling will also
be used to refine the coverage of Flood Zone 3b to cover parks and open spaces which are
designed to flood (such as constructed wetlands), along the lines of the approach outlined in
paragraphs 3.5 and 3.6.
3.11 Further to this analysis Figure 3.3 shows the flood modelling results using previous climate
change allowances with the upper end allowance category applied of 1 in 100 (+70%) to
illustrate the worst-case future risk scenario. In order to show areas where there is a significant
increase in risk between the 1 in 100 year (+ 35%) and (+70%) scenarios, Figure 3.4 shows the
extent of land with a 1 in 100 (+70%) in isolation, this serves as a guide for aiming to design
for this event to account for the significant increase in risk by incorporating flood resilient and
resistant design discussed later in this report.
3.12 Analysis of the Flood Zone maps across the borough reveal that the areas at risk of flooding
are primarily in the Lee valley. During pre-industrial times this whole area would have been
natural functional floodplain. The river channels and surrounding landscape have now been so
extensively engineered that most of the valley is fairly well defended. The standard of
protection of the existing flood defences on the Lee and its tributaries is generally above 2%
annual probability of failure but is as low as 5% in some areas 30.
3.13 Consequently, the functional floodplain in Enfield is mainly restricted to green spaces outside
the Lee valley, including Enfield Golf Course, Whitewebbs Park, Firs Farm Wetlands, Arnos
Park and other constructed wetlands. There are however significant areas of existing
residential and commercial developments within Flood Zones 2 and 3, particularly in the
south-east corner of the borough. It is critical that the relevant local planning authorities for
the areas of the Lee catchment upstream of Enfield work in partnership with the Environment
Agency to ensure that flood risk in the Lee valley is not increased in the future by the
inappropriate development or intensification of sites.
3.14 There are considerable stretches of land within the Central Leaside, North East Enfield and
North Circular Area Action Plans that are at risk of flooding. As these areas consist largely of
existing brownfield sites, future developments will present opportunities to substantially
reduce flood risk, both on site and in the surrounding areas. The updated model refines the data
available regarding flood risk and emphasises the flood risk in river corridors primarily the Lee
Valley and particularly in the south-east of the borough at the confluence of main rivers.
Where the requirement is identified as part of the Sequential Test, these locations will be
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analysed more thoroughly in the increased scope Level 2 SFRA mentioned previously.

Recommendation
5

3.15 An ordinary watercourse is a passage through which water flows, such as a stream, ditch or
drain, that does not form part of a main river. Prior to the introduction of the Floods & Water
Management Act (2010) the Environment Agency identified all ordinary watercourses that
could be considered to place large numbers of people and property at risk of flooding and
classified them as full main rivers. Most remaining ordinary watercourses are therefore
deemed to represent local flood risk, rather than wide-scale flood risk, and have therefore been
considered together with surface water flooding. The exceptions are the Moore Brook and
Saddlers Mill Stream (the upper part of the catchment in the Enfield Town area is an ordinary
watercourse, not a main river). As these two ordinary watercourses are associated with welldefined flood extents that impact a significant area it is proposed to treat them as fluvial flood
risk and include their flood outlines in the Flood Zones. It is proposed that this allocated flood
zone associated with these watercourses are treated in the same way as the wider flood zones
for planning purposes.
Groundwater Flooding
3.16 As described previously, groundwater flooding is caused by subterranean water that flows
back above ground, this occurs at the point where the water table meets the surface.
Groundwater flooding will only occur in or near areas where the underlying rocks and soils are
capable of transporting significant quantities of water. Figure 3.6 shows the areas of Enfield
where drift deposits of sands, gravel and other alluvial materials are present at or near the
surface. The remaining areas of the borough are London Clay and are therefore impermeable
to water infiltration.
3.17 Figure 3.7 also shows the locations of groundwater flooding incidents that have been recorded
by the Environment Agency and Enfield Council in the last 10 years.

Figure 3.6 Bedrock and superficial deposits in Enfield with locations of groundwater flooding incidents
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3.18 Although there have been a wide number of incidents, few of these have affected more than
one or two properties. In some cases, it is not clear that groundwater flooding is directly
responsible, for example leaking water mains or poor drainage can create flooding issues
which may superficially appear to be caused by groundwater. However, there are a significant
number of incidents that can be directly attributed to groundwater flooding, these can be
broadly divided into two categories.
3.19 The first group concerns areas in the upland parts of the borough that lie on the slopes of the
relatively steep catchments where outcrops of Dollis Hill Gravel sit above the impermeable
London Clay. Rainwater infiltrates the ground in these elevated areas and percolates through
the topsoil down to the highly permeable gravels below. This downward flow of water is
impeded by the clay which forms an impenetrable barrier, the groundwater then flows
horizontally through this zone of saturated gravel using well established flow paths. These
gradually lead it downhill until it springs out above the ground at the interface of the clay and
gravel formations. These springs feed watercourses which form part of the above ground
drainage network, one apparently small spring may drain quite a large area of hillside gravels.
They are unlikely to cause problems except in times of prolonged above average rainfall when
excess groundwater can cause springs to appear in places that are normally dry.
3.20 Groundwater flooding incidents close to the interface of permeable and impermeable strata in
the inter-fluvial upland areas account for more than half of all recorded groundwater flooding
events, these are often referred to as “perched groundwater” flooding. As there are many
shallow gravel deposits across the borough, perched groundwater flooding can be
unpredictable unless a detailed ground investigation and seasonal groundwater flow
monitoring has been conducted. Some recent incidents of groundwater flooding can be directly
linked to the construction of buildings nearby which have been designed with wide, deep strip
foundations or basements. This has led to water unexpectedly emerging from the ground
surface at nearby locations, whereas had piled foundations been employed the natural
groundwater flow paths would have been relatively unaffected.
3.21 The second grouping concerns areas in the main river valleys where thick beds of alluvial
sands and gravels have been laid down over the millennia, these are generally permeable and
extend up to 10 metres in thickness providing significant storage volume for groundwater.
These mini aquifers are hydraulically connected to the rivers they run alongside and can
therefore be quite responsive to rainfall events. The height of the water table in these fluvial
zones generally does not vary over a wide range as it is typically controlled by the water level
in the adjacent river. Nevertheless, during periods of intense rainfall, the already near surface
water table may rise further causing water to permeate above the ground.
3.22 The Environment Agency map of Areas Susceptible to Groundwater Flooding relates to this
type of flooding, see Figure 3.7 below. This type of groundwater flooding can be significant
for properties with basements on permeable sub-soils, often close to watercourses, where
groundwater is near the surface. However, as most recorded groundwater flooding incidents in
Enfield are related to “perched groundwater” flooding, the Areas Susceptible to Groundwater
Flooding map has very poor correlation with these historical events and is not considered to be
representative of groundwater flood risk in Enfield.
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Figure 3.7 Areas Susceptible to Groundwater Flooding overlaid with indicative groundwater flood risk areas and
locations of groundwater flooding incidents

3.23 An indicative groundwater flood risk map has been produced and is shown in Figure 3.7. This
outline is based solely on geological data and shows the extent of the permeable strata across
Enfield that are considered capable of carrying significant quantities of water and therefore
creating a risk of groundwater flooding. These layers are the Dollis and Boyn Hill Gravels,
Kempton Park Gravel, Taplow Gravel and the River Terrace Deposits.
Recommendation
10

3.24 Consideration has been given to defining an area of indicative groundwater flood risk as
shown in Figure 3.7. As many recorded groundwater flooding incidents have occurred outside
the permeable strata, but close to the interface between these strata and the impermeable
London Clay formation, a comparison of the percentage of groundwater flood incidents and
overall percentage of the borough’s land area has been carried out for a range of offset
distances from the permeable-impermeable geology interface, as shown in Table 3.3 below.
Extent of indicative
groundwater flood risk area
based on offset from
permeable-impermeable
interface

Percentage of groundwater
flood incidents

Percentage of total borough
land area

100m

66

55

200m

85

69

300m

92

79

Table 3.3 Groundwater flooding incidents distribution related to extent of indicative groundwater flood risk area
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3.25 Although the percentage of groundwater flood incidents recorded is higher than the total land
area for each of the different extents considered, it is only slightly higher and there are still a
significant number of observed groundwater flooding incidents outside of these areas. This
could because of the impact of made ground, buried infrastructure or other unknown factors.
It is therefore considered that groundwater flood risk cannot reliably be based on geological
data and that any measures to manage groundwater flood risk should be applied equally across
the borough, regardless of the underlying geology. This includes carrying out Groundwater
Flood Risk Assessments for any development involving useable space below ground, such as
basements and underground car parks and the extension, or change of use, of existing
basements. Groundwater flood risk assessments should be carried out using the methodology
described in paragraph 5.15.
3.26 As the impact of groundwater flooding is relatively low, for developments proposed in
groundwater flood risk areas that do not involve the creation of useable space below ground,
the following mitigation measures may be appropriate:
•

Using piled foundations rather than other methods that may impede groundwater flows

•

Designing the development layout to avoid construction or extensions of basements in
areas of likely groundwater flooding

•

Flood proofing to limit the potential impact of groundwater flooding

The LLFA are able to provide advice on appropriate construction techniques that limit possible
disturbance to natural groundwater flow paths and other mitigation measures.
Surface Water Flooding
3.27 The Environment Agency’s Risk of Flooding from Surface Water (RoFSW) flood map
provides an indication of the scale and distribution of surface water flood risk. The mapping
was produced at a national scale and consequently does not always represent local flood risk
accurately. To enhance this mapping, Enfield have developed direct rainfall modelling (as
mentioned previously in paragraph 3.3). In 2012 Enfield’s Surface Water Management Plan
(SWMP) 25 and a series of subsequent surface water studies identified Critical Drainage Areas
across the borough, where surface water flood risk is considered to be most significant. The
direct rainfall modelling has been calibrated by reviewing these studies and comparing the
outputs with a number of historical extreme rainfall and flood events. Currently this exercise
has only been carried out for the Pymmes Brook and Salmons Brook catchments. As the
direct rainfall modelling is considered to be superior to the national RoFSW mapping it is
proposed to use the outputs from the direct rainfall modelling for Enfield’s surface water
flood map in the Pymmes Brook and Salmons Brook catchments. In other areas of the
borough, the Turkey Brook and River Lee catchments, the RoFSW maps will be used for
surface water flood risk. Figures 3.8 and 3.9 below shows the comparison of the two data sets
described here. Enfield has recently been part of the first phase of the London Strategic SuDS
Pilot, further phases of this project may include an Enfield wide SuDS study with associated
surface water modelling which would seek to further refine the output associated with surface
water flood risk.
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3.28 The map in Figure 3.8 below shows the RoFSW outputs overlaid with Enfield Council’s
records of historical flooding. Although it is useful to compare historical records with the
outputs from models it should be noted that many of these records relate to minor highway
flooding events relating to operational failure of drainage features, such as individual
drainage gullies, rather than extreme rainfall events that could cause widespread flooding.
Consequently, a significant proportion of these records do not align with the outputs from the
surface water modelling. Many of these issues have subsequently been addressed by carrying
out small drainage improvements such as enhancing drainage capacity, creating designated
overland flow routes or providing flood storage in the form of rain gardens and other SuDS
measures. Even where alleviation measures have been implemented, a degree of residual risk
remains, hence their inclusion in this analysis. These incidents demonstrate the importance of
regular routine and long-term maintenance.

Recommendation
25

3.29 The potential for surface water to cause widespread flooding during extreme rainfall events is
of much greater concern than frequent but minor flood incidents. Urban drainage systems
have historically been designed to provide what would now be considered a relatively low
standard of protection – typically in the order of a 1 in 30 year flood event though as many
parts of Enfield’s drainage system was designed and constructed in the early 20th century the
standard provided can vary significantly. The protection offered against flooding has been
reduced further in recent years by two key factors:
•

Urban creep – the process where the impermeability of an urban area increases over
time due to new buildings and large numbers of minor modifications to individual
properties such as extensions and the conversion of lawns to patios and driveways

•

Climate change – leading to increased risk of intense rainfall

During extreme rainfall events the drainage system is overwhelmed leading to overland flows
and ponding. Locations that are vulnerable to flooding are typically defined by a combination
of local topography and built infrastructure – raised embankments, walls and buildings can all
impact the flow routes and exacerbate the depth of surface water flooding. During storms,
carriageways can serve to channel overland flows, intensifying the risks. Methods of
counteracting these effects are discussed in chapters 4 and 6.
3.30 In many cases surface water flood flows follow the routes of historical watercourses. There
are also many situations, particularly in the eastern half of Enfield, which is generally flatter,
where overland flow routes imposed by built infrastructure dominate. The deepest flooding is
caused where embankments cross over historical river valleys – as where London Road
crosses over Saddlers Mill Stream. In both cases surface water flooding is far more widely
distributed than fluvial flooding. Even so its impact is considered to be less severe than
fluvial flooding because the areas flooded are smaller in extent and are flooded for a shorter
period of time.

