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® Local Authority Contaminated Land (LACL) network e European Marine Sand And Gravel Group (EMSAGG)

LACL helps local authority officers to address EMSAGG provides a forum for the marine aggregate
responsibilities and duties involving land contamination industry across Europe to discuss sector issues and
and redevelopment. exchange ideas and learning.

Where we are

Discover how your organisation can benefit from CIRIA’'s authoritative and practical guidance - contact us:

Post Griffin Court, 15 Long Lane, London, EC1A 9PN, UK
Email enquiries@ciria.org
Website WWW.cCiria.org

For details of membership, networks, events, collaborative projects and to access CIRIA publications through the bookshop.
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Executive summary

WHAT IS NATURAL FLOOD MANAGEMENT?

Natural flood management (NFM) is a tool to help reduce flood risk. It complements other flood risk
management approaches and involves working across the landscape to protect, restore or mimic the
natural hydrological processes that occur. These include increasing infiltration of water, slowing the

flow of water across the landscape, storing water and holding back sediment. Importantly, natural flood
management can have a range of complementary, co-benefits such as habitat creation, carbon storage,
water quality improvement and recreational and wellbeing benefits if delivered effectively and considered
from the outset. These co-benefits can be maximised by working with others.

Part A provides an overview of natural flood management and a high-level checklist of the steps to
deliver it.

WHERE DOES IT WORK AND WHAT ARE THE DIFFERENT MEASURES?

NFM can be applied across the landscape, in rural and urban locations, tailored to the given location.

There are a range of inland NFM measures described in this manual. These complement and overlap

each other — there may be a number of measures suitable for a given catchment and it is preferable to
use a broad range of measures rather than relying on one or two.
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NFM measures across a river catchment (courtesy Emma Wren)

NFM projects should consider three main aspects, in the following order:
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A leaky woody feature that has naturally formed across a
watercourse

A watercourse that could be restored by adding meanders
and being reconnected to its floodplain

A scrape added to the landscape to store overland runoff
before it reaches the watercourse

Protect — take steps to retain things in the
current landscape that are functioning well in
terms of natural processes — it is best to start by
looking after what is working if possible

Restore — work at the source of the problem and
reinstate natural hydrological processes across
the landscape, by taking steps to restore or
enhance hydrological processes. Making many
positive changes across the landscape, such as
soil or land management interventions, adds up to
a bigger impact.

Mimic — it is unrealistic to restore the landscape
everywhere. However, NFM features can be
added to mimic natural hydrological processes
or to give enhanced flood risk benefits. An
example would be runoff storage features in an
agricultural landscape. These mimic the way
that runoff across the land would be expected to
be slower in more natural settings.

Part B describes the philosophy of NFM and the first part of the delivery process - how to set up a project
for success and choose appropriate NFM sites and measures.

Part C gives more detailed information on a range of inland NFM measures. There are 12 measures
covered in the manual and of these four are covered in a greater depth — these priority measures are
shown in bold. The others are given a short overview with signposts to further detail.

CIRIA C802
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Upland peatland management Riparian woodland

’. Soil and land management Floodplain woodland
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Runoff management

Leaky barriers

Runoff storage

@ Catchment woodland
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e

Floodplain reconnection

River channel restoration

Offline storage

Runoff storage (courtesy Yorkshire Dales Rivers Trust) Floodplain reconnection (courtesy Atkins)

HOW SHOULD NFM BE DELIVERED?

NFM is most effective when delivered in a location over a longer time period with time to re-visit earlier
project steps and evolve as understanding and momentum increases. This circular process allows more
informed decisions over time and increases the likelihood of a successful project. It is also important
that the level of effort is proportionate to the overall intended outcome. It is often preferable to deliver
something on the ground and build learning and momentum from making a tangible start.
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o

 Monitor & Understand

manage | catchment
Work with
Construct&  others Select
implement Measures
Design

NFM delivery process

There are five key steps to consider, which are presented as a linear process. However, there may be a
need to go back and refine some multiple times or to consider earlier in the process, for example some
baseline monitoring may be needed at the start to help understand the catchment.

Understand the
catchment

Engage with catchment stakeholders and gather data to understand the geography
of the catchment and the interests of everyone. Identify partners and funding

Select measures

Choose the sites and NFM measures that can achieve the desired outcomes,
including maximising co-benefits

Design

This should be tailored to the project aims and the site. Health and safety risks
must be considered

Construct and

This is dependent on the design of the NFM measures. Consider the timing, safety,

implement liability, access and environmental impacts
Monitor and Develop a site management plan dependent on the aims and objectives of the
manage project

Part D provides detailed information on the NFM delivery process, and supporting information, including
case studies and worked examples, are in the Appendices.

WHY WORK WITH OTHERS?

The ability to deliver co-benefits and seek to dexliver on multiple aims is one of the key outcomes of NFM.
It is important to work with other interested groups at every step of the NFM delivery process to maximise
these benefits — to seek alignment in what each are trying to achieve and to pool expertise and resources.
This is outlined in Part B.
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The natural flood management manual

Introduction

This chapter provides an overview of natural flood management and a
high-level checklist of the steps to deliver it.

» Summary drawings are provided of four NFM measures covered in detail in this manual:
» Runoff management: Chapter 7 provides more detail on this measure

» Runoff storage: Chapter 8 provides more detail on this measure

» [eaky barriers: Chapter 10 provides more detail on this measure

» Floodplain reconnection: Chapter 12 provides more detail on this measure

11 WHAT IS NATURAL FLOOD MANAGEMENT?

NFM is used across the landscape to protect, restore or mimic the natural functions of
catchments, floodplains, rivers and the coast. It is a potential approach to help reduce
the risk of flooding from all sources such as rivers, the sea and surface water runoff. It
should be considered alongside a range of other options to reduce both the likelihood of
flooding (eg flood walls, embankments, storage reservoirs) and the impacts of flooding
(eg improved flood warning and recovery).

The starting point for any NFM work is a desire to reduce flood risk, and a recognition
that NFM may be a viable option to do this, by working with natural processes across
the landscape. NFM can perform one or more primary functions relating to flood risk

management:

e increase infiltration

e slow the flow of water
e  store water

e hold back sediment.

It can also perform secondary functions to provide co-benefits, such as habitat creation and
biodiversity enhancement, soil improvement and retention, water quality improvement and
carbon storage, and can create more valuable landscapes leading to recreation or tourism
opportunities for the local and wider community. Equally, other initiatives, which have their
primary objectives outside of flood risk management, can also provide a secondary flood
risk co-benefit (eg biodiversity-driven projects can help reduce flood risk).

NFM can take many different forms and can be applied at different scales, in urban
and rural areas, by altering the way habitats, land, rivers, estuaries and the coast, are
managed (Figure 1.1).

Chapter 1: Introduction
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RIVER AND CATCHMENT-BASED NFM MEASURES

NFM, to reduce the risk of surface water and river flooding, can be applied in different ways. The NFM
measures included in this manual are detailed in Table 1.1 and those given more focus are shown in bold.

There is considerable overlap between some measures. This is because some can be used in different
ways in different places in the landscape. For example, leaky barriers can be used to both manage
overland runoff and stream or river flows, and bunds can be used to intercept flow pathways and store
runoff. It is also important to consider a range of measures in a range of locations to reduce the risk of
relying on a single solution or a particular location.
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Figure 1.1
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The natural flood management manual

() Riparian woodland

@ Offline storage
@ River channel restoration
5 Floodplain woodland

Floodplain reconnection
Palaeochannel reconnection

Runoff storage @ Runoff storage
Swale Scrape
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Measure

Measure types

How it works

Consider alongside

Upland peatland
management

Revegetation and
habitat management
Gully blocking using
leaky barriers for
peatlands

Ditch blocking
Hillslope pool creation

Manage upland peatland and
enhance ability to store and slow
the flow of water from headwaters.
Revegetate and roughen bare
areas and encourage dense peat-
forming vegetation. Block artificial
drainage channels (grips) to support
vegetation change. Stabilise eroded
gullies. Install leaky barriers that are
appropriate for peatland to provide
enhanced flood storage. Create
pools to buffer the rainfall response.

Upland peatland management
typically takes place in the
headwaters of a catchment and
so can be adopted upstream of
all other NFM measures.

They need to be designed

to suit the upland peatland
environment.

Soil and land

Changes to farm

slopes to slow the flow down
slopes, intercept rainfall, increase
evaporation and uptake by
vegetation and infiltration.

Rt management practices
. . Runoff management
Reduce soil Restore or enhance the ability of
) e Runoff storage
compaction soil to infiltrate and store water.
Woodland (all types)
Encourage more
natural habitats
Runoff Soil and land management
management Leaky barriers across overland
) Cross track drains and | Interrupt or divert overland flow y
) flow pathways
diverters pathways across the landscape,
o Cross slope or catchment
Cross slope hedgerows | encourage infiltration into the woodland
(including banked ground, slow the flow and divert . )
. Riparian or floodplain woodland
hedges) water away from problematic L )
. . in riparian buffer strips
Buffer strips locations. .
Runoff storage to store diverted
water
Runoff storage Soil and land management
Runoff management
Ponds Store water on overland flow Cross slope or catchment
Scrapes pathways to reduce the flow woodland
Bunds towards a watercourse and Leaky barriers across overland
Swales encourage infiltration. flow pathways
Offline storage adjacent to runoff
pathways
Cross slope
woodland Plant woodland belts across

Runoff management and storage
Soil and land management

Riparian woodland

Plant trees in the river corridor to
slow the flow in channels, intercept
rainfall, increase evaporation and
uptake by vegetation and infiltration.

River channel restoration and
floodplain reconnection

Leaky barriers on watercourses
Buffer strips along watercourse
Floodplain woodland

CIRIA C802
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Measure Measure types How it works Consider alongside
Floodplain River channel restoration and
woodland floodplain reconnection
Plant trees in the floodplain to slow | Leaky barriers on watercourses
the flow across it. Intercept rainfall, | Riparian woodland
increase evaporation and uptake by | Soil and land management
vegetation and infiltration. Buffer strips along watercourses
Offline storage in/adjacent to
floodplains
Clttchizi Soil and land management
woodland

Increase woodland cover across
the landscape to intercept rainfall,
increase evaporation and uptake by
vegetation and infiltration.

Runoff management and storage
Other woodland measures
Leaky barriers and offline
storage on runoff pathways and
watercourses within woodland

Leaky barriers

Leaky barriers on
watercourses
Leaky barriers on
runoff pathways

A flow obstacle to slow down

and store water in small streams
and their immediate floodplain.
Or a barrier across overland flow
pathways to store and slow water.

Riparian or floodplain woodland
to supply woody material in the
future

Soil and land management
Runoff management and
storage eg buffer strips along
watercourse

River channel restoration and
floodplain reconnection
Catchment, floodplain and
riparian woodland

Offline storage

Next to watercourses
Adjacent to runoff
pathways

Divert water from an overland flow
pathway or stream to be temporarily
stored nearby.

Leaky barriers to divert water
into storage areas

Runoff management to divert
water from flow pathways
Runoff storage

Could locate within floodplain or
catchment woodland

Floodplain
reconnection

Lower, remove or

set back existing
embankments
Reconnect
palaeochannels
In-channel features to
push flow into floodplain
Floodplain wetland
restoration

Restore or enhance the natural
function of the floodplain to store
water.

River channel restoration
Floodplain and riparian
woodland

Leaky barriers to push flow into
floodplain

Offline storage

River channel
restoration

Restore channel
planform

Restore longitudinal
connectivity
Restore lateral river
movement

Restore modified river channels
due to artificial changes (direct or
indirect).

Floodplain reconnection
Floodplain and riparian
woodland

Leaky barriers

Buffer strips along watercourse

Chapter 1: Introduction 9
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Figure 1.2 Example NFM measures
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WORKING WITH NATURE
The philosophy of NFM centres on working with nature where possible to reduce flood risk close to the

origin of flooding. Figure 1.3 explains this approach, showing that the focus should be to work with nature
to protect, then restore and mimic hydrological processes.

1 Protect 2 Restore 3 Mimic

Work with ne 2 §00 Mimic or reinstate hydrological processes
> working with nature where possible and

using englneered solutions where
appropriate

This could be leaky barriers, earth bunds
or offline storage areas

Figure 1.3 The NFM continuum of protect, restore and mimic hydrological processes

An NFM project should seek to retain features in the landscape that are naturally functioning well. It
should then seek to restore natural hydrological processes across the landscape, by enhancing or adding
to what is present across the catchment. Finally, if the entire landscape cannot be restored, an NFM
approach can be adopted to mimic hydrological processes or to give greater flood risk benefit. This could
mean adding more engineered storage features to the landscape rather than, or as well as, working at
source to improve the ability of soil to store water. Alongside this hierarchy there are five key principles to
adopt when working with nature (Figure 1.4).

3

Connect

1 2

4 5

Give space Prioritise
and time

Let nature do | Think bigger
the work
Undertake
restoration
actions across
the landscape to
create resilient
catchments

and maximise
benefits

Protect

and restore
connectivity
within and
between
environments
to maximise
benefits

Take a strategic

Resilient rivers | @approach

and landscapes Jto NFMand
need space and || co-ordinate
time to adjust activities with
to changes and others across
sustain naturally Jthe landscape
functioning

systems

Allow natural
processes to
operate with

as few controls
as possible

to create and
sustain resilient

catchments,
ecosystems and
habitats.

Minimise the
use and impact
of physical
modifications

Figure 1.4  Five key principles for working with nature

HOW TO USE THE MANUAL

This manual is divided into four parts (A to D) plus appendices and is colour coded based on those
sections (Figure 1.5). It starts with a high-level overview and progresses into more detailed information.
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/A B C D

NFM How to Appendices
measures deliver NFM

Introduction JPhilosophy
to NFM and Jand choice
the manual of approach

Detailed Detailed Case studies,

information on a J information on further

range of inland the NFM delivery j information,

NFM measures process and glossary and
overarching references
considerations

Overview of General

NFM and the principles, where

NFM delivery to start and

process how to choose
NFM sites and
measures

Chapters 5 to 13 | Chapters 14 to 19

Chapter 1 Chapters 2 to 4

Figure 1.5  Structure of this manual

THE NFM DELIVERY PROCESS

The delivery process is the starting point in this manual to appreciate the process to implement NFM.
There are five key steps to the process, shown in Figure 1.6. It is important to work with other interested
groups to maximise the outcomes of NFM at every stage.

The delivery of NFM combines methods used in flood risk management (eg assessment of risk and
hydrological modelling) and environmental management (eg understanding natural processes and
ecological impacts).

NFM is most effective when delivered as a long-term, circular process. This enables increased
understanding to improve design and delivery as the project progresses. This will result in more
informed decisions over time and the increased likelihood of a successful project. The level of detail
needed at any given step is highly project specific and should be proportionate to the overall intended
outcome. It is also important to recognise that there may be several full or part iterations around the
delivery process — NFM projects tend to be more organic in their nature than engineering projects —
NFM measures can be incrementally added over time as more partners become involved and support
for this way of working builds momentum in a place.

The following sections explain the key steps in the delivery process and provides high-level checklists

to ensure that all aspects are considered. Figure 1.7 signposts where more information is found in later
sections of this manual.
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‘measures

Figure 1.6 The NFM delivery process

outcomes . .
considerations

Develop appropriate NFM

Understand the NFM 1 Introduction
delivery process, agree 2 Aims and success
Initiation project aims, raise support factors
- and understand wider 3 Top tips for successful
8 aspirations NFM
"—
e Gather information to
Q Understand understand issues and 4 Select sites and
2 catchment opportunities in the measures
o)) catchment
=
14 Hydrology and
E Select sites and measures . y X ay
= 4 Select sites and hydraulics
=) to target the catchment
Select measures . L measures 15 Costs and benefits
0 issues and maximise )
g Part C NFM measures 16 Environmental
—
(o))
(]
E Design . Part C NFM measures 17 Design and materials
designs
Construct and . 18 Construction and
. Deliver the NFM Part C NFM measures . .
implement implementation
Monitor and Aftercare for the NFM
) Part C NFM measures 19 Monitor and manage
manage delivered

Figure 1.7  How to use the manual to deliver an NFM project

1.5.1 Understand the catchment

To start, an NFM project requires a broad understanding of the catchment and the interests of the people
within it. This understanding is an iterative process and, due to the complex and dynamic nature of river
systems, it is never complete.
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There can be a number of starting points dependent on the nature of a catchment and the people

involved. Projects range from small-scale interventions to multi-catchment strategies, and can be initiated

and led by a variety of organisations, stakeholders and partnerships.

The success of NFM projects rests on early engagement, to gather support from the community and
landowners as well as flood risk authorities. Support from these stakeholders will provide a platform to

deliver NFM and inspire confidence in the project.

Understanding the catchment is critical to understand the source of catchment impacts and the factors
contributing to these issues and also identify opportunities to address these. This understanding means

that NFM measures can be targeted to both reduce flood risk and deliver co-benefits.

Checklist

v

Understand flood risk (where and what floods; sources, pathways and receptors)

Understand the interests, aims and aspirations of everyone involved in the catchment

Find others to work with to achieve more together

Define the project aims and success factors; review them as understanding increases

Identify potential funding sources

Understand the physical nature of the catchment and catchment pressures

Understand current and future strategies, plans or developments

Identify opportunities to reduce flood risk, address impacts and maximise co-benefits

Understand risks and barriers to implementation (eg land ownership, infrastructure)

Put in place any monitoring needed to gather missing data or understand project success

1.5.2 Select measures

Select NFM sites and measures that will achieve the project objectives and address the causes of flood
risk in a catchment. The NFM measures chosen should aim to address the issues identified during the

‘understand the catchment’ step and maximise opportunities for co-benefits.

Checklist

v

Identify priorities for NFM locations and measures

Protect and restore what is there before seeking add more engineered measures

Combine a range of NFM measures and types

Seek to address flood risk issues at source and align to the catchment hydrology and hydraulics

Take opportunities to address wider catchment issues and deliver co-benefits

Select measures to align with project aims — funding requirements, landowner or community preference,
and the people involved and expertise available

Select measures to maximise environmental benefits and minimise detrimental impacts

Consider how measure choice will affect the overall costs and benefits

Understand if specific consents or permissions may be needed

Consider if design, construction and future management requirements affect the choice (eg expertise
available, health and safety, land access)
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1.5.3 Design

Design is a vital part of the process as it is required to obtain permission to construct or implement NFM
measures. The main benefits of a good design are:

e jtenables NFM principles to be embedded

e good project performance

e  reduction of risk

e  positive communication and engagement

e allows the monitoring of project success.

The level of detail required in design depends on the type, scale and location of the NFM measure. The
optimal design of an NFM measure depends on the unique conditions of the site and the aims of the
project. Safety needs to be considered in design (see Section 17.5) to reduce health and safety risks
during construction and throughout the lifespan of measures.

Checklist v

Work with the community to improve designs or overcome implementation barriers

Specify the NFM measures to be constructed

Align the level of design to the NFM measure, scale and location and the performance aims

Optimise the hydrological and hydraulic design of individual measures

Refine understanding of the costs and benefits of the project

Maximise environmental opportunities and minimise harmful environmental effects

Understand and eliminate or reduce safety risks

Consult with the relevant consenting authorities to understand if the design meets their needs

1.5.4 Construct and implement

The approach to construction and implementation is dependent on the type of measure and the outputs
of the design process.

The aspects to be considered are unique to a site and include the timing of works, safety, liability, access,
environmental designations and more.

Some measures can be implemented in a day with a group of volunteers, while others require a civil
engineering approach, which can take longer.

Checklist v

Make the most of collective working to construct NFM measures effectively

Plan how to construct or implement the measures as they are specified in the design

Ensure that health and safety risks are considered and minimised

Confirm site access and understand any constraints (eg services, timing)

Plan how to minimise and manage any harmful environmental impacts

Ensure all necessary consents and permissions are in place

Keep appropriate records of the completed measures and their future management
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1.5.5 Monitor and manage

The specific approach to monitoring will depend on the aims and objectives of the project. Successful
monitoring should:

e establish the strengths and weaknesses of both the individual measures and the wider NFM project
e target the key indicators of success, at the scale at which they are expected to change

e inform the catchment understanding, measure selection, design and construction to improve the
current and subsequent projects.

By working with natural processes, NFM measures may require little or no ongoing management. In
some cases, NFM measures require maintenance (periodic or based on flood events, eg woodland
management, repairs) or adaptive management (changes and alterations). This is informed by monitoring
and inspection findings.

Checklist v

Develop and implement a site management plan

Assign responsibility for inspection and management or maintenance

Monitor the overall flood risk benefits and co-benefits to demonstrate project success

Monitor whether individual measures are working as planned

Consider mechanisms to incorporate adaptive management (changes and alterations)

AIM AND SCOPE OF THE MANUAL

The manual covers the delivery of NFM from start to finish: problem identification, conception, funding,
design, construction, inspection, maintenance, adaptive management and end-of-life considerations. It
is primarily concerned with the ‘where’ and ‘how’ of NFM delivery, rather than ‘why’, and aims to provide
confidence in NFM and ensure the best outcomes are delivered. The manual is not intended to be
exhaustive and innovation in this area is constantly emerging.

Itis intended for use in the UK and is tailored to the geographical settings and conditions of the country.
It does not cover the legal context for countries outside the UK although it draws on advice and case
studies from elsewhere and could be of assistance for overseas projects.

The manual covers NFM measures to reduce the risk of flooding from surface water and rivers. It does
not include coastal NFM to reduce the risk of tidal or coastal flooding by techniques including restoration
or creation of salt marshes, mudflats, dunes and beaches. Further guidance on coastal NFM is given in
Forbes et al (2015) and Burgess-Gamble et al (2018).

Detailed technical advice is given on four measures (shown in bold in Table 1.1). These are considered
more challenging to deliver and with less detailed information available. The remaining measures are
each given a one-page summary with signposts to other publications. The manual is structured so that
more information can be added on the other measures.

The primary audience is those implementing NFM in their local river catchment. This may be individual
or groups of landowners or managers, a community group or an environmental non-governmental
organisation (NGO), such as a Rivers Trust or Wildlife Trust. It may also be used by the full range of
authorities, organisations and professionals working on NFM projects (Section A3.2). It is aimed at
groups implementing projects to reduce flood risk, although it can also be used to help design other
nature-based solutions that may provide flood risk benefits alongside other aspirations.
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BOX Definitions of NFM and similar approaches

11

Name

NFM

Nature-based
solutions (NbS)

Natural water
retention measures

Sustainable
drainage systems
(SuDS)

Blue-green
infrastructure

Definition
An approach to reduce flood risk by working with natural processes across the landscape.

An approach that adopts natural processes to overcome or offset environmental issues.

NFM is a type of NbS, focusing on flood risk, and achieving co-benefits. Other nature-based
solutions may focus on different outcomes, for example biodiversity improvements, water
quality improvements or climate resilience, and could also provide a flood risk benefit. Similar
techniques may be used to achieve these outcomes.

Term used across Europe with a similar meaning to NFM. Natural water retention measures
aim to retain and enhance the natural water storage capabilities of the landscape, soil and
aquifers using natural processes.

Ways to manage surface water runoff (the flow of rainwater across the surface) by capturing,
using, absorbing, storing and transporting rainfall in a way that mimics nature. They also
reduce pollutants as well as provide other amenity and biodiversity benefits. Some overlap
with NFM. Described in detail in Woods Ballard et al (2015).

Uses the landscape and NbS to provide multi-functional spaces that are strategically planned
and managed. The green refers to elements such as parks, gardens, playing fields trees and
woods; the blue refers to watercourses, canals, ponds, lakes and wetlands.

Common name

Description Reference

Natural mitigation of
flood risk

A short summary of evidence for the
effectiveness of NFM and successful UK Parliament POST (2020)
governance approaches to implementation

SEPA NFM handbook

A guide for Scotland, giving a good

. . Forbes et al (2015)
overview to NFM techniques

WWNP Evidence
base

A guide for England and Wales, brings NFM

. Burgess-Gamble et al (2018)
research and evidence together

NFM — A farmer’s
guide

Aimed at landowners and farmers. Focuses
SRUC (2019)
on benefits to the farm

FWAG information
sheets

FWAG South West:
https://lwww.fwagsw.org.uk/natural-flood-
management-information-sheets

Information sheets for landowners on a
range of measures
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Further reading

UK Parliament POST (2020) Natural mitigation of flood risk, Postnote number 623, Parliamentary Office
of Science and Technology, London, UK

= A short summary of evidence for the effectiveness of NFM and successful governance approaches to
implementation

https:/iresearchbriefings files.parliament.uk/documents/POST-PN-0623/POST-PN-0623.pdf

Forbes, H, Ball, K and McLay, F (2015) Natural flood management handbook, Scottish Environment
Protection Agency, Stirling, Scotland (ISBN: 978-0-85759-024-4)

= A guide for Scotland, giving a good overview to NFM techniques

https:/lwww.sepa.org.uk/media/163560/sepa-natural-flood-management-handbook1.pdf

Burgess-Gamble, L, Ngai, R, Wilkinson, M, Nisbet, T, Pontee, N, Harvey, R, Kipling, K, Addy, S, Rose,
S, Maslen, S, Jay, H, Nicholson, A, Page, T, Jonczyk, J and Quinn, P (2018) Working with natural
processes — the evidence directory, SC150005, Environment Agency, Bristol, UK

= A guide for England and Wales, brings NFM research and evidence together

https://assets.publishing.service.gov.uk/media/6036c5468fa8f5480a5386e9/Working_with_natural_processes_
evidence_directory.pdf

SRUC (2019) Natural flood management — a farmer’s guide, SAC Consulting and the Tweed Forum,
Scotland

= Aimed at landowners and farmers. Focuses on benefits to the farm

https:/lwww.farmingandwaterscotland.org/downloads/natural-flood-management-a-farmers-guide/

FWAG South West FWAG information sheets
= Information sheets for landowners on a range of measures

https:/lwww.fwagsw.org.uk/natural-flood-management-information-sheets
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What is floodplain reconnection?

Floodplai
oo p al n * ‘Reactivation’ of floodplains to reverse previously reduced connection between the river and its floodplain

u ) . .
recon nectlon ¢ Increases the frequency and/or spatial extent of floodplain inundation
¢ Allows water to be stored outside the main channel in times of flood

Chapter 12 provides more detail

Paleochannel reconnection

Allows former river channels (in the floodplain) to become
inundated in times of higher flows/flood

Bank locally
Paleochannels lowered to allow
present flood water Before
in floodplain into paleochannel

After

Consider
cross-sectional
diversity within

the paleochannel

Retain or reinstate
bankside and
riparian vegetation

Key benefits:

* Flood risk reduction: reduction in flood risk elsewhere by directing flow onto
the floodplain

b olaginal

* Restored natural g P g p and Y services:
transfer of water, sediment and organic matter from channel to floodplain
creates more room for the river

* Drought resilience: slow release of stored water from the floodplain

* Climate regulation: increased resilience by making space for flood waters.
Carbon capture and storage by wetlands

¢ Deliver adjacent to the river channel, usually in the middle to lower reaches of a river catchment

Remove, set back or lower flood banks

Allows the physical transfer of water between a river
and floodplain

Order of preference

Existing should be:
1. Remove

defence not
i 2. Set back

needed or in

3. Lower or breach

poor condition

Channel width Floodbanks
and meander removed or
spacing is set back
site specific
Channel free
to meander
Work well with:

* Riparian or floodplain woodland to further slow the river flow

¢ Leaky barriers to elevate water into a reconnected floodplain or wetland
* River channel restoration alongside floodplain reconnection

« Offline storage incorporated into the same location

* Riparian buffer strips to maximise the impact in a river corridor

Key metrics

. Moderate to high cost

. Moderate build complexity
. Low maintenance requirements

. Indefinite design life

Floodplain wetland restoration

Create or restore wetland areas within
the floodplain

Wetland planting
should be suited
to the catchment,

Localised hydrology
bank and soils/geology
lowering
Tailor Low-lying areas
wetland or former
dimensions and wetland sites
connectivity to Excavate to match
the site local topography

Design notes common to all floodplain reconnection
measures:

The size of the measure is site specific and hydraulic modelling may be
needed to design it

Impacts on flood risk, erosion and deposition, and environmental receptors
need to be considered

Excavation may be needed - the amount is site and design specific
Minimise loss of mature trees

Consents may be required for these measures. Refer to the manual for
further detail
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What are leaky barriers?

They obstruct flows within watercourses or along runoff pathways

Leaky

e They raise the water level, slow the flow and increase channel roughness, which spreads out water over a

barriers

Chapter 10 provides more detail

Woodland watercourse

Live materials or wood sourced from site that is hinged or
positioned across a woodland watercourse

wider area and reconnects the channel and floodplain

Most effective when several leaky barriers are built in series along the same flow path or watercourse

Constructed using live materials, wood or stone

Non-woodland watercourse

Non-living, but preferably locally sourced wood positioned
across the watercourse

Use in small
watercourses less
than 3 m wide. Can be
in watercourses up to 5m
wide if risk of washout is
reduced, e.g. design of,

Large log or
piece of woody
material laid across
the stream with
additional wood
within the channel

Crossed logs

Key benefits:

* Flood risk reduction: leaky barriers slow in channel flows and direct
flow onto the floodplain. This helps to store water, increase infiltration,
increase root uptake and evaporation and reduce flood flows downstream

$al i

Envir p t: leaky barriers can improve sediment
dynamics and flow diversity and also stabilise the riverbank and
floodplain

* Habitat creation: leaky barriers can provide food sources, shelter and
perches for wildlife. They can trap floating debris and sediment, to help
regenerate habitat

* Drought resilience: leaky barriers on runoff pathways can retain water
during dry periods and increase soil moisture

Height of a
barrier should
not exceed 1 m

fixings

Requires
robust fixings

~_

Ensure a clear

Embed logs bottom opening

into the channel Strainer posts

banks at dug into the bank e
| ot ug into the ban winter base
ower levels to support the flow level)

embedded logs

Barrier width
should be at
least 1.5 times the
channel width

Stakes and wedged logs/wall of logs

Work well with:

* Woodland to provide a source of material. This can be used to restrain .
leaky barriers and help promote the natural formation of barriers on
watercourses over time

* Leaky barriers can be used to raise water out of the channel to enable
floodplain reconnection and the diversion of flow into offline storage
areas o

* Riparian buffer strips can exclude stock from accessing leaky barriers and
also improve the surrounding riparian habitat >

* Leaky barriers positioned on runoff pathways interrupt flows and can act as o
a runoff storage feature

Key metrics

. Low cost
@ cos) o vuia

‘ Low maintenance requirements

. 5-10 years design life

Runoff pathway

Constructed perpendicular to surface water runoff pathways
to slow the surface runoff feeding into watercourses from
the surrounding landscape

Large logs
Place on a Live willow woven placed between
well-defined between posts and two rows of
runoff flow path around logs to increase stakes to form
a barrier

structural longevity

Y

Small Barrier
permanent or perpendicular
temporary pond to the direction
feature may of runoff
be created

Posts dug into
ground in two
parallel lines

Multi-stack logs

Design notes common to all types of leaky barrier:

Heavy lifting or machinery may be needed to position logs and drive in stakes
Design and locate to take advantage of local materials

Locate so that floodwater remains within the landowner boundary or obtain agreement from the
neighbouring landowners

Ideally build several structures in series along the sameflow path or watercourse. The most
downslope structure should be most robust to catch debris if upslope structures were to fail

Consents may be required for these measures. Refer to the manual for further detail
Do not locate in the area of water ponded upstream of another barrier

Minimise use of artificial materials
CIRIA C802 The natural flood management manual
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What is runoff management?

Runoff

Aims to interrupt, slow or divert overland flow pathways across the landscape

.
m a n age m e nt ¢ Encourages infiltration into the ground and diverts water away from challenging locations

¢ Includes cross drains and deflectors; cross slope hedges and buffer strips

Chapter 7 provides more detail

Banked hedge

Hedges planted cross slope on a raised bed or bank, to intercept flow pathways and
store water, to increase infiltration and transpiration

Use a fence
to exclude
Plan(.the livestock until fully
hedge in two established
Water ponds staggered rows,
upslope placed just off the Bank side
of hedge crest of slopes should be 1 Install where
the bank in 5 or shallower, if there is a risk
space permits, and of soil erosion/
no steeper than transportation into
1in3 the watercourse
Add a hedge
on the
upslope side
Install where
runoff pathways Build up to
have been identified. Locate alongside 0.3m high, and
Place across slopes existing degraded at least 0.4m
or at the foot of or former hedgerows wide at the crest
steeper slopes to match the local

boundary pattern

Key benefits:

Flood risk reduction: measures divert, infiltrate and store runoff, to
reduce downstream flood risk and divert water away from challenging
areas such as highways and infrastructure

Water quality: measures can be designed to trap and filter contaminated
runoff

Climate regulation: hedgerows and buffer strips can capture and store
carbon

Habitat creation: hedgerows and buffer strips create habitat which can
be used as wildlife corridors to link existing habitats

Soil health: help retain soil on the land rather than it being washed into
watercourses

Farm operation: hedgerows can be a long-term field boundary and are
beneficial to livestock health

Work well with:

Soil and land management to reduce runoff and soil loss
at source

Runoff storage to store water alongside measures to slow
runoff

Woodland across the landscape to reduce the rate of
runoff

Leaky barriers to slow the flows in watercourses or on
runoff pathways

River channel restoration and floodplain reconnection to
provide further benefit in the river corridor

Key metrics

. Low cost
@ cos) tovuia

. Moderate maintenance requirements

' Indefinite design life if maintained

Enhanced riparian buffer strip

Linear features strategically placed across a slope alongside a watercourse to allow the
establishment of rougher vegetation to slow, and help infiltrate and filter overland flow

Rougher
vegetation will
slow, help infiltrate
and filter
overland flow

Incorporate other
runoff management
or storage features to
maximise the slowing and
filtering of runoff,
eg swales, ponds
and scrapes

Create
alongside
watercourses

Can allow | .
vegetation to n_COrpora e
develop naturally riparian or

floodplain
/ woodland

Design notes common to all runoff management measures:

The appropriate runoff management measure is
dependant on location, purpose and construction
method

Living and natural materials should be used where
possible

Consider access requirements for maintenance
and livestock access for grazing or water needs

Bunds, swales, ponds or scrapes require
earthworks. Bunds need compaction in layers

Protect new trees from pests for the first two years

Consider adding hedgerow trees to increase
biodiversity, variation and structure

Plant hedges or trees between October and March

Use native trees similar to species present in the
local landscape

Connect existing habitats and/or create wildlife
corridors

Avoid sites where invasive species are a known
issue

Consents may be required for these measures.
Refer to the manual for further detail

CIRIA C802 The natural flood management manual
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What is runoff storage?

R u n Off ¢ Measures that temporarily store water
st r E ¢ They fill during rainfall events and empty slowly

Increase water storage across a catchment which reduces flood risk downstream
Chapter 8 provides more detail .

¢ Best in locations with sloping topography where runoff flows in defined pathways
Include ponds, scrapes, swales and bunds

Pond Earth bund

A bank created to provide flood storage or to help divert

Depression that holds water permanently with additional
runoff

capacity for storm events

Low point to
allow controlled
overspill. Design so that
flows are below 3 m/s for

Locate inlets
and outlets to

Plant wet and dry

Flood storage tolerant species which

maximise the length Could volume above blend into the landscape. h b
of flow path plant trees to normal water level, Geotextiles can be short duration operation (<2
through the pond provide shade on up to added to reduce hrs) and 1.5 m/s for long Maximum

If at risk of siltation a Plant el on location and
sediment trap can be native Eoppled storage needs
installed upstream vegetation el
margin
Outlet
pipe flush
with stone

surface

5

Temporary An outlet pipe
SIEED may be needed for Bank side
i R larger bunds. This slopes should be
should be above 1in 5 or shallower, if
ground level Use cohesive space permits, and no
soils. Soils steeper than
Design to be need compacting 1in3
Internal side q in layers
Bank side slopes
COTId(lhave wnge sr;laped Volume slopes should should be 1 inps @
s:vated |nhear ) inplan so ZW can typically be shallow and shallower, if space
vegetated channe SpIe 300-800 m?, varied g
inlet or just receive out gradually may be up to permits, and no
overland runoff 4y000 n:)’ steeper than 1.in 3
Key benefits: Work well with:
* Flood risk reduction: measures are effective as soon as they are installed. Runoff rates .

* Soil and land management to reduce runoff at source

are reduced by water retention and controlled flow release which slows the rate of rise of
across the landscape

a flood peak. Water storage increases the opportunity for infiltration and evaporation
* Runoff management or cross slope woodland alongside

* Water quality: measures allow sediment to settle out from the flow. This has a positive ¢ b )
measures to interrupt, slow or divert runoff and to store it

impact on water quality and improves the functioning of downstream watercourses

* Habitat creation: these measures, particularly ponds and scrapes, provide new wildlife * Catchment woodland to reduce runoff at source

habitats and increase biodiversity
* Leaky barriers to slow and store water on runoff pathways
* Climate regulation: wetland habitats, like ponds and scrapes, capture and store carbon
. . . * Offline storage to hold water adjacent to runoff pathways
* Soil retention: storing runoff close to source allows soil to be trapped in storage features, and to slow the flow .

rather than entering watercourses. Soil can then be returned back to farmland

lower but dependant

Key metrics

. Moderate cost

. Moderate build complexity

. Moderate maintenance requirements

. Indefinite design life if maintained

Scrape

Depressions that fill with water in the winter and gradually
dry out in the spring and summer

some parts of 0.5 m deep erosion risks duration operation (up to 50 height 1 m to
the pond hrs). ErOSIOI.1 protection may reduce need for
be required for flows significant engineering.
above this
Low point . Ideally should be much

Area between
20 m2and up to
1 ha, storing between

Gradual sloping
10 m*and 2500 m*

profile (1 in 10 to

1 in 20) from the

edges towards the
centre

Allow
Depth for natural
of 0.5 min colonisation by

the centre and native species

average depth
of 0.25 m

Design notes common to all runoff storage measures:

Avoid volumes over 10000 m® as can lead to additional duties under reservoir safety
legislation

Design to release water so that storage can be used again in the next storm
Likely to require earthworks

Ponds and earth bunds may require an outlet to provide additional capacity during
storm events. Outlets may need a headwall to support earhworks above and prevent
material falling down into the flow. Erosion protection may be needed

Size of the measure based on its catchment area and target rainfall event

Consents may be required for these measures. Refer to the manual for further detail

CIRIA C802 The natural flood management manual
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02

The natural flood management manual

Aims and successes

This chapter describes the aims of NFM and what can be achieved. It
introduces hydrological processes and the wider co-benefits of NFM.

» More detailed information on hydrological processes is given in Chapter 14.
» Case studies and worked examples of successful NFM are provided in the appendices.

2.1 AIMS OF NFM

The overall aims of NFM are to:

e reduce flood risk (Section 2.1.1)

e protect, restore or mimic natural hydrological processes (Section 2.1.2)
e deliver wider co-benefits (Section 2.1.3)

e maximise outcomes by working with others (Section 2.1.4).

21.1 Reduce flood risk

Improved flood risk management is the primary outcome of any NFM project. As with any
flood risk project this needs to be considered in an integrated way across the catchment
and, ideally, as part of a wider strategy to manage flood risk in the area. All catchments
are different, and so different solutions to manage flood risk are appropriate in each.

Flooding is a natural part of the hydrological cycle and floodplains are part of the river
system and naturally flood on a seasonal basis. Flooding can occur in a number of
interlinked ways and understanding how each contributes to catchment flooding and
the sources, pathways and receptors of flood risk is important in considering NFM
approaches (Figure 2.1).

Figure 2.1  Types of flooding and the source-pathway-receptor model (courtesy Emma Wren)

Issues arise when people, communities and infrastructure are located in areas where
flooding naturally occurs and subsequently affects society. Flood risk is a combination

of the probability (likelihood or chance) of a flood event and the damage and disruption it
causes. Understanding flood risk and its potential impacts is the first step towards creating
communities that are better prepared to manage flooding. This requires a combination

of local knowledge, technical data and expertise, analysis using maps and river data, an
understanding of catchment processes, and an appreciation of climate change.

Chapter 2: Aims and successes
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Traditional flood management solutions focus on the people and places that have issues with flooding
and often work by separating people and property from water in, or close to, the location affected by
flooding. They encourage large volumes of water to travel downstream faster (flood walls) or store water
just upstream of people and property (flood storage areas). NFM provides a different, catchment-based
approach that tries to reduce flood risk at the source, close to where rain falls, so that it is less of a
problem in the places downstream. The two approaches are compatible and should be considered in
combination, working to reduce flood risk across the catchment close to the source while supplementing
with traditional flood risk solutions for some receptors. Equally, NFM can be used to further reduce the
flood risk in places that already have traditional solutions and also provide resilience to climate change,
which will increase the risks associated with flooding in the future. NFM can also be an effective tool to
improve community engagement around local flood risk issues.

The flood risk issue, including location, severity and contributing factors, need to be understood to reduce
flood risk. This means that to successfully implement NFM there needs to be an understanding of the
study areas and the wider catchment context (Chapter 3) as well as the hydrological processes that can
occur (Chapter 4). The level of flood risk reduction that can be achieved depends on a combination of the
prior catchment condition, the project scale and the measures installed. This includes their location, size,
type and the number/density of measures.

2.1.2 Protect, restore or mimic natural hydrological processes

For NFM projects, there is a need to understand how water currently flows through and is stored in the
landscape and what previously might have occurred, perhaps when the catchment was considered to be
functioning more ‘naturally’. A range of nature-based methods can be used to restore or mimic the natural
hydrological characteristics of the landscape, while protecting those locations that already perform good
hydrological functions. There are many ways to accommodate constraints and maximise co-benefits.

The hydrological or water cycle includes the processes described in Box 2.1 and presented in Figure 2.2.

NFM measures are used across one or more of these processes. They help reduce flood risk by
protecting, restoring or mimicking natural hydrological processes, ideally working in that order and
seeking to maximise co-benefits, but without necessarily reverting the landscape to a completely natural
or wild condition. A range of changes have taken place over many decades across the UK landscape,
linked to river use, farming practices, management of flood risk, climate change and wider development.
These have altered the way water travels through and is stored in a catchment, often with other
unintended consequences.

Table 2.1 details simple natural processes and indicates ways that NFM can be designed to restore or
mimic these. This is a high-level summary by process, similar information is given by NFM measure

in Table 3.8. Measures work in combination across the hydrological cycle — ideally NFM projects will
encourage more interception, evapotranspiration and infiltration close to where rain occurs, then consider
the resulting runoff and finally consider slowing the flow in watercourses.

CIRIA C802
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BOX Hydrological processes
21

Precipitation can take several forms, with rainfall and snow being the most common. For simplicity, the term
rainfall is used in this manual to encompass all forms of precipitation.

Interception is the process by which rainfall is prevented from directly falling on the ground. This may be
because it falls onto the leaves of trees (the canopy), other vegetation or buildings.

Evapotranspiration is the loss of water from the ground and vegetation back to the atmosphere. This is either
due to evaporation from the surface of vegetation, the ground (including urban and rural areas), the near-
surface soil or waterbodies such as ponds and lakes, or the uptake and loss of water by plants (transpiration).

Infiltration is the process by which water soaks into the ground. It may soak into the soils or travel deeper

into the groundwater stored in the rocks beneath the ground. In principle each catchment has a set amount of
rainfall that can be absorbed into the ground (the ‘storage capacity’). The storage capacity remains the same,
however if soil and groundwater are already wet, then less infiltration will take place and water may runoff the
land surface instead. An impermeable surface is one where water cannot infiltrate (eg hardstanding) and a
permeable surface is one that can absorb water (eg soil). The soil type and condition also influence how easily
water can be absorbed into the ground.

Runoff is water flowing across the ground down a slope. It occurs when the soil is waterlogged and at full
capacity, rainfall arrives more quickly than the soil can absorb it, or across impermeable areas (eg hardstanding
or compacted ground). There are many factors which influence the rate and type of runoff, for example, the
intensity, duration and amount of rainfall. Where the runoff might occur is generally defined by the physical
characteristics, such as land use, degree of urbanisation, vegetation, soil types and steepness. Soil compaction
(by grazing or machinery) can often lead to increased runoff.

Groundwater flow is the flow of water beneath the ground surface that has entered the ground due to infiltration.

Streamflow is water that has entered the streams and rivers of the catchment through either runoff or
groundwater flow.

In addition, sediment erosion, transport and deposition are important fluvial geomorphological processes (ie
the processes related to rivers or streams) (Section 17.4). Hydrological and geomorphological processes are
highly interconnected as the volume/rate of water determines sediment erosion, transport and deposition.

Figure 2.2 The hydrological cycle and NFM (courtesy Emma Wren)
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TABLE Ways to work with hydrological processes
21

Interception

Additional interception, by trees, new/
enhanced habitats, or a rougher
vegetation creates extra opportunity
for subsequent evapotranspiration and
infiltration of rainfall.

Increase vegetation cover, change to a denser or leafier
habitat/vegetation type or change farming practices (eg
plant cover crops to reduce bare earth).

Evapotranspiration

Additional interception also increases
evaporation from plants and the near-
surface soil.

Additional vegetation leads to more
water uptake by roots and hence
increased transpiration.

As above, plus:

Improve soil structure.

Add more topography (small depressions or raised features)
to the land surface to increase water storage in the near
surface for longer, eg cross slope ploughing, banked hedges.

Infiltration into soil or underlying rock
stores water and can delay and reduce
runoff. Relies on soil and groundwater

As above, plus:
Encourage water to enter slower, subsurface flow paths

Infiltration
flow pathways generally being slower | by redirection of runoff towards more permeable areas to
than surface water. Dependent on soil | encourage infiltration.
type, condition and geology.
As above, plus:
Slow down runoff routes by lengthening flow pathways by
diversion or adding obstructions to increase flow diversity.
Reducing the rate and volume of < b
) Install measures as close to the source of the runoff as
Runoff overland runoff could reduce flood risk . ) . ) )
possible. Temporarily store water either where it falls as rain
downstream.
or on/close to runoff pathways.
Encourage storage features to empty before the next rainstorm
arrives to maximise the store available when it next rains.
continued...
CIRIA C802
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TABLE Ways to work with hydrological processes (contd)
21

Lengthen flow pathways by restoring the channel or
connecting the floodplain.
Slow down runoff routes by lengthening flow pathways by
. diversion or adding obstructions to increase flow diversity.
Reducing the rate and volume of Consider which part of the flood hydrograph is targeted.
Streamflow streamflow could reduce flood risk . o . v v v v
downstream. Storing wat.er to reduce the flood peak is likely to maximise
flow reduction.
Encourage storage features to empty before the next
rainstorm arrives to maximise the store available when it
next rains.
Increase vegetation cover.
Fluvial Soil is a valuable resource to retain Install measures as close to the source of the runoff as
geomorphological at source. If washed from fields it can | possible.
processes (soil damage river environments and cause | Identify problematic sources and pathways of sediment and v IV iv I v |V
erosion, transport flood risk, erosion and deposition address alongside flooding issues.
and deposition) issues. Protect, restore or enhance natural sediment transport
processes.
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2.1.3

Deliver wider co-benefits

NFM presents an opportunity to deliver a range of benefits alongside a reduction in flood risk. This
manual uses the following terminology to define benefits:

e the primary benefit of NFM is flood risk management

e the co-benefits associated with delivering NFM schemes besides flood risk management, eg
improved biodiversity and increased carbon storage

e the multiple benefits associated with NFM, including flood risk management and the co-benefits.

A high-level description of the types of benefits that can be achieved by NFM is provided in Table 2.2.
Further information on the types of benefits and how they can be calculated is in Section 15.3 and the
key benefits of each NFM measure are provided in Part C.

Benefit category

Description

Flood risk

Reduce both direct and indirect flood damage (eg property, infrastructure, agriculture,
vehicles, health, risk to life) from all sources (eg rivers, surface water, groundwater).

Climate resilience

Resilience (eg ecosystem or flood) to climate change. Capture and storage of carbon
through maintaining or creating healthy soils, vegetation and wetland/peatland.

Soil health

Healthy soil can store more water. It can capture and store carbon, and retain soil (reduce
erosion) to ensure more sustainable farming.

Fluvial geomorphology

Working with natural processes, for example, restoration to a more natural river shape or
flow, functioning floodplains, reduced erosion or siltation risks.

Biodiversity and ecology

Healthy habitats are likely to provide more infiltration and storage of rain. Protect, restore,
create or connect habitats to enhance biodiversity and ecology and create resilient
ecosystems.

Health and wellbeing

Improve mental and physical wellbeing by providing access to better quality nature and
green space and recreational opportunities.

Landscape, amenity and
recreation

Improvements in the attractiveness and desirability of an area. Restoration of a more natural
and varied landscape. Opportunities for/increase in recreation and tourism.

Water quality

Improve the chemical, biological or ecological status of a water body, eg sediment,
nutrients, pollution.

NFM can help infiltrate and store water closer to source. This increases soil and
groundwater storage (which could be used for water supply) and will help restore the

Water quantity o . oo
contribution of groundwater to streamflow. This helps reduce the likelihood of low stream
flows or drought like conditions and their associated impacts (on ecology in particular).
Air quality Trees can reduce particulates and pollutants in the air, reducing the impact on health.
. Enhanced educational opportunities for local communities, schools, visitors and other
Education

groups. Help create a nation of climate champions.

Farm operation

NFM can be a way to diversify the farm business and certain measures can help sustain
the business, eg soil management, cross track drains, buffer strips. Hedgerows can
reduce the spread of disease between livestock.

Reduced reliance on
traditional flood defences

In some locations there may be an opportunity to create a more natural and sustainable
solution, eg floodplain reconnection or river channel restoration. Reduction of carbon
footprint of flood management and less use of non-renewable natural resources.
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214 Maximise outcomes by working with others

A successful NFM project works with a range of people and organisations to maximise the benefits for
everyone, both in terms of the reduction in flood risk and the associated co-benefits. An NFM project is an
opportunity to work together and achieve multiple outcomes to deliver the aspirations of a wide range of
interested parties who are keen to improve a local environment for nature and people. Section 2.2 gives
more detail on how to work together to achieve this. Section 3.2.5 provides some wider environmental
considerations that NFM projects could align with to maximise outcomes and achieve more together.

SUCCESS FACTORS

The success of a project will depend on how well its aims are met and desired outcomes achieved.
Success factors, which are measurable targets to monitor project success, should be determined at
the project outset. Critical success factors can also be key factors on which success depends. These
can be monitored, to establish if or when the project has had the desired outcome. They may need to
be flexible to reflect the current uncertainty around some NFM outcomes or be adapted as the project
progresses. Table 2.3 gives a list of potential success factors to adopt for an NFM project, which
generally link to the benefits in Table 2.2. In each case consider what the project is trying to achieve
and what success might look like.

Chapter 7 provides further information on how to monitor the success of an NFM project.
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Benefit area

Example success
factor(s)

What success might look like

Flooding

Reduce risk in a certain
place (and by a certain
amount)

The definition of success using NFM needs to be considered
along with the flood risk issue and any other actions being taken
to address it. The timeframe needs to be considered, as well

as climate change or other changes that could affect flood risk
in the same period (eg development, tree felling). Calculate a
reduction in the flood risk to quantify this (Chapter 14).

Climate resilience

Enhance climate resilience.
Capture and store carbon.
Minimise whole-life carbon
footprint. Use sustainable
materials

Reduce flood risk linked to climate change (see Flooding).
Use carbon accounting to measure carbon stored or use a
proxy (eg trees planted, area of peatland restored). Work with
landowners to protect the current hydrological function of
those parts of the landscape which perform well at present, as
this is the most sustainable approach.

Soil health

Reduce soil loss or
sediment in runoff. Improve
soil health

Soil erosion, or pollution linked to this, may be a particular
issue the project can address. Success may also be reduced
flooding due to siltation.

Geomorphological
processes

Restoration of sustainable
functioning natural river
system

Sediment erosion, transport and deposition is in balance.
Limited requirement for ongoing routine maintenance.

Biodiversity and
ecology

Retain habitats and
landscapes that currently
provide flood risk benefit.
Create/restore/link certain
types of habitats

The starting point should always be to retain the beneficial
function that the habitat already performs, for example riparian
(wet) woodland may already be supplying large woody debris to
streams that slows down the flow. It is important to encourage
the retention of this habitat so it can continue to perform flood
risk benefits alongside others. Success may be measured by
the areal/type or biodiversity of the habitat created/restored.

Water quality

Improve water quality
(chemical, biological or
ecological)

Success may be improvement in water body status (a measure
of river quality), or a more local improvement. Local flood
interest groups or community groups could monitor water
quality (citizen science).

Education

Engage with the community
on flood risk

Encourage the involvement of the local community; set a
target number of people to be engaged with in different ways.

Health and wellbeing

Improve quality of the local
environment

Access to a varied, interesting and engaging landscape.
Creation of new places to enjoy for physical exercise and mental
wellbeing.

Project success

To demonstrate the viability
of an NFM approach

For example, provide value for money, implement work safely,
install effective NFM across the landscape, involve a range of
partners, and complete work on time and within budget.
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Top tips for
successful NFM

This chapter discusses successful project delivery through working
with others, how to maximise funding opportunities and main issues to
consider at the start of a project.

» Further information on the proportionate and adaptive approach introduced in this
chapter can be found in Part D.

3.1 INTRODUCTION

This chapter presents some of the wider, less technical, considerations that are needed
to deliver NFM and gives ideas of how to approach these and achieve successful
project delivery. The topics covered are:

e Working together (Section 3.2).

e Being proportionate and adaptive (Section 3.3).
e Maximising funding opportunities (Section 3.4).
e Managing legal issues (Section 3.5).

e Getting permission (Section 3.6).

e Working safely (Section 3.7).

The themes detailed in the chapter should all be considered at the project outset and
reviewed throughout the process.