31

New Enfield Local Plan 2041: Level 1 Strategic Flood Risk Assessment

London Borough of Enfield

Figure 3.8 Extent of Environment Agency Risk of Flooding from Surface Water (1 in 100 year)
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Figure 3.9 Extent of Environment Agency Risk of Flooding from Surface Water (1 in 100 year) overlaid with pluvial direct rainfall modelling for Salmons and
Pymmes catchments
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Sewer Flooding
3.31 The public sewerage network in Enfield is managed by Thames Water. The system is
predominantly separated into foul and surface water sewers, although there are a small
number of combined sewers. The surface water network forms a key part of the overall
drainage network in Enfield and is closely integrated with highway and private drainage
systems, ordinary watercourses and main rivers. In general, surface water sewers collect
runoff from areas of hard standing such as highways and building roofs and transport it below
ground through a network of pipes before discharging into main rivers or ordinary
watercourses.
3.32 The foul sewerage network is largely built alongside the surface water network, though it
does not always stay within the main river catchment boundaries. Foul sewers in Enfield
outfall to large, deep trunk sewers in the Lee valley which transport the waste to Deephams
Sewage Treatment Works near Picketts Lock on the Lee Navigation.
3.33 Table 3.4 presents a record of the number of properties flooded due to overloading of the
sewerage network in the last 20 years, this data was collected by Thames Water. This dataset
indicates that sewer flooding does not represent a significant risk to properties in Enfield. On
average each year 4 properties have been flooded due to overloading of the sewerage
network.

Figure 3.10 Areas where sewer flooding has affected properties in the last 20 years
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Total

Surface Water

Foul Water

Combined

EN1 1

2

0

2

0

EN1 3

1

0

1

0

EN2 0

1

0

1

0

EN2 6

4

0

4

0

EN2 7

2

0

2

0

EN3 5

1

0

1

0

EN3 7

3

0

3

0

EN4 0

1

1

0

0

N9 0P

1

0

1

0

N9 9S

1

0

1

0

N11 2

1

1

0

0

N13 4

15

1

14

0

N13 5

8

0

8

0

N14 4

3

1

0

2

N14 6

1

0

1

0

N18 1

4

1

3

0

N18 2

3

0

3

0

N21 3

1

1

0

0

Table 3.4 Number of properties flooded by overloaded sewers in the last 20 years

3.34 Around 80% of these events are attributed solely to foul water sewerage. Although foul sewers
are not designed to receive rainfall runoff it is often the case that they do respond to rainfall, this
can be caused by groundwater ingress or cross-connections between surface water and foul sewers
– in these situations foul sewers are highly vulnerable to flooding because they do not have the
capacity to carry these extra flows which, during storm events, can easily exceed their design
capacity.
3.35 Cross-connections also cause issues during dry periods when foul water can leak into the surface
water network leading to widespread pollution of urban rivers. There are estimated to be 100s, if
not 1000s, of cross-connections across the borough. Where such incidents are identified it is
critical that appropriate remedial works are carried out by the responsible party, this may be
Thames Water, but it is often a private landowner, depending on the location of the crossconnection. It is critical that the relevant authority continue to carry out regular inspections and
maintenance as required and address other causes of flooding as necessary.
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3.36 Effective maintenance is especially critical for flood alleviation schemes that provide storage for
flood waters during storm events and reduce the likelihood of sewers surcharging and causing
overland flows. Although these assets may function relatively infrequently, when they are
employed, they carry out a critical role. If neglected, underground storage tanks and other similar
features may lose their ability to function effectively, for example underground storage tanks may
fill up with silt reducing their capacity to store flood flows. Consequently, a regular inspection
regime is required to ensure that critical assets are in satisfactory condition. Storage also
contributes to reduced fluvial flood risk downstream. Significant sewer storage features are
included on Enfield’s Local Flood Risk Management Asset Register which is held by the LLFA
and includes details about ownership and condition, a summary of these assets is shown in Figure
4.2 below and Appendix J.
3.37 Regarding new developments, it is essential that all proposed locations are assessed to ensure
adequate capacity exists within both the on and off-site network. Due to the complexities of the
foul and surface water sewerage networks, and the unknown nature of potential developments at
this time, it is not possible to accurately assess areas which may be affected by flooding as a result
of future development. Thames Water may require that detailed analysis is carried out to identify
infrastructure requirements and ensure sustainability once the location and scale of proposed
developments are known. Development will not be permitted to precede the delivery of essential
infrastructure improvements identified as part of this assessment.
3.38 Thanes Water are preparing Drainage and Wastewater management plans (DWMPs) as part of
their long-term strategic plans to set out how wastewater systems, and the drainage networks that
impact them, are to be extended, improved and maintained in the future. This is to ensure they are
robust and resilient to future pressures, such as population increase and climate change.
Reservoirs
3.39

The Reservoirs Act 1975 32 defines a reservoir as a body of water that holds at least 25,000
cubic metres of water above natural ground level. The Act provides the legal framework to
ensure the safety of UK reservoirs. A large raised reservoir is characterised by having either a
large, raised structure designed for collecting and storing water; or a large, raised lake or other
area capable of storing water which was created or enlarged by artificial means. The threshold
in the Act is that 10,000 cubic metres of water is held above the natural level of any part of
the surrounding land.

3.40

According to the criteria of the Act cited above there are 10 reservoirs in the borough of
Enfield, the location and extents of these are shown in Figure 3.11 and listed in Table 3.5
below.
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Figure 3.11 Location and extent of reservoirs within Enfield

Number

Name

Operator

Capacity (m3)

1

William Girling Reservoir

Thames Water

16,500,000

2

King George’s Reservoir

Thames Water

13,970,000

3

Cockfosters (covered)

Thames Water

81,500

4

Grovelands Park Lake

London Borough of Enfield

40,000

5

Trent Park Lake

London Borough of Enfield

25,000

6

Cheyne Walk Open Space
FSA

Environment Agency

115,000

7

Montagu Road FSA

Environment Agency

50,000

8

Albany Park FSA

London Borough of Enfield

49,000

9

Wildwoods Lake

Private

< 25,000

10

Boxers Lake

London Borough of Enfield

< 25,000

Table 3.5 Reservoirs within Enfield
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3.41 Were the dam to fail a potentially catastrophic surge of flood water would be released
downstream. This applies to Flood Storage Areas (FSAs), such as the ones at Cheyne Walk
Open Space, Montagu Recreation Ground and Albany Park, as although they are empty most of
the time, they have the potential to store more than 10,000m3 of water above the natural ground
level. The safety of the reservoir is the responsibility of the owners or operators who are
required to maintain an adequate degree of protection. This is achieved by carrying out regular
inspections, risk assessments and in the production and maintenance of Reservoir Flood Plans.
The Environment Agency is the enforcement authority for the Reservoirs Act and ensures that
its requirements are met. Consequently, the risk of flooding due to catastrophic failure of any of
the reservoirs in Enfield is considered to be sufficiently managed.
The New River
3.42 The only navigable canal in Enfield is the River Lee Navigation, which is part of the main river
network. The New River is the only other significant artificial source of flooding in the
borough. The New River was constructed in the seventeenth century to convey fresh, clean
water from springs in Hertfordshire right into the centre of London. It is owned and managed
by Thames Water and is still used to transport water around the network of reservoirs and
treatment plants in North London. Much of the channel is artificially raised above the natural
ground level as shown by Figure 3.12.

Figure 3.12 The route of the New River through Enfield; sections at ground level or below (solid line), sections
raised above natural ground level (dotted line)
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3.43 Where the New River is raised above the natural ground level the defences that retain the water
are mostly fairly shallow earth embankments which can be considered fairly stable and
therefore of low risk. Thames Water sometimes carry out works to enhance the level of
protection at certain vulnerable sections. For example, a long stretch of the channel at
Carterhatch Lane, where the water level is over 3 metres above the ground level on either side,
was re-lined with reinforced concrete in 2003.
3.44 Although the New River is not classed as a reservoir a substantial amount of water, in the order
of tens of thousands of cubic metres, is held above the natural ground level. This represents a
significant flood risk as a breach of the defences at any single location could potentially cause
large quantities of water to be discharged. Hence, it is critical that Thames Water continue to
maintain this valuable heritage feature in an appropriately conservative manner.
Effects of Climate Change
3.45 For the UK, projections of future climate change indicate that more frequent short-duration,
high-intensity rainfall and more frequent periods of long-duration rainfall can be expected. The
former type of rainfall is likely to have implications for surface water flooding and also for
river flooding in small, steep-sided highly urbanised catchments, such as those found in the
western half of the borough. Whereas the latter rainfall type will have more effect on large,
mainly rural catchments such as that of the River Lee.
3.46 Most climate models agree that temperatures in the UK will increase but determining what
effect this will have on flooding scenarios is not straightforward. This depends on many factors
such as intensity, duration and frequency of rainfall events, as well as the antecedent ground
conditions. The moisture content of the ground will affect its capacity to absorb rainfall.
Generally increased evaporation of near surface water will lead to a reduction in runoff
following rainfall events, however very dry, but un-cracked ground can shed more runoff under
certain circumstances.
3.47 The PPG 7 for Flood Risk and Coastal Change sets out that Site Specific Flood Risk
Assessment should consider the effects of climate change. The Environment Agency Guidance
“Flood Risk Assessments: Climate Change Allowances” 8 outlines the allowances that should
be made in flood risk assessments in order to help to reduce vulnerability and provide resilience
to flooding in the future. These are based on climate change projections and different scenarios
of CO2 emissions to the atmosphere. There are different allowances for different epochs over
the next century.
3.48 The climate change allowances are for changes across four categories, of these 2 are relevant to
the setting of the London Borough of Enfield, these are “peak river flow by river basin district”
and “peak rainfall intensity”, information regarding these allowances is included in Appendix
C.
3.49 The flood modelling carried out for this SFRA considers climate change using the following
increases in peak river flow for an event with an annual exceedance probability of 1% (+17%)
and (+27%). If and when further guidance is released by the Environment Agency with respect
to climate change, the currently adopted model can be re-run based on the requirements as they
emerge.
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3.50 The latest guidance suggests that a range of allowances should be used to assess flood risk for a
development or development plan allocation, with consideration of the following:
•

Likely depth, extent, speed of onset, velocity and duration of flooding for each
allowance of climate change over time

•

Vulnerability of the proposed development types or land use allocations to flooding

•

‘Built in’ measures used to address flood risk, for example, raised floor levels

•

Capacity or space in the development to include measures to manage flood risk in the
future, using an adaptive approach

Any potential updates to climate change allowances could require re-running of existing
models. Developers will need consult with the Environment Agency and the Lead Local Flood
Authority to explore the feasibility of such changes.
3.51 Surface water and other forms of flash flooding events are likely to increase in frequency as
higher temperatures are more conducive to the proliferation of short, intense convective storms
that particularly contribute to this type of flooding. Hence, in Enfield, climate change is more
likely to have an adverse effect on surface water flooding and fluvial flooding in small, highly
urbanised catchments due to the increased likelihood of short-duration, high-intensity storm
events. For surface water modelling current guidelines require an increase in rainfall intensity
of 20% or 40% depending on the lifetime of the development and flood risk vulnerability
classification to allow for the potential impacts of climate change.
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4.0 FLOOD RISK MANAGEMENT INFRASTRUCTURE
Flood Defences
4.1

As Enfield consists of largely urbanised catchments, its watercourses have been heavily
engineered. Figure 4.1 below displays the proliferation of culverts and other defences that
extend along a high proportion of the river network. When this development took place, mostly
during the previous century, fluvial flooding management techniques aimed to convey
floodwater off the land at increased rates. Enhancements to channel capacity were achieved by
the straightening of rivers or burying them inside culverts, artificially lining riverbeds and
banks, and constructing structures to manage blockages and water levels. More than 90% of all
the flood defences in Enfield are constructed from concrete, brickwork or steel sheet piling, the
remainder typically consist of raised earth embankments.

Figure 4.1 Culverted main rivers and flood defences

4.2

The River Lee Flood Relief Channel is a classic example of this type of flood defence and is a
critical flood defence asset in the complex Lee catchment. Built in the 1970s in response to
widespread flooding of the Lee valley in 1947, the reinforced concrete channel conveys excess
floodwaters along the eastern boundary of the borough. The flood relief channel was built to
accommodate a 1 in 70-year flood 21. The level of protection that it provides has been reduced
following extensive development that has subsequently taken place in areas of the upper Lee
catchment. Nevertheless, some areas are defended for a 1 in 100-year event, these are
highlighted on the borough flood map in Appendix H.
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4.3

Such techniques are now seen as being outdated because they are not sustainable in the longterm. Hard defences suffer from a slow deterioration of structural components, such as
corrosion of steel sheet piling and concrete reinforcement, or failure of foundations. Over time
it becomes more expensive and difficult to maintain them. Though the Environment Agency
are the authority for main river watercourses, responsibility for the maintenance of flood
defences lies with the riparian owner. Underground culverts are notionally defined as defences,
in the past they were considered to be convenient methods of removing obstructive
watercourses from proposed developments. Now they are increasingly recognised as a liability
in terms of maintenance requirements and flood risk. Although most culverts have nominally
high capacities, they are prone to silting up and becoming blocked, particularly during flood
events when large items of debris are carried down from higher up the catchment.