3.2 WORKING TOGETHER

3.2.1 Why work together?

By working together, the knowledge of individuals is shared, and a collective
understanding can be developed. Projects delivered by a collaborative approach are
more successful in meeting the objectives of all involved.

NFM projects often involve multiple partners, landowners and stakeholders to work
together to use a wide range of measures and to make the most of the opportunities
available. Working together will result in a collaborative design that combines local
knowledge, data and technical expertise. It brings many positive aspects to a project:

e awider base of knowledge and experience of the catchment, eg sources and
experiences of flooding, knowledge of existing activities that may increase the risk of
flooding, the specific issues of the area, what is feasible and what is needed

e everyone working together to find the best solution (co-design), makes the project fit
for purpose and more likely to go ahead

e ensures potential issues are considered early and managed
e opens up opportunities for further development/delivery of NFM
e widens the funding sources available

e raises the profile and understanding of NFM, the role it can play, as well as its limitations.

Figure 3.1 shows what can be gained from working with others at each project stage.
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Figure 3.1  The benefits of working together

Table 3.1 outlines the challenges associated with working together, which can be overcome with planning

and constant communication.

TABLE Challenges associated with working together and ways to overcome them

3.1

Working across several
organisations

Build on existing partnerships.

Agree how to work together — prepare a memorandum of understanding to
set out who is responsible for each aspect (planning, design, construction,
management, communication, and approaches to investors/funders).

Use the wider pool of knowledge and experience to find the best person
for each task.

Conflict of priorities °
and poorly matched
objectives °

Work out the areas of overlap and shared interests.

Discuss issues and opportunities as they arise and recognise where
compromise will be needed.

Consider use of a trusted intermediary to act as broker.
Early and regular discussions can reduce later conflicts.

Managing the
expectations around ©
NFM compared to

Early engagement with communities to share knowledge of NFM and the
co-benefits.

traditional flood risk e Use arange of communication methods.
management and o Asthe project progresses, provide updates, especially if there is no visible
management of progress.
expectations
o Building relationships takes time and effort yet it is beneficial for NFM.
Additional time and e Upfront and continuous engagement, across the whole process, allows
costs questions to be answered and issues resolved before they become barriers.
e It may take longer to build relationships than it does to deliver the work.
GlElonEs e Use th.e broad range of experience and knowledge available to identify
potential obstacles early on and to develop solutions
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There is upfront work and associated costs with working together, however the benefits outweigh
the time and thought required. It should ideally start as the first ideas of a project come together and
continue throughout all the stages to implementation, monitoring and managing the results of the
project. Working together is based on relationships; it is important that the right people get together
at the right time. Box 3.1 provides some top tips.

Top tips for working together

e |tis never too late to engage people.
e |t can take time — everyone needs to consider new ideas and develop new working relationships.
e Spend time identifying who needs to be engaged.

e Successful projects tend to have a central contact who is a trusted by all, a good communicator, is good at
asking questions and listening, is easy to contact and work with.

e A project supported by all involved is often more successful.

3.2.2 Planning a collaborative approach

There are various stages to working together. Figure 3.2 is a suggested plan for who to involve and how.

Gather information [J Refine the partners [ Link to project Follow plan

Who would be interested in [l Gather more information stages Check on progress
or relevant to the project? to target the key partners Link the list to the stages and amend the plan if

Who will the work What are their main of the project circumstances change

affect? interests? ® What outcome
Who may think the What common ground is needed from
work affects them? is there? engagement?
Who may support/ Which stages of the What is the type of
object? project are most engagement?
What knowledge do relevant to them? Tailor the style to
you need? Where can you get match the type.
Who could influence together and how? e When will it happen?
the project? What do they each Who will it involve?
Who can help deliver bring?

the project? Who are the leaders or

Who can help with influencers?
funding?

Figure 3.2 Suggested stages of working together: gather information, refine partners, link to project stages and
follow the plan

Things to consider:

e Relationships are built between people — develop a relationship before use of technology, eg make
individual or group contact before using web pages.

e There are often natural groupings of people/organisations that can be brought together — they may
have similar interests, areas of work, or a desired common outcome.

e Working together may provide different routes for engagement, the project can link to these and use
existing networks, rather than building new ones.

e Use consistent messaging.

e Start with an open dialogue and approach to the project that can be narrowed down to specific ideas/
options and take into account the perspectives of the wider group.

e Ensure that everyone can express their opinion, eg through a mix of individual and group discussions.
e Engage those that are against the project; overcoming their challenges can improve the overall outcome.
e Empathy is important — understanding each person’s viewpoint and the validity of their comments/thoughts.
e An engagement plan should be prepared that sets out how the project will bring people together. It
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should be tailored to match the size and complexity of the project. The plan will set out who is involved,
why the engagement is happening, what the planned outcome is, and when and how it will happen.

e Use professional engagement specialists if circumstances dictate it.

At the start of the project, it is important to think as widely as possible about interested parties who
might help to achieve the project aims and who else might be wanting to achieve similar things. Consider
contacting people/groups/organisations who:

e will benefit from the project
e may be negatively affected or will not benefit from the project
e can deliver aspects of the project, including helping get it off the ground

e know, live or work in the area or know about NFM and can build knowledge into the project — in
particular anyone with knowledge of flood risk in the area

e are interested in potential co-benefits of the project that could be maximised alongside flood risk
benefits, for example biodiversity, water quality or recreation

e have a statutory role in flood risk management or any co-benefits the project is trying to achieve.

It is important to be aware of who is involved as the project progresses. As a project develops and changes,
so too will the partners who need/want to be involved. There may be policy changes, new funding sources
or project momentum may enable others to understand the benefits and want to get involved.

There is no standard list to follow for who to involve, but Table 3.2 gives a list of groups and organisations
to consider along with why they are of interest or the role they may have in an NFM project. Section A3.3
provides detail of specific UK organisations within the categories listed. Section 3.2.5 also gives some
other wider environmental considerations that may help introduce others.

Who? Why work together?

e They are likely to have been affected by flooding and want to reduce the
problem. They provide local knowledge, resources and skills and can be a
driving force for action.

e They often have ideas that complement flood risk reduction such as access to
Local communities green spaces or creation of wildlife habitat. They can be directly affected by
any work.

e It helps educate them around flood risk and NFM, including the benefits and
limitations.

e It may provide access to funding sources for community led projects.

e Play a vital role in NFM — often provide knowledge and access to local
resources and skills.

e« Knowledge of the landscape enables understanding of where and which NFM

measures can be used. They can identify potential conflicts and provide sites
Landowners and for NFM measures. If they provide sites, then they have a personal stake in
managers project success and can become a driving force for action.

e NFM can be beneficial to the farm operation and diversify income streams. It is
important to ensure that ‘double funding’ does not occur, ie NFM has not been
claimed for via a subsidised scheme, and also funded via a different mechanism.

e They may bring access to funding sources such as agri-environment schemes.

e Grassroots organisations made up of the local community who are motivated
Flood interest to reduce flood risk.

groups e May already have links with the flood risk authority.

e May open up different funding sources.
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Who? Why work together?

e Responsible for flood management work — important to contact at the start of
Flood risk an NFM project. Consult on the need for planning permissions or consents.
authorities e Provide knowledge of flood regulation, funding for flood risk management and

others involved.

Water environment
regulatory authority

e Responsible for regulating the health of rivers and other waterbodies. Provide

knowledge on regulation requirements, consents or others involved.
e May have access to relevant funding streams or schemes.

Infrastructure
owners and
managers

e Interested in the resilience of their assets to flood risk and associated hazards

including landslides or debris entrained by water. These have potential to
cause catastrophic failure of infrastructure.

e Includes authorities or companies that own or operate infrastructure such as
roads, railways, water and sewage, power, and telecommunications.

e Some are substantial landowners and can plan, develop, and implement NFM
measures/projects on their land. Water utility companies in particular may fund

environmental projects with benefits to the water industry that may also provide

flood risk management benefits.

Local authority

e Integral to the flood risk management planning process and should be
consulted regarding the need for planning permission or consents. They also
have responsibility for Areas of Outstanding Natural Beauty (AONB) in their
areas and there may be an AONB officer.

National Park

e Have a variety of roles, often including a knowledge of NFM, land
management, facilitation, working with others, implementation, and funding —

authorities both as applicants and fund holders.
e They have the role of the local authority for planning in National Parks.
e Often involved in NFM or similar work. They can bring knowledge and
Nature experience of NFM projects, potential partners and facilitation.

conservation
organisations

e Knowledge of potential funding sources and development of funding applications.

e Can act as trusted intermediaries, to bring groups with differing opinions
together.

National Farmers
Union (NFU)/
Country Landowners
Association (CLA)/
Tenant Farmers
Association (TFA)

e Organisations that represent farmers on both a national and local level and
can provide advice and guidance.

Land agents and
farm advisers

e Provide an understanding of farming systems and agri-environment work.
e Provide support and advice to the farmers and landowners they work with

Statutory historic
and natural
environment
organisations

e Provide advice and manage consents for statutory heritage and environmental

designations

Catchment
partnership groups
(eg catchment
based approach,
CaBA)

e Often involved in NFM work and provide partnership approach to integrated
catchment management, bringing together local knowledge and expertise of
issues and interests.

e CaBA groups are active in each of the 100+ Water Framework Directive (Directive

2000/60/EC) (WFD) catchments across England, including those cross-border
with Wales. They undertake integrated management of land and water, address
each catchment as a whole and deliver cross-cutting practical interventions.
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3.2.3 Ways to work with others

There is a diverse range of engagement tools. The ones to use should be based on what is being done,
the outcomes needed and the group or individuals working together. This should help to build open and
trusted relationships. Professional engagement specialists can be brought in if needed. Table 3.3 lists
some common engagement methods for NFM and the situations they are best used for.

TABLE Engagement types
3.3

42

Bringing an audience together to
gather thoughts and opinions on a
topic. A good experience of a public
meeting can encourage involvement
and project support

Consultations — focused on a series
of topics that are inter-related or one
specific issue

Not everyone will
speak at a meeting —
include ways to allow
individuals to voice
their opinions

Raising awareness

Meetings ViviYl. Gathering information — interactive Reluctance to
with elements for all to get involved in share. Say how the
. information will be
e Informing — can address many people
used and use updates
at once but may not allow for much .
. . to show the input has
discussion .
helped the project
e Consistent messaging
e Raising awareness of NFM and
project progression
Allow each participant
to contribute.
e Consultations Consider how
Workshops v e Gathering information questions can

be answered by
individuals and then
as a group

Task.focused vivily
working groups

Working together on specific issues,
with people involved to represent
wider groups and their interests

Getting a greater understanding of an
issue

Working together to find a solution
Moving work forward

Survgys/ . v v
guestionnaires

Collecting qualitative data

Gauging reactions to ideas

Gaining opinion on the proposals
Setting baselines for information and
measure project success

Design with care.
The questions need
to give answers that
can analysed but
should not lead the
responders
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TABLE Engagement types (contd)
3.3

e Sharing findings
) e Providing updates
Drop-in vV iviv . ing id . inf |
sessions e Discussing ideas in an informal way
e Personal contact and to answer
individual questions
Volunteer v e Getting specific tasks done —
working groups especially practical tasks
e Producing another
e One-way communications newsletter that is not
o Keeping everyone informed read, consider adding
Newsletters v ping y articles to existing
e Signposting meetings/workshops/ newsletters rather
drop-in sessions etc than having one
specific to the project
e Highlighting successes and issues
Social media v i
e [Easy to follow
Web pages VAVAL Making information available and link
Pag to other areas of work

Further reading

CIRIA (2014) Communication and engagement techniques in local flood risk management, C752F,
CIRIA, London, UK (ISBN: 978-0-86017-758-6)

= Practical support and ideas.
www.ciria.org

Elwin, A, Clark, J M, Short, C, Garwood, J E and Birdi, K (2020) Natural flood management scenario
workshop methods, Presentation from NERC Landwise project, 29 May 2020, University of Reading, UK

= An example of how to get everyone involved in a consultation meeting.
https:/lvimeo.com/428447013

Environment Agency (2019) Working with others. Stakeholder analysis, Environment Agency, Bristol, UK
= A good overview of stakeholder analysis.
https://catchmentbasedapproach.org/learn/guidance-on-stakeholder-analysis

GCS (2020) Ensuring effective stakeholder engagement, Government Communication Service, London, UK
= Guidance on effective stakeholder engagement giving an overview of all the key stages.
https:/lgcs.civilservice.gov.uk/publications/ensuring-effective-stakeholder-engagement/

RICS (2014) Professional Guidance UK. Stakeholder engagement 1st Edition, Royal Institution of
Chartered Surveyors, London, UK

= A good overview of the stages in stakeholder engagement

https:/lwww.rics.org/globalassets/rics-website/media/upholding-professional-standards/sector-standards/
construction/stakeholder-engagement-1st-edition.pdf
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BEING PROPORTIONATE AND ADAPTIVE

When developing a NFM scheme it is important to adopt both a proportionate and adaptive approach. This
is particularly important given the uncertainty associated with working with and adapting natural processes.

The level of information and confidence in the design should be proportionate to the degree of flood

risk and the overall investment in the project; compromise may be needed to maximise overall project
outcomes. This manual provides a range of approaches and methods and these should be tailored to the
project needs. This may depend on the geographical scale, the level of investment, the certainty needed
in the outcome, or the requirements of project partners or funders.

Approaches should also be adaptive, so that they can react to ongoing catchment or climate changes,
unforeseen issues, or local variations. This applies across the entire delivery process (see Sections 14.1,
15.2.3, 16.2.2 and 19.3.2). Further information is provided in Part D.

Being adaptive and proportionate includes appreciation that many NFM projects will build momentum
over time — and are less likely to go through a single iteration of the delivery process than more traditional
engineering solutions. For example, a good way to build support is to implement some measures on the
ground, which can then lead to buy-in for a more widespread adoption of NFM measures to achieve more
beneficial outcomes for a community.

MAXIMISING FUNDING OPPORTUNITIES

3.4.1 Find out about funding opportunities

There are several ways to find out what funding opportunities are available and most involve networks.
For example:

e consider the funding opportunities available and design the scheme to match them

e understand the benefits and co-benefits that the scheme could deliver and align these with
potential beneficiaries

e talk to the people involved, in particular, ask any funding organisations about potential funds

e make links with local networks, such as catchment partnerships, local nature partnerships and UK
community foundations.

e check websites — the UK Government includes a page for community project funding (gov.uk)

e subscribe to funding sites such as FundsOnline.org.uk, Funding Central (from the National Council for
Voluntary Organisations), MyCommunity.org.uk

3.4.2 Considerations for funding applications

Table 3.4 outlines what to consider in relation to a funding application, for example, design can maximise
the funding opportunities available. This includes working with others to broaden the funding opportunities
and the co-benefits that could be achieved in addition to flood risk management (Section 15.3).
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TABLE Key considerations of funding applications
3.4

What needs
funding and the
costs involved

The funding landscape.

The terminology used (eg in-kind contributions, match funding).
Know what the project aims and objectives are.

The risks if the project costs increase.

The risks to delivery and have a contingency for additional costs that
may be incurred.

Consider dividing the project into sections to match with funding
opportunities.

Work with others

Broaden the base of funds that can be applied for; one partner may be
eligible for funding that others are not and could make that application.

Build on the strengths of the team — who has experience of making
applications? Who can work together to make an application?

Find the right
funds to match the
project

Check which parts of the project match the funding offered.

Know the limitations/restrictions on funding — some funding streams
can be contradictory.

Check the funders’ requirements — if there is more than one funder, are
their needs and timeframes compatible?

Check when payments are made, if payments are made in arrears
(after the work is done) how will the costs of the work be covered?

Know the funders

Who are they?

What are their motivations — what will they fund and why?
What are their application criteria?

What else have they funded?

Make contact with them and discuss the project — does it have
potential? Which areas are they interested in?

Be aware of
deadlines

Allow time to do a good job.

Read the form

Think about what each question asks and what the funders want to see.

Work out what information is needed and gather it all before completing
the form.

Tell them

What the project is aiming to achieve.

What the issue is, how the project will address it, and what the expected
results are.

How the results will be measured.
How this project matches with their interests.
The benefits to the funder and the project of them being involved.

Be

Clear, concise and realistic
Accurate in costing the project

Aware that funders deal with applications all the time and have
experience of what is achievable and the cost

Cross check the
application

Consistency across an application is important.

Do

Submit the application on time.

continued...
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TABLE Key considerations of funding applications (contd)

3.4
e Ensure the terms of the grant are understood before signing the
agreement.
The bid is e Thank the funders for their support.
o | successful )
£ o Keep the funders up-to-date with progress.
>
-& e Recognise the funders’ involvement.
; e Make the most of the optimum window to ask questions about the
= application.
< | The bid is : . .
e Be proactive — say thank you for being considered.
unsuccessful ) .
e Ask for feedback and ask how the project can be improved.
e Askif they have any future funding opportunities.

3.5 MANAGING LEGAL ISSUES

Table 3.5 gives an overview of the legal aspects that need to be considered to undertake NFM. Legal
requirements and responsibilities are highly site specific and subject to change. Where needed seek
specialist advice from a legal professional (Section A3.2) or the relevant regulatory authorities in relation
to consents and permissions for NFM.

Issue How to manage this

Establish who owns or manages the land as early as possible and involve them
in discussions, including design. Record land ownership/access agreements
and discussions with the landowner. Remember to discuss ongoing access for
monitoring or maintenance. Consider whether new land rights will need to be
created in respect of the works.

Work with others involved to reach a compromise that works for everyone.
Never approach a landowner with fixed ideas.

Land access and
ownership

Explain how any NFM measures should perform to others involved and how
they can help inspect and monitor them.

Consider and understand the risks of not specifying management or
maintenance (including legal and reputational risks) for everyone involved. If
Long-term it would have been reasonable for a landowner to undertake management/
management maintenance, and failure to do so caused damage to a third party, they may be
liable as a result. Liability in respect of maintenance can also fall to other parties
in certain circumstances.

Provide simple advice on future inspection and maintenance. In some cases, a
maintenance schedule may be needed.

Be open. Discuss the concept of liability early with everyone involved. Funding
Assessment of liability | or co-operation agreements could be used to assign any liability for damage
that occurs as a result of the NFM project.

Explain that NFM could result in increased water levels and flooding in some
locations to those involved. For example, floodplain restoration will increase
flood levels in the immediate area.

Increased water levels | Explore whether permission is needed to undertake the planned NFM (Section
and flood risk 3.5). Recognise that NFM works can affect flood levels beyond the immediate
vicinity of the intervention (eg neighbouring landowners or infrastructure asset
owners). Talk to all stakeholders that may be affected by this and seek buy-in
and permission. Then work together to deliver the NFM.

continued...
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TABLE Management of potential legal issues (contd)

3.6

3.5

Failure of asset

(eg leaky barrier,
embankment storing
water)

Work with the community or landowners to identify any concerns or risks around
failure and how to manage these risks — these may be as a direct result of
failure or associated flood risks.

Choose NFM measures, their location, size and material, to avoid or reduce
these risks to satisfy the various needs/concerns of landowners, potentially
affected communities or asset owners and any authorities involved.

Consult early with any authority that would need to provide permission (Section
3.5).

Consult early with any infrastructure asset owner located nearby that could be
affected. They will also be interested to understand how the planned NFM may
affect their assets.

In certain circumstances, there is a risk of liability for asset failure. This could
fall on the landowners or organisations closely involved in the management of
those assets.

Environmental risks

Identify any potential environmental risks as early as possible (Chapter 16)

Data protection

Consider this at the project outset; understand and meet all data protection
requirements.

Insurance

Relevant insurance should be in place — it is often a requirement of funders.

Protection of
intellectual property

Ensure that permission is sought to use any third party intellectual property
such as data, reports or photographs.

Confidentiality

If a public body is involved it is important to set out the expectation that
information shared will not be confidential unless necessary. Public bodies are
required to act transparently.

OBTAINING PERMISSION

Anyone delivering NFM needs to find out which specific permissions and licences are required from the
relevant consenting authorities (Table 3.5). These must be in place before work can begin, otherwise

a project may be breaking the law. It is important to plan, and leave plenty of time, for this — some
applications take a long time and require supporting specialist assessments and there is a risk of missing
funding opportunities or the correct season to work. To avoid any surprise costs or delays, engage
consenting authorities early in the project planning phase. They will be able to advise what is required
and may be able to suggest designs/changes to gain approval more easily.

There are national variations in the consents, permissions and licences needed and the related
charging structures across authorities for NFM works. Early consultation with all potential authorities is
recommended — keep any advice or reference later in the project.

The type and location of the NFM works will influence the authorities that need to be consulted and the
types of consents, permits or licences that may need to be in place. Table 3.5 gives a prompt list of
potential aspects of NFM work, the type of authority that may need to be consulted and links it to inland
NFM measures. It should be used for advice, the specific circumstances of the project will influence
exactly what permissions are needed. Further detail is provided in Chapter 16.
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storage area

Wooglland Forestry authority
creation

Work in or near

a waterc.ourse, Flood risk
floodplain or it
existing flood

defence

Creating or

changing a Water
discharge into environment
a watercourse, regulatory
eg outlet from a |authorities

Protected species
or site designated

Statutory nature

environment
designated site,
and known or
unknown buried
archaeology on
site/nearby

for nature conservation
conservation on |organisation
site/nearby

Historic

Statutory historic
environment
organisation

Generation of
waste, eg due to

Statutory waste
regulatory

branches, or
working in tree
root zone

earthworks organisation

Local authority
Tree works (ask if trees are in a
such as felling, conservation area,
removing are protected, or

support protected
species)

Forestry authority
(felling)

Work on or near a
public right of way
(PRoW)

Local authority

Discuss with
_ local planning
ermisson | 2uthony f ey
p consider NFM to
be development
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WORKING SAFELY

Health and safety law applies to all aspects of NFM delivery, including design, construction, monitoring,
maintenance and removal. It places a duty of care on everyone involved to consider the health and safety
of themselves, others involved and anyone that could later be affected. This could either by undertaking
NFM work, or indirectly by, for example, a member of the public climbing onto an NFM measure resulting
in injury. The Construction (Design and Management) (CDM) Regulations 2015 (CDM 2015) apply to
some NFM measures (Section 17.5.1).

The person who owns or has control over an NFM measure has a duty of care to safeguard the public
and those working on the asset. Employers have a duty of care to ensure the safety, health and welfare of
workers, including volunteers.

Risk assessment should consider all groups who may be affected by the work. The process is summarised
in Box 3.2 with further information given in Section 17.5.2.

e Arisk assessment is the process of identifying possible hazards and the likelihood and consequences
of the hazards occurring or being encountered.

e A hazard is a feature (eg a river) an event (eg a tree falling) or an action (eg using a saw) that could
lead to someone or something being harmed or damaged.

e Riskis a combination of both the probability (chance) of harm and the severity of harm.
e Mitigation measures are ways to avoid or reduce the impact of a risk.

Risk assessment

A risk assessment should consider all groups at risk — the public and people installing or maintaining NFM. It
should follow these five steps:

1 Identify the hazards.
Determine who may be harmed and how.
Evaluate the risks and select mitigation measures to reduce these risks.

2
3
4 Record the findings and proposed actions, and implement these.
5

Review the assessment and update if necessary.

A risk assessment for NFM should consider (not an exhaustive list):

e the hazards in Section A3.1

e any safety risk to the public — where it is situated to residential areas, public open spaces or PRoW
e the full range of water levels or flows that may occur, including due to climate change

e the risk of any NFM measure failing

e f the risk would change by season, time of day or weather conditions

e ease of access (for rescue or influence work practices)

e the methods of installation and the competence of the workforce

e any maintenance needed and how this will be done

e how the risk might change if land use changes, eg new housing; different farming practices.

Take a broad view, considering the locality rather than just a specific NFM measure.

A risk assessment and any mitigation measures should be kept on file (eg health and safety file for the
CDM 2015) and reviewed:

e periodically, as determined when the risk assessment was completed
e if there is an accident or near miss
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e if the site changes
e before starting work to modify or remove an NFM measure.

A prompt list of hazards and control measures associated with NFM projects is given in Section A3.1.
This is not comprehensive and should be tailored to the activities being undertaken, location, likely
weather conditions, equipment, training and competence of the people involved.

Measures to eliminate or reduce risk are preferable to isolating or controlling residual risks, as they are
passive and protect all user groups — including members of the public who do not always appreciate the
risk associated with an NFM measure. Risks are most easily reduced in the early stages of design. The
residual risk should be as low as reasonably practicable. This implies a proportionate approach, although
it does not require risks to be mitigated regardless of cost, time or effort.

Information on the health and safety requirements of the design phase is given in Section 17.5 and the
construction phase is in Section 18.3. Specific safety considerations for the design and construction of
each NFM measure are in Part C.

Further reading

Birdwatch Ireland (2016) General health and safety information for volunteer fieldworkers, British Trust
for Ornithology

= Focused guidance for use of volunteers.

https:/lwww.bto.org/sites/default/files/u36/downloads/admin_H%26Sinfo_for_volunteers.pdf

Gotch, P, Hind, M and Russell, G (2009) Guide to public safety on flood and coastal risk management
sites, SC060076/SR1, Environment Agency, Bristol, UK (ISBN: 978-1-84911-086-0)

= Public safety risk assessment: generic hazards list and measures to protect the public.

https:/lassets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_datal/file/291178/
scho0809bqvs-e-e.pdf

HSE (2006) Health and safety in construction, third edition, HSG150, Health and Safety Executive,
London, UK (ISBN: 978-0-71766-182-2)

= Advice on the causes of accidents and how to eliminate hazards and control risks

https:/lwww.hse.gov.uk/pubns/priced/hsg150.pdf

HSE (2014) Risk assessment: A brief guide to controlling risks in the workplace, INDG163(rev4), Health
and Safety Executive, London, UK

= Guidance on controlling risks
https:/lwww.hse.gov.uk/pubns/indg163.pdf

HSE (2015) Managing health and safety in construction. Construction (Design and Management)
Regulations 2015. Guidance on regulations, L153, Health and Safety Executive, London (ISBN: 978-0-
71766-626-3)

= CDM regulations including client and designer duties

https://www.hse.gov.uk/pubns/books/I153.htm
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Select sites and
measures

This chapter summarises how to select sites for NFM
and measures to include.

B,

Lnthyrstinad
cxtrtune

Merere &
aiag

» Further information on NFM measures is given in Part D.

4.1 INTRODUCTION

The choice of where to implement NFM measures and which ones to use is important
to NFM success. It is important to understand the catchment context, link this to the
project aims, identify what the successful outcome of the project is and then choose
sites and which NFM measures to adopt. This is an iterative process, and the exact
starting point will vary depending on who initiates the project, who they are working
with, the initial level of funding and the initial thoughts on project scale and desired
outcomes. Creative and holistic thinking should be used when embarking on an NFM
project due to its complex nature and the wider opportunities it provides. Figure 4.1
provides an overview of the key steps needed to select NFM measures. Chapter 2
provides information on choice of project aims and success factors and Chapter 4
expands on community engagement.