4.4

Failure of flood risk management infrastructure, such as raised defences and culverts, can lead
to rapid inundation of the areas benefiting from defence with unexpected and catastrophic
results. More sustainable practices, including the restoration of river corridors by providing
more space for rivers to flow and flood naturally, are described further later in this chapter.

4.5

Section 21 of the FWMA12, LLFAs are required to maintain a register of features and structures
that are likely to have a significant impact on local flood risk. LLFAs have the power to
‘designate’ these structures and features on this register, which means that owners and
developers need to submit an application to the relevant Borough to alter or remove one. The
Local Flood Risk Management Asset Register is available to the public and access can be
arranged through contacting the LLFA, a summary of the assets in the register are shown on
Figures 4.1 & 4.2. A more detailed map showing details such as type and standard of
protection, ownership and condition of the Asset Register is shown in Appendix J.

4.6

The Thames Region Catchment Flood Management Plan is a key document concerning flood
risk management, it is a high-level strategic planning tool, used to identify policies for
sustainable flood risk management techniques across the region 22. The plan’s vision for flood
risk in the Lower Lee catchment over the next 50 years is for flood risk to be generally reduced,
with a more integrated urban drainage system recognising the many sources of flood risk and
for flood resilience to be built into new developments. The main messages of the catchment
flood management plan for the Lower Lee and its tributaries are:
•

At present it is still possible to maintain existing flood defences

•

Climate change will mean that these defences will become less effective in the future,
therefore make sure that:


Any redevelopment reduces the residual flood risk in the areas benefitting from
these flood defences using the measures set out in PPG



The natural floodplain is used upstream and downstream of these areas to
accommodate additional floodwater

•

Re-create river corridors so there is more space for the river to flow and flood naturally

•

Flood risk management planning needs to be linked closely with regeneration and
redevelopment so that the location and layout of development can help to reduce flood
risk

•

Organisations need to work together to manage all flood sources: fluvial, surface water
and sewer flooding
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Recommendation
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London Borough of Enfield

The Draft Regional Flood Risk Appraisal for London 21 emphasises the opportunity that future
regeneration and re-development of areas such as the Lee valley offers to reduce flood risk. In
general development should be set back from river edges, this will allow a range of flood risk
management measures to be used. The Environment Agency’s policy is to maintain an
undeveloped buffer strip 8 metres wide alongside main rivers. The most sustainable,
aesthetically pleasing and cost-effective options can then be identified and implemented though
consultation and negotiation with the Lead Local Flood Authority and other statutory bodies
such as the Environment Agency, including through observing rules around environmental
permitting for flood risk activities.
Flood Alleviation Schemes

4.8

Flood alleviation scheme is a broad term that includes any engineered components of drainage
infrastructure that contribute to a reduction in flood risk. Figure 4.2 shows the location of the
many existing flood alleviation schemes that are distributed around the borough, it is based on
data received from Thames Water, the Environment Agency and the London Borough of
Enfield. Most of these schemes involve storage of floodwater to some degree, yet prior to the
1980s little attempt was made to store flood waters. The concept of storing flood waters
represents a major shift in flood risk management policy that occurred around this time.
Storage systems attenuate flood flows by gradually releasing the stored water into the river
network at a controlled rate, the aim of such schemes is to mimic the way natural river
catchments behave. In recent years there have been two significant examples of flood
alleviation schemes (FAS) delivered in Enfield. The Salmons Brook FAS was completed by the
Environment Agency in 2016 with a budget of £15.3 million, lowering the flood risk to 1,393
properties in the downstream area of Salmons Brook, with the scheme involving modifications
to the river and landscape around it at a number of points along its course. The Turkey Brook
FAS was delivered by Enfield Council and completed in 2021, it was supported by the
Environment Agency and Greater London Authority and provides flood storage by naturalising
the river in Albany Park, 444 properties are protected as well demonstrating a wealth of
improvements to the park setting, with the scheme costing £1.4 million.

4.9

Below ground flood storage schemes include underground tanks and oversized pipes, whereas
above ground flood storage areas may involve permanently wet detention ponds and lakes or
landscaped depressions that remain dry most of the time. Any scheme providing storage will
involve some kind of control feature that limits the rate of discharge to a prescribed amount.
Many of the schemes implemented in Enfield during the 1980s and 1990s were aimed at
addressing known flooding problems. Consequently, they are mainly clustered in the upland
areas of urban Enfield which are more susceptible to surface water flooding. Most of these
assets have been designed to provide protection up to a 1 in 25-year event.
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Figure 4.2 Flood alleviation schemes in Enfield
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Catchment Based Approach
Recommendation
20
Recommendation
21

4.10 In recent years the importance of taking a catchment-based approach to flood risk management
has been increasingly recognised as the most sustainable method of managing existing flood
risk, it also applies to enabling future development and mitigating the impacts of climate
change. This approach considers the overall health of a river system, including water quality,
habitat and amenity in addition to flood risk. It embeds collaborative working at a river
catchment scale in recognition that these types of problems cannot be solved by organisations
acting in isolation. Instead, by working in partnership with the Environment Agency, Thames
Water, River Trusts, landowners, community groups, neighbouring authorities and other key
stakeholders, Local Authorities such as Enfield can deliver wider environmental and socioeconomic benefits than would be possible otherwise, creating better places to live and work,
where people and wildlife can flourish.
4.11 Enfield Council’s Local Flood Risk Management Strategy 10 and associated programme of
work exemplify this approach. The types of measures and projects increasingly being delivered
include:

Recommendation
22
Recommendation
26
Recommendation
28

•

SuDS Retrofit – integrating small-scale SuDS features such as rain gardens and SuDS
tree pits into public realm improvements and other public works reduces rainfall runoff
from urban areas leading to a corresponding reduction in surface water flood risk; over
100 rain gardens have now been delivered in Enfield through projects such as Cycle
Enfield, Healthy Streets and the London Strategic SuDS Pilot

•

Constructed Wetlands – storing excess water in parks and open spaces during flood
events is an effective way of managing flood risk, wetland creation enhances this
approach by increasing the available space for water storage as well as making better,
more diverse places for people and wildlife, wetlands are also highly effective at
improving water quality; since 2014, 10 constructed wetlands have been created in
Enfield, opportunities for a further 20-30 have been identified

•

River restoration – providing rivers with more space to flood and flow by reconnecting floodplains and restoring features such as meanders and natural banks
provides a huge boost for wildlife as well reducing flood risk; where opportunities
exist, daylighting the some of the many watercourses in Enfield that have been buried
underground in culverts can provide even greater benefits (this is particularly relevant
where culverts are prone to blockages and the impacts of reduced capacity could
severely impact existing properties – in these cases efforts to de-culvert should be
maximised)

•

Natural Flood Management (NFM) – reducing runoff from the upland, rural areas of
the borough that drain down into the areas with the greatest flood risk, such as
Edmonton and Ponders End, has huge potential to reduce flood risk and deliver wider
environmental benefits; measures currently being implemented include the creation of
60 hectares of woodland and over 20 rural SuDS features (ponds and wetlands) on
existing farmland as part of the Enfield Chase Restoration Project in the north-west of
the borough (upper part of Salmons Brook and Turkey Brook catchments)

4.12 All of these projects could be considered to be elements of Blue Green Infrastructure (BGI).
Green infrastructure describes natural and seminatural spaces such as parks, trees, fields and
gardens; whereas, BGI emphasises the water related services provided by these green spaces
and includes water features such as rivers, lakes, wetlands and SuDS. In recognition of the
many benefits that Enfield’s existing network of BGI provides, and the need to protect and
enhance this network, the Council has developed a Blue and Green Strategy which is due to be
published later in 2021. Measures such as these enable a contribution to be made towards
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improving the Water Framework Directive (WFD) 33 status of Enfield’s watercourses, which is
an indicator of water quality and general ecological health.
Recommendation
26

4.13 These measures are complementary to each other as they all seek to slow the flow of water and
provide more space for it to be safely stored throughout the catchment, consequently the impact
of these types of schemes is cumulative – each scheme, whether large or small, contributes to
the overall reduction of flood risk. Carrying out these types of measures helps to address flood
risk from a wide range of sources, from localised surface water flooding to catchment wide
fluvial flooding, benefitting existing properties as well as improving the feasibility of continued
development. Highlighting these opportunities achieves the SFRA objective of identifying
measures that reduce flood risk to existing communities and developments through better
management of surface water, provision for conveyance and of storage for flood water.
Development can contribute to this programme of work in two ways:
• Onsite measures – typically SuDS provision but, depending on the scale and location of
the development, larger sites may have potential for more significant measures such as
wetland creation, river restoration (including de-culverting) and even natural flood
management
• Offsite measures – to enable the re-development of some existing areas, and ensure
they are safe with respect to the potential future impacts of climate change, it is
recommended that consideration is given to development contributing to continued
investment in catchment wide flood risk management measures as these are often more
sustainable in the long-term and benefit the wider community rather than solely
facilitating the individual development
4.14 Offsite measures, which could include any of the measures described in paragraph 4.11, should
be relevant to the type and location of the development. For example, if the main source of
flood risk to the development is localised surface water, the offsite measures should seek to
address this – potentially by contributing to retrofitting SuDS measures in the local drainage
catchment. Alternatively, if the main source of flood risk is fluvial flooding on Salmons Brook,
the development could contribute to natural flood management measures in the upper part of
the catchment.

Recommendation
23
Recommendation
24

4.15 Another mechanism of providing offsite measures can be enabled by targeting and delivering of
BGI through obligations under Section 106 of the Town and Country Planning Act (1990) 34and
Community Infrastructure Levy (CIL) charges. Where there is a recognised requirement for
such infrastructure linked to development with associated flood risk this should be identified in
forthcoming Infrastructure Delivery Framework and Infrastructure Development Plans.
4.16 The Environment Agency are developing an initiative titled Lee2100. The aim of the
programme is to develop and produce a new Flood Risk Management Strategy for the River
Lee catchment in the short, medium and long term. This will cover an area wider than Enfield
incorporating both the Upper and Lower Lee, as well as its tributaries. It will take account of
climate change, carbon reduction, resilience, growth, and adaptation. This project requires a
strong partnership between a range of stakeholders including Local Authorities, the
Environment Agency, Greater London Authority and Thames Water, and involves a wide range
of measures, including BGI and NFM as well as more traditional flood defences, it therefore
meets the definition of a catchment-based approach.

Recommendation
21

4.17 Another example of catchment based approach working is the “Lee Valley Flood Partnership”
and “London Drainage Engineers Group” (LoDEG), both of these collaborative local authority
partnerships formed from the Drain London initiative and provide a basis on which to ensure
cross boundary flooding issues are addressed.
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Flood Warning Systems
4.18 Flood warning systems, backed up by civil protection measures, are a critical component of
effective flood risk management. One of the Environment Agency’s duties is to provide
forewarning of possible flood events to the public and professional partners such as local
authorities, emergency services and transport organisations. This objective is met by
constantly monitoring the water levels and flows in rivers, and using radar coverage to forecast
extreme rainfall events. Automated systems and telemetry can be used to direct warnings if
predetermined thresholds are exceeded, at which time Environment Agency staff must decide
whether or not to issue a flood warning. River levels at monitoring points can be viewed at
https://flood-warning-information.service.gov.uk/river-and-sea-levels. Enfield Council also
maintains a flood warning and telemetry system for monitoring river flows around high risk
assets, as well as rain gauges to monitor actual rainfall, as well as using a rainfall radar
monitoring service.

Figure 4.3 Flood Warning Systems

Recommendation
29

4.19 The Environment Agency provides a Flood Information Service and uses a system of different
warnings depending on the nature of the perceived threat:
•

Flood alerts: Flooding is possible – be prepared.

•

Flood warning: Flooding is expected – immediate action required.

•

Severe flood warning: Severe flooding - danger to life

•

All Clear: There are no flood alerts or warnings currently in force.

This information is available on the Environment Agency website https://www.gov.uk/checkflood-risk.
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4.20 Warnings can be retrieved at any particular time using the Floodline system which can
disseminate information by phone, subject to call charges. Warnings are also sent to the
national and local media as required.
Recommendation
30

4.21 The London Resilience Partnership Strategic Flood Response Framework 35 published by
London Resilience Partnership in January 2020 describes the responsibilities of local
authorities and other principal responders. The London Borough of Enfield’s Multi-Agency
Flood Plan 36 (MAFP) provides local information regarding the Council’s emergency plans and
actions to be taken in the event of a flood warning. These actions may include deploying staff
to flooded areas, opening up rest centres and providing care for affected people, consideration
of emergency and short-term housing, and provision of flood prevention measures such as
temporary defences at strategic locations.
Emergency Planning

Recommendation
30

4.22 Emergency planning infrastructure and vulnerable institutions have been mapped in Figures 4.4
to 4.6 together with an outline of Flood Zone 2. This information enables the Council’s
emergency planners to identify locations where critical infrastructure is situated in areas
exposed to a significant risk of flooding, and where access to and from these sites may be
affected by severe flood events.

Figure 4.4 Emergency planning infrastructure and coverage of Flood Zones 2 and 3 (shaded areas)
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Figure 4.5 Location of vulnerable institutions and coverage of Flood Zones 2 and 3 (shaded areas)

Figure 4.6 Major utility infrastructure and coverage of Flood Zones 2 and 3 (shaded areas)
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Table 4.1 demonstrates the distribution of emergency planning infrastructure sites
throughout the Environment Agency Flood Zones. Most of these sites are defined by
NPPF as ‘more’ or ‘highly vulnerable’ and would therefore not be permitted in high
risk flood zones. For example, ‘highly vulnerable’ infrastructure, such as police,
ambulance and fire stations, emergency command centres and dispersal points are only
considered appropriate in Flood Zone 1. Whereas ‘more vulnerable’ sites, such as
hospitals, care homes and schools, are classed as acceptable types of development in
Flood Zone 2, but not in Flood Zone 3.
Infrastructure

Flood Zone
1

Flood Zone
2

Flood Zone
3a

Flood Zone
3b

Care Homes

83

6

0

0

Electricity Power Plant

0

1

0

0

Electricity Sub Stations

597

48

26

3

Emergency Rest Centres

22

8

1

0

Emergency Services *

11

0

0

0

Gas

4

1

0

0

Hospitals

2

0

0

0

Schools

92

10

0

0

Sewage Treatment Works

1

0

0

0

Table 4.1 Emergency planning infrastructure located in Flood Zones (* Ambulance, Fire and Police
Stations)

4.24

A high proportion of the Council’s emergency rest centres are situated in Flood Zone
2. The suitability of these venues and the capacity of the remaining centres in areas
not exposed to flood risk to provide adequate cover should be reviewed, additional
venues may be required. A review of the borough flood map in Appendix H shows
that several sections of the main highway network in Enfield would be affected by a
severe flood event, notably the A406 North Circular Road in Edmonton and the A1055
through Brimsdown and Enfield Lock. Though alternative routes are available, it is
likely that in the event of a flood, access for emergency services would be
significantly restricted.

4.25

Suitable flood plans should be developed and put in place for the elements of
electricity infrastructure throughout the borough that are exposed to varying degrees of
flood risk. This is the responsibility of the relevant utility company and is particularly
critical for the power plant in Enfield that is adjacent to the confluence of the Small
River Lee and River Lee. There are no water treatment plants in Enfield. Although
the RFRA 21 identifies Deephams Sewage Treatment Works as being in the River Lee
floodplain, it is actually in Flood Zone 1 and is therefore not exposed to a significant
level of flood risk.

4.26

The information in this report is aligned with Enfield’s Multi-Agency Flood Plan 36
which is maintained by the borough’s Emergency Planning Team. The location of
vulnerable institutions, emergency services and critical infrastructure, such as major
roads, in relation to areas identified as being at risk of flooding is considered in detail
as part of this plan.
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SITE-SPECIFIC FLOOD RISK ASSESSMENTS
The Sequential Test and Exception Test

5.1

The risk-based Sequential Test should be applied at all stages of planning. Its aim is
to steer new development to areas at the lowest probability of flooding (Zone 1). The
Sequential Test is described in the PPG 7, it defines what types of development are
appropriate in each of the four Environment Agency Flood Zones and under what
circumstances the Exception Test should be applied. The acceptability of any
development proposed in a recognised Flood Zone depends on its flood risk
vulnerability or Flood Zone compatibility, Table 3 of the PPG sets this out. As many
areas in Enfield are subject to significant surface water flood risk, the table has been
adjusted to include surface water flood risk compatibility (see Appendix E).

5.2

Consequently, local planning authorities are required to prioritise the allocation of land
for development in ascending order from Flood Zone 1 to 3. Only where there are no
reasonably available sites in Flood Zones 1 or 2 should decision makers consider the
suitability of Flood Zone 3, taking into account the flood risk vulnerability of land
uses and applying the Exception Test if required.

5.3

Paragraphs 23 to 26 of the PPG describe the criteria for the Exception Test to be
passed:

Recommendation
1

•

It must be demonstrated that the development provides wider sustainability
benefits to the community that outweigh flood risk

•

A 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

The requirements to meet the second part are described in paragraph 5.14 below.
Identification of Demand for a Flood Risk Assessment
Recommendation
3

5.4

Site specific Flood Risk Assessments will be required in the following circumstances:
•

Development proposals of 1 hectare or greater in Flood Zone 1

•

All proposals for new development located in Flood Zones 2 and 3

•

All proposals for new development identified as being at risk from surface
water flooding

•

All proposals that involve the creation of useable space below ground

•

Any development that may be subject to other sources of flooding identified in
subsequent reviews/updates of the evidence base on flooding

The LLFA must be consulted on all FRAs. The Flood Risk Matrix in Appendix B
clearly describes the circumstances for which the Environment Agency and other
organisations are to be consulted.
5.5

Where the proposed development site is identified as being subject to flood risk the
FRA should identify and assess the risk of all forms of flooding to and from the
development and demonstrate how these risks will be managed, the following section
describes what is required for this type of FRA.
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Requirements for a Flood Risk Assessment

Recommendation
7

Recommendation
7

5.6

The minimum requirements and a checklist for a site-specific flood risk assessment are
described in the NPPF and the accompanying PPG 7. The FRA must be appropriate to
the scale, nature and location of the development, and consider all possible sources of
flood risk, the effects of flood risk management infrastructure and the vulnerability of
those that could occupy and use the proposed development.

5.7

The requirements of both the Exception Test and the PPG is that a FRA must
demonstrate that the development will be safe, without increasing flood risk
elsewhere. For fluvial flooding, to ensure development is safe, finished floor levels
must be raised 300mm above the 1 in 100-year plus climate change flood level. The
severity of surface water flooding is lower than fluvial flooding, flood extents are less
widespread, and duration of flooding is shorter, so the required freeboard can be
reduced. For surface water flooding, it is recommended that finished floor levels are
set at least 150mm above the 1 in 100-year plus climate change flood level.

5.8

Basements will not be permitted in areas subject to fluvial or surface water flood risk
for the 1 in 100-year plus climate change event, as the finished floor level will be
below the flood level. Current Environment Agency standing advice allows for
Householder developments to extend within an area subject to flooding but must
ensure that the finished floor levels are set no lower than the existing levels. In some
cases, the finished levels of the existing building will not have adequate freeboard as
described in paragraph 5.7. If these levels of safety cannot be achieved, it is
recommended that habitable rooms used for sleeping (such as bedrooms) are not
located at ground floor level, as the onset of flooding can pose a risk to life. Habitable
rooms with less sensitive uses, such as kitchens can be acceptable, but must be flood
resistant and resilient (see paragraph 5.20).

5.9

In addition to raising floor levels, when assessing the safety of a development, specific
local circumstances need to be taken into account. The following considerations are
recommended by the Environment Agency:

Recommendation
6
Recommendation
11

•

The characteristics of a possible flood event, e.g. the type and source of
flooding and frequency, depth, velocity and speed of onset

•

The safety of people within a building if it floods and also the safety of people
around a building and in adjacent areas, including people who are less mobile
or who have a physical impairment. This includes the ability of residents and
users to safely access and exit a building during a design flood and to evacuate
before an extreme flood

•

The structural safety of buildings, and

•

The impact of a flood on the essential services provided to a development

To ensure buildings can be evacuated safely for users of all ages and abilities it is
recommended that flood evacuation routes are either dry or in the “very low hazard
level” (as defined by the Hazard table from the Research and Development Technical
Report FD2320 reproduced in Appendix I) for a 1 in 100-year plus climate change
flood event.
5.10
Recommendation
11

For some sites the criteria for a safe, access route cannot be achieved. This may be
acceptable for developments or change of uses of existing buildings that have a “Less
Vulnerable” or “Water-Compatible” flood risk vulnerability classification. In this
situation a safe access route in the “very low hazard level” according to FD2320 must
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be provided within 24 hours of the onset of the flooding for a 1 in 100-year plus
climate change event, and a safe refuge area must be provided above the flood level
thereafter.
Recommendation
8

5.11

To ensure developments do not increase flood risk elsewhere it is important that flood
storage is not reduced on site. Buildings or structures can displace flood waters and
increase flood risk to neighbouring sites for both fluvial and surface water flood
events. To prevent this, level for level flood compensatory storage must be provided
on site for the 1 in 100 year (plus climate change allowance). Above ground storage
within landscaped areas are more favourable as they are more sustainable and less
likely to fail. The volume of flood compensation required will be based on the flood
level and footprint of the proposed buildings/structures. This should be calculated
from the most recent modelled data from the Environment Agency and analysed with
a detailed topographical survey of the site area. Most fluvial models assume that rivers
are not impeded by blockages. Where there is a reasonable likelihood of a nearby
structure, such as a culvert, becoming restricted and influencing the extent of flooding,
further modelling should be conducted to investigate these types of scenarios.

5.12

Where re-development opportunities are shown to be in the functional floodplain, the
existing building footprint should be considered as part of the functional floodplain
unless it can be proven that the building is or could be defended to fully exclude flood
waters. Land and infrastructure around these buildings is considered part of the
floodplain. Opportunities to restore the natural floodplain should be exploited by
reducing the footprint of existing buildings or removing them altogether.

5.13

Some developments do not require planning permission and are classified as
‘permitted development’, these can include certain types of changes of use, extensions,
and the creation of boundary walls and outbuildings. The Council should consider
making an Article 4 Direction to remove national permitted development rights where
these types of developments are located in the functional floodplain or areas
susceptible to 1 in 100 year plus climate change flood risk, reduce flood storage or
block overland flow routes, as this may increase flood risk elsewhere. Permitted
development that involves a “change of use” will need to ensure the development is
appropriate in terms of Flood Risk Vulnerability Matrix (Appendix E).

5.14

A site-specific FRA must demonstrate that:

Recommendation
13

Recommendation
9

Recommendation
6

•

The finished floor levels are at least 300mm above the fluvial flood level and
150mm above the surface water flood level for the 1 in 100 year plus climate
change flood event. For this to be analysed, levels must be given in ordnance
datum

•

The development has safe access routes that are either dry or within the “very
low hazard level” according to the Research & Development Technical Report
FD2320 for a 1 in 100 year plus climate change flood event, including
provision of flood warning arrangements and Evacuation Plans

•

The development involves no net loss of flood storage (for both fluvial and
surface water flooding) within the site boundary

•

Overland flood and flow routes will be preserved and not obstructed in any
way

Recommendation
8
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Requirements for a Ground Water Flood Risk Assessment
Recommendation
10

5.15

For developments in groundwater flood risk areas (see Figure 3.7) that involve the
creation of useable space below ground, such as basement dwellings or underground
car parks, it is recommended that a groundwater flood risk assessment be produced,
this should include the following tasks as a minimum:
•

Consultation with the British Geological Survey, the LLFA, Environment
Agency and Thames Water to obtain the following: water levels in boreholes,
recorded flood levels, records of flows from springs, groundwater flood maps
and photographs of ground water flood events

•

Local residents should also be consulted in order to develop a full
understanding of any historical groundwater flooding events

•

Onsite geological investigation recording the depth groundwater is
encountered and the geology of the site

•

Information on the depth of the finished basement level (relative to the depth
groundwater has been encountered)

•

Further information demonstrating the basement does not impede groundwater
flows (if necessary). This may include further investigations to assess the
hydrogeological characteristics of the site

•

Information on any mitigation measures to prevent groundwater ingress into
the basement, and groundwater flooding to neighbouring developments

Onsite conditions should be assessed during a site walkover (for example, the type and
distribution of vegetation can indicate areas prone to water logging). Depending on the
scale of the development, if the above assessment indicates that groundwater flooding
is likely, a more detailed appraisal may be necessary. This could include carrying out
trial boreholes to ascertain the depth of the water table and monitoring to determine its
seasonal fluctuations. The possible impact of the development on groundwater levels
and flows must also be assessed.
Management of Residual Flood Risk
5.16

Residual risk is the risk that remains after risk management and mitigation. Residual
flood risks may include risk due to:
•

The failure of flood management infrastructure such as a breach of a raised
flood defence, blockage of a surface water conveyance system, overtopping of
an upstream storage area, or failure of a pumped drainage system

•

Failure of a reservoir

•

A severe flood event that exceeds area flood management design standard,
such as a flood that overtops a raised flood defence, or an intense rainfall
event which the drainage system cannot cope with

•

Other unforeseen hazards

PPG requires that where residual flood remains it must be shown to be safely
managed. Paragraph 42 of the PPG concerns the management of residual flood risk.