Figure 4.1 The iterative process to select NFM sites and measures

This manual uses the terms catchments, subcatchments and sites to describe different
geographical scales of NFM. The larger the NFM project area and number of measures
installed, the greater influence the project is likely to have in terms of reducing flood risk
at receptors. These nested scales are broadly defined in Figure 4.2.
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Figure 4.2  Geographical scales of NFM
UNDERSTAND THE CATCHMENT

To achieve a successful outcome, the people
involved need to understand the catchment context.
This will help to consider questions such as:

e how to reduce flood risk (sources, pathways
and receptors)

e how to think about the other co-benefits and
constraints

e who else to work with to maximise outcomes.

This requires a combination of appreciating local
knowledge, desk studies and field surveys, which
should be undertaken in parallel. These three building
blocks of understanding the catchment will support
the decision making to select sites and measures
(Figure 4.3). This is an ongoing iterative process,
and the level of effort needs to be proportionate to
the overall investment. Records of information, data
and experiences need to be kept to maintain and
improve catchment understanding, and these should
be updated as the project progresses.

Desk study

The desk study is the process of gathering and
collating all the relevant data and information
available for the catchment.

Keys areas to understand, the importance of
that information and how it can be gathered

can be found in Table 4.1 and links to example
data sources or methods are in Section A3.4. A
wealth of information is freely available and it is

Figure 4.3

The process of understanding the catchment

recommended to work closely with relevant authorities and other stakeholders to obtain datasets that are
not open source or freely available. Working together may enable more data to be shared.
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TABLE Potential sources of catchment data for the desk study

41

Hydrology and flood
risk

See Section 4.2.4.
Understand where flooding comes from.

Understand how water flows or where the
runoff pathways are.

Understand who or what is at risk of flooding.

The natural flood management manual

e See Table 4.4.

Geomorphology (see
also Chapter 16 and
Section 17.3)

Work with geomorphological processes to
reduce soil loss/erosion.

Design NFM measures to work alongside
current processes.
Are there issues of erosion or sediment

deposition of relevance for the project (site,
reach or catchment scale)?

e Geology.
e Permeability.
e Historical trend analysis.

e Expert geomorphological
assessments.

Environment (also
see Section 4.2.5,
Chapters 16 and 17)

Understand current setting to design
appropriate NFM measures.

Understand environmental constraints and
opportunities.

e Aerial photograph or satellite
imagery.

Understand where runoff pathways might
be present within the catchment.

e Ordnance Survey (OS) maps.

Topography
Allows specific areas to be targeted to e Digital elevation data (eg LiDAR).
improve project outcome.
e National soil map (NATMAP).
What is the condition of the soils?
. . ) e Topsoil data (eg available water
Soil Do the soils/ground have capacity to store

more water?

capacity) erosion risk assessment.

e Hydrology of soil types (HOST).

Land cover, land use
and management

What are current farming practices?
What has changed over time?

How drainage has been modified to support
agricultural activities?

Are land managers open to changes?

e Aerial photograph or satellite imagery.

e Remote sensing — Landsat and
Sentinel satellites.

e Land cover maps.

e CORINE.

Land ownership

Understand who needs to be involved in the
NFM project and who might need to give
permission for the work to go ahead.

e Customer land database (CLAD).
e HM Land Registry.

o Infrastructure owners and operators.

Local strategies

Understand if there are co-benefits or
constraints.

Could there be funding opportunities.

Catchment actions.

e  Surface water management plans.
e Critical drainage areas.

e Flood risk management plans.

e WFD datasets.

e River basin management plans.
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4.2.2

Local knowledge

Knowledge gathered from the local community should be used to confirm or improve the desk study
findings. Local knowledge is important at all stages of the NFM delivery process and involving local
communities will likely increase the overall success of the project (Chapter 4). The community can
provide a range of information to increase catchment understanding. Table 4.2 provides a guide to what
local knowledge can be gathered and who to involve to increase catchment understanding.

TABLE Types and sources of local knowledge to help develop catchment understanding

56

4.2

Flood risk and water

Land management

Geology and

Working with

land managers

As above.

support agricultural
activities.

Current stewardship
plans (not yet
registered online).

(especially if they
manage/farm at
multiple locations).

soils others
Hydrology:
e Where and what floods? Who else (ie
Local residents * Where does e water What has changed? g:)(l):n(:m?l:?frfz iss
) come from and go to? (eg recent development ) ) § s
and flood interest . S Observations in the catchment,
e  When has it flooded? built in an area that o
groups S GG ) eg wildlife group,
e  Where does it collect? a Yy tree planting group,
Photographs footpath group?
Soil erosion issues
Current and previous
management practices.
. Geographic
How drainage has . Farmers generally
. extents of soil .
been modified to form a community,
Farmers and types/geology

so can help forge
links across the
catchment.

Catchment
Partnerships and
non-statutory
environmental
organisations (eg
NGOs)

Knowledge of the catchment
and have access to data

to increase knowledge and
understanding of flood risk.

Could be working with
local landowners and
farmers in catchment
and hold data on current
land management
practices.

Could have
access to

useful datasets

to increase
understanding, eg
geology and soils.

Could be working
with other key
organisations that
could help with
knowledge and

or have access to
funding.

Historic flood records.

asset owners

Water and sewerage
companies may have hydraulic
models of the surrounding
networks and information on
flood risk or drainage.

land, key contact for
future delivery.

Flood risk Planned/previous actions to
management reduce flood risk. Who else to involve.
authorities Formal data eg maps,

models, hydrological records.

Issues with assets being

flooded.

Water quality issues.

Could own or manage

Infrastructure

CIRIA C802




© COPYRIGHT CIRIA 2022. NO UNAUTHORISED COPYING OR DISTRIBUTION PERMITTED

The natural flood management manual

4.2.3 Field survey

Following the desktop study and collating local knowledge, field surveys can be used to fill knowledge
gaps. Findings from these can then be incorporated into the overall catchment understanding. Field
surveys are important to:

e cross check the desk study results with the situation on the ground

e collect additional information or data that could not be gathered during the desk study.

Some typical field surveys that may be needed at this stage are given in Table 4.3.

TABLE Field surveys to increase catchment understanding
4.3

Volunteers suitable for straightforward

To confirm or develop Trained activities. Costs for materials only.

understanding of volunteers, However, higher risk of error and
Walkover . o . .
survevs and | SouUrces: flow paths, environmental liability sits with the lead organisation. | Simple/
site vi);its opportunities for organisations Commercial organisations will provide | intermediate

NFM, soil and land (eg NGOs), technical expertise with insurance

management practices | consultants cover but there are costs for staff time

as well as materials.
) . . Trained .

Provide site-specific, volunteers Cost of cameras can vary. Night
Time lapse real time information that environme’ntal vision cameras are more expensive | Simple/
cameras cannot be captured on a organisations but provide more data to increase intermediate

single site visit g ' confidence

consultants

Provide more up-to-date Dependent on the experience of

aerial photography than | Licensed the individual or company providin )
Drone P Sl o ) panyp ) 2 Intermediate/
S other datasets and help |individuals and the service. The area covered will detailed

d visualise the study area | companies also influence the cost (size and
for engagement location)

Monitoring is also an important tool to gather missing data, and a way to measure the effectiveness of
any project (see Chapter 7). Understanding hydrology and geomorphology may require specialist skills,
consider working with a professional hydrologist and/or geomorphologist at the stage of catchment
understanding (Section A3.2).

4.2.4 Understand catchment hydrology

As reducing flood risk is the key component of NFM outcomes, it is important to understand hydrology
from the project outset, ie where water comes from in the catchment, what paths it takes, and who or
what is affected. The flowchart in Figure 4.4 describes these key questions in the context of the source-
pathway-receptor model (Figure 2.1). A good understanding of the hydrology in the early stages of a
NFM project can help identify which part of the hydrological cycle to protect, restore or mimic (or manage)
to make the final NFM measures more effective.

The level of detail and effort put in to understanding the hydrology should be proportionate to:
e the complexity or the number of sources of flooding

e the vulnerability of receptors to flood risk

e the availability of money, time and expertise.

The flowchart helps identify the appropriate approach to investigate the hydrology during the desktop
study. It is recommended that there is a review of the approach taken at each stage of the NFM delivery
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process, as a project gathers more data and understanding of hydrology and the flooding issues. NFM

is unlikely to be the main tool used to reduce flood risk if there is a risk to people’s lives and critical
infrastructure, due to the size of flows that the NFM measures generally seek to manage. However, is

still important to consider such a rare case to quickly identify when the consequences of flooding are so
great that it requires expert support from the outset. Table 4.4 sets out the key considerations for simple,
intermediate and detailed approaches to help ask the right questions to understand hydrology in the study
area, with websites giving links to relevant information provided in Appendix A3.

Figure 4.4  Selecting the appropriate level of detail to understand hydrology of the catchment

4.2.5 Overarching environmental issues

When developing catchment understanding NFM projects should consider the wider environmental context at an
early stage to maximise co-benefits. This may enable projects to focus on subcatchments or sites where more can
be collectively achieved and could:

e provide significant opportunities for additional flood risk and co-benefits
e enable additional project aims and/or success factors to be considered

e engage a wider audience about the project and the environmental issues
e identify other people (and their expertise) to work with

e create additional funding opportunities.

It is important to take a holistic approach — consider what could be achieved by an NFM project, the potential benefits
and what others may be trying to achieve in the same location or within the catchment, authority area or community.
For example, an NFM project may be being considered in a village that is also keen to improve their local park or
develop a new cycle route into the nearby town. Working together and demonstrating a project that meets multiple
criteria will bring together more expertise and potentially more funding. It could also reduce overall carbon costs,
disruption by construction traffic and reduce mobilisation and consenting costs. Table 4.5 provides examples of what
to consider and their possible application.
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TABLE Potential methods to identify sources, pathways and receptors of flooding
4.4

Source

Where water
comes from in the
catchment

(see also Chapter
14, 19 and
Appendix A5)

Simple

Does flooding occur from surface water flows over the land?
Does flooding occur from rivers or more defined channels?
Does flooding occurs from springs or rising groundwater?
How much rainfall is there in the catchment?

How much water flows through the catchment?

Does groundwater influence the catchment?

The natural flood management manual

Local knowledge

Historic flood reports

Gauged rain and flow records
Groundwater vulnerability maps
Hydrological summaries
Hydrology data explorer

National river flow archive (includes average annual rainfall data)

Intermediate to

How frequent are the rainfall storms?
What types of rainfall storms cause the floods?
How frequent and how big are the floods?

How frequent and what are the low flow conditions?

Climate records
Gauged flow, level and rainfall records
Hydrological summaries

Groundwater level records

Pathway

Where does it flow
or where are the
runoff pathways?
(see also Chapter
14 and Appendix
Ab5)

detailed
How much does groundwater influence flows in the Monitoring
catchment? Design flood hydrology methods
Are different types of flooding likely to happen at the same time? Joint probability methods
Where does water flow over the land? Local knowledge
Simple Where are the rivers or more defined channels? OS or national topographic mapping

Where is water stored?

How do these flow pathways cause the flood?

Detailed River Network

NFM opportunity mapping

Intermediate to
detailed

How quickly does the catchment respond to rainfall?
How quickly does the water drain away?
How much water fits in the river channels?

What points along the pathways restrict flows?

Gauged flow, level and rainfall records
Groundwater levels

Channel survey

Infiltration tests

(Hydraulic) asset information database for rivers
Design flood hydrograph methods

Rainfall-runoff methods

Hydraulic methods

continued...
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TABLE Potential methods to identify sources, pathways and receptors of flooding (contd)
4.4

Receptor
Who or what is at
risk of flooding?

(see also
Chapters 14, 15
and Appendix

Simple

Where does it flood?
Who or what is affected by the flood water?

Are people’s lives at risk during the flood?

Local knowledge
Flood risk extent maps (river or surface water flooding)
Flood hazard maps (river or surface water flooding)

Flood risk studies or management plans for a catchment or
local authority area

Intermediate to

How deep is the floodwater?
How fast is the floodwater?

How many people, habitats, properties and infrastructure are

Flood risk extent maps (river or surface water flooding)

Flood risk studies or management plans for a catchment or
local authority area

GIS methods

Hydraulic methods

affected?
AS) detailed Hydraulic modelling methods

How severe is risk to life?
Detailed flood hazard maps

Is there risk of damage to sensitive habitats, buildings, or .

. OS mapping

infrastructure?
National receptors database
Environmental designated sites database

continued...
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TABLE The application of wider environmental issues

4.5

Sustainability

Consider environmental, social and economic issues in decision
making, to meet the needs of the present without compromising
the ability of future generations to meet their needs.

Every government, organisation and project should contribute to
the United Nations Sustainable Development Goals (UN SDGs) —
17 interconnected goals to be achieved globally by 2030.

Optional, yet good practice

The natural flood management manual

Provides common themes to compare to
other NFM and non-NFM projects. Could use
UN SDGs as a metric.

Mitigation of climate
change

The UK is to reduce carbon emissions to net zero by 2050, relative
to 1990 emissions to contribute to mitigation of the climate crisis/
climate emergency.

Net zero means all direct and indirect carbon emissions are reduced
as a priority. Carbon emissions that cannot be reduced are offset,
which results in a reduction in carbon emissions over time.

Carbon neutral (an interim step to net zero) involves direct and (some
or all) indirect carbon emissions being reduced or offset, but there
does not have to be a reduction in carbon emissions over time.

Optional, yet good practice

Many UK councils have declared climate
emergencies, and many organisations and
businesses have made pledges to be net
zero by 2050 or before, NFM could align with
or contribute to these aims for partners or
other organisations.

Some NFM measures can contribute
to reduce the effects of climate change
(mitigation), such as upland peatland
restoration or tree planting.

Environmental
and biodiversity
degradation

Recognised need to reverse the overall trend of degradation and loss
of environment (particularly biodiversity).

Environmental net gain is a proposed approach where development
projects are required to leave the environment in a better state than
before the development.

Optional, yet good practice

Environmental net gain approach
may be required.

More relevant for large catchment
scale projects.

Seek to develop wildlife/habitat corridors to
increase the resilience of existing habitats
and species to further environmental
biodiversity degradation. Remove invasive
and/or non-native species to increase
ecological resilience.

Biodiversity net gain
(BNG)

A strategy for conservation of biodiversity to reverse continued
loss within the UK. Certain projects will have to provide a certain
proportion of BNG, as opposed to achieving ‘no net loss’ or
focusing on achieving statutory obligations. Biodiversity will be in a
better state after the project. A sub-set of environmental net gain.

Will become mandatory in England
for projects requiring planning
permission. May be mandatory
elsewhere in future.

Optional for all other projects.

Well-planned NFM projects are likely to
achieve BNG and so could offer partnering
or funding opportunities for others seeking to
achieve BNG.

continued...
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TABLE The application of wider environmental issues (contd)

4.5

Access to nature

Reduce inequality and improve long-term access to nature for all
people and communities. Enable increased connections to nature,
improve mental and physical wellbeing, and increase the value
communities place on local natural outdoor spaces.

Optional

Develop NFM sites with public access in
mind, especially in locations where access
to nature is currently limited. Seek to provide
and encourage long-term public access to as
part of NFM projects.

Water resources
management

Consider all water resources aspects at the same time and across
the catchment with an aim to improve water management, land
and related resources without compromising the environment.

Mandatory if relevant to any statutory
role of organisations involved.

Optional for all other projects. More
appropriate for catchment scale
proposals, or NFM projects with
multiple locations.

Consider how NFM can also contribute
towards addressing other catchment issues
(eg low flows; water quality)

Place making

Review existing national, regional and local plans and strategies.
These can be topic and/or geographically based. May focus on
management of flood risk, the water environment, biodiversity and
nature conservation, landscape, transport planning, parks and
gardens, or be local planning documents.

Mandatory to consider where relevant
to any statutory role of organisations
involved, or for certain proposals (eg
planning permission needed).

Optional for all other projects. More
appropriate for larger-scale projects.

Consider how the aims and objectives align
and how the NFM project could help achieve
these overall visions for a place. Think widely
and holistically about all the potential co-
benefits.
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SELECT SUBCATCHMENT OR SITES

The requirement for this step will depend on the geographical scale of the project study area and the level
of investment. If the NFM project is already focused at a site scale or a relatively small subcatchment,
then this step may not be needed to the same extent and it can go straight to the choice of measures
(Section 4.4).

If the NFM project is at a catchment scale, then effort is needed to refine the areas of focus and select
sites to install NFM measures. There may be a number of subcatchments or sites within the larger
catchment that can be of focus. A degree of prioritisation is needed to maximise the outcome. This
prioritisation should consider how to work effectively across the catchment to:

e reduce flood risk
e maximise co-benefits

e minimise adverse effects and mitigate risks.

These can be considered ‘top-down’ approaches. The choice of sites is optimised based on beneficial
outcomes. In addition, bottom-up approaches may also be considered. These may be based on factors
such as:

e land availability
e enthusiasm of the community to get involved

e willingness of partners.

In reality, the selection of subcatchments or sites may be a combination of these ‘bottom-up’ and ‘top-
down approaches’. This reflects that although NFM projects aim to reduce flood risk and maximise
co-benefits, there are many other wider factors that affect the choice of location. Table 4.6 signposts
examples of opportunity mapping. For the majority of NFM projects, the delivery areas should primarily
be based on the locations that provide most flood risk benefit, however the degree to which other co-
benefits are considered will depend on what the project seeks to achieve.

Depending on the starting point, there may need to be a further iteration. For example, if a project
initially starts at a large catchment scale and narrows down the focus to a subcatchment, then there may
need for further assessment to establish the best sites. This needs to be proportionate and to have due
consideration of the key risks at each project stage. This is so that informed decisions can be made to
reduce project risks and any knock-on effects to project costs or programme.

Project tools such as risk registers and options appraisal tools can be used to compare opportunities
and constraints, and these can be revisited as the project progresses and the level of catchment
understanding increases. GIS is an excellent tool to manage location specific opportunities and
constraints, it can combine the two sets of information and facilitate decision making on NFM locations.

There are a range of NFM opportunity mapping tools available that can be used to help understand the
high-level potential for NFM measures across a catchment. Opportunity mapping provides a good starting
point to identify feasible sites however, their use alone can be too coarse or identify too many sites to be
practically implemented at catchment scale. Collaborative stakeholder and/or community engagement
can be useful to refine feasible sites from a long list of possible sites. Box 4.1 provides an example of
how local knowledge is essential for selecting the most effective sites for a successful NFM project.

More information about the importance of local knowledge and community engagement can be found in
Section 4.2.1 and Chapter 4, respectively.
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TABLE Examples of NFM opportunity mapping

4.6

. Tree planting, floodplain reconnection, runoff
Natural processes mapping ) England and Wales
management and storage and leaky barriers

https:/Inaturalprocesses.jbahosting.com/Map

Runoff reduction, floodplain storage,
SEPA flood maps ) Scotland
sediment management

https://map.sepa.org.uk/floodmap/map.htm

Thames Regional Flood and Coastal Gully blocking, bunds, ponds, riparian buffer
Committee (RFCC) NFM opportunity and strips, floodplain reconnection, catchment Thames catchment
priority map woodland

https:/igeography.blog.gov.uk/2020/09/30/thames-rfcc-natural-flood-management-opportunity-and-priority-map/

Forestry Research opportunity mapping Woodland creation for water objectives England and Wales

https://www.forestresearch.gov.uk/research/opportunity-mapping-woodland-for-water/
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BOX Leeds NFM project — working in partnership with landowners to select suitable sites

4.1

Project lead: Environment Agency and Leeds City Council

Rose Forest

Location: Leeds, England

Working in partnership: Mott MacDonald, Thomas McKay, the Forestry Commission and White

Reason for NFM: The project aim is to use catchment scale NFM to offset the projected increase in
flood risk in Leeds due to climate change between 2039 and 2069. It was instigated by Leeds City
Council as part of a wider Leeds Flood Alleviation Scheme.

The process of site
selection involved a
landowner engagement
team (LET) (see (a)).

The LET identified
potential sites in the
catchment and then

used the bespoke project
GIS tool to complete an
early screening process
to review the potential
opportunities and
constraints of each site
(see (b)). Opportunities
included all applicable
NFM measures, and
constraints, as well as
utilities and environmental
considerations. The LET
visit the site and work with
the landowner to agree

a ‘site concept’ showing
where NFM could be
located (see (c)).
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43.1 Selecting hydrologically-effective sites

When working at subcatchment and catchment scale, it can be useful to consider which locations are the

most hydrologically effective and which NFM measures to implement to strategically target those sites that
reduce and delay flows the most. This top-down approach relies on hydrological expertise or tools so may
be more suitable for larger or more complex catchments rather than sites identified as simple (Figure 4.3).

Figure 4.5 outlines the general steps to help narrow down potential hydrologically effective sites using
intermediate and detailed hydrological and hydraulic methods suggested in Table 4.4. The main flow
paths within the subcatchments can be identified from the desktop study approaches (Table 4.4) or local
knowledge. This ensures that the proposed measures are sited to intercept or encourage infiltration in
the most appropriate locations to protect and restore existing hydrological processes or mimic them by
creating new pathways and storage features in the catchment.

Identify all possible sites using catchment-wide opportunity mapping

Test each type of measure in each individual subcatchment to understand
which type of measures and subcatchment changes flows the most

Test the most effective measures and
subcatchments together to understand their
combined effects on flow downstream

Identify flow paths within the most
critical subcatchments for flow

Locate measures
on critical flow
paths

Steps to narrow down hydrologically effective sites from catchment to site scale

Narrowing down effective sites at subcatchment to catchment scale requires greater analysis and
hydrological expertise. Figure 4.6 sets out some examples of different locations within a catchment and
the hydrological impacts and potential risks. Measures located upstream of a constriction, such as bridge,
culvert or road, may limit the hydraulic impact downstream of this feature. Locating measures close to the
receptors can provide localised benefits but increases the risk that the peak flows might coincide at the
confluence depending on the relative time it takes the flood to travel from point a to ¢ see Section 4.3.2
for assessing synchronicity). Measures located in the upper to mid reaches can have help desynchronise
peak flows from multiple flow paths if planned carefully but the storage capacity is important to reduce
flood volumes to reduce flood risk. Locating measures on main flows paths to store, divert or increase
infiltration at a site or farm scale is relatively straightforward once construction constraints are understood
(Chapter 17). Selection of appropriate measures is covered in more detail in Section 4.4.
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Measures located upstream of reservoir Measures located in a local subcatchment
less likely to change flows downstream at ()  close to receptors are likely to change flows
unless the reservoir controlling structure is at (b) downstream. They may change flows
overflowing which means that the catchment 5t (c) further downstream. Peak flows could
has a more natural rainfall-runoff response also coincide with the peak flows on the main

channel so NFM needs careful planning and

understanding of existing timing of peak flows.

The natural flood management manual

Measures located in the headwaters will likely
change flows at (a). They may or may not change
flows at (c). This depends on the proportion and
timing of flow contributed by other tributaries in
between (a) and (c). There is some risk of the
peak flows from different tributaries coinciding —
this needs to be considered.

Figure 4.6 Considerations when selecting hydrologically effective sites within a catchment

4.3.2 Check timing of flood peaks

It is important to consider the impact of NFM measures on timing of the peak of the flood in catchments with
multiple tributaries. When the flood peaks meet at the confluence of two channels or flow paths at the same
time, downstream flows are greater and flood levels rise higher — this is known as synchronisation. When
flood peaks happen at different times along channels or flow paths that meet at a confluence, downstream
flows are reduced and flood levels can be lower — this is known as desynchronisation (Figure 4.7).

Figure 4.7  Timing of flood peaks and potential issues within a catchment
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Careful site selection and design of NFM measures can help desynchronise tributaries or flow paths

from one another to help manage flood risk downstream. Inappropriate selection of site and design of
measures can increase flood risk downstream in certain circumstances by synchronising tributaries or
flow paths. However, it is also important to realise that the timing of runoff in a given rainfall event will
depend on a range of factors such as the way the storm passes across the catchment and the wetness of
the ground at the start of the rainfall event. There will not be exactly the same runoff response in a river
each time it rains.

It is the responsibility of the designer in the NFM delivery process to review whether that the planned
sites and design of measures will increase flood risk by causing a synchronised system. Local
knowledge combined with hydrological expertise in the early stages can help assess this risk and avoid
synchronisation issues later in detailed design. It is recommended that an intermediate or detailed
approach from Table 4.4 is considered when delivering NFM measures at more than one site across
multiple tributaries, or in combination with traditional flood risk management solutions downstream.
Further details on how to change the time to peak and the synchronisation of the system into the NFM
measures can be found in Chapters 14 and 17.

SELECT MEASURES

NFM aims to work across the landscape and with
natural processes to reduce flood risk. In any given
location, a range of interlinked natural processes
are occurring. To obtain maximum benefit, a range
of NFM measures and types of each measure

should be used in combination across a catchment Understand
and multiple smaller measures should be used in y catchment
preference to a few larger measures. ~—
This helps to: Work with
e target the sources and pathways of flooding Construct & (RIGis Select
implement measures
e avoid over reliance on a single solution or
location
e tailor measures to meet the needs of individual Design
landowners

e overcome uncertainty in the knowledge of
catchment understanding and hydrology

e spread the risk of failure or reduced
performance across the landscape

e understand which measures are most successful in the catchment, meaning future measures can be
designed with increased success.

The various NFM measures, and the NFM measure types, are described in Part C and further
information on the design and construction of NFM is given in given in Chapters 17 and 18 respectively.

If the starting point of a project is an individual site and a desire to implement NFM, then the site ideally
needs to be placed into a wider context (Sections 4.2 and 4.3) to ensure that the consequences of any
actions are understood and to maximise what can be achieved. Figure 4.8 shows the steps to follow if
the starting point is an individual site or farm.
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Have you considered how the site No
is contributing to flood risk and
other issues in the catchment?

_ | Consider this to maximise benefits
and reduce adverse effects

Yes
\ 4
Have you engaged with anyone No It is recommended you work with
else within the catchment about > others. See Section 3.2 for the

delivering NFM measures? benefits of working together

Yes
\

Select the NFM measures

Figure 4.8 Key steps to select NFM measures on a site

Once subcatchments or sites have been prioritised and established, the choice of NFM measures needs
to be considered. The choice of measure is highly dependent on a wide range of, potentially conflicting,
factors. In addition, there are many ways to implement each measure or measure type, and knowledge
about how effective each of these is in any given situation is constantly evolving. This means that there
is not always a ‘right’ or ‘wrong’ choice, and more likely a range of solutions could be effective. It is
important to use the NFM continuum (Figure Al.3) to protect, restore, mimic or manage hydrological
processes, and choose measures that work with nature (Figure Al.4).

Two flow charts help select measures to address runoff management issues (working at source or on
overland flow pathways) (Figure 4.9) and to help slow the flow in rivers and their floodplains (Figure 4.10).
Table 4.7 summarises the range of factors to be considered to determine exactly which measures might be
delivered and in which locations and where further detail can be found in this manual to support the choice.