54

New Enfield Local Plan 2041: Level 1 Strategic Flood Risk Assessment

5.17

In Enfield residual flood risk exists in a number of areas including:
•

Areas protected by flood defences

•

Areas that would be affected were a reservoir embankment or raised section of
the New River to be overtopped or breached

•

Areas of Flood Zone 1 that could be affected by, for example, unexpected
blockages in river or culvert channels combined with severe flood events

•

Areas that would experience localised or widespread flooding due to the
failure of the surface water drainage network or blockages of overland flow
routes

•

Areas that would flood during an exceedance event, for example the 1 in 100
year plus 70% climate change event

5.18

Residual flood risk has the potential to cause significant flooding. Risks will be
greatest close to existing flood defences, consequently opportunities to set
developments back should be sought. Site-specific FRAs should consider all scenarios
listed above related to residual flood risk and ensure that the development is
appropriately designed to manage the residual flood risk. This may include raising
finished floor levels, providing flood storage areas or overland flow routes and
ensuring development and individual properties utilise flood resilient and resistant
techniques, as guided by National Flood Forum advice on “Protecting your property”
37
. Figure 3.4 shows areas with flood risk for the most extreme events and should
ensure that measures are designed to this standard of protection.

5.19

Where there is a low probability of limited shallow depth water entry, but not severe
inundation to buildings, the use of flood resilient construction may be considered an
appropriate measure to managing residual flood risk. This involves constructing a
building in such a way to ensure that flood impact is minimised, for example raising
plug sockets or using tiled flooring. Improving the Flood Performance of New
Buildings 38 was published by the DEFRA in May 2007 to provide guidance on flood
resistance and resilience in buildings. Management of residual flood risk is discussed
further in the PPG.

Recommendation
4
Recommendation
6

Recommendation
7

London Borough of Enfield
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SUSTAINABLE DRAINAGE SYSTEMS
The Purpose of Sustainable Drainage Systems

6.1

Development of green space leads to a higher flood risk principally by reducing the
proportion of rainfall that infiltrates into the ground and consequently increasing
surface runoff, in terms of both volume and flow rate. In addition, traditional piped
drainage networks convey runoff to watercourses more efficiently than natural
systems, this reduces the time taken to reach peak flood flows and increases the
magnitude of flows. As recharge to the water table is reduced, the groundwater
component of river flows, and therefore the dry weather flows, will be lowered. This
will increase the frequency of droughts in aquifer-fed river systems and contribute to a
lowering of water quality. Water quality will be further reduced as more sediments
and pollutants such as oil are washed into rivers and streams.

6.2

The purpose of sustainable drainage systems (SuDS) is to counteract these effects by
recreating the drainage characteristics of the catchment in its natural state. In general,
these methods seek to:
•

Reduce the volume of runoff by increasing infiltration into the ground

•

Control the rate at which storm flows are discharged to watercourses

•

Improve water quality by reducing the pollution load of runoff

•

Increase low flows between rainfall events by releasing water into the river
network over a prolonged period

These positive effects can be achieved by the implementation of a number of different
techniques, the most common types are briefly described in Appendix F. Construction
Industry Research and Information Association (CIRIA) document C753 The SUDS
Manual 39 provides comprehensive advice on the implementation of SUDS in the UK.
6.3

LLFAs are statutory consultees for matters relating to surface water drainage for all
major developments in the planning process. As everywhere in Enfield is either in an
area at risk of flooding or upstream of an area at risk of flooding, any development has
the potential to increase the risk of flooding further down the catchment 10. The
cumulative effect of minor developments, including modifications to individual
properties has the potential to contribute significantly to the overall runoff
characteristics of a catchment area. Therefore, all developments both major and minor
should incorporate SuDS to mitigate potential increases in flood risk. This includes
redevelopment of brownfield sites, which have potential to mitigate existing flood risk
40
.

6.4

As SuDS will have a direct impact on the layout of the development, SuDS should be
considered and designed at the earliest stages of the planning process. Proposed
developments should have an integral SuDS strategy which will be required to meet
the Council’s requirements in terms of:

Recommendation
12

Recommendation
16
Recommendation
17

•

Suitability – type of SuDS measures utilised in the context of the site

•

Water Quantity – reducing the runoff rate generated from site

•

Water Quality – improving the quality of runoff

•

Functionality – ensuring the SuDS system remains operational throughout the
lifetime of the development
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A SuDS Strategy, which includes detailed designs of the SuDS components, should be
submitted with the full planning application to avoid delays between planning
approval and commencement. Further information on the requirements of a SuDS
Strategy can be found on the Council website along with the SuDS Design and
Evaluation Guide 41 and SuDS Proformas 42.
Guidance on the Applicability of Sustainable Drainage Systems
Suitability
6.5

The applicability of different SuDS features depends on the local geographical
conditions, such as the permeability of the soil and underlying geological formations,
the topography, and the location of the site within the surface water catchment area. A
list of different types of SuDS measures is provided in Appendix F.

6.6

In accordance with The London Plan 19 surface water runoff should be managed as
close to its source as possible in line with the following drainage hierarchy:
1. Rainwater use as a resource (for example rainwater harvesting)
2. Rainwater infiltration to ground at or close to source
3. Rainwater attenuation in green infrastructure features for gradual release (for
example green roofs, rain gardens)
4. Rainwater discharge direct to a watercourse (unless not appropriate)
5. Controlled rainwater discharge to a surface water sewer or drain
6. Controlled rainwater discharge to a combined sewer

Recommendation
14

6.7

Although the utilisation of infiltration greatly enhances the effectiveness of SuDS,
most types of SuDS, such as rain gardens, can be utilised even where infiltration is not
possible. This may be the case where there are impermeable ground conditions,
contamination or a high-water table. In most instances, partial infiltration is feasible.
Figure 3.6 shows the extent of permeable geological deposits within Enfield and
therefore indicates where infiltration methods are more likely to be applicable. Ground
investigations for specific sites will be required to establish whether the local
conditions are suitable. Unlike traditional soakaways where runoff is concentrated in a
small area, it can be acceptable to utilise linear infiltration systems (e.g. unlined
permeable paving and rain gardens) close or next to buildings (within 5m) as they
provide a larger surface area for runoff to infiltrate 39, depending on the geological
characteristics of the site and depth of building foundations utilised.

6.8

For small-scale developments, it is not cost effective to carry out detailed topographic
surveys, ground investigations and functionality calculations that would be mandatory
for larger developments. It is therefore recommended that generic systems for
determining storage requirements for minor developments should be devised on a
local scale and implemented appropriately on a site by site basis. It is important to note
that simple and easily maintainable source control SuDS measures such as rain
gardens, green roofs and permeable surfaces can be designed to manage most rainfall
events.
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National, regional and local SuDS Policies encourage the multiple benefits of green
infrastructure SuDS to be realised, these include water quality, biodiversity, amenity,
air quality and a reduction in noise pollution and the urban heat island effect 40 – these
contribute to improved public health and wellbeing as well as providing environmental
benefits. To facilitate delivery, make efficient use of available space, and maximise
the overall benefits, SuDS should be integrated into landscaping proposals. Almost all
landscaped features have the potential for above ground storage. Well-designed SuDS
can contribute to a developments the London Plan’s Urban Greening Factor
requirements by enhancing green spaces. For larger developments, opportunities to
integrate SuDS into a wider Integrated Water Resource Management Plan should be
explored (see paragraph 6.21 for further information).
Quantity

6.10

In line with the London Plan 19, all developments must aim to achieve greenfield
runoff rates with an appropriate allowance for climate change. There are many areas in
Enfield where the drainage system does not have the capacity to accommodate a large
storm event, and many smaller river catchments that can react quickly to low order
storm events. Therefore, a range of storm events need to be considered in terms of
peak runoff rate from a site. Greenfield runoff rates should be achieved for both low
order (1 in 1 year) and high order (1 in 100 year) storm events, with the allowance of
climate change 43. If a development has only one constant discharge rate for all rainfall
events, the most appropriate runoff rate is Qbar 41. Greenfield runoff rates and
attenuation requirements should be calculated using the methods described in the
Flood Estimation Handbook 31, Flood Studies Report 44 (FSR) or Institute of
Hydrology Report 124 45 (IH124).

6.11

In some cases, it may be considered preferable to discharge runoff above the
greenfield runoff rate. For example, a development adjacent to a watercourse could be
allowed to release runoff to the river before it peaks if it can be demonstrated that this
would reduce overall flood risk at a catchment scale. The use of this approach would
need to be agreed with the LLFA.

Recommendation
13

Quality
6.12
Recommendation
15

Enfield is predominantly served by separate surface water and foul water sewerage
where surface water runoff is discharged directly into the nearest watercourse.
Pollution from roofs, roads and car parks is washed into surface water sewers when it
rains and consequently into watercourses, usually without receiving any treatment, this
has a significant detrimental impact on the river environment 41. Source control or
interception techniques can improve the quality of surface water by treating runoff at
the point where it is generated, close to where the rain falls, these include porous
pavements, rain gardens, and green roofs. The initial runoff from a site, generated by
the first 5mm of rainfall will be the most contaminated and carry the highest
concentration of sediment and other pollutants. This is often referred to as the “first
flush”. All developments must aim to utilise source control SuDS measures to
intercept and treat the first 5mm of rainfall in order to remove silts and improve the
water quality of the runoff regardless of the final discharge method.
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6.13

In accordance with SuDS good practice guidance, developments must aim to utilise
source control SuDS measures for the majority of hardstanding and roof runoff. The
benefits of source control SuDS measures are maximised where rainwater or runoff is
discharged onto above ground features such as swales, green roofs and rain gardens,
rather than piped directly into the sub-base or other subterranean features. This
approach filters out sediments at the surface reducing the risk blockages in the piped
system. Allowing sediment to enter the piped system increases the risk of blockage
and associated operational failure, particularly as they are often inadequately looked
after due to the difficulties associated with inspecting and maintaining them. This
approach also enables lower discharge rates to be achieved for small-scale sites, in
accordance with greenfield runoff requirements, and reduces the need to design to
self-cleaning velocities as suspended solids are filtered out before entering the piped
system.

6.14

To maximise SuDS performance, it is important to use a SuDS Management Train
wherever possible, this term describes a series of SuDS components used in sequence
to treat, store and control runoff. “Pipe to pond” solutions where runoff is directed
straight into a storage feature without passing through a source control or interception
measures should be avoided, as this often results in polluted and silted storage features
which pose management problems 41. This also means that source control SuDS
measures should be utilised upstream of proprietary treatment measures (e.g. petrol
interceptors) as a treatment component of the SuDS Management Train. Some
developments may require a series of treatment components, corresponding the
pollution potential and environmental sensitivities of the site.
Functionality

6.15

All drainage systems must allow for flows above the design capacity to be conveyed
off site with minimum impact. The SuDS design philosophy is to use a sequence of
management methods. For example, if a soakaway reaches capacity, the subsequent
overland flow can be stored in a pond or wetland feature. SuDS that rely primarily on
infiltration should be designed to include an overflow outfall to the surface water
drainage network, to act in the event that the capacity of the drainage feature is
exceeded.

6.16

In many cases SuDS techniques can provide a cheaper solution to drainage
requirements than conventional piped systems, especially where they are integrated
into the landscape, and long-term maintenance and additional benefits of SuDS are
considered 39.

6.17

As with any drainage system, thought should be given to maintenance issues at the
design and feasibility stage. If an appropriate body does not adopt responsibility for
long-term maintenance, drainage assets will gradually fall into disrepair. Maintenance
issues can be simplified by keeping SuDS above ground where they are visible, and
their function clearly understood by those responsible for their maintenance. By
keeping such features above ground, when problems do occur, they are generally
obvious and can be remedied simply using standard landscaping practice 39. Features
such as rain gardens, green roofs and permeable surfaces are particularly suitable for
minor developments where an individual householder or other private landowner is to
be responsible for long-term maintenance, as they are easier to inspect and maintain
than below ground features.
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6.18

Clear adoption and maintenance responsibilities must be demonstrated in a SuDS
Strategy. In most instances, SuDS will be adopted and maintained by a private
landowner or management company. Enfield Council as the local authority and local
highway authority will consider SuDS for adoption, but this will require consultation
if the developer seeks a Section 38 or 278 agreements. Sewers for Adoption 8 46
provides guidance on the types of SuDS components which can be adopted by Water
and Sewerage Companies.