Could runoff be reduced No Is runoff in concentrated

further upslope over a »|  pathways or dispersed
wider area? across a hillslope?
A
Concentrated Dispersed
Yes pathways across a slope
And then also consider \4 \ 4
Is the pathway artificial, Does flow concentrate
eg aroad, track or hard towards a point, eg low point
surface? or field corner?
Yes No Yes No
\4 \4 \4 \ 4 \ 4
Soil and land management | | Cross drains or Bunds (Chapter 8) | | Bunds (Chapter 8) Banked hedges
(Chapter 6) deflectors Ponds (Chapter 8) | | Scrapes (Chapter 8) (Chapter 7)
Catchment woodland (Chapter 7) Scrapes (Chapter 8) | | Ponds (Chapter 8) Buffer strips
(Chapter 9) Leaky barriers (Chapter 7)
(Chapter 10) Swales (Chapter 8)
Offline storage Cross slope
(Chapter 11) woodland
(Chapter 9)

Figure 4.9 Decision tool for runoff management measures (working at source or on overland flow pathways)
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Consider a runoff management
measure (Chapter 7) and/or
woodland measure (Chapter 9)

A

reconnection (Chapter 12)

No
Is there a watercourse? >
Yes
\ 4
Is there an opportunity for No _ %
in-channel restoration? I
g
(=2
Yes Consider leaky ,E.
barriers (Chapter 10), K
\ . o
No offline storage ]
Is the channel >5m wide? (Chapter 11) and/or k]
suitable river channel S
restoration measures ,E_,
Yes v (Chapter 13) =
£
Consider river channel and §,
restoration measures s
(Chapter 13) E
e
Yes 2
\ ]
No =
Does the channel have a )
defined floodplain? e
]
Yes S
\ 4 -g
Consider floodplain and g
=
»

and/or offline storage

(Chapter 11)

Figure 410 Decision tool for river and floodplain management measures
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TABLE Factors to consider when choosing NFM measures on a site

4.7

Factor Considerations Further detail
Project factors
The resources and expertise available to help will affect the type
People or partners ) . ) )
involved of NFM measures delivered, both in terms of skills needed and the Section 4.2
outcomes that are important to project success.
These factors should steer measure choice, for example if a target is
. to reduce flood risk in a particular location, then there may need to be )
Project success factors ) . . Section 2.2
more certainty of NFM performance, or if a key target is carbon storage,
soil retention and tree planting may be more of a focus.
Funding Certain funding streams may only be available for some measures. Section 4.3
Site factors
The landowner or community may prefer a certain location, measure, )
Preference ) Section 4.2
measure type or material to be used.
Land use May affect the choice of measure, measure type or design details. For
example, livestock may need to be excluded from an earth bund.
These can be above and below ground and overhead, including
L . . . Chapters 16,
Utilities easements (eg electricity, gas, water). They can restrict location of &
measures, overhead working, excavation or methods of working. '
Safe transport of labour and materials for site walkovers, construction, .
Access L . Section 18.5
monitoring and maintenance.
Consents and . . . - . .
L Certain measures/locations may require specific permission. Section 4.5
permissions
. o The requirement to take on liability and maintenance/management may .
Ownership and liability ) Section 4.4
mean that a landowner prefers a certain approach.
Hydrological or hydraulic factors Chapter 14
The volume of runoff available to store, slow down or infiltrate will
affect which hydrological process is targeted. For example, it may be
Catchment area . ) v d > d 2 v
inappropriate to construct a large storage area near the top of a slope
if there is not enough runoff to use it.
The effectiveness of measures that encourage infiltration will be
Geology . .
dictated by this.
) . The effectiveness of measures that encourage infiltration depends on this.
Soil type and condition ) . ) ) A .
The risk of storage areas being quickly filled with sediment.
The gradient of the land or watercourse affects the choice of several
Topography measures. The presence of depressions or runoff pathways may
present opportunities to store runoff.
Location/presence
g Affects the choice of measure and the location to use them. For
and scale of sources, . )
athwavs and example, certain measures are more suitable on overland runoff
P v . pathways, others on ditches or gullies, or on watercourses.
receptors of flooding
Affects the choice and sizing of a measure and potential volume of
Flood hydrograph . . .
water that can be stored. Deep, fast flow increases risk of erosion and
— flow, volume and I . .
velocit mobilisation of materials. Consider low flow routes and exceedance
b routes as well as the design flood.
L Risk of blockage of a structure (eg bridge) and flooding if a measure
Existing structures or . L .
inch boints breaks up, breaches or fails. This risk needs to be accounted for in the
P ; choice of measure or measure type.
continued...
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TABLE Factors to consider when choosing NFM measures on a site (contd)

72

4.7

Factor Considerations Further detail

Environmental factors Chapter 16

These may be protected or require particular specialist surveys
Habitats and species and consents. Also provide an opportunity to enhance/extend or Section 16.5
connect habitats.

Invasive non-native Risk of spreading species if not treated effectively — treatment can
species increase cost.

Section 16.5

. Measures types and materials to complement the setting and to )
Landscape setting o : Section 16.6
provide interconnecting landscape features, eg woodland, hedgerows.

Design and materials Chapter 17
Availability and type of | Local materials have lower biosecurity risk and carbon footprint and fit Section 17.4
local materials in with the local landscape more readily. '
Duration and intensity | Woodland and measures incorporating living vegetation require
of sunlight sufficient sunlight for growth (eg swales, living leaky barriers).
Construction and implementation Chapter 18
Timing Timing of the NFM construction could affect what can be delivered. Section 18.5
Skills The skills and expertise of the people involved, and the equipment
available/can be used on site, may affect measure choice.

. . . Sections 4.6,
Health and safety The choice of measures on a site may affect health and safety risks. T
Monitoring and management Chapter 19

Select measures that can be effectively managed in the future.
Long-term commitment | Ensure that arrangements are in place for appropriate monitoring or
management for the measures chosen.

Hydrological analysis (Chapter 14) may mean that a project seeks to focus on a particular part of the
hydrological cycle. For example, it may be that in a less permeable catchment it is more appropriate to
focus on slowing runoff and streamflow rather than measures to encourage infiltration. Table 4.8 shows
how the NFM measures can restore or mimic hydrological processes, with the main process for each
NFM measure, in terms of flood risk reduction in blue text.

The best results will generally be obtained by utilising a combination of several NFM measures. This
means that different processes, co-benefits and locations can be realised within the target area. It also
means that different timescales can be targeted. For example, leaky barriers could be installed relatively
quickly and be effective immediately, but floodplain woodland will take several years to be fully effective.
In that time the effectiveness of the leaky barriers may have diminished, or some may have been washed
away, however the woodland will start to supply large woody debris to perform a similar function. Some
measures may need a certain management regime in place to remain effective, for example, the use of
cover crops or lower stocking densities. Based on experience, Figure 4.11 shows which NFM measures
work well together at the site or farm scale. At a larger catchment scale, there is generally more variation
in the landscape, leading to more opportunity to consider the full range of NFM measures.

CIRIA C802



© COPYRIGHT CIRIA 2022. NO UNAUTHORISED COPYING OR DISTRIBUTION PERMITTED

The natural flood management manual

TABLE Choice of NFM measures to protect, restore or mimic hydrological processes

4.8

Increase interception and

Increase infiltration

Store and slow runoff

evapotranspiration and streamflow
Upland peatland
management Roughen landscape and
Revegetate bare peat and re-wet )
block gullies to slow overland
all peat.
runoff
Soil and land ;
management N . . Use management techniques
Additional vegetation will such as cover crops, reduced Cross slope bloughing to
increase interception and till techniques, change species s :mc’:ﬁ ragt]e agross
evapotranspiration. composition and reduce ) i
) ) ) . ) a field by increasing storage
An improved soil structure can stocking densities to increase .
) i ) : and lengthening flow
increase evaporation from the vegetation cover and improve pathways
near-surface soil. soil structure and increase the ’
organic matter content.
Runoff . )
management Additional vegetation Encot.Jrage areas temporary
(hedgerows and buffer strips) standing water and
will increase interception and waterlogged ground, such as iz measures.slom./ et
evapotranspiration. behind banked hedgerows. IR, el V7T
i are also lengthened.
Storing water close to the land Cross drains can be designed
surface will increase evaporation. |to encourage infiltration.

Runoff storage Slow down the progress of
runoff across the landscape,
especially if flow pathways

Areas of temporary standing g y > i
Areas of open water and wetland are also lengthened, eg
) water and waterlogged ground ) )
encourage evaporation. . using swales. This effect
encourage this. )
only lasts until the NFM
measures reach capacity or
are bypassed.
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TABLE Choice of NFM measures to protect, restore or mimic hydrological processes (contd)

4.8

Increase interception and
evapotranspiration

Increase infiltration

Store and slow runoff
and streamflow

Catchment
woodland

Cross slope
woodland

Riparian
woodland

Floodplain
woodland

Woodland can increase
interception of rainfall and
evapotranspiration from the trees,
understorey and the near-surface
soil (depending on woodland type/
season/maturity).

An improved soil structure

in woodland and promoting
understorey growth (depending
on woodland type/maturity) can
encourage infiltration.

Promoting understorey
growth (depending on
woodland type/maturity) can
slow the flow of runoff across
the surface.

Trees and branches along/in
the river channel

Trees in the floodplain

Leaky barrier

Increased areas of open water
may encourage more evaporation.

If water is temporarily pushed
out of bank or stored on runoff
pathways then infiltration may
increase as water is present for
longer to allow this.

Leaky barriers can slow and
lengthen runoff pathways, in
channels and across land.
This effect only lasts until the
barriers reach capacity or are
bypassed.

Offline storage

Increased areas of open
water may encourage more
evapotranspiration.

If water is pushed out of bank
and stored then infiltration may
increase.

Offline storage can lengthen
runoff pathways and slow
and store water to reduce
the downstream flood peak.
This effect only lasts until the
features reach capacity.

River channel
restoration

Restoration will change the
form of the river channel,
often storing and slowing
the flow to reduce the
downstream flood peak.

Floodplain
reconnection

Increased wetland area or
out of bank flow may increase
evaporation.

If water comes out of bank and
is stored then infiltration may
increase.

Lengthening runoff pathways
and storing water on
floodplains will store and
slow the flow to reduce the
downstream flood peak.

The features may also delay
overland flow reaching the
river channel.
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e 22000 NO9SE

Upland peatland management,,@
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Riparian woodland @ v s

Floodplain woodland m@ v [ v v
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Note

Leaky barriers, runoff management and runoff storage approaches can be used for upland peatland management.
They need to be designed specifically for that environment (Chapter 6) to both support peatland function and
achieve NFM outcomes.

*

Figure 411 Potential combinations of measures for an NFM site
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Part C gives information on a range of inland NFM measures
for those involved in delivery and management. There are 12

measures covered in the manual and of these four are covered
in a greater depth.

Technical detail
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Upland peatland
management

Upland peat management aims to enhance peatland in order that it can slow and
store the runoff of water from the headwater areas of catchments. The measure types
included are:

® Revegetation of bare areas — to improve the surface roughness of the peat.

® Gully blocking using leaky barriers design for a peatland environment. These are
wooden, stone or peat barriers, each with a small slot or pipe to store and slowly
release water and reduce runoff.

e Ditch blocking — installation of dams, formed from peat extracted adjacent to the
ditch to create a widened pool and raise the water table across the site.

e Hillslope pool creation — creation of shallow open water pools on peat hillslopes to
retain water.
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Upland peatland

Revegetation and habitat
management

Description: conversion of bare peat

or sparse vegetation to a well-vegetated
condition, or from uncharacteristic
vegetation to peat-forming vegetation,
often with a dense surface cover including
Sphagnum moss. Habitat interventions or
improvements may need to be ongoing.
Plug planting and peatland re-wetting
may need to be undertaken to initiate
good conditions and enable ongoing
improvement to the density of peat-forming
vegetation on the surface.

Courtesy Joseph Holden, University of Leeds

Function: enhances surface roughness. This slows overland flow, reduces streamflow peaks and
slows streamflow.

Good locations: 10 m either side of any watercourse, gentle gradient slopes within the catchment,
areas where there is limited dense vegetation cover directly over the peat surface at depths relevant
to overland flow.

Locations to avoid: none, but flood attenuation effects are smaller when implemented only on
steeper areas.

Gully blocking using leaky barriers
designed for peatland environments

Description: installation of leaky barriers,
formed from wooden piling, stone or peat,
each with a small slot or pipe to slowly
release water. They should be installed in a
series of cross-channel barriers repeated at
intervals along the length of erosion gullies.

Function: they provide temporary water
storage during storm events. This will
reduce flow peaks and increase channel
roughness. Will also reduce sediment-
bound carbon loss from peatlands.

Courtesy PROTECT-NFM

Good locations: long gullies (>50 m) that have developed in the last 200 years, which are <10 m wide.

Locations to avoid: very steep gully sections (>0.35 m per m).

Ditch blocking

Description: installation of dams, formed from peat extracted adjacent to the ditch to create a
widened pool. This is repeated at intervals along the length of open ditches. Occasionally other
materials (eg plastic piling, wood) can be used to form peat dams, especially if the ditch has been
deeply eroded.

Function: to raise the water table across the site. This provides better conditions for peat-forming
mosses and promotes original hilltop to hilltoe water flows. Note that there is limited evidence that
ditch blocking directly provides flood benefits, but the secondary benefits, by creation of a landscape
with dense peat-forming ground cover (eg Sphagnum), are important to help slow flows.

continued...
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Upland peatland (contd)

Good locations: data, based on
topographic index approaches, are required
to show which ditches have the greatest
effect on redirecting flow away from the
peat mass and can be targeted for blocking
to aid peat mass re-wetting.

Locations to avoid: modelling is generally
required to predict whether ditch blocking
could increase or decrease downstream
flood peaks. Such effects will depend on
ditch orientation in relation to the slope
direction and the drainage network. Current
evidence suggests that any immediate
reduction in flood peak due to ditch blocking
are likely to be outweighed by the longer-term benefits of peat-forming vegetation regrowth aided by
ditch blocking which will have a larger impact on slowing flows.

Courtesy Joseph Holden, University of Leeds

Hillslope pool creation

Description: development of shallow (30
cm to 50 cm) open water pools on peat
hillslopes (not channels) formed by scraping
out peat hollows or forming semi-circular
raised peat bunds on the peat surface to
retain water.

Function: enables additional site-scale

temporary water storage during storms,

which increases landscape roughness and

evaporation loss. This allows additional

rainfall storage otherwise not possible

within the peat mass, thereby attenuating

peak flows. Additional benefits include aquatic biodiversity and improved peatland condition.

Courtesy Moors for the Future Partnership

Good locations: gentle gradient slopes (0.09 m per m)

Locations to avoid: slopes >0.09 m per m, shallow peat (<75 cm deep).

Chapter 5: Upland peatland management
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Where to find out more

See Chapter 10 for guidance on leaky barriers not located in upland peat habitats — in watercourses, on
runoff pathways and in gullies and ditches.

Further reading

Allott et al (2019)

Baird et al (2020)

Gao et al (2016)

Moors for the Future restoration factsheets: www.moorsforthefuture.org.uk/our-resources
Yorkshire Peat Partnership (2018a) and (2018b)

NatureScot (2020)

IUCN UK Peatland Programme: https://www.iucn-uk-peatlandprogramme.org

Yorkshire Peat Partnership: https://www.yppartnership.org.uk

Southwest Peatland Partnership: https://www.southwestwater.co.uk/environment/working-in-the-
environment/south-west-peatland-partnership

Legal consultees for consent

e Statutory nature conservation organisation for designated conservation sites.

Case studies
Revegetation and gully blocking
Protect-NFM, South Pennines: https://protectnfm.com

See Chapter 10 for guidance on leaky barriers not located in upland peat habitats — in watercourses, on
runoff pathways and in gullies and ditches.

Pool creation

National Trust Holcombe Moor trial:
https://lwww.nationaltrust.org.uk/projects/restoring-holcombe-moor
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Soil and land
management

Soil and land management aims to restore or enhance the ability of the wider catchment
landscape to intercept, evaporate, infiltrate and store water. The measure types
included are:

® Changes to farm management practices — to sustain good soil health so that soils
store more water, for example by changing the crop types or use of vehicles.

® Reduce soil compaction — to improve soil structure to increase infiltration and reduce
runoff, for example through mechanical aeration.

® Encourage more natural habitats - look for opportunities to protect, enhance,
restore, and create more natural habitats to restore hydrological processes.
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Changes to farm management
practices

Description: farm management practices
to sustain good soil health and reduce soil
compaction which can reduce flood risk
locally, for small events.

Arable: sow cover crops (eg ryegrass,
barley, clover, mustard) to increase organic
matter content and increase surface
roughness which maintains soil structure
and slows runoff in winter. Contour
ploughing, across the slope, increases

the volume of water held in the soil. Avoid
double trafficking and minimise overlap
when spraying by using GPS. Minimum or no tillage is becoming mainstream. This can improve soil
structure and increase infiltration and water retention.

Courtesy Victoria Coates, Mott MacDonald

Grassland: reduce stock density, encourage wintering of stock inside, regularly move feeders and
shelter areas to prevent localised soil compaction.

Set aside land: sow with fallow crops, leave to regenerate naturally, or sow with mixed species
herbal leys with diverse and deep rooting species. This will increase soil organic matter, improve soil
structure, and increase infiltration.

Farm vehicles: improve operational efficiency of tractors by using larger/more tyres with lower
inflation pressures and avoiding/reducing activity on land in wet spring conditions (eg by early sowing
of winter crops) to prevent soil compaction. Consider moving gates to the driest areas of fields.

Function: good land management reduces soil compaction, increases infiltration, and reduces
surface water runoff rates.

Good locations: arable fields, extensively grazed grasslands adjacent to watercourses and used
for winter grazing.

Locations to avoid: soils in good condition.

Issues: site specific (dependent on land use and soil characteristics). Set aside land takes time to
naturally regenerate. Herbal leys have an optimum period of four years before rotations are needed.

Additional benefits: reduction in soil erosion, reduced fertiliser use, expenditure on feed and
veterinary bills, increase in local biodiversity, habitats, water quality and soil carbon storage.

Reduce soil compaction

Description: direct interventions to improve
soil structure and alleviate soil compaction
which reduces runoff. The intervention
needed will depend on the depth/cause of
compaction. These include:

Aeration: mechanical spiking of the topsoil
(<10 cm depth) to allow good drainage and
aeration for plant respiration in arable and
pastoral fields.

Sward lifting: breaks up the topsoil (at 20
cm to 35 cm depth) to improve drainage

Courtesy Victoria Coates, Mott MacDonald

continued...
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Soil and land management (contd)

and aeration in grasslands, but without damaging the productive sward.

Deep cultivation and subsoiling: break up the soil at depth (>35 cm) to disrupt the plough pan in
arable fields which can improve soil structure and also drainage.

Re-seeding or overseeding: use deep rooting plant species to improve soil structure by increasing
macropores.

Function: healthy soils with a good soil structure encourage more infiltration in the subsurface and
store surface water runoff.

Good locations: heavily compacted topsoil, field gateways, vehicle wheelings, shelter, and feeding
areas.

Locations to avoid: these techniques should not be implemented in soils in good condition, in
extremely wet, or extremely dry soils.

Issues: site specific, should be implemented at the correct depth and in appropriate conditions,
otherwise compaction can be exacerbated rather than improved. Cannot alleviate deeper
compaction (>45 cm). Mechanical techniques are restricted by the presence of shallow field drains,
or bedrock. Only effective in the short-term, may only partially solve the problem and additional
methods may be required.

Additional benefits: increase in local biodiversity (earthworms, microbes, and plant roots) and
increase in nutrient availability and more efficient crop growth.

Encourage more natural habitats

Description: look for opportunities to
protect, enhance, restore, and create more
natural habitats.

Wetlands: protect and restore nature rich
habitats such as wet grassland, woodland,
meadows, peatbogs and fens to soak up
excess water and release it slowly into river
systems. They also act as a natural energy
dissipater along river banks.

Native vegetation: protect, restore

and create areas of woodland, shrubs,

and grasses to increase the amount of

interception and evapotranspiration and reduce surface runoff.

Courtesy Victoria Coates, Mott MacDonald

Arable reversion: convert arable fields to create species-rich grassland fields to improve soil
structure and increase infiltration.

Diverse crop rotations and reduced tillage: diversify organic matter types and increase
earthworm populations which increase the macro-porosity of the soil and infiltration.

Function: healthy, well-functioning habitats are species rich and have good soil health so can
temporarily store water and release it slowly.

Good locations: degraded arable and pastoral fields close to watercourses, ie locations which help
link/expand other good habitats.

Locations to avoid: areas with existing rich habitats, archaeological sites.
Issues: reversion is a long-term commitment: all habitats need to be managed.

Additional benefits: more diverse and new habitats for wildlife, more landscape connectivity,
increase in soil carbon storage.

Chapter 6: Soil and land management
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Where to find out more

Environment Agency (2007)

AHDB (2019)

Barlow et al (2014)

Dales to Vale Rivers Network (2019)
Forbes et al (2015)

Who to consult

e Local catchment advisor.
o Soil scientist.

e Farm advisory services — for advice on policies and grants.

Case studies
Pontbren, Wales: Wheater and Evans (2008), Keenleyside (2013), Marshall et al (2014)

Parrett catchment, UK (Godwin and Dresser, 2003): https://iagre.org/downloads/347casestudy6_
improvedsoilmanagementtoreducerunoffandfloodflows-347.pdf

Soil structural degradation in south west England and its impact on surface water runoff generation:
http://leureferendum.com/documents/sum12068.pdf

Hodder catchment, UK (Ewen et al, 2013)

Skell catchment, UK (Coates, 2018):
https:/Irepository.lboro.ac.uk/articles/thesis/Quantifying_the_impact_of_rural_land_
management_on_soil_hydrology_and_catchment_response/9456176

National Research Centres

Department of Farming and Rural Affairs — Rothamsted Research, Sustainable Soils and Grassland
Systems Department, UK: https://www.rothamsted.ac.uk/sustainable-agriculture-sciences

Agriculture and Biotechnology Sector — AgResearch, New Zealand: https://www.agresearch.co.nz/
United States Department of Agriculture (USDA): https://www.ars.usda.gov/

Department of Natural Resources Canada — Agriculture and Agri-Food scientific research centres,
Canada: https://lwww.agr.gc.ca/eng/agriculture-and-agri-food-canada/?id=1395690825741

Commonwealth Scientific Industrial Research Organisation — Division of Land and Water, Australia:
https://www.csiro.au/
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Runoff management

71 INTRODUCTION

7.1.1 Overview

This chapter provides information for projects and sites where runoff management has
been identified as a viable option. The principle of runoff management is to interrupt,
slow, or divert overland flow pathways across the landscape, to encourage infiltration
into the ground and divert water away from challenging locations. All measures that
manage runoff have multiple functions and co-benefits such as improving water quality
and increasing biodiversity (Table 7.2).

Figure 7.1 shows that runoff management measures that can be delivered across the
landscape, usually in locations with sloping topography. They can be used with runoff
storage measures to provide additional flood risk benefits (Chapter 8).

Bund & Pond @&

Swale £
Scrape @

Figure 7.1 Location of runoff management measures within a river catchment (courtesy
Emma Wren)
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TABLE Types of runoff management measures

71

Cross drains and deflectors

Tracks and roads are impermeable surfaces which often cut across
natural flow paths meaning that they accumulate and accelerate flow.
As a result, water travels more quickly into downstream watercourses.

Retrofitting cross drains and deflectors on existing tracks can
mitigate for these accelerated runoff pathways by diverting water into
areas of higher permeability such as fields and verges or into runoff
storage areas (see Chapter 8).

Cross drains typically sit below the surface of the road whereas
deflectors sit above the surface.

Cross drain installed on a farm track (courtesy
West Cumbria Rivers Trust)

Cross slope hedgerows (including banked hedges)

Hedgerows are an intrinsic part of landscapes and part of the cultural
heritage. Traditionally used as a long-term field boundary, hedgerows
provide important habitat and wildlife corridors. Hedges can increase
interception and infiltration of rain and uptake of water. Banked
hedges can further enhance the ability of a hedgerow to intercept
and store water as the bank at the base of hedge traps runoff.

Hedges can be planted across a slope, including on existing
boundaries, where runoff pathways have been identified.

Banked hedge (courtesy West Cumbria Rivers
Trust)

Buffer strips

Linear features strategically placed across a slope to allow the
establishment of rougher vegetation to slow, and help infiltrate and
filter overland flow.

Riparian buffer strips run alongside watercourses. In-field buffer
strips can be found across fields or along field boundaries.

They can be used in a range of situations within agricultural land
or amenity grassland and alongside woodland, hedgerows/field
boundaries or watercourses.

Land removed from management can be left to allow natural
vegetation to develop.

Riparian buffer strip (courtesy James Turner)

continued...
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Table 7.2 highlights the benefits and risk of runoff management measures. It is important to consider
these to ensure the benefits are realised and the risks are mitigated.

TABLE Benefits and risks of runoff management measures

7.2

e Flood risk reduction: measures can divert,
infiltrate and store runoff, helping to reduce
downstream flood risk and divert water away
from challenging areas such as highways and
infrastructure. Features with vegetation elements
will take longer to become effective.

e Water quality: measures can be designed to
trap and filter contaminated runoff.

e Climate regulation: hedgerows and buffer strips
can capture and store carbon.

e Habitat creation: hedgerows and buffers create
habitat which can be used as wildlife corridors to
link existing habitats.

e Soil health: help retain soil on the land rather
than it being washed into watercourses.

e Farm operation: hedgerows can be a long-term
field boundary. Installation of cross drains on
tracks can reduce track scour and erosion and
therefore maintenance costs.

e Livestock health: hedgerows provide a barrier
to the spread of disease, especially from animal
to animal contact.

Flood risk increase: increased flood risk through
incorrect siting of measures, concentrating flow and
causing damage. Do not direct runoff straight into
watercourses or other runoff pathways.

Ineffective design: incorrect location, materials or
spacing of cross drains could result in washout and
erosion of tracks and roads. Ensure appropriate care is
taken during the design phase.

Blocking field drains: certain tree species can
penetrate drains and cause blockages. Identify drains
and avoid certain species like willow and birch.

Soil loss: when creating banked hedges, earth moving
could lead to excess sediment runoff. Avoid wet periods
when constructing bunds.

Failure to establish a hedge: inadequate planting
and after care could result in young plants not getting
established. Ensure a management plan is developed.

Weed encroachment: buffer strips could enable
unwanted weeds to spread into productive fields.

Invasive non-native species: when fencing off areas,
there is potential for invasive species to colonise due to
reduced livestock grazing. Develop a management plan
that could include a small amount of grazing.

Chapter 7: Runoff management
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7.2 SELECT MEASURES

7.2.1 Location

There are good and bad locations for runoff management measures, Table 7.3 identifies both good and
poor locations for runoff management measures.