6.19

Developments should provide evidence that the approved SuDS have been
implemented and are fully functional prior to the occupation of a building. A
Verification Report may be requested to confirm that the SuDS Strategy or the Flood
Mitigation Strategy has been built in accordance to the approved drawings and FRA.
The information requested may include:
•

As built drawings of the sustainable drainage systems including level
information (if appropriate)

•

Drawings and justifications of any changes to the approved drawings (if
relevant)

•

Photographs of the completed sustainable drainage systems

•

Any relevant certificates from suppliers of any drainage feature

•

A confirmation statement of the above signed by an appropriate person e.g.
site engineer or construction manager

Other
6.20

In many areas of Enfield additional pressure is being applied to surface water drainage
systems due to a prevalence of impermeably paved front gardens, suitable options to
alleviate these issues should be investigated. The loss of permeable surfaces should be
avoided, and new paved areas should be constructed from permeable surfaces or
discharge onto a green SuDS feature. As many areas in Enfield experience flooding
for regular rainfall events, retrofitting SuDS to existing developments should be
encouraged. These actions will not actually reduce flood risk, unless retrospective
action is taken, but will reduce the likelihood of flood risk increasing as has occurred
in recent years. For larger developments a Section 106 contribution may be sought to
improve Highway drainage.

6.21

Major/ strategic developments should develop Integrated Water Resource
Management Plans (IWRMP). IWRMPs allow a holistic approach to “managing
water, land and related resources in order to maximise economic and social welfare in
an equitable manner without compromising the sustainability of vital ecosystems and
the environment,” as defined by the Global Water Partnership 47. This includes
consideration of how the whole water cycle functions now and in the future; planning
for potable water demand, potable water supply, rainwater harvesting and re-use of
grey water for non-potable uses, and preparation for flooding and drought. The
management of water resources can be on a number of scales, from individual
property levels to a regional scale. Infiltration SuDS features such as unlined rain
gardens encourage groundwater recharge, and therefore can form part of the IWRMP.

Recommendation
18
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7.0

CONCLUSIONS

7.1

The risk of flooding is a serious consideration in Enfield. The SFRA provides
guidance to both developers and planners for the future management of flood risk
across the borough. It does not provide detailed assessment of specific areas.

7.2

Through the full and proper implementation of the NPPF 1 PPG 7, London Plan 19
policies, the forthcoming Local Plan and site-specific flood risk assessments, flood
risk can be managed in a sustainable manner. Re-development of brownfield sites will
provide opportunities to reduce overall flood risk, principally through the use of
sustainable drainage systems and allowing space for flood storage, overland flows and
future maintenance and upgrade of flood defences.

7.3

The SFRA is based upon the best available information to date. It is a live document
and should therefore be reviewed periodically to reflect advances in understanding and
assessment of flood risk, emerging policy and the planning review cycle.
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8.0

RECOMMENDATIONS

8.1

The key recommendations made in this report have been summarised below, they have
been broadly divided into seven flood risk objectives.

Reduce Flood Risk through Spatial Planning
8.2

1. Direct new development to areas of low flood risk, giving highest priority to
Flood Zone 1 and avoiding areas of significant surface water flood risk (see
paragraph 5.1).
2. Where application of the Sequential Test to the Council’s list of allocated sites
identifies the requirement to apply the Exception Test, conduct a more
detailed Level 2 SFRA. The scope of this assessment will be increased to
include consideration of the impact of flood risk management infrastructure on
the frequency, rate of onset, depth and velocity of flooding (see paragraph
1.10).

Ensure Development is safe from Flooding
8.3

3. Site-specific Flood Risk Assessments are to be carried out and submitted to
the LLFA (and Environment Agency where appropriate) for approval for
development proposals that are (see paragraph 5.4):
•

1 hectare or greater in Flood Zone 1

•

Located in Flood Zones 2 and 3

•

Identified as being at risk from surface water flooding or in proximity to
an overland flow route

•

Creating useable space below ground

•

Subject to other sources of flooding identified in subsequent
reviews/updates of the evidence base on flooding

4. Use the Sequential Test within sites to inform layout by locating the most
vulnerable elements of a development in the lowest risk areas. Hence, use
open spaces within developments which have a residual flood risk to act as
flood storage areas 21 (see paragraph 5.18).
5. The designation of flood zones should be made in accordance with the best
available information at any given location, where modelling is available
which meets the requirements of the latest Climate Change Allowances 8 this
should take precedent and replace the current flood zones for both fluvial and
surface water, with these areas considered in the appropriate way for planning
purposes. Where information is not available current Environment Agency
flood zones will be observed (see paragraphs 3.10 and 3.15).
6. Ensure that buildings with residual flood risk are designed to be flood
compatible or flood resilient 21 ,with safe access and egress ensured. Flood
resistance measures should be incorporated based on individual situations.
Where the flood risk is most extreme (1 in 100 +70%) these measures should
meet this standard of protection (see paragraphs 5.9 & 5.14 & 5.18).
7. Ensure development is safe by making finished floor levels at least 300mm
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above the fluvial flood level and 150mm above the surface water floor level
and providing safe access, with consideration of flood resistance and
resilience for householder extensions (see paragraphs 5.7 and 5.8 and 5.19).
8. Preserve overland flood flow routes and ensure there is no net loss of flood
storage on site (see paragraphs 5.11 and 5.14).
9. Where appropriate and beneficial, the Council should consider the removal of
permitted development rights and implementing Article 4 Directions in areas
subject to high flood risk (see paragraph 5.13).
10. Where developments involve the creation or extension of a basement or lower
ground floor level, a groundwater flood risk assessment should be produced
and submitted to the LLFA (see paragraphs 3.24 and 5.15).
11. Ensure evacuation plans are in place which consider the appropriate hazard
classification of the use of the development (see paragraphs 5.9 and 5.10).

Ensure Development does not increase Flooding elsewhere
8.4

12. All new developments must include SuDS to ensure that flood risk is not
increased and to reduce flood risk where appropriate. This includes smallscale developments as well as major ones to mitigate against the cumulative
effect of numerous minor developments (see paragraphs 1.16 and 6.3).
13. Developments are required to restrict surface water discharge rates to
greenfield runoff rates for 1 in 1 year and 1 in 100-year (plus climate change)
storm events, or Qbar. As well as providing level for level compensatory
storage (see paragraphs 5.11 and 6.10).
14. Source control SuDS measures that manage water at the surface, such as green
roofs, rain gardens and permeable paving, should be maximised in accordance
with SuDS good practice (see paragraph 6.8).
15. SuDS features must capture the first 5mm of rainfall to reduce the impacts of
pollution and improve water quality (see paragraph 6.12).
16. To ensure SuDS are multi-beneficial and cost-effective, they must be
integrated into the landscape and be above ground (see paragraphs 6.4 & 6.9).
17. For smaller sites that do not necessitate a full surface water flood risk
assessment, it is recommended that generic methods for determining storage
requirements or other suitable SuDS techniques are devised on a local scale
and implemented appropriately on a site by site basis. Guidance on the design
of SuDS measures is provided in the SuDS Design and Evaluation Guide 41
and the Enfield’s SuDS Proforma (see paragraphs 6.4 & 6.9).
18. Paving over of front gardens into driveways for parking, or any other purpose,
must use permeable surfacing materials or provide other SuDS techniques to
compensate for any reduction in green space (see paragraph 6.20).
19. SuDS provided in new developments should complement other related policy
requirements. For example, green infrastructure SuDS measures such as green
roofs and rain gardens contribute positively towards the Urban Greening
Factor or feature as a component of an Integrated Water Resource
Management Plan to mitigate flooding and drought (see paragraph 6.9).
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Reduce Flood Risk at the Catchment Scale
8.5

20. The Council should adopt a catchment-based approach in managing flood risk,
acknowledging flood mitigation in the upper catchment benefits developments
downstream (see paragraph 4.10).
21. The relevant neighbouring local planning authorities and stakeholders within
the Lee catchment should work in partnership with the Environment Agency
to ensure that flood risk in the Lee valley is managed effectively to better
protect existing communities and enable future development (see paragraphs
4.10 and 4.17)
22. The Council should work with landowners and other stakeholders such as
neighbouring authorities to implement Blue Green Infrastructure measures,
including natural flood management and SuDS, across the borough to manage
flood risk and deliver wider environmental and social benefits (see paragraph
4.12).
23. The implementation of flood risk management schemes should be included in
the borough’s Infrastructure Development Plan (see paragraph 4.15).
24. CIL charges and where appropriate S106 charges should contribute towards
flood risk management schemes (see paragraph 4.15).

Reduce Flood Risk from all other Sources of Flooding
8.6

25. Ensure all stakeholders work together to manage surface water and sewer
flooding. It is critical that drainage authorities, including Enfield Council and
Thames Water, carry out effective regular and long-term maintenance of the
highway drainage and sewerage networks (see paragraphs 3.29 and 3.36).

Enhance and Restore the River Corridor
8.7

26. Policies that restore river corridors by creating or maintaining undeveloped
strips alongside rivers, removing culverts, naturalising the river environment,
and opposing future culverting of rivers should be implemented in order to
provide more space for rivers to flow and flood naturally. All rivers, including
main rivers and ordinary watercourses in Enfield should work towards an
improved WFD status (see paragraphs 4.4 and 4.12 and 4.13).
27. In general developments must be set back from the river edge to enable
sustainable and cost-effective flood risk management options 21. The
appropriate set back must be negotiated with the LLFA and other statutory
bodies such as the Environment Agency, with environmental permitting rules
for flood risk activities followed (see paragraph 4.7).
28. Wider benefits of river restoration should be realised and should link to
policies to improve public health, conserve and improve habitat for wildlife
and provision and enhancement of green/leisure spaces (see paragraph 4.12).
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Improve Flood Awareness and Emergency Planning
8.8

29. The Council should seek to raise flood awareness in the areas exposed to flood
risk, for example by publicising information regarding the level and nature of
the threat and highlighting warning systems such as the Environment
Agency’s Flood Information Service (see paragraph 4.19).
30. The Council should review and update its Multi-Agency Flood Plan where
new information on flood risk is available. The location of vulnerable
institutions, emergency services and critical infrastructure, such as major
roads, in relation to areas identified as being at risk of flooding should be
considered in detail (see paragraphs 4.21 to 4.26).

8.9

These recommendations accord with the main messages and objectives of the National
Flood and Coastal Erosion Risk Management Strategy 48 and Enfield’s Local Flood
Risk Management Strategy 10. This document should be reviewed as improved data on
flooding becomes available or as government policy updates require.
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GLOSSARY AND ABBREVIATIONS
Glossary of Terms
Adoption of Sewers The transfer of responsibility for the maintenance of sewers to a
sewerage undertaker
Annual probability The estimated probability of a flood of a given magnitude occurring or
being exceeded in any year, usually expressed as the 100 year flood, 1 in 100 or 1%
Antecedent conditions The condition of a catchment area at the start of a rainfall event
Aquifer A source of groundwater comprising water-bearing rock, sand or gravel capable of
yielding significant quantities of water
Attenuate To reduce in force or intensity
Baseflow The portion of streamflow that comes from groundwater and not surface runoff
Blue Green Infrastructure Catch all term describing sustainable infrastructure which
contains elements of water and open green space
Brownfield site Any land or site that has been previously developed
Catchment The area contributing runoff or baseflow to a particular point on a watercourse
Catchment Flood Management Plan A high-level planning strategy through which the
Environment Agency works with other key decision-makers within a river catchment to
identify and agree policies to secure the long-term sustainable management of flood risk
Climate change Long term variations in global temperature and weather patterns
Culvert Covered channel or pipe that forms a watercourse below ground level
Development The carrying out of building, engineering, or other operations in, on, over or
under land or the making of any material change in the use of any buildings or other land
Discharge Rate of flow of water
Flood defence Infrastructure, such as flood walls and embankments, intended to protect an
area against flooding, to a specified standard of protection
Flooding Inundation by water whether this is caused by breaches, overtopping of banks or
defences, inadequate or slow drainage of rainfall, underlying groundwater levels or blocked
drains and sewers.
Floodplain Area of land adjacent to a watercourse, an estuary or the sea, over which water
flows in time of flood, or would flow but for the presence of flood defences where they exist
Floodplain compensation The provision of new floodplain storage capacity to replace lost
natural floodplain due to development
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Flood probability The estimated probability of a flood of given magnitude occurring or
being exceeded in any specified time period
Flood resilience Constructing a building in such a way that although flood water may enter
the building its impact is minimised so that no permanent damage is caused, structural
integrity is maintained and drying and cleaning are facilitated
Flood resistance Constructing a building in such a way to prevent floodwater entering the
building and damaging its fabric
Flood risk An expression of the combination of the flood probability and the magnitude of
the potential consequences of the flood event
Flood Risk Assessment A study to assess the risk of a site or area flooding, and to assess the
impact that any changes or development in the site or area will have on flood risk
Flood Risk Management Combines the functions of mitigating and monitoring flood risks
and may include pre-flood, flood-event or post-flood activities
Flood storage The temporary storage of excess runoff or river flow in tanks, ponds, basins,
reservoirs or on the floodplain
Fluvial Relating to a river or rivers
Fluvial flooding Flooding from a river or other watercourse
Full bore flow This occurs when the flow in a pipe reaches its maximum capacity
Functional floodplain Unobstructed areas of the floodplain where water regularly flows in
time of flood, identification of which should take into account local circumstances and not be
defined solely on rigid probability parameters, important planning tool in making space for
flood waters when flooding occurs (Flood Zone 3b)
Greenfield runoff rate The rate of runoff that would occur from the site in its undeveloped
(and therefore undisturbed) state
Groundwater Water in the saturated zone of the ground below the water table
Groundwater flooding Flooding caused by groundwater escaping from the ground when the
water table rises to or above ground level
Infiltration Capacity A soil characteristic determining or describing the maximum rate at
which water can enter the soil
Local Planning Authority Body responsible for planning and controlling development,
through the planning system
Main river A watercourse designated on a statutory map of main rivers maintained by Defra
Mitigate To reduce in force or intensity
Natural Flood Management Measures applied to reduce flood and coastal erosion risk
involving implementing measures that help to protect, restore and emulate the natural
functions of catchments, floodplains, rivers and the coast.

67

New Enfield Local Plan 2041: Level 1 Strategic Flood Risk Assessment

London Borough of Enfield

Nature Based Solution Measures applied which work with nature to address societal
challenges, providing benefits for both human well-being and biodiversity by involving the
protection, restoration or management of natural and semi-natural ecosystems; the sustainable
management of aquatic systems and working lands such as croplands or timberlands; or the
creation of novel ecosystems in and around cities.
Ordinary watercourse A watercourse that is not a designated main river, a private drain or a
public sewer
Overland flow flooding Flooding caused by surface water runoff when rainfall intensity
exceeds the infiltration capacity of the ground, or when soil is so saturated that it cannot
accept anymore water
Precautionary principle The approach, to be used in the assessment of flood risk, which
requires that the lack of full scientific certainty shall not be used as a reason for postponing
cost-effective measures to avoid or manage flood risk
Probability A measure of the chance that an event occurs. The probability of an event is
typically defined as the relative frequency of occurrence of that event, out of all possible
events
Protected floodplain Natural floodplain prevented from flooding by defences
Residual risk The risk that remains after risk management and mitigation. It may include,
for example, risk due to very severe storms (above design standard) or risks from unforeseen
hazards
Return period A term used to express the frequency of extreme events. It refers to the
estimated average time interval between events of a given magnitude
Riparian owner A person who owns land on the bank of a natural watercourse or body of
water
Runoff The flow of water from an area on the catchment surface, caused by rainfall
Sequential Test A risk-based approach to assessing flood risk, its aim is to steer new
development to areas at the lowest probability of flooding (Zone 1)

Sewer flooding Flooding caused by the blockage or overflowing of sewers or urban drainage
systems
Sewerage The network of pipes and associated infrastructure that convey foul or surface
water to a treatment plant or disposal point
Strategic Flood Risk Assessment An assessment of flood risk carried out for forward
planning purposes
Sustainable drainage system A sequence of management practices and control structures,
often referred to as SUDS, designed to drain surface water in a more sustainable manner than
some conventional techniques. Typically, these techniques are used to attenuate rates of
runoff from development sites.
Sustainable development Development which meets the needs of the present without
compromising the ability of future generations to meet their own needs
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Urban creep The process whereby the impermeability of the urban area increases over time,
due to modifications to individual properties
The Urban Greening Factor (UGF) A tool that evaluates and quantifies the amount and
quality of urban greening that a scheme provides to inform decisions about appropriate levels
of greening in new developments
Water table The level of groundwater in soil and rock, below which the ground is saturated
Wetlands An area where saturation or repeated inundation of water is the determining factor
in the nature of the plants and animals living there
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List of Abbreviations and Acronyms
ADAS Agricultural and Development Advisory Service
AOD Above Ordnance Datum
BGI Blue Green Infrastructure
CIRIA Construction Industry Research and Information Association
Defra Department of the Environment, Food and Rural Affairs
DPD Development Plan Document
FRA (Site-Specific) Flood Risk Assessment
LDD Local Development Document
LDF Local Development Framework
LFRMAS Local Flood Risk Management Asset Register
LFRMS Local Flood Risk Management Strategy
LLFA Lead Local Flood Authority
LoDEG London Drainage Engineers Group
NFM Natural Flood Management
PPG Planning Practice Guidance
RFRA Regional Flood Risk Appraisal
SFRA Strategic Flood Risk Assessment
SPD Supplementary Planning Document
SuDS Sustainable Drainage Systems
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APPENDIX A
Enfield’s Adopted Local Plan
A1

Enfield’s existing Local Plan comprises a number of documents that have been
produced by the Council, the relationship of each component document is set out in
Figure A below (Enfield’s Local Plan relationship of component documents). The
Core Strategy which, set out the previous vision, strategic objectives and high-level
policies for Enfield was consistent with the London Plan (2008) with a housing target
equating to 395 dwellings per annum. Since then, London’s population has continued
to grow tremendously, and the borough has changed. The London Plan adopted in
2011 and consolidated with alterations in 2016, significantly increased the Enfield’s
housing targets from 560 to 798 dwellings per annum.

Figure A - Enfield's Local Plan - Relationship of component documents
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APPENDIX B
Statutory Consultee Matrix
Authority

Lead Local Flood
Authority (LLFA)

•
•

When to Consult
FRAs for all sources of flooding (including fluvial,
surface water and groundwater)
Flood Evacuation/Management Plans
SuDS Strategies
Developments within 20m of a watercourse
(including Ordinary Watercourses)
Surface Water discharges to Ordinary Watercourses
FRAs for developments in Flood Zone 2 or 3
requiring an Exception Test, and developments 1Ha
or above in Flood Zone 1 (refer to the EA Flood Risk
Matrix overleaf for further detail)
Developments within 20m of a main river
Surface Water discharges to main rivers
Developments within Groundwater Source Protection
Zones 1 and 2
Developments within 8m of a sewer or 20m of the
New River
Foul and Surface Water discharges to sewers
Surface Water discharges to the New River

•
•

Developments within 20m of the Lee Navigation
Surface Water discharges to the Lee Navigation

•
•
•
•
•
•

Environment Agency
(EA)

•
•
•
•

Thames Water (TW)

Canals & River Trust
(CRT)

76

New Enfield Local Plan 2041: Level 1 Strategic Flood Risk Assessment

London Borough of Enfield

Environment Agency Flood Risk Matrix
Development
category

Development
within 20
metres of the
top of a bank
of a Main
River

Includes
culverting or
control of flow
of any river or
stream

Within Flood
Zone 3

Within Flood
Zone 2

Within Flood
Zone 1

Householder
development
and alterations

Consult EA
Note

Consult EA
with FRA

No consultation
see standard
comment

No consultation
see standard
comment

No consultation
No EA Advice

Non-residential
extensions with
a footprint of
less than 250m2

Consult EA
Note

Consult EA
with FRA

No consultation
see standard
comment

No consultation
see standard
comment

No consultation
No EA Advice

Change of use
FROM ‘Water
Compatible’
TO 'Less
Vulnerable'
development

Only consult
EA if site also
falls within
Flood Zone 3.
FRA Required

No consultation
No EA Advice

Consult EA
with FRA

No consultation
No EA Advice

No consultation
No EA Advice

Change of use
RESULTING
IN 'Highly
Vulnerable' or
'More
Vulnerable'
development

Only consult
EA if site also
falls within
Flood Zone 3.
FRA Required

No consultation
No EA Advice

Consult EA
with FRA

Consult EA
with FRA

No consultation
No EA Advice

Operational
development
less than 1
hectare

Consult EA
Note

Consult EA
with FRA
showing design
details of any
culvert or flow
control structure

Consult EA
with FRA and
Sequential Test
Evidence (and
Exception Test
where required)

Consult EA
with FRA and
Sequential Test
Evidence (and
Exception Test
where required)

No consultation
see standard
comment

Operational
development of
1 hectare or
greater

Consult EA
Note

Consult EA
with FRA
showing design
details of any
culvert or flow
control structure

Consult EA
with FRA and
Sequential Test
Evidence (and
Exception Test
where required)

Consult EA
with FRA and
Sequential Test
Evidence (and
Exception Test
where required)

Consult EA
with FRA

Table B1 Environment Agency Flood Risk Matrix,
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APPENDIX C
Environment Agency Development Control Policy and FRA Recommendations
C1

C2

C3

C4

For developments within 20 metres of a main river ensure:
•

an 8 metre wide undeveloped strip is provided alongside rivers;

•

a presumption against further culverting;

•

opportunities to remove existing culverts and undertake river restoration are
exploited.

For development sites greater than 1 hectare in area ensure:
•

a Surface Water Flood Risk Assessment is to be undertaken in compliance
with PPS25;

•

SUDS are implemented to restrict runoff from the site to greenfield rates
including 1 in 100 year attenuation taking into account climate change;

•

the risk of alternative sources of flooding are fully considered and mitigated;

•

a positive reduction in the risk of flooding is achieved;

•

a clear and concise statement summarising how the proposed redevelopment
has contributed to a positive reduction in flood risk is provided.

For development sites located in Flood Zones 2 and 3 the following policy
requirements apply:
•

risk of alternative sources of flooding must be fully considered and mitigated;

•

demonstrate that the main messages of the Thames Region Catchment Flood
Management Plan have been met;

•

achieve a positive reduction in the risk of flooding;

•

provide a clear and concise statement summarising how the proposed
redevelopment has contributed to a positive reduction in flood risk;

•

all FRAs supporting proposed development within Flood Zone 3 should assess
the proposed development against all elements of the Council’s flood policy;

For sites in Flood Zones 2 and 3 an assessment of the following is required:
•

details of site levels to Ordnance Datum;

•

the potential of the development to increase flood risk elsewhere;

•

whether opportunities to reduce the vulnerability classification of site can be
achieved through the site's redevelopment;

•

the vulnerability of the development to flooding over the lifetime of the
development (for example, max water levels, flow paths and flood extents).
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C5

C6
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For sites in Flood Zones 2 and 3 ensure:
•

where necessary a Sequential Test has been undertaken with the LPA and
approved by the EA;

•

an FRA is undertaken in line with PPS25 and guidance on the Environment
Agency Flood Risk Matrix website;

•

the development does not increase flood risk elsewhere by providing level for
level floodplain compensation;

•

the development provides safe access (safe access is defined as dry for ‘more’
and ‘highly vulnerable’ uses);

•

finished floor levels are set 300mm above the 1 in 100 year flood level
including an allowance for climate change;

•

flood storage is improved;

•

flood flow routes are preserved;

•

opportunities to reduce the size of existing building footprints are explored;

•

the site is designed sequentially and where possible buildings are removed and
the natural floodplain restored;

•

residual risk of flooding after flood risk management measures have been
taken into account has been considered and mitigated for accordingly (for
example dry escape, flood warning and evacuation).

For sites in Flood Zone 3b (the functional floodplain), the following risk reduction
measures are sought:
•

removal of buildings and restoration of the natural floodplain;

•

change of use to a less vulnerable classification;

•

reduced building footprint;

•

preservation of flow routes;

•

improvements to flood conveyance and storage, replace solid building with
buildings raised on stilts;

•

meet objectives of the Thames Catchment Flood Management Plan;

•

implement sequential approach to site design using the principles of Defra’s
Making Space for Water strategy.
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APPENDIX D
Environment Agency: Flood Risk Assessments - Climate Change Allowances
(2016) Document Summary
D1

The ‘Flood Risk Assessments: Climate Change Allowances’ is a guidance document
released by the Environment Agency which updated previous climate change
allowances in support of NPPF. It gives guidance on how Site-Specific Flood Risk
Assessments (FRA) and SFRAs should apply climate change allowances in order to
help minimise vulnerability and provide resilience to flooding in the future. The
document was updated in July 2021 using UKCP18 projections and included changes
to the application of peak river flow allowances. This appendix summarises the
sections of referenced document which are relevant to the Enfield SRFA.