TABLE Good and poor locations for runoff management measures

7.3

Hydrologically connected farm tracks where runoff
can be diverted away from the track. Extremely steep farm tracks.
. Where contaminated water can be diverted to areas, Where there is no ground adjacent
Cross drains and ) .
deflectors or storage features, which can trap and remove suitable to buffer or store runoff.
sediment and/or pollutants. Heavily used roads that are in
Entrances to fields from highways to prevent runoff frequent use by heavy machinery.
onto highways which could be a hazard for traffic.
Across slopes or at the foot of steeper slopes.
To fit with the local field boundary type and pattern
Waterlogged areas where plants
Cross slope Along the path of lost (or degraded) hedgerows are unlikely to become established.
hedgerows Along existing field boundaries or where there is Where hedges are not present in
already a fence installed to protect against livestock.
the local landscape.
Where hedgerows can be used to connect existing
woodlands or habitats.
Adjacent to watercourses.
Where there is a high risk of soil erosion.
» i o Where weeds or invasive non-
Buffer strips Where there are opportunities to link up existing native species (INNS) are a known
habitats to create wildlife corridors. .
issue and cannot be managed.
Where they can be at least 5 m wide to align with
Defra (2018).

7.2.2 Selecting the measure type

There are several different types of runoff management measures. Selection of the appropriate
measure depends on the location, the purpose of the runoff management measure and the knowledge
and experience of both the designer and the construction method. Figure 4.8 provides a flowchart to
select measures to manage runoff at source or on overland pathways. Section 14.3.1 provides some
hydrological and hydraulic considerations for the design of runoff management measures.

Figure 7.2 outlines the decision process for installing cross drains and deflectors, cross slope hedgerows
and buffers strips based on good locations and poor locations (Table 7.3).
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Is runoff in concentrated
pathways on tracks or dispersed
across a hillslope?

\4 \ 4

Dispersed across a hillslope Concentrated pathways on tracks

Consider all three options

A Y \
Is there opportunity to add

a buffer strip alongside field

Is it appropriate to add Is the land alongside a

i ? . gt river or stream?
hedges in the landscape boundaries or in fields?
Yes Yes Yes
\ \
s therg alsoan Is the track/road used
Opportunity to store for heavy machinery?
Yes water upslope? No Yes No
\d
Y Y Y Y \4
B ) . o . Cross drain
anked hedge Cross slope hedge In field buffer strip Riparian buffer strip Cross deflector
Figure 7.2 Decision flow chart for selection of runoff management measures
Chapter 7: Runoff management 91




© COPYRIGHT CIRIA 2022. NO UNAUTHORISED COPYING OR DISTRIBUTION PERMITTED

92

The natural flood management manual

BOX Banked hedgerows to intercept runoff

A

Banked hedge storing water deliver as part of the Flimby project (courtesy West Cumbria Rivers Trust)

Location

Flimby, Allerdale, Cumbria, England

Techniques
used

Bank created out of excavated soil, hedge planted in two staggered rows, livestock exclusion
fencing on both sides of the hedge, 2 m apart

Delivery

The banked hedge was created by West Cumbria Rivers Trust as part of the Flimby NFM
project funded by the £15M Defra NFM Project and delivered in partnership with the
Environment Agency.

The project identified high risk runoff areas in the catchment by assessment of surface runoff
mapping, wet weather walkovers and farm visits. Banked hedges were targeted to intercept
overland surface runoff from fields grazed by livestock.

The landowner was approached, a basic concept design developed, and the storage
calculated using simple approaches. It was completed in 2019 and a long-term maintenance
agreement is in place with the landowner.

Outcomes

The bank successfully stores and intercepts overland runoff, while the hedge helps to
infiltrate water into the ground. This hedge connects existing hedgerows, creating an
improved network of wildlife corridors, increasing habitat and food availability for farmland
birds and pollinators. The hedge provides a valuable asset and a long-term field boundary
and shelter for livestock.

As part of the wider project a simple monitoring programme of wet weather observations was
implemented to assess the benefits. The findings are fed into The Rivers Trust monitoring
and evaluation tool.

https://www.westcumbriariverstrust.org/projects/flimby-flood-alleviation
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7.2.3 Health and safety

It is important to consider the specific implications of implementing runoff management measures
alongside the wider issues (Section 4.6). Specific details around design are in Section 17.5 and
construction in Section 18.3.

Understanding the likely route of diverted runoff and whether there is a risk of flooding to people,
livestock, property or infrastructure, or a risk of scour and erosion damage should be considered

when siting cross drains and deflectors. They should be designed with a safe route to areas of higher
permeability such as fields and verges or into runoff storage areas. Regular monitoring and maintenance
of cross drains and deflectors should be carried out to assess washout or erosion.

Hedges and buffer strips pose less of a risk. If fencing is required, gates or stiles should be carefully
positioned to ensure safe access. Where there is public access, barbed wire should be avoided to
minimise the risk of injury.

DESIGN AND MATERIALS

7.3.1 Design process

General advice on design is given in Chapter 17. Runoff management measures aim to reduce or divert
runoff occurring in the catchment, delaying the conveyance of water through a catchment. The design
and location of these measures will determine their overall effectiveness. The design process typically
involves two stages:

e Outline design is essential for cross drains, deflectors and banked hedges and involves selecting
suitable locations (Section 7.2) and primary materials. With cross drains and deflectors it is important
to define spacing, angle and gradient.

e Detailed design is required for tracks which experience heavy traffic and ensures a buildable design
that performs the desired function and remains safe throughout its design life.

Health and safety must be considered throughout the design process.

7.3.2 Design components

The design life of runoff management measures is dependent on appropriate monitoring and
management (Section 7.4). These features have multiple benefits to the landowner and efforts should be
made to demonstrate their value and agree how they will be managed.

Table 7.4 provides an overview of design components and typical features for runoff management
measures. Where possible living and natural materials should be used.
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TABLE Design components and typical materials for runoff management measures

7.4

Earthworks (to set cross drains below | Cross drain: Pre-cast concrete drains, lined concrete

Cross drains and the track surface) drains, wood, plastic or existing road/track material
deflectors Fixing structures or earthworks to Deflectors: Concrete, stone, wood or existing road/
create a raised mound track material such as hardcore

Trees. Tree guards; spiral and canes or tree shelters

Cross slope and stakes
> Earthworks (for banked hedges) )
hedgerows Excavated material
Fencing (if livestock present)
Buffer strips Ground preparation might be required | Fencing (if livestock present)

7.3.3 Cross drains and deflectors

When constructing cross drains and deflectors, it is important to consider the materials used. There
should be a balance between product sustainability and longevity. For example, concrete and stone (see
Table 3.5) will have a longer life span than wood. They should be designed to be easily maintained and
replaced as required. The appropriate siting and location of the measures will dictate the longevity. High
risk runoff areas are likely to experience greater washout and sediment and debris build-up. In these
situations, debris grids or traps should be considered to reduce the maintenance burden (FWAG, 2017).

The design of cross drains and diverters will depend upon the slope of the track, track construction,
rainfall and the flow of water along the track. They should be positioned to capture water on the upside
of the track and transfer it to the downside outlet such as a field edge. Runoff can then infiltrate into the
ground, reducing pollution, soil or track erosion and/or sedimentation of downstream waterbodies. The
outfalls should be carefully positioned to not cause erosion.

Cross drains and deflectors should be installed in intervals. The number will be dictated by the length

and steepness of the track but should be sited close enough together to capture most of the water during
high-flow events. A simple rule can be found in Section 14.3.1. Table 7.5 highlights design considerations
for cross drains and deflectors.

Figure 7.3 outlines a typical plan and cross-section for cross drains and deflectors.

TABLE Design considerations for cross drains and deflectors

7.5

94

. Constructed above the surface on tracks
Constructed below the surface on tracks for light . ) . )
Type ) ) . . with heavier traffic flow or heavy machinery
traffic of domestic and light machinery. use
Where In a range of situations, including agricultural land, amenity grassland, woodland or on lightly
used infrastructure such as farm tracks.
At a minimum, they should be constructed to 100 When constructing a raised hump to act
mm depth and 100 mm to 250 mm wide. as deflector, a foundation trench should be
Dimensions and | Where high sediment load and debris build-up is excavated across the track to a depth of at
construction likely, the channel should be at least 150 mm wide least 300 mm. Kerbstones should be keyed
with a galvanised grating installed (Rural Payments | into the trench, so they protrude 60mm to
Agency, 2020). 100 mm above the surrounding area.
They can be either excavated channels or pre- A range of material can be used as
Materials fabricated concrete, metal or made out of stone or | kerbstones: wood, concrete or existing road
wood to create drainage channels. material (FWAG, 2017a).
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Figure 7.3 Cross drains and deflectors design considerations

CROSS SLOPE HEDGES

Table 7.6 highlights some of the design considerations for cross slope hedges. Cross slope hedges are an
effective runoff management technique but can also deliver several additional benefits. When considering
cross slope hedges it is important to note their locations and which hedge species are planted to ensure
wider benefits such as drought protection, habitat connectivity and shelter are realised. More details on how
to consider tree species and planting can be found in Chapter 9 on woodland management.
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TABLE Design considerations for cross slope hedgerows

7.6

96

Dimensions

The wider a hedge is, the greater the surface roughness and the ability to intercept water. This is
particularly important where there are no existing buffer strips or field boundary.

Ideally a minimum of 1.5 m width should be allowed for planting.

Any fences should be at least 0.5 m away from plants to avoid livestock grazing the young hedge.

Hedge planting
(Figure 8.4)

Hedgerows designed to intercept overland flow will ideally be planted at a higher density, creating
a bushy solid boundary edge. While this can be achieved by early maintenance, initial planting
spacing is crucial.

Plant two or three staggered rows of trees with between five and nine trees per metre respectively.

Plant with a minimum distance of 20 cm to 30 cm between each plant.

Plants

Plant native trees and similar to existing species present in the local landscape (Chapter 9).

Consider the benefits certain species might bring. Some species have greater ability to slow
subsurface flow, whereas others have better wet canopy evaporation properties. Thorny species
such as blackthorn and dogwood are good for creating protection, whereas fruit producing
species like hazel and hawthorn have high wildlife value (Woodland Trust, 2014).

Hedgerows trees are also a good way to increase biodiversity, variation, and structure to the
hedge. Placing trees to grow into standards at regular intervals is advised. It is important to mark
them to help prevent the trees being trimmed with the rest of the hedge.

Ground
preparation

Before planting, clear any existing vegetation which could compete with the new plants.

Establishment

The early establishment of plants is critical to the success of the hedgerow.
Plant between October and March.

Adequately protected against pests. The level of protection will depend on the location. At a
minimum, spiral tree guards and canes should be used to protect the plants in the first two years
of growth. Rabbit or deer fencing might be considered in some places.

Where hedges are vulnerable to wind exposure or inundation, mesh or tree shelters with solid
wood posts should be considered.

Use a fence on both sides of the hedge to exclude livestock until the hedge is fully established.
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Figure 7.4 Hedge planting density and structure

Hedges planted on a bank are commonly referred to as banked or kested hedges. Devon bank hedges,
another local term, are typically a linear earth bank, faced with either stone or turf, but can perform a
similar function. Incorporating banks has the added benefit of intercepting and temporally holding greater
volumes of water. Table 7.7 highlights additional design considerations for banked hedges.

When creating banked hedges it is important to consider local approaches such as Devon hedges (Devon
Hedges group, n.d.)

TABLE Additional design considerations for banked hedges

7.7

The height of the bank will depend on the location and desired outcome. The bank should
be roughly 0.3 m high and 0.4m wide at the crest. The bank side slope gradient should be
Dimensions as shallow as possible to fit into the landscape especially on the downslope side which
could be eroded if it overtops. The side slope should ideally be around 1 in 5, if space
permits, and be no steeper than a 1 in 3 gradient to avoid collapse.

Remove topsoil from an area wider than the intended width of the bund, scraping some of

Ground preparation L . .
the subsoil either side of the bund line to form the bund.

Allow an extra 25% extra material for settlement of soil. Ensure suitable compaction during
Bank/bund creation the formation of the bund. Replace sods back on top of the bund, making sure they are
place upside down to reduce competition.

Planting structures and density should be two staggered rows (see Figure 3.4). The hedge

Plantin
g should be positioned just off the crest of the bank to prevent trees drying out.
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Use a fence to exclude
livestock until fully
established

Water ponds
upslope of hedge

Overland runoff

Build up to
0.3m high

Side slope gradient to be shallow, especially on the
downslope, to fit into landscape and reduce the risk of
erosion if the bund overtops. An appropriate slope is 1
in 5, if space permits, and no steeper than 1in 3

Figure 7.5 Design considerations for banked hedgerows (courtesy Emma Wren)
7.3.5 Buffer strips

Table 7.8 highlights some of the design considerations when considering buffers strip. There are

two main types of buffer strips. In-field margins which run alongside field boundaries or within field
and riparian buffer strips which run adjacent to watercourses. ‘Enhanced’ buffer strips (see Runoff
managment summary, Chapter 1) are wide buffer strips that have had other measures, such as runoff
storage measures or woodland incorporated into them to maximise outcomes.

TABLE Design considerations for buffer strips

[&:]

Where Alongside field boundaries or across fields. Near to watercourses.

) Temporary in arable settings (minimum 12
Longevity Permanent.
months) or permanent.

At least 5 m measured from the watercourse

Width At least 6 m.
bank top.

Livestock should be excluded where stocking

Livestock should be excluded where stocking
rates cannot be kept low.

rates cannot be kept low

Establish in-field margins in the autumn. Permanent fencing should be designed to

Establish through natural regeneration if possible. | consider the needs of:
If there is no natural seed bank, sow seeds that
create greater diversity and wildlife benefit.
Consult with local seed merchants and wildlife
experts to ensure appropriate seed mixtures.

Establishment
e access to water for livestock

e access for maintenance of the buffer strip
and riparian zone.

Cut annually, after 15 July to allow natural seeding. | jivestock exclusion fencing is required

Fertilisers, manures and pesticides should not be | consider a management plan to allow a small
used. amount of grazing. This will help manage

Management .
Weeds such as nettles, bracken or INNS can be | the development of unwanted species and
controlled using herbicides through weed wiping | €ncourage a more diverse riparian habitat
or spot treatment. resilient to extreme flows.

Create a small mound down the centre of the i
. . Include additional features such as cross

Enhance by margin to help intercept runoff pathways and .

. . slope or riparian woodland, cross slope

providing sites create beetle banks. These increase wildlife .

. hedges, sediment traps, swales, ponds and
for other NFM and encourage natural predators of crop-eating

scrapes to enhance their natural ability to

i i ts (RSPB, n.d.).
ezl e | TS ( n.d.) reduce runoff and hold water.

diverse habitats | Incorporating earth bunds or scrapes can optimise

See Runoff t Chapter 1
the NFM and biodiversity benefits. unoff managment summary (Chapter 1)
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CONSTRUCTION AND IMPLEMENTATION

General advice on construction and implementation is given in Chapter 19. Runoff management measures
require low impact construction and some aspects can be volunteer led. For example, for cross slope
hedgerows, consider using contractors to install the fences (and bank if required) and volunteers to plant the
hedge. Table 7.9 provides an overview of construction methods for runoff management measures.

TABLE Construction methods for runoff management measures
7.9

7.5

Excavation v v
Installation of cross drains and deflectors v v
Fence construction v v v
Ground preparation for buffer strips v

Tree planting v

MONITORING AND MANAGEMENT

There are several different approaches to monitoring NFM measures which are covered in Chapter 19.
For runoff management measures, regular inspection, fixed point photography and time lapse cameras
are a relatively cheap way to analyse how the measures are developing and functioning (Environment
Agency, 2018d). Regular review can help identify issues early such as erosion or build-up of sediment
in cross drains, helping to reduce maintenance costs. Table 7.10 provides an overview of maintenance
considerations for runoff management measures.
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TABLE Maintenance considerations

710

Cross drains and
deflectors

Removal of gravel, sediment and debris build-up within drains or behind
deflectors.

If a channel has been eroded, reshaping the drain might be required
after large storm events.

After each flood event

Cross slope
hedgerows

Tree aftercare. All trees will require annual maintenance until 1.5 m tall.
This will involve weed control, straightening, and tightening tree guards.

Removal of tree protection once plants have been established.

Once the hedges have been established, the hedge should be trimmed
every two years to encourage bushy growth, allowing it to be more
effective at intercepting water and creating a long-term barrier.

Hedge trimming should take place in the autumn or winter. Hedges must

not be trimmed from the start of March to the end of August to avoid
disturbing nesting birds.

Lay established hedges every 12 to 15 years. This should take place in
March or April and avoid disturbing any nesting birds.

Annually

Buffer strips

Check for invasive species colonisation and treat accordingly.

Check for weed encroachment into agriculturally productive land.

Annually
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Runoff storage

8.1 INTRODUCTION

8.1.1 Overview

This chapter provides information for projects and sites where runoff storage has been
identified as a viable option. Runoff storage involves measures that create and maintain
capacity on runoff pathways across the landscape to reduce overland flow. The

general principle is that they fill during rainfall events and empty slowly to slow down
runoff. This chapter focuses on runoff storage in ponds, scrapes, swales and bunds
(Table 8.1). These measures increase water storage, and a range of these measures
within a catchment can have a cumulative effect by reducing flood risk to communities
downstream, along with co-benefits such as habitat creation for wildlife and water
quality improvements (Table 8.2).

Figure 8.1 identifies that runoff storage measures can be delivered across the landscape,
usually in locations with sloping topography where runoff flows in defined pathways.

They can be used with runoff management measures to provide additional flood risk
benefits (Chapter 7). Other NFM measures can also deliver flood storage such as leaky

barriers on runoff pathways (Chapter 6), offline storage areas (Chapter 11) and floodplain
reconnection (Chapter 12).

8und &) Pond &

swale (5 o=
Scrape {8

Figure 8.1 Location of runoff storage measures within a river catchment (courtesy Emma Wren)
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TABLE Types of runoff storage measures

81

Ponds

Features that hold water permanently, but with additional
capacity to hold more water during storm events. Flood water
is then stored temporarily and released in a controlled manner.
Ponds described in this chapter are designed and located to
store water from runoff pathways.

Courtesy Evenlode Catchment Partnership

Scrapes

Natural or excavated depressions that fill with water in the
winter and gradually dry out in the spring and summer. They
are designed to have additional capacity to hold more water
during storm events. Scrapes discussed within this chapter
are designed and located to store water from runoff pathways.
Scrapes can be referred to as temporary ponds (Natural
England, 2010).

Courtesy Yorkshire Dales Rivers Trust

Swales

Broad, shallow, linear vegetated channels which can store or
convey surface water (reducing runoff rates and volumes) and
remove pollutants following rainfall (YDNPA, 2017).

They can be used in combination with other measures to
transfer water from a runoff pathway to another storage measure
(eg a pond or disconnected part of floodplain). In addition, they
could receive runoff from cross drains.

A number of small check dams may be constructed across
a swale to slow the flow, reduce erosion and encourage the
settlement of sediments.

Courtesy Atkins

Bunds

A bank created to provide flood storage or to help divert runoff.
Commonly made from earth but other materials such as

timber can be used. For the benefit of flood storage, bunds are
constructed along the contour to slow and hold back field runoff.
A bund can form a basin where water is held behind it. Bunds
can also be constructed at an angle to the contour to slow and
divert runoff away from areas at high flood risk. This chapter will
focus on the storage element.

Courtesy Yorkshire Dales Rivers Trust
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TABLE Benefits and risks of runoff storage

8.2

Flood risk reduction: measures are effective as soon
as they are installed. Runoff rates are reduced by water
retention and controlled flow release which slows the
rate of rise of a flood peak. Water storage increases the
opportunity for infiltration and evaporation.

Water quality: measures allow sediment to settle
out from the flow. This has a positive impact on water
quality and improves the functioning of downstream
watercourses.

Habitat creation: these measures, particularly
ponds and scrapes, provide new wildlife habitats and
increase biodiversity.

Climate regulation: wetland habitats, like ponds and
scrapes, capture and store carbon.

Soil retention: storing runoff close to source allows
soil to be trapped in storage features, rather than
entering watercourses. Soil can then be returned
back to farmland.

Farm operation: constructing a raised access track to
function as a bund can provide land access benefits,
by raising access tracks out of wet areas of fields.

The natural flood management manual

Failure: sudden failure of one or more features could
result in a rapid release of water causing flooding of
downstream property or infrastructure.

Erosion: risk of erosion to a structure, which could
cause it to fail, become less effective or increases
runoff and sediment transport within the catchment.

Ineffective design: if more than one storm event
occurs in quick succession these measures could

be ineffective following the first storm event because
they already contain water. Blockage of inlets and
outlets could reduce the effectiveness of structures.
Excessive vegetation growth within the measures may
reduce the capacity and effectiveness.

Livestock health: livestock standing in water

and deep mud can increase risk of infections and
diseases. The severity of this can vary, for example
foot rot is a bacterial infection that can be treated
with antibiotics whereas parasitic infections, such as
liver fluke, can be fatal.

8.2 SELECTION

8.2.1 Location

These measures are best located on or near runoff pathways, this information can be gathered by local
knowledge, field surveys and desktop studies. More information on selecting focus areas or sites for
runoff storage measures can be found in Chapter 4. Good and bad locations for runoff storage measures

can be found in Table 8.3.

Chapter 8: Runoff storage
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TABLE Good and poor locations for runoff storage measures

8.3

104

On, or near a runoff pathway.

Low point in a field or catchment that receives
runoff.

Areas with a safe route for exceedance flows
and low consequences of any pond embankment
failure.

Floodplains may already become
inundated during a flood event so the
feature will not provide additional flood
storage.

Steeply sloping land.

productive land.

Sloping fields where the runoff tends to exit the
field at a point, such as a valley bottom, where
slopes converge on a low point in the field.

::)rr;c;s;:nd Non-intensively managed landscapes where Unstable ground.
native vegetation is already established and/or Made ground or areas of waste fill,
will flourish (eg field corners or buffer zones). uncontrolled fill or non-engineered fill.
Agricultural areas, woodland and semi-natural Sensitive areas (eg rare non-wetland
areas. habitats and archaeological value).
Locate runoff storage ponds on land that is on Areas with highly permeable soils.
slightly higher ground than the floodplain.
In areas where it can be used in combination
with other measures, for example to receive
runoff from cross drains to convey flood water to
a pond. Cuttings or embankments where

slopes may become unstable.

Areas targeted for the reduction of water pollution ) )

Swales from agriculture where contaminated water can S:(:)\::::'e;?ese:tsejs/,h’:eor:uttrz:ehiztZpr(i)sti o
be diverted to areas that can trap and remove
pollutants. leaching contaminants into underlying

groundwater (unless lined to prevent

Sunlit areas to encourage vegetation growth — a infiltration).
key requirement for effective functioning — with
easy access for regular maintenance of the
vegetation.
Where runoff can be intercepted.
Close to tracks to divert runoff away from hard
surfaces, which act as preferential pathways.

Bunds In-field corners and margins to minimise loss of

8.2.3 Selecting the measure type

Figure 8.2 provides a flowchart to select between runoff management and storage measures. Using a
range of measures on site is recommended. Consider if the area can accommodate a combination of
measures that can work together to complement each other and increase the NFM potential/benefit.
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Is runoff in concentrated pathways
or dispersed across a hillslope?

v \ 4

Concentrated pathways

Dispersed across a hillslope -
Also consider
\
\ .
Is the pathway artificial, eg a No -~ S;g?]%e
Is there a low point road, track or hard surface? Bund
within the field? un
Yes v
Is there a cross
i ?
Yes No Ves drain or deflector? \o
y \ \ \
Is there a desire, Swale - this can allow Cross slope hedges or Swale or pond Cross drains and deflectors can
requirement or for storage and slow buffer strips (Chapter 7) Consider designing these be used in combination with
likelihood this will hold infiltration or could be using SuDS guidance (eg runoff storage measures.
water all year round? used to divert water to a Woods-Ballard et al, 2015) if See Chapter 7 for guidance
location where a pond or runoff is being received from
bund could be constructed an urban setting. May required
more detailed design if near
infrastructure like a farm building
Yes NO
A Y
Pond Scrape or bund
Figure 8.2 Decision flow chart for selection of runoff storage
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8.2.4 Health and safety

It is important to consider the specific implications of implementing runoff storage measures alongside
the wider issues (Section 4.6). Key details on design and safety can be found in Chapter 17.5 and
construction in Chapter 18.

Runoff storage measures should be designed to store water in a predictable manner, without increasing risk
to third parties. Measures should be designed with a safe route for flows that exceed or overtop the feature.
Outlets can help to reduce this risk, allowing water to drain away more quickly than it can naturally through
the soil. Consider the exceedance level, the level at which water will start to overflow, the likely route of

any overflow and whether there is a risk of flooding to people, property or infrastructure, or a risk of scour
damage, where the water erodes the feature as it flows over the top or through the outlet. If measures are
constructed in publicly accessible areas, signs are recommended to inform members of the public about the
measures and their function and the design should consider safe access and egress.

DESIGN AND MATERIALS

8.3.1 Design process

Measures to store runoff aim to increase storage within a catchment during periods of prolonged rainfall
and storm events. The design and location of these measures will dictate the capacity and frequency

in which they are active and remain effective. All runoff storage measures should be designed to look
natural, while providing storage during rainfall events. It is also important to consider a proportionate
approach when designing measures. Section 17.2.3 provides details on complexity of designs and
Section 17.3 highlights design considerations. Section 14.3.1 also provides some hydrological and
hydraulic considerations for the design of runoff storage measures.

The design process typically involves two stages (Chapter 17):

® Outline design is essential for storing runoff and involves selecting suitable locations (Section 8.2), and
defining the combination of measures, dimensions and primary materials required (Section 8.3.2). See
Figure 17.3 for the design process for runoff storage methods.

® Detailed design is important to ensure strength and durability, this involves selecting materials, fixings
and detailing specified. Section 17.3 provides a design toolbox.

Health and safety must be considered throughout the design process (Section 8.2.4).

8.3.2 Design components

Table 8.4 provides an overview of design components and typical features for runoff storage measures.
Further details about design and materials can be found in Sections 17.3 and 17.4 respectively.

When carrying out earthworks it is good practice to strip the topsoil and set aside. Replace the stripped
topsoil over the side slopes and/or base of runoff storage features at a maximum depth of 150 mm to
increase the success of vegetation becoming established. If required, fencing should be erected at least
600 mm away from the base of side slopes.
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TABLE Designh components and typical materials for runoff storage measures

8.4

Earthworks.
May include low point for flow exceedance. Excavated material.
Locate inlets and outlets to maximise the flow Granular fill (eg sand or gravel) may
path length through a pond. Consider the effects need an impermeable clay core
of temporary blockage by sediment or debris. or waterproof membrane on the
i upstream face.
Ponds and May require outlet, set at a level on the
scrapes embankment to provide additional capacity to Pipe materials, consider using stone
hold more water during storm events. or clad to reduce use of plastic.
Outlets may need a headwall to support the Stone or biodegradable geotextiles
earthworks above and prevent material falling (eg coir matting) at the base of the
down into the flow. outflow pipe to reduce the risk of
Provide erosion protection where flow is fast or scour/erosion.
very turbulent (eg at outlet or inlet pipes).
Earthworks.
Check dams may be needed if swale is located
Swales on steep slope and used to transfer water. Stone or timber for check dams.
Check dams can reduce flow velocities and
increase storage.
Excavated material, timber or stone.
Earivara, Granular fill (eg sand or gravel) may
need an impermeable clay core
May include low point for flow exceedance. 2 v
or waterproof membrane on the
May require outflow pipe. To enable bunds to upstream face.
drain down completely, outlet should be set near ) . ) )
Bund Pipe materials, consider using stone
to the base to allow most flow out and to reduce )
. or clad to reduce use of plastic.
the risk of blockage.
. . . . Stone or biodegradable geotextiles
Provide erosion protection where flow is fast or . )
) . (eg coir matting) at the base of the
very turbulent (eg at outlet or inlet pipes). . )
outflow pipe to reduce the risk of
scour/erosion.

Further reading

Benn, J, Kitchen, A, Kirby, A, Fosbeary, C, Faulkner, D, Latham, D and Hemsworth, M (2019b) Culvert,
screen and outfall manual, C786F, CIRIA, London, UK (ISBN: 978-0-86017-891-0)

WWW.ciria.org
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8.3.3 Ponds

Ponds for flood management consist of a permanent pool with flood storage provided above the normal
water level. This should be designed to store runoff and release it in a controlled manner to reduce the
peak runoff. They should be sized based on the targeted rainfall event and the area draining to it and
designed to release water so that water levels return to normal within 24 to 72 hours. A typical plan

and cross-sections are shown in Figure 8.5 along with simple rules for a typical pond design. Small
ponds may dry out during prolonged dry weather. Temporary ponds are such as scrapes are covered in
Section 8.3.4. Pools more than two metres deep may be subject to stratification and anoxic conditions.
Shallower pools may be prone to algal blooms and high biological activity during summer months. Pond
designs may vary depending on where the runoff is coming from, for example for runoff from farm tracks
or buildings, consider designing measures using principles relating to rural SuDS measures. Consider
designing a pond to also provide wildlife requirements (see Further reading).

Figure 8.3 Design consideration for ponds (courtesy Emma Wren)

8.3.4 Scrapes

Scrapes do not permanently hold standing water (ie in dry periods) and are generally shallower than
ponds. Because they dry out, they provide valuable water storage within the catchment during storm
events. Information on the design of scrapes is given in Figure 8.4. For projects with a relatively low
budget, consider constructing many small scrapes, these collectively can provide as much storage
benefit as one large, more engineered pond.
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Further reading

Biggs, J, Williams, P, Whitfield, M, FOX, G, Nicolet, P (2020) Ponds, pools and Lochans, Guidance on
good practice in the management and creation of small waterbodies in Scotland, Scottish Environment
Protection Agency, Stirling, Scotland

= Advice on the management of ponds and scrapes.

https://lwww.sepa.org.uk/media/151336/ponds_pools_lochans.pdf

Duffy, A, Moir, S, Berwick, N, Shabashow, J, D’Arcy, B D and Wade, R (2016) Rural sustainable
drainage systems: a practical design and build guide for Scotland’s farmers and landowners,
CREW2015/2.2, Abertay University and Moir Environmental, Scotland

= Guidance on design and construction of runoff storage measures aimed at landowners.
https:/lwww.crew.ac.uk/publications

Freshwater Habitats Trust (2013) Million ponds project. Designing wildlife ponds in the river floodplain,
supplementary habitat factsheet, Freshwater Habitats Trust, Oxford, UK

= Factsheet on design of ponds.

https://freshwaterhabitats.org.uk/wp-content/uploads/2013/09/FLOODPLAIN.pdf

NFWAG (2016) Norfolk Ponds Project, Norfolk Wildlife Trust, Norfolk, UK
= Guidance on managing Britain’s ponds and conservation lessons from a Norfolk farm case study.

http://www.norfolkfwag.co.uk/norfolk-ponds-project
Quinn, P F, Hewett, C J M, Jonczyk, J, and Glenis, V (2007) The PROACTIVE approach to Farm

Integrated Runoff Management (FIRM) plans: flood storage on farms, Newcastle upon Tyne: Newcastle
University, UK

= Case study and details around integrated runoff management within a farm setting.
https:/Iresearch.ncl.ac.uk/proactive/ms4w/PROACTIVEReportPQ.pdf

Woods Ballard, B, Wilson, S, Udale-Clarke, H, lliman, S, Scott, T, Ashley, R, Kellagher, R (2019) The
SuDS manual, C753, CIRIA, London, UK (ISBN: 978-0-86017-760-9)

= Includes information on the design and management of ponds.

https://lwww.ciria.org
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Cross section of scrapes
Area between 20m? and up to one Allow for natural colonisation by native
hectare, storing between species

approximately 10m? and 2500m3

Gradual sloping internal profile
(1in10to 1 in 20) from the
edges towards the centre

Depth of 0.5m In the centre and
an average depth of 0.25m

Locations of scrapes
Multiple scrapes receiving runoff Single scrape receiving runoff
£ —3
— —
—N %
Scrape adjacent to runoff pathway Scrape created on a runoff pathway
or watercourse and connected or watercourse
during high rl% /—}’:\\\/
B - = == ,i: =
Figure 8.4 Design considerations for scrapes (after Natural England, 2010)

8.3.5 Swales

There are two types of swale:

e Conveyance swales: for NFM these are typically unlined and free draining. They can be used to
transfer water from a runoff pathway into a storage feature nearby such as a pond or bund.

® Storage swales: these are situated to receive runoff and are typically free draining

Swales are often designed to allow infiltration, unless this is prohibited by local conditions such as high
groundwater, poor water quality or land contamination, in which case the base of the swale may be lined.

Infiltration increases with residence time, infiltration surface area and soil permeability. Storage swales
may have greater infiltration potential due to increased permeability of the subsurface medium and
increased residence time, compared to a conveyance swale. Soil permeability in a swale tends to
decrease due to clogging over time (depending on maximum water levels and sediment load), although
this can be allowed for in the design. The design event runoff volume should half empty within 24 hours.

Check dams may be also incorporated into the design of swales. This consists of small dam constructed
across a swale to slow the flow, reduce erosion and encourage the settlement of sediments. As a result,
swales are effective in improving water quality of runoff, by removing sediment and particulate pollutants. In
wet swales, the effectiveness is further improved by providing permanent wetland conditions on the base of
the swale. Check dams can be used on steeper slope swales (longitudinal slopes greater than 3%). They
are often adopted to enhance infiltration capacity, decrease runoff volume, rate, and velocity, and promote
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additional filtering and settling of nutrients and other pollutants. So, check dams create a series of small,
temporary pools along the length of the swale, which drain down within a maximum of 72 hours. Swales with
check dams are more effective at mitigating runoff quantity and quality than those without. The frequency and
design of check dams in a swale will depend on the swale length and slope, as well as the desired amount of
storage/treatment volume. Care should be taken to avoid erosion around the ends of the check dams.

Information on the design of swales is given in Figure 8.5.

Figure 8.5 Design considerations for swales (courtesy Emma Wren)

Further reading

European Commission (2013) Individual NWRM swales, Natural Water Retention Measures project,
Office International de I'Eau consortium, European Commission

= General overview of the benefits of swales including, scale, impact, design and costs.
http://nwrm.eu/measure/swales

Kirby, A M, Roca, M, Kitchen, A, Escarameia, M and Chesterton, O J (2015) Manual on scour at bridges
and other hydraulic structures, second edition, C742, CIRIA, London, UK (ISBN: 978-0-86017-747-0)

= Guidance on scour assessment and detailed design of scour protection.
WWww.ciria.org
Pennsylvania Department of Environmental Protection (2006) Pennsylvania Stormwater Best

management practices manual, Vol 34, Tab 20, Department of Environmental Protection, Bureau of
Watershed Management, Pennsylvania, USA

= American example of swales being used in more urban setting and provides design considerations.
https://pecpa.org/wp-content/uploads/Stormwater-BMP-Manual.pdf

Woods Ballard, B, Wilson, S, Udale-Clarke, H, lliman, S, Scott, T, Ashley, R and Kellagher, R (2019) The
SuDS manual, C753, CIRIA, London, UK (ISBN: 978-0-86017-760-9)

= Advice on planning, design, construction, management and maintenance of SuDS, which include swales.

https://lwww.ciria.org
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8.3.6 Bunds

Bunds can be constructed from different materials including earth, stone and timber (see Chapter 10).

It is important to design bunds for each specific location. The location of a bund is determined by where
the water is coming from. Information on the design of earth bunds is given in Figure 8.6. Case study 8.1
provides details of how bunds were delivered within the Holnicote project and the key outcomes.

Figure 8.6 Design considerations for earth bunds (courtesy Emma Wren)
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CASE Holnicote, from source to sea, creating earth flood bunds

STUDY
8.1

Creation of flood storage and bund at Holnicote (courtesy Peter Worrall, Penny Anderson Associates)

Aller and Horner catchment, Holnicote Estate, West Somerset, England

Baseline flow monitoring on the Holnicote Estate began in 2010, with the plan to
create a series of offline flood storage areas, using floodplain lowering and the
creation of earth storage bunds focused on the Aller and Horner catchment. Sites
for earth bunds were initially identified using a 2D flood model. This highlighted
areas where surface runoff naturally collected and flow pathways that ran

between these collection areas and the stream network. Constraints such as
archaeology, heritage, ecology, environmental designations, and landownership
were considered. A detailed digital terrain model (DTM) was used to design storage
by both putting earth bunds on flow pathways and maximising the areas where
surface runoff already collected.

A 1D to 2D model was then used to refine the bund design and to consider how
water travelled through each bund in detail. This detailed modelling enabled
regulation requirements to be understood and to ensure compliance (eg flood risk
assessment, land drainage consent and liability under the Reservoirs Act 1975).
The design of the bunds was integrated with in-stream structures, including the
re-instatement of drop board weirs and floodplain reconnection. Over 200 low level
earth bunds were installed in 2013 across both upland and floodplain areas.

During the winter following the installation of the bunds there was a significant flood
event. This occurred across the 23 and 24 December 2013, following 50 mm of
rainfall over 24 hours, on already saturated soil. The peak flow was estimated to be
10% lower at the gauging station, when compared to similar previous flood events.

Chapter 8: Runoff storage
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CONSTRUCTION AND IMPLEMENTATION

Overarching principles and issues in the construction and implementation of NFM measures are set out
in Chapter 18. To construct runoff storage measures from earth a mechanical excavator will be needed
along with a contractor or experienced operator. Volunteer-led activities might only be associated with
bunds constructed from wood or stone (see Chapter 10).

Vegetation planting can be carried out by volunteers or contractors. Simple rules for planting of runoff
storage measures can be found in Table 8.6. Other information can be found in Chapter 7 for hedge
planting and Chapter 9 for woodland planting.

TABLE Vegetation planting considerations for runoff storage measures

8.5

Ponds do not need to be planted. Once they have been excavated a simple and cheaper method is
to allow for natural colonisation by native species. If planting ponds, it is important to:

e use native plant species (research where plants are sourced from to reduce the risk of spreading

Ponds INNS)
e plant a variety of different plants (eg submerged, floating and emergent plants)
e check with relevant environmental regulator before translocating plants.
Scrapes Planting of scrapes is not needed, allow for natural colonisation by native species.

Grass seed mixture at a rate of 24g/m?. Grass seed mixture to include grass, legumes, and
Swale wildflowers, eg creeping red fescue (70%), smooth meadow-grass (20%), and creeping bent (10%).
Sowing should typically be between April and early October.

Bunds As swale.

Further reading

8.5

114

lllman, S and Wilson, S (2017) Guidance on the construction of SuDS, C768, CIRIA, London, UK (ISBN:
978-0-86017-783-8)

= Construction of runoff storage measures.

WWW.ciria.org

MONITORING AND MANAGEMENT

Understanding how measures function in situ is important. The main consideration for runoff storage
measures is sediment build-up, which will have an impact on effectiveness and capacity. The lifespan of
all runoff storage measures is indefinite if they are well maintained, ie any sediment deposited is removed.
The frequency of sediment removal will be dictated by the location. If there is a high input of sediment
from the surrounding landscape, more frequent sediment removal may be required.

The general principles for monitoring and management are set out in Chapter 19. Specific recommendations
for maintenance requirements are listed in Table 8.7.
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TABLE Maintenance considerations for runoff storage measures

8.6

Sediment accumulation that
reduces capacity or function of

Remove sediment from measures as required. Landowners should be encouraged
to return trapped sediment to their fields. Consider timing of the year to minimise

measure wildlife disturbance.
Inlets, outlets and pipes should be checked twice a year and following storm events
Blockage to remove any build-up of vegetation or blockages to ensure they function as

planned.

Overgrown vegetation

Long grass (max 100 mm) should be cut regularly in the growing season, either by
strimming or mowing.

Pond plant management

Maintenance activities are recommended to take place in autumn and winter. This
reduces the risk of disturbance to breeding birds, amphibians and fish.

When emergent plants cover more than 50% of the pond surface, consider
removal. When removing plants leave about 20% of the emergent vegetation and
do not remove more than 10% of a pond’s marginal plants in any one year.

Structural damage and
deterioration

Repair eroded or damaged areas as required to ensure design performance is
maintained.

Colonisation by INNS

Check measures have not been colonised by unwanted plant species, this risk can
be reduced if planting and seeding take place upon completion of the measure
construction.

Further reading

Neale, J and Gasca, D (2019) Catchment science field-scale monitoring handbook, Atkins, UK

= Guidance on monitoring of runoff storage measures.

https://catchmentbasedapproach.org/wp-content/uploads/2019/08/Atkins-Catchment-Science_Fieldscale-

Monitoring-Handbook-2019.pdf
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Woodland
management

Woodland helps to intercept rainfall, increase evaporation and uptake by vegetation
and infiltration into the soil. It also helps reduce the runoff down slopes and along river
corridors. Woodland creation is described and then the four woodland NFM measures:

® Cross slope woodland — belts of woodland planted across slopes with the aim to
reduce runoff.

® Riparian woodland — woodland created along river banks to slow the flow in the
watercourse.

® Floodplain woodland — trees planted in the floodplain of a river to slow the flow
and water.

e Catchment woodland — woodland creation to increase the overall woodland cover
across a catchment, where it does not fit into one of the above three categories.
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Woodland management

Woodland creation

Description: increase woodland
cover through tree planting or natural
regeneration, where trees seed naturally.

Function: woodlands increase the use and
interception of water, reduce the volume of
water runoff, increase surface roughness,
soil infiltration and water storage, reduce
the rate of runoff and flood peaks,
particularly for smaller flood events.

Good locations: woodland can be created
in different locations, namely catchment
woodland, cross slope woodland, riparian
woodland and floodplain woodland
described in this section.

Courtesy Dominick Spracklen, University of Leeds

Issues: planning, design, permissions and grant applications take considerable time (typically

one year) and need to be completed before tree planting can begin. Tree planting needs to occur

in autumn and winter. Design needs to account for the local landscape and existing biodiversity.
Planting patterns, species selection and the formation of new topographic features can increase
water storage. Site drainage during woodland creation, either as a preparation for tree planting or
during construction of forest roads, can increase flood risk and should be avoided. Priority should
be given to native tree species to match the soil and climate, and fencing may be needed to exclude
livestock. Natural regeneration can create woodlands without the need for tree planting, but only
where there are nearby mature trees to provide a seed source. Ongoing maintenance of stock
fences and aftercare of planted trees is crucial for successful woodland creation.

Additional benefits: woodlands provide habitat for wildlife, capture and store carbon to help
mitigate climate change, shelter for livestock, increase land value and additional options for revenue
through wood products.

Cross slope woodland

Description: tree planting to create narrow
belts and blocks of woodland across a slope.

Function: interrupts surface flow of water and
increases infiltration and storage of water into
soil, reducing rapid runoff. Inclusion of holding
features can enhance function.

Good locations: cross slope above a
watercourse particularly where overland
flow is known to occur, and downhill from
arable fields.

Issues: loss of agricultural land may be a
concern to some land managers.

Courtesy Dominick Spracklen, University of Leeds

Additional benefits: benefits water quality through reduced sediment and nutrient loads; woodland
can provide shelter for livestock and create links between existing areas of woodland providing
habitat connectivity.

continued...
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Woodland management (contd)

Riparian woodland

Description: woodland creation along
watercourses, usually a narrow strip either
side of the watercourse often accompanied
with exclusion of livestock. Over time, fallen
trees will naturally create large woody
debris dams, which can also be artificially
installed (Chapter 10).

Function: increases channel roughness
and water storage, slows the flow of water
and reduces downstream flood risk.

Good locations: middle and upper

catchments are best, with wider and longer

riparian woodlands resulting in greater

benefits; regions with high risk of sediment delivery where riparian woodland can also reduce
diffuse pollution.

Courtesy Dominick Spracklen, University of Leeds

Locations to avoid: upstream of culverts or bridges where large woody debris from fallen trees
could cause flooding through blockage.

Issues: riparian woodland can reduce access for livestock to drinking water, increased capture of
rubbish and debris by the woodland, fencing damage due to increased large woody debris, risk of
flood damage to newly planted trees.

Additional benefits: stabilises banks and reduces erosion, reduces sediment and agricultural
pollutants entering watercourses, shading of river channels reduces water heating and benefits
aquatic biodiversity, habitat connectivity along a river corridor.

Floodplain woodland

Description: increased woodland cover
within the fluvial floodplain.

Function: to increase the roughness of the
floodplain, slow the flow of water, increase
water storage, delay the time of peak
flooding and reduce downstream flood risk.
Leaky barriers (Chapter 10) can be used to
divert flows onto the floodplain.

Good locations: greatest benefit in

middle and lower parts of medium to large
catchments. Benefits increase with width and
length of woodland across the floodplain.

Courtesy Dominick Spracklen, University of Leeds

Locations to avoid: immediately upstream or downstream of roads or built environment where
increased flood water depth could cause local flooding issues.

Additional benefits: reduced diffuse pollution, improved wildlife habitat, shading of river reduces
water temperatures and benefits fish and aquatic life, increased low river flow.

Issues: potential loss of high quality agricultural land.

continued...
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Woodland management (contd)

Catchment woodland

Description: tree planting and woodland
creation to increase the overall woodland
cover across a catchment, where it does not
fit into one of the previous three categories.

Function: increased interception and use
of water and increased soil infiltration and
water storage reduces flood peaks, flood
flows and flood frequency.

Good locations: regions with seasonally
waterlogged and flashy soils which
generate rapid runoff and regions with soils
that are sensitive to degradation. Locations on slopes are preferable to enable runoff from upslope
to infiltrate and be slowed by the woodland.

Courtesy Dominick Spracklen, University

of Leeds

Locations to avoid: no tree planting should occur on deep peat or open habitats with high
conservation value, such as species-rich grasslands.

Issues: existing woodlands should be managed through continuous cover forestry (where only
selected trees are cut in any year); clear-fell harvesting (where all the trees in one area are cut in
the same year) should be minimised, particularly above streams, and should be limited to <20% of a
catchment within a three year period.

Additional benefits: carbon storage and climate mitigation, wildlife habitat, and recreation.

Where to find out more

Further reading
Q-NFM project: https://www.lancaster.ac.uk/lec/sites/qnfm/default.htm

Barlow et al (2014)

Who to consult

e Forestry authority regarding licences, permissions, advice and grant aid, and to determine if EIA
regulations apply.

e Woodland Trust can provide free advice to landowners on woodland design, planning and
permissions, including information on the range of grant schemes available for woodland creation:
https://www.woodlandtrust.org.uk/plant-trees/large-scale-planting/

e River Trusts.

e Nearby residents potentially affected.

e Flood risk authority if working in or close to the river.
Case studies

Forest Research (2021)

Keenleyside (2013)

McEwan (2020)

Sussex Flow Initiative: http://www.sussexflowinitiative.org/

Sussex Flow Initiative: https://www.woodlandtrust.org.uk/media/4908/natural-flood-management-
planting-trees.pdf

Tree planting and woodland creation in Calderdale: http://www.treesponsibility.com/

Wilkinson and Addy (2019)
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Leaky barriers

10.1 INTRODUCTION

10.1.1 Overview

This chapter provides information for projects and sites where leaky barriers have been
identified as a potential intervention to implement. Leaky barriers may form naturally or
be constructed across watercourses, temporary (ephemeral) streams, surface water
runoff pathways and floodplains using live materials, natural wood, timber or stone. See
Chapter 5 for guidance on leaky dams located in upland peat habitats.

Leaky barriers slow the flow and increase channel roughness, direct water onto the
floodplain during higher flows and store water, to be released as the watercourse flow
subsides. This can increase water storage, soil infiltration, root uptake and evaporation,
and reduce the likelihood of the flood peak occurring simultaneously in tributaries of

a larger watercourse. This can reduce flood risk to downstream communities. Leaky
barriers provide flood benefits immediately, but geomorphological and ecological co-
benefits may take longer to develop. Figure 10.1 identifies that leaky barriers can be
delivered in woodland and can also be installed in non-woodland watercourse, gullies
and ditches, and in locations with sloping topography where runoff flows in defined
pathways. See Table 10.1 and Figure 10.2 for further detail.

Leaky barriers are most effective if they are formed naturally and are placed or built in
series. A single leaky barrier stores a small volume of water with little impact on flood risk
but the cumulative effect of a series of leaky barriers can reduce flood risk downstream.

Figure 10.1 Location of leaky barriers within a river catchment (courtesy Emma Wren)
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e er oy Typical total height of

Several large logs or tim barrier = 0.5m (masmum g ‘Extend as far as possible

of simitar diameter stacked haight =1m) anto the floedplaln and
embed into the bank at

Short design Nfe (around 5
years) o will regulrs regutar

d

Figure 10.2 Types of leaky barriers: woodland watercourse (a), non-woodland watercourse (b),

in ditch (c), runoff pathway (d)
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10.1.2 Benefits and risks

TABLE Benefits and risks of leaky barriers

101

e Flood risk reduction: leaky barriers e Upstream effects (backwater): leaky barriers can increase

increase channel roughness, slow upstream water levels, causing flooding of property, infrastructure,
the flow, and encourage it to spread third party land or PRoW, or increasing risk to people, livestock or
onto the floodplain. This helps to store wildlife. This risk can be reduced by careful positioning.

water, increase infiltration, increase root | 4 pownstream washout and blockage: leaky barrier material
uptake and evaporation, and reduce can become detached and wash downstream (potentially at

flood flows downstream. high velocity), blocking structures such as culverts or bridges,

e Environmental improvement: and increasing flood risk. Simultaneous failure of a series of
leaky barriers can improve sediment leaky barriers may release a surge of water, causing flooding of
dynamics, flow diversity and water downstream property and infrastructure. This risk can be reduced
quality, They can also stabilise the by careful positioning (ie sufficiently upstream of downstream
riverbank and floodplain. structures) and design.

e Habitat creation: leaky barriers can e Public safety: members of the public may access leaky barriers

provide food sources, shelter and located in frequently or easily accessible locations. Signage could
perches for wildlife. They can trap reduce the risk of injury.
floating debris and sediment, to help e Fish passage: a leaky barrier with insufficient opening below
regenerate habitat. water level or a poorly maintained barrier with siltation or other

e Drought resilience: leaky barriers on debris may obstruct fish or eel passage. There is potential for fish
runoff pathways can retain water during to become stranded on the floodplain as flood water subsides.
dry periods and increase soil moisture. Designing structures with a sufficient gap beneath can reduce the

risk of obstruction.
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SELECTION

10.2.1

Location

Leaky barriers are best located where there are available living materials or where materials can be
locally sourced. Good and poor locations for leaky barriers can be found in Table 10.2. Figure 10.3
presents a decision process based on location characteristics to determine whether leaky barriers should
be installed on a watercourse and the mitigation strategies which will need to be implemented to reduce
the risk of woody material washout. This is a high-level diagram which provides examples of factors that
should be considered and is not a definitive workflow.

TABLE Good and poor locations for leaky barriers

10.2

124

Watercourses Position less than 3 m wide, or less than 5 m More than 5 m wide. This prevents
wide where risk of washout is reduced through materials spanning the watercourse
design, eg fixings. This allows materials to span and increases risk of material washout,
the watercourse and reduces risk of material downstream flooding and blockage.
washout, downstream flooding and blockage. Steeply sloping channels where fast
Locate such that floodwater remains within or turbulent flow would cause material
the landowner boundary or obtain agreement washout.
from the neighbouring landowner/s likely to be With a sandy bed and/or banks. This
affected. This avoids an increase in flood risk to would increase risk of flow around and
other landowners without agreement. under the barrier causing erosion which
Ideally position in woodland areas or grassland can migrate upstream.
with trees or where trees are planned to In rocky channels. This would prevent
be planted. This allows use of local woody effective embedment or anchoring of
materials, to reduce biosecurity risk and provide materials.
compatible habitat.

pat ! Downstream of property or infrastructure
Ideally position where there is a not a barrier that could be affected by upstream water
to receding water carrying fish back to the levels. This would increase the impacts
channel. This avoids fish being stranded on the on flood risk of increased water levels
floodplain as flood water subsides. upstream of the barrier.
Ideally where there is sufficient space for Upstream of structures (eg bridges
structures to be positioned in series. 7-10 culverts) which in the event of blockage
channel widths spacing is advised to encourage would cause flooding. This would risk
channel stabilisation. damage to infrastructure and properties.

Gullies and Ideally position in woodland areas or grassland On steep gullies where self-weight (the

ditches with trees or where trees are planned to weight of the woody material) would
be planted. This allows use of local woody not prevent materials from moving
materials, to reduce biosecurity risk and downslope.
provide compatible habitat.

Runoff pathways Locate where there is a clear and well-defined On steep gradients with limited storage
runoff flow path to ensure the structure efficiently capacity or where, if self-weight (ie the
intercepts flows and its benefit is maximised. weight of the woody material) is used,
Locate perpendicular to the direction of runoff. this would not prevent materials from

moving downslope.
Ideally where there is sufficient space for 9 P
structures to be positioned in series.
CIRIA C802
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How wide is the

watercourse?
Y A v Choose
alternative
< > >
3mto5m 3m 5m NEM
. . measure
Design should include
methods to ensure
structure is securely
fixed in place v
Where is
the site?
y v v Choose
_| alternative
Rural grass/grass, Woodland Urban i
some trees
measure
Design should include
methods to ensure
structure is securely
S
fixed in place
Would washout cause
blockages to downstream
culverts, channel crossings or
utilities which would result in
flooding or damage to nearby
property/infrastructure? v Choose
y Yes alternative
Potentially, however floodwater v NFM
would remain within the landowner Dzl measure

boundary, or agreement can be
obtained from the landowner(s)
likely to be affected

Ensure landowner

agreements are y
obtained where Would installed structures be
required publicly accessible or close to
publicly accessible areas?

\ \ 4

EIES

Y \4
Install signage Install leaky
and/or fencing barriers

to reduce risk of
harm to the public

Figure 10.3 Location-based decision flow chart for installation of leaky barriers on watercourses
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10.2.2 Selecting the measure type

Knowledge and experience in the design, construction and function of leaky barriers is evolving and there
are numerous variations. Figure 10.4 outlines the decision process for deciding on the type of leaky
barriers to install based on location characteristics, aims and available materials.

Where are leaky barriers
to be installed?

A4 A

A4

Runoff pathways Gullies/ditches Watercourse
' Y )4
Can woody material/ Is the flow path in Is the watercourse in
brash be locally sourced? established woodland? established woodland?
Yes No Yes No Yes o No

Can live materials be used?

Yes No
v 4 \ 4

A4 v

Woven Gully
or dead l:)a:rgwi:?i? stuffing or Srti\rcli Embedded or diszptlgc;por S\fva:akde ?(;d
hedging interlocking/ hinged trees g
log stack o dams crossed logs logs
brash lattice jam

Figure 10.4 Decision flow chart for types of leaky barriers

10.2.3 Health and safety

It is important to consider the specific implications of implementing leaky barriers alongside the wider
issues (Section 4.6). Specific details on design are in Chapter 17 and construction in Chapter 18.

The likely route of overbank flows and whether there is a risk of flooding to people, livestock, property or
infrastructure, or a risk of scour damage, should be considered when siting leaky barriers. They should
be designed with a safe route for overbank flow onto the nearby floodplain.

The most downstream leaky barrier in a series should catch debris from any washout of structures further
upstream. The design, monitoring and maintenance of the downstream barriers in a series should be
prioritised and be more robust than for barriers further upstream.

It is important to be proportionate in considering risks to public safety:
® In high traffic areas such as country parks and nature sites, signage could be used to warn of the risks
and raise awareness by explaining the function of measures.

® |n medium traffic areas such as popular walking routes and tourist areas, natural deterrents could be
used (eg shrubs).

® In low traffic areas such as moorlands/valleys with low traffic walking routes little exclusion would
be required.

If restraints and fixings are used (Table 10.7), precautions should be taken to reduce the risk of injury. For
example, materials used to secure the structure should have no sharp exposed ends. For example, they
could be embedded/recessed into the structure and concealed (see Uttley, 2017).
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DESIGN AND MATERIALS

10.3.1 Design process

Multiple designs and types should be built at a single site to provide a wider variety of environmental
benefits. The design process for leaky barriers should be iterative, with lessons learnt throughout a
project lifespan (Figure 10.5). Section 14.3.2 provides some hydrological and hydraulic considerations
for the design of leaky barriers.

The design process typically involves two stages (Figure 10.4, and Chapter 17):

e Outline design is essential for all leaky barriers and involves selecting suitable locations (Section 10.2),
defining spacing, alignment, levels and dimensions (Section 10.3.2), and selecting primary materials,
and type of restraint or fixings (Section 10.3.3).

o Detailed design is needed for high risk leaky barriers and develops a buildable design that performs
the required functions and remains safe throughout its design life. The detailed design of leaky barriers
is similar to water-retaining structures and the detailed design methods in Section 18.3.5 apply.

Health and safety must be considered throughout the design process (Section 10.2.2).

Outline design of materials,
restraint, size and elevation

Watercourse

\ 4
Assess likely impact of barrier
on water levels

Runoff pathways

A
\4

Yes | Will barrier increase flood risk
upstream or downstream?

No

\4
Assess likely impact of barrier
on flow velocities

No
A4

Yes | Will barrier increase risk of
bed or bank erosion

No

v
Detailed design to eliminate,
reduce or manage risks

Figure 10.5 Design process for leaky barriers
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BOX Learning through implementation - water friendly farming
10.1

a b
Figure 10.6 Barrier designs in 2016 (a) compared to 2020 (b) (courtesy Water Friendly Farming)

Location River Soar and Welland: Water Friendly Farming (the Allerton project), Leicestershire

Water Friendly Farming is a long-term catchment scale research demonstration
project aiming to explore the multiple benefits of nature-based measures in three
headwater subcatchments across the upper Welland and Soar river basins in
Leicestershire. The first leaky barriers were installed in 2016.

Delivery

Intervention design and implementation was an iterative process. Measures were
adopted over time so that lessons could be learnt and applied to the design of
future measures to improve their stability and function.

e Materials were initially a combination of locally sourced and brought-in timber.
Monitoring over five years led to a greater understanding of erosion and
instability issues around the barriers and to longer lengths of timber being used

Design in newer dams. Consequently, the project used brought-in rather than local

approach timber to increase the structures’ longevity.

e The study found that a larger flow gap beneath the barrier increased barrier
stability and flood storage. By allowing average high flows to pass unimpeded
(rather than backing-up behind the dams) there was greater storage capacity
available during larger flood events. Barriers constructed in 2020 have a larger
bottom flow gap and greater spacing between horizontal logs than those
constructed earlier in the project.

10.3.2 DESIGN COMPONENTS
The design life of leaky barriers is dependent on appropriate monitoring and management (Section 10.4).
These features have multiple benefits to the landowner and efforts should be made to demonstrate their

value and agree how they will be looked after and be maintained.

Table 10.4 provides an overview of design components and typical features for leaky barriers.
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TABLE Design aspects for leaky barriers
10.3

Ideally installed in series. Smaller structures are preferable to a few larger structures (see

Series
Figure 10.7) to increase storage volume and distribute storage over a longer reach.

The height of leaky barriers should not exceed one metre to avoid excessive forces on the

Height
©l structure and reduce the risk of structural failure and sudden release of stored water.

Installed sufficiently far apart such that no barrier is located in the impoundment zone
Spacing upstream of another (see Box 10.2 for equation) to avoid causing flotation or failure of the
upstream leaky barrier.

Table 10.5 provides details of restraints and fixings. The level of restraint and fixing will be

Restraint/fixin:
A dependent on the type of leaky barrier delivered (see Tables 10.6 to 10.10).

Leaky barriers should be as wide as possible to ensure they are well
anchored and to reduce their mobility. This also improves hydraulic

Width ‘ Y e 4 Not applicable
connection between the channel and floodplain and ensures they are

not outflanked/scoured at their edges. This also maximises storage.

There should be a clear bottom opening (sufficiently above winter base
Gap flow level) so as not to impede flow in normal conditions and to avoid Not applicable
obstruction to fish and eel passage (if applicable) under normal flows.

They should be sufficiently permeable (leaky) to allow the passage
Permeability of leaves and small branches. This prevents the build-up of debris, Not applicable
clogging up of the barrier and reduction of storage capacity over time.

The minimum spacing for leaky barriers is:

Longitudinal spacing Minimum spacing (m) = height of barrier (m) x watercourse slope (m/m)

(Figure 10.7) The height of a barrier should not exceed 1 m. Watercourse slope Not applicable
can be estimated using OS mapping, during site walkover or using

topographic survey.

Figure 10.7 Longitudinal spacing of leaky barriers (after Sussex Flow Initiative, 2020)
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MATERIALS

Leaky barriers can be constructed using live materials, natural wood, timber and stone (Table 10.4).
Leaky barriers and their components should be capable of withstanding the mobilising actions during high
or flood flow conditions over its design life, and restraint or fixings may be needed (Table 10.5).

The choice of materials, restraint or fixings depends on project budget, funding and availability of
materials, design life, channel dimensions, flow velocity, proximity to woodland, geology and depth to
bedrock, ease of excavating or driving into the ground, risk of erosion around embedded materials, ease
of installation, and overall environmental aspirations. The barrier furthest downstream in a series should
be the most robust to catch any materials washed out from other barriers upstream and avoid unwanted
failure. Consider flow velocities with the leaky barrier in place over a range of flows and water levels.

Chapter 18 provides further information on design and materials.

TABLE Materials for leaky barriers

10.4

130

Living materials (felled,
partially felled or woven)

Renewable, sustainable, low carbon, suited to installation by volunteers, grow and
evolve over design life (eg timber woven with willow may mature into a willow thicket).

Natural wood (cut or felled
woody material such as logs,
branches or trees)

Natural appearance, limited design life.

Timber (wood that has been
processed for building or
carpentry purposes)

More artificial appearance, limited design life (softwood — 5 to 10 years, hardwood —
up to 25 years).

Stone

Indefinite design life provided stones have been designed to withstand flow
conditions.
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TABLE Methods of restraint or fixing for leaky barriers (in order of decreasing preference)

10.5

Living materials: fell a riverside tree partially or entirely
into watercourse, or use living materials (eg willow) to
anchor leaky barriers to the banks. Felling with a hinge
allows a tree to continue living naturally and secures it to
the bank, felling without a hinge detaches the tree from the
stump and requires staking of the trunk.

Most secure method of restraint. Good for woodland or
watercourses with bankside trees.

Restraint using natural features: position logs to bridge
a gap between standing trees, tree stumps, bed rock,
boulders or other natural features capable of providing
lateral restraint.

A reliable method of restraint. Good for woodland or
watercourses with bankside trees, rocky outcrops or
boulders.

Self-embedding: logs with root wads self-anchor into stream
bed due to sediment deposition, and vegetation, which tends
to colonise the whole structure.

Good for woodland or watercourses with bankside
trees.

Partial embedment: excavate and bury part of structure in
bed or banks. Avoid burying the structure too deeply such
that only a small portion of the wood comes into contact
with the channel flow.

Good for gravel bed channels and floodplains. Sand
may be eroded but may also silt up. Unsuited to
bedrock channels or channels with fast flow velocities
and erodible bed or bank material where erosion may
outflank the leaky barrier during high-flow conditions.

Self-weight: large or heavy material is more resistant to
flotation and sliding.

Large logs, dense wood and wood placed in deep
water that remains saturated may be more resistant to
decay.

Self-restraint: fix several units together so that all the
components act as one unified structure.

Rope or wire lashing: tie logs tightly to one another so
that all the components act as one unified structure, or tie
logs to driven stakes or rock ballast.

Good for natural wood (eg logs) — tie together into a
bundle. Can create a hazard over time as wood or
timber decays.

Driven stakes: secure logs between stakes driven into
the stream bed. For long elements, provide restraint or
mechanical fixings at each end as a minimum.

Stakes should ideally be set back from the full channel
conditions channel edge and driven deeper than channel
bed level to remain stable even when scour has occurred.

Good for silt, sand, gully stuffing. Unsuited to shallow
bedrock, very stony or stiff bed material.

Wooden stakes preferred, stainless steel rods may be
used.

10.3.4

Leaky barriers on woodland watercourses

There are two designs for leaky barriers on woodland watercourses — either using living materials or
logs (Table 10.7). Living trees can be used to restrain leaky barriers, reducing the likelihood of washout
or blockage of downstream water infrastructure such as culverts. The aim of the structure should be
considered when choosing a barrier type (see Figure 10.2a and 10.3).
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TABLE Design considerations for leaky barriers on woodland watercourses

10.6

Interacts with all flows. Slows flow by increasing

but with additional wood
within the channel.

self-weight

Embedded tree in-channel roughness. Increases habitat diversity.
Fell entire trees into the Living Makes use of locally-sourced materials. Can be self-
watercourse. Root ball is material Live materials | sustaining. Minimal artificial materials are required.
excavated and buried in the Ensure that branches are removed to make gaps
stream bank. to allow fish passage and sediment transport to

downstream habitats. Requires bank excavation.

Interacts with all flows. Slows flow by increasing
Hinged tree in-channel roughness. Increases habitat diversity.
Fell entire trees into the Live Makes use of locally-sourced materials. Can be self-
watercourse. Trees are materials Live materials | sustaining. Does not require bank excavation. Minimal
‘live-hinged’. artificial materials are required. Ensure that branches
(Figure 10.8) are removed to allow gaps for fish passage and for

sediment transport to downstream habitats.
Banktop diverter or flow Pushes water out onto floodplains. Allow normal and
spreader/large log low flows to pass under them. Only active under heavy

. rainfall/high flows. Reconnects watercourses with

Large log of piece of woody lemg. Natural floodplain. Makes use of locally-sourced materials.
material laid across the material features Minimal artificial materials are required. Should be
s designed to leave a gap to allow fish passage in
(Figure 10.9) normal flows.

Makes use of locally-sourced materials. Minimal
Crossed logs artificial materials are required. Some (minimal)

. Natural interaction with base-flow. Requires more securing to

Similar to bank top diverters E\:tr;?ial features and | reduce likelihood of washout. Should be designed so

as not to damage sensitive floral communities such as
ghyll streams. Should be designed to leave a gap to
allow fish passage in normal flows.
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Hinged tree living leaky barriers (courtesy Marc Huband, Atkins)

Banktop diverter or flow spreader/large log leaky barriers (courtesy Marc Huband, Atkins)
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10.3.5 Leaky barriers on non-woodland watercourses

Leaky barriers on non-woodland watercourses (Figure 10.2b) will most likely be constructed using
non-living material sourced from locations off-site, preferably locally, such as from a nearby woodland.
Consider using local non-native tree species of low ecological value. Leaky barriers on non-woodland
watercourses may require more robust fixings because riparian trees cannot be used to secure the
structures or capture material washed downstream in the event of structural failure. Table 10.7 outlines
the design considerations for leaky barriers on non-woodland watercourses.

TABLE Design considerations for leaky barriers on non-woodland watercourses

10.7

134

Stakes and wedged logs/wall Makes use of locally-sourced materials where

of logs possible. Pushes water onto floodplain in high-
Stakes, posts |flow events. Gap beneath barrier should be raised

Logs embedded into the banks Logs and artificial | to reduce interaction with normal flows. Requires

EefzEsl 9 16 el el ShEic fixings bank excavation, and robust, artificial fixings.

posts dug into the bank to support Heavy lifting required in construction, which may

DGR R require heavy horses or mechanical plant.

Figure 10.10  Stake and wedge leaky barrier (courtesy Yorkshire Dales Rivers Trust)

10.3.6 Leaky barriers in ditches and gullies

Ditches and gullies can act as flow pathways during high rainfall events, where they may become
temporary tributaries of watercourses. Leaky barriers installed in gullies and ditches (Figure 10.2c) may
become ‘online’ less frequently than those installed in more-permanent watercourses (Table 10.8). There
are two key types of leaky barriers that can be built in these locations. In woodland settings or locations
where woody material can be easily sourced, bundles of wood (gully stuffing) can be placed parallel to the
direction of flow. Alternatively, in locations where woody material cannot be locally sourced, stone check
dams or timber boards can be constructed perpendicular to the direction of flow.

See Chapter 5 for guidance on upland peatland management.
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TABLE Design considerations for leaky barriers in ditches and gullies

10.8

Gully stuffing

Bundles of wood placed in the
channel parallel to the flow. Best
in grips and small ditches

(Figure 10.11)

Non-living
natural wood

Self-weight

Makes use of locally-sourced materials.
Interacts with all flows. Increases roughness
and traps sediment, and habitat diversity.
Construction does not require heavy lifting.

Avoid placing where weight is not sufficient
to prevent the bundle moving downstream.
May inhibit fish passage or sediment
transport to downstream habitats if placed
in flowing streams. May damage sensitive
floral communities such as ghyll streams

if not sufficiently permeable. Short design
life (about five years) so will require more
regular replenishment.

Interlocking/lattice jam

Logs arranged in interlocking
pattern. Rounded logs with
branches removed

(Figure 10.12)

Logs

Stakes, posts
and artificial
fixings

Makes use of locally-sourced materials.
Increases channel roughness. Encourages
the accumulation of sediment and woody
material. Interacts with all flows. May inhibit
fish passage or sediment transport to
downstream habitats. Heavy lifting required
in construction — may require heavy horses
or mechanical plant.

Timber boards

Two posts dug into the toe of the
bank. Boards embedded into the

Stakes, posts

Gap beneath barrier can be raised to reduce

(2020b).
Advice on the design of stone riffle

in-channel features is available in
RRC (2020).

Processed wood | and artificial | interaction with normal flows. Requires bank

bank. Boards secured upstream of fixings CSCEVETRR.
the posts with nails or staples
(Figure 10.13)
Stone check dams
Piles of ston.e proflled.by hand to Interacts with all flows, can trap sediment
create localised bed riffle features. .

to become vegetated overtime. They can
For information specific to stone ) be easily constructed/reprofiled by hand.
barriers, see Moors for the Future | Stone Self-weight

They do not make use of locally-sourced
living materials, although local stone may be
readily available.
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Figure 10.11

Figure 10.13

CIRIA C802

Gully stuffing (courtesy Marc Huband, Atkins) Figure 10.12  Interlocking/lattice jam leaky barriers
(courtesy West Cumbria Rivers Trust)

Timber boards (courtesy Yorkshire Dales Rivers Trust)
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The natural flood management manual

Leaky barriers can be constructed perpendicular to surface water runoff pathways (Figure 10.2d) to slow
the surface runoff feeding into watercourses from the surrounding landscape. These designs intercept
water closer to the source of runoff and traps sediment before it reaches watercourses. Chapters 7 and
8 give further information on measures to manage runoff. Table 10.9 presents design specifications for

leaky barriers on runoff pathways.

Design principles for leaky barriers on temporary watercourses or runoff pathways

and Chapter 18.

structures were to fail.

e Such structures can be designed following the same principles as those outlined in Table 10.3

e Structures should be sited according to overland flow pathways to maximise their benefit.

e If sited in series, the most downslope structure should be prioritised in its robustness of design,
monitoring, and maintenance so that, if appropriate, it can act as a debris catcher if upstream

TABLE Design considerations for leaky barriers on runoff pathways

10.9

Increases habitat diversity. Makes use of

the two rows
(Figure 10.16)

Woven barrier Naturéll locally-sourced materials. Can be self-

- material L . L .
Posts dug into the ground (single row) L|V|n9 ?nd posts, willow sustalnlng. if comt.>|r.1ed Wlth. I.|v.|ng mate.rlals
perpendicular to the flow path Long non-living N such as willow. Minimal artificial materials are
branches woven between the posts | Material improve reqUIr.ed. Canactas a g.reen COI'.I’IdOI'.
(eg willow or hazel) stability Reqwlres regulallr replemshment if not

combined with living materials.
Dead hedging brash barrier
i i Natural
Posts dug into the gro'und in two Living and material Can be self-sustaining if combined with living
PRIl oD (PO TPEMEl B Ll (1 th'e non ﬁvin osts. willow materials such as willow. Minimal artificial
flow path. Bundl(?s Of' dead hedging material S(Je :)hick(;t o materials are required. Can act as a green
gosibiast m?terlal p!Ied SR HIE _ s imorove corridor. Requires regular replenishment if
two rows. This technique should not | P p ° not combined with living materials.
act as a barrier to fish passage stability
(Figure 10.14)
Large log
i Non-livin
Large log placed perpendicular to the . 9 Self-weight
flow path material
(Figure 10.15)
Multi-stack log Makes use of locally-sourced materials.
Minimal artificial materials are required.

Posts dug into the gro.und in two Nomiivin Self-weight
parallel rows perpendicular to the _ [°] e CERRER
flow path. Large logs piled between | material posts
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Figure 10.14  Living leaky barrier (courtesy Michael Norbury, Mersey Forest)

Figure 10.15  Multi-stack living log leaky barrier (courtesy Michael Norbury,
Mersey Forest)

Figure 10.16  Large log (courtesy Stroud District Council)

CIRIA C802
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BOX Using volunteers for runoff pathway leaky barriers, Smithills Estate

10.3

104

Figure 10.17

Leaky barriers (courtesy Mike Norbury, Mersey Forest)

Location

Working in partnership the Environment Agency, Mersey Forest, University of
Liverpool and the Woodland Trust developed a NFM programme to decrease

downstream flood risk, increase climate resilience, create storage volume and
maximise habitat creation.

The Smithills community has a history of flooding. Dean Brook, flowing from the
West Pennine Moor SSSI downstream into Smithills, carries 12 282 m? of water in a
1% annual exceedance probability (AEP) event, which impacts over 50 downstream
properties. Smithills Estate is about 900 ha and was acquired by the Woodland
Trust in 2015.

Design and
delivery
approach

Leaky barriers were delivered through a collaborative effort between the contractor and
volunteers. To ensure stability, fence posts were installed by contractor plant. Timber
from areas of woodland cleared by the Woodland Trust to promote understorey species
growth were then carried to site by volunteers and fixed in place.

The design ethos meant that all structures have a living component such as willow
woven into leaky barrier structures so that a willow thicket will develop over time
as non-living woody material decays, reducing future maintenance liability and
providing habitat.

CONSTRUCTION AND IMPLEMENTATION

Some leaky barrier designs require low impact construction and can be volunteer led (Table 10.10).
However, some designs may require more heavy lifting and require contractors and heavy machinery

to move materials into position. For example, consider using a contractor to install vertical timber posts,
and volunteers to weave brash material/willow between posts. Section 3.2 gives information on working
safely with volunteer groups.

Chapter 10: Leaky barriers
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TABLE Construction methods for leaky barriers
10.10

Hauling small or lightweight materials v v

Hauling large or heavy materials v v
Driving stakes or posts into the ground v v

Rope or wire lashing v

Manual weaving (eg willow) v

Log piling and gully stuffing v v v

10.5 MONITORING AND MANAGEMENT

The need for maintenance should be reduced by design where possible. However leaky barriers will
decay and deteriorate over time. It is good practice to carry out condition assessments twice a year,
although inspection may also be needed following high-flow events. Table 10.11 provides a prompt list of
maintenance considerations for leaky barriers.

TABLE Maintenance considerations for leaky barriers

10.11

Barriers may require de-silting to avoid stagnant pool formation and enable fish passage. The

deterioration

Blockage/ design may need adjusting to reduce this.
reduced Stability and function should be checked regularly (at least annually, depending on design and
structural location). Inspections should happen at different times of the year to ensure assessments under
permeability varying environmental/flow conditions. Unless necessary, and a risk assessment determines that it
is safe to do so, maintenance checks should not be undertaken from within the stream channel.
The use of soft woods, degradable fixings or exposure to high-flow events may result in structural
instability or deterioration, for example, softwood leaky barriers have a lifespan of about 5 to 10
years, and more regular maintenance may be required than for hardwood structures.
Pins used to fix structures to the bank may rise slightly. In such circumstances the pins should be
Structural hammered back into place, so they sit flush with the wood.
damage and Natural replenishment is preferred, however reconstruction may be required, particularly in the

case of stone dams which may lose mass over time. Additional trees may need to be felled to
supplement the original structure over time.

Washed out woody material deposited within the channel does not require removal if there is
no risk of downstream structural blockage and no risk of impeding fish passage. If downstream
structures become blocked, removal of woody debris as required.

End-of-life
hazards

Local environmental conditions such as temperature, sunlight exposure and frequency of wetting
affect structural longevity.

De-silt before barrier removal to avoid releasing silt and reducing downstream water quality.
Assess the leaky barrier’s habitat functionality prior to removal.

Remove non-biodegradable materials from the watercourse during barrier removal.

Ideally, baseline monitoring should be conducted several years before leaky barrier construction. Where
this is not possible, the river reach upstream of a series of leaky barriers could be used as a control reach
to compare to the river reach downstream of the series. See Chapter 19 for further information.
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Further reading

Adept, Environment Agency, Forestry Commission and Forestry Research (2019) Assessing the
potential hazards of using leaky woody structures for natural flood management

= Guidance on locating leaky barriers and ways to reduce the risk of material washout.
https:/lcatchmentbasedapproach.org/learn/natural-flood-management-programme-assessing-the-risk

FWAG South West (2018) Flood Management Information Sheet 11: Leaky woody dams, Farming and
Wildlife Advisory Group South West, Somerset, UK

= Fact sheet to explain the purpose and management of leaky woody dams and outline suitable locations.

https:/lwww.fwagsw.org.uk/Handlers/Download.ashx?IDMF=dd979e4e-fcfe-4567-ad35-30c449a12alc

Sussex Flow Initiative (2020) Restoring wood in watercourses for natural flood management, Sussex
Flow Initiative, Sussex, UK

= Provides specifications for types of leaky barrier and general guidelines for positioning them.

http:/lwww.sussexflowinitiative.org/uploads/1/6/3/1/16313516/sfi_lwd_guidance_booklet_nfm.pdf

Utterley, C (2017) High Water Film: Chris on debris dam construction, Stroud District Council, UK
= Features leaky barriers delivered by Stroud District Council.

https://lwww.youtube.com/watch?v=6RZ7TzSWYV4

Yorkshire Dales Rivers Trust (2018) Naturally resilient. Natural flood management techniques — Level 2.
Leaky dams, Yorkshire Dales River Trust, North Yorkshire, UK

= General design and maintenance guidelines for leaky barriers and and consenting guidance.

https://www.ydrt.org.uk/wp-content/uploads/2021/04/NFM-Leaky-Dams-guide.pdf

Chapter 10: Leaky barriers
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Offline storage

Offline storage measures aim to store water temporarily to reduce the flood peak further
downstream. The measure types included are:

e Offline storage areas next to watercourses — to temporarily store additional water in
the floodplain.

e Offline storage adjacent to runoff pathways — these are typically a pond or earth
bund with runoff diverted into them.
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Offline storage

Offline storage next to watercourses

Courtesy Evenlode Catchment Partnership

Description: areas of the floodplain that have been adapted, with a containment, to divert

water from the main river channel, temporarily store it, and then slowly release water back to a
watercourse after flood levels have receded. The containment may also require an inlet, outlet, and
an overflow. An example would be a bund of earth or timber barrier that is built to follow the contour
of the slope. They are gravity drained and are usually dry for periods of the year. Design of earth
bunds is covered in Chapter 8.

Function: to attenuate and/or delay the in-channel flood peak and overall volume that is passed
downstream. There may need to be a leaky barrier (Chapter 10), or other flow control structure on
the channel to elevate water levels onto the floodplain and divert water into the storage area.

Good locations: in the floodplain next to a watercourse, on shallow slopes and in fields draining to
a single corner, which are naturally wet. These may be unproductive areas, or slopes that are prone
to runoff during flood events.

In areas where the outlet would be above normal water level of the river. Where the soil texture is
appropriate for founding the bund (ie relatively impermeable).

Locations to avoid: on steep slopes and highly productive areas.

Away from historical, or archaeological features and areas of wildlife value. Away from public access
routes, publicly accessible open/green spaces, and roads and not near to INNS, protected habitats
and species, utilities assets or trees.

The areas cannot be used to collect dirty water, effluents, or slurries.

Issues: the creation of large structures should be designed by a civil engineer (Section A3.2) and may
need planning permission (Section 3.5). Large structures also require regular inspection to ensure they
are still intact and working as expected. They may also need to be cleaned and maintained. Consider
the potential need to comply with the Reservoirs Act 1975 if designing larger structures.

The design should consider exceedance of the feature, to understand the probable flow paths of
water if the feature is overtopped or if it fails.

The creation of structures can have an environmental impact, lead to loss of crop production, and
make cutting and mowing practices more complex.

Additional benefits: offline storage areas can encourage the settlement of sediment and reduce
soil loss into rivers if created on a large enough scale. The retention of water can be beneficial in
drought periods. They can also filter diffuse pollutants and improve water quality.

continued...
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Offline storage (contd)

Offline storage adjacent to runoff pathways

Courtesy Evenlode Catchment Partnership

Description: areas that have been adapted to store water by diverting it from a runoff pathway,
temporarily store it, and then slowly