D2

The climate change allowances are broken down into different categories to predict
anticipated change for the following:
•

Peak river flow by river basin district

•

Peak rainfall intensity

•

Sea level rise

•

Offshore wind speed and extreme wave height

The two categories most relevant to the London Borough of Enfield’s setting and
therefore this SFRA are peak river flow by river basin district and peak rainfall
intensity.
D3

In the determination of peak river flows the Environment Agency will use the
following data to determine the benchmarks for the advice it gives as a statutory
consultee:
•

Peak River Flow allowances are shown in a table relevant to management
catchment, which are sub-catchments of the river basin districts. The
allowances are based on percentiles. The percentile figures show the
proportion of possible scenarios that fall below the allowance level. There are
a range of allowances which are based on a degree of percentiles. These are
described as central (50th percentile), higher central (70th percentile), upper
end (95th percentile). For example, with reference to Table D1 below the total
potential for change in the higher central category for the ‘2020s’ is that there
is a 70% chance that peak flows will increase by less than 14%, with a
remaining 30% chance that peak flows will increase by more than 14%. The
full information for the London Management Catchment (Thames river basin)
is shown in Table D1 below:
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River
basin
district

Thames

Allowance category

London Borough of Enfield

Total potential
change
anticipated for
the ‘2020s’
(2015 to 2039)

Total potential
change
anticipated for
the ‘2050s’
(2040 to 2069)

Total potential
change
anticipated for
the ‘2080s’
(2070 to 2115)

Upper end (90th percentile)

26%

30%

54%

Higher central (70th percentile)

14%

14%

27%

Central (50th percentile)

10%

7%

17%

Table D1 - Extract from Climate change allowances – Peak river flow allowances for London
Management Catchment (Thames river basin district) (using 1981 to 2000 baseline) from the
gov.uk Guidance document: Flood Risk Assessments: climate change allowances (Update
Published 2021)

•

Consideration of the flood zone and the appropriate flood risk vulnerability
classification to decide which of the above allowances applies to the proposed
development plan allocations over their lifetimes for Sequential test
application in an SFRA. The purpose of this is to understand the range of
impacts incurred. The vulnerability classifications are based on Table 3 from
the PPG. The consideration of allowances are shown in table D2 below:
Essential
Infrastructure

Highly
Vulnerable

More
Vulnerable

Less
Vulnerable

Water
Compatible

Flood Zone
1

Use central
allowance

Use central
allowance

Use central
allowance

Use central
allowance

Use none of
the allowances

Flood Zone
2

Use higher
central

Use central
allowance

Use central
allowance

Use central
allowance

Use central
allowance

Flood Zone
3a

Use higher
central

Development
should not be
permitted

Use central
allowance

Use central
allowance

Use central
allowance

Flood Zone
3b

Use higher
central
allowance

Development
should not be
permitted

Development
should not be
permitted

Development
should not be
permitted

Use central
allowance

Table D2 Application of river basin changes allowances based on flood zone and flood risk
vulnerability classification

D4

The peak river flow allowances should be applied to developments and allocations
where the SFRA shows an increased risk of flooding in the future. This includes
locations that are currently in flood zone 1, but might be in flood zone 2 or 3 in the
future.

D5

For the design of safe access, escape route and places of refuge, use the central
allowance for all development types except for essential infrastructure (use the higher
central allowance for this). Where the local authority consider development
appropriate, even though it will not follow the flood zone compatibility categories for
flood zones 2, 3a or 3b, use the higher central allowance.
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D6

To assess off-site impacts and calculate floodplain storage compensation a
consideration of the land use in affected areas should be made. Use the central
allowance for most cases and the higher central allowance when the affected area
contains essential infrastructure. This should consider likely future land uses shown
local plan allocations or unimplemented extant planning permissions.

D7

The other category of climate change allowances which are relevant to the context of
Enfield development plans is the peak rainfall intensity allowance. Increased rainfall
affects river levels as well as land and urban drainage systems, which can result in
surface water and sewer flooding. The guidance states that development plans should
consider the following allowances in peak rainfall intensities in order to understand the
range of impacts that could occur as a result of climate change. The allowances are
shown in Table 1 of the document and is reproduced here in table *.
Applies across all
of England

Total potential change
anticipated for the
‘2020s’ (2015 to 2039)

Total potential change
anticipated for the
‘2050s’ (2040 to 2069)

Total potential change
anticipated for the
‘2080s’ (2070 to 2115)

Upper end

10%

20%

40%

Central

5%

10%

20%

Table D3 Table 1 - Peak rainfall intensity allowance in the small or urban catchments (using
1961 to 1990 baseline) from the gov.uk Guidance document: Flood Risk Assessments: climate
change allowances (Published 2016)

D8

Drainage systems should be designed to make sure there is no increase in the rate of
runoff discharged from the site for the upper end allowance.

D9

In issuing a development plan allocation such as an SFRA the guidance advises the
application of a range of allowances to inform flood levels with consideration of the
following:
•

likely depth, speed and extent of flooding for each allowance of climate
change over time considering the allowances for relevant time period

•

vulnerability of the proposed development types or land use allocation to
flooding

•

‘built in’ resilience measures used, for example, raised floor levels

•

capacity or space in the development to include additional resilience measures
in the future, using a ‘managed adaptive’ approach
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APPENDIX E
Flood Zone and flood risk tables reproduced from Planning Practice Guidance: Flood
Risk and Coastal Change
Table E1 Table 1: Flood Zones
Flood Zone

Definition

Zone 1
Low
Probability

Land having a less than 1 in 1,000 annual probability of river or sea
flooding. (Shown as ‘clear’ on the Flood Map – all land outside Zones 2 and
3)

Zone 2
Medium
Probability

Land having between a 1 in 100 and 1 in 1,000 annual probability of river
flooding; or land having between a 1 in 200 and 1 in 1,000 annual
probability of sea flooding. (Land shown in light blue on the Flood Map)

Zone 3a
High
Probability

Land having a 1 in 100 or greater annual probability of river flooding; or
Land having a 1 in 200 or greater annual probability of sea flooding.(Land
shown in dark blue on the Flood Map)

Zone 3b
The
Functional
Floodplain

This zone comprises land where water has to flow or be stored in times of
flood. Local planning authorities should identify in their Strategic Flood
Risk Assessments areas of functional floodplain and its boundaries
accordingly, in agreement with the Environment Agency. (Not separately
distinguished from Zone 3a on the Flood Map)

https://www.gov.uk/guidance/flood-risk-and-coastal-change#Table-1-Flood-Zones

Table E2 Table 2: Flood risk vulnerability classification
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Essential Infrastructure
• Essential transport infrastructure (including mass evacuation routes) which has to cross the area at
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.
Highly vulnerable
• Police and ambulance stations; fire stations and command centres; 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’).
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.
• Sites used for holiday or short-let caravans and camping, subject to a specific warning and
evacuation plan.
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, cafes and hot food
takeaways; offices; general industry, storage and distribution; non-residential institutions not
included in the ‘more vulnerable’ class; 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.
• Ministry of Defence 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.
https://www.gov.uk/guidance/flood-risk-and-coastal-change#Table-2-Flood-Risk-Vulnerability-Classification

Table E3 Table 3: Flood risk vulnerability and flood zone ‘compatibility’
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Flood
Zones
Zone 1
Zone 2
Zone 3a †
Zone 3b

Flood Risk Vulnerability Classification
Essential
Highly
More
infrastructure
vulnerable
vulnerable
✓
✓

Exception Test
required †
Exception Test
required *

✓

Exception Test
required

Less
vulnerable

Water
compatible

✓

✓

✓

✓

✓

✓

✓

✓

✗

✓

✗

Exception
Test required

✗

✗

Key:
✓ Development is appropriate
✗ Development should not be permitted

London Borough of Enfield

Notes to table 3:
• This table does not show the application of the Sequential Test which should be
applied first to guide development to Flood Zone 1, then Zone 2, and then Zone 3; nor
does it reflect the need to avoid flood risk from sources other than rivers and the sea;
• The Sequential and Exception Tests do not need to be applied to minor developments
and changes of use, except for a change of use to a caravan, camping or chalet site, or
to a mobile home or park home site;
• Some developments may contain different elements of vulnerability and the highest
vulnerability category should be used, unless the development is considered in its
component parts.
† In Flood Zone 3a essential infrastructure should be designed and constructed to remain
operational and safe in times of flood.
“*” 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.
https://www.gov.uk/guidance/flood-risk-and-coastal-change#Table-3-Flood-risk-vulnerability
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APPENDIX F
SuDS Features
Table F1 Descriptions of some of the most common types of sustainable drainage systems

SuDS

Description

Rainwater
Harvesting
systems

Rainwater harvesting is the direct capture and storage of runoff for use on site,
the use of rainwater butts is a typical example. Designs must ensure that storage
for runoff control is always available

Green roofs

A planted soil layer is constructed on the roof of a building to create a living
surface. Water is stored in the soil layer and absorbed by vegetation. Blue roofs
store water at roof level, without the use of vegetation

Bioretention
systems (i.e. Rain
Gardens and Tree
Pits)

Runoff from an impermeable area is allowed to flow onto a shallow landscaped
depression, which is densely planted area to promote sedimentation and
filtration. Runoff can pond temporarily on the surface before filtering through
vegetation and underlying soils prior to collection or infiltration. Soils can be
engineered to improve treatment performance, and trees can be planted to
increase infiltration capacity

Pervious
pavements

Porous pavements or other permeable surfaces allow rainwater to infiltrate
through the surface into an underlying storage layer. Water can be stored in the
sub-base and can infiltrate into the ground or be gradually released into the
drainage network

Filter drains or
French drains

Filter drains consist of a gravel filled trench providing attenuation, conveyance
and treatment (via filtration)

Swales

A vegetated channel is used to convey and treat runoff (via filtration). These can
be “wet”, where water is designed to remain permanently at the base of the
swale, or “dry” where water is only present in the channel after rainfall events. It
can be lined, or unlined to allow infiltration

Infiltration
systems

These systems collect and store runoff allowing it to infiltrate into the ground.
Overlying vegetation and underlying unsaturated soils can offer protection to
groundwater from pollution risks. An emergency overflow may be provided for
extreme rainfall which exceeds the capacity of the trench

Detention basins

Basins are areas for storage of surface runoff that are free from water under dry
weather flow conditions, while ponds are intended to hold some water at all
times. Basins and ponds are often installed towards the downstream end of a
surface water system, and if vegetated can provide additional treatment

Ponds and
wetlands

Features with a permanent pool of water can be used to provide both attenuation
and treatment of runoff, where outflows are controlled and water levels are
allowed to increase following rainfall. They can support emergent and
submerged vegetation along their shoreline and in shallow, marshy zones, which
enhances treatment processes and biodiversity

Attenuation
storage tanks

Large, below-ground voided spaces can be used to temporarily store runoff
before infiltration, controlled release or use. The storage structure is often
constructed using geocellular or other modular storage systems, concrete tanks
or oversized pipes.
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APPENDIX G
Level 2 SFRA (2013) – Summary of recommendations
1. Redevelopment of Meridian Water will require a detailed site-specific Flood Risk
Assessment (FRA) to be submitted with each individual planning application; these are to
be prepared in accordance with the requirements of the NPPF, Enfield’s Level 1 SFRA
and the recommendations of this study.
2. The Sequential Test is to be applied within the site, steering development towards areas of
low flood risk.
3. Where this is not possible, in making their allocations the Council will need to be satisfied
that the Exception Test can be passed. FRAs accompanying individual planning
applications must demonstrate how this will be achieved in each instance, including how
the development will be safe without increasing flood risk elsewhere, to be classed as safe:
•

A dry access route above the 100 year plus climate change flood level or, where
appropriate modelled data exists, an access route within the low hazard area of the
floodplain to and from any residential development should be provided;

•

Finished floor levels for these developments should be set at least 300mm above the 100
year plus climate change flood level;

•

To achieve this without increasing flood risk elsewhere, it must be shown that there will be
no net loss of flood storage and that overland flow routes will not be obstructed.

4. Any FRAs should include a map of the site showing the extent of the area that is within
300mm of the 100-year plus climate change flood level. Basement dwellings and other
types of ‘highly vulnerable’ development, as defined in Table 2 of the Technical Guidance
to the NPPF, should not be considered within this area.
5. Where flood risk management measures are proposed to reduce flood risk and increase
the scope for redevelopment of the site, these must be carried out in accordance with the
main messages of the Thames Region Catchment Flood Management Plan and the
requirements of the Environment Agency.
6.

Any future site-specific FRA for the area between Meridian Way and Pymmes Brook
should address the residual risk of a blockage in the Pymmes Brook culvert potentially
causing significant flooding.

7.

Where site-specific FRAs identify areas of residual flood risk (for example through
failure of flood risk management infrastructure such as culverts), this should be mitigated
by implementing flood resilience or resistance measures to individual properties.

8.

The proximity of Meridian Water to various river channels and the topography of the
site increase the importance of ensuring that surface water runoff is controlled on.
Sustainable Drainage Systems (SUDS) are to be employed for all new developments and
attenuation is to be provided up to a 1 in 100 year event with climate change. It is likely
that overland storage will be required to achieve this, this may create opportunities to
provide enhanced green spaces within the site.

9. Future redevelopment of the site must aim to incorporate any relevant measures identified
by the Surface Water Management Plan for Enfield
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APPENDIX H
Borough Flood Map
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APPENDIX I
Table I1 Extract from Research and Development Technical Report FD2320 showing Table 4 –
Hazard to People Classification using Hazard Rating
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APPENDIX J
Mapped details of the Local Flood Risk Management Asset Register
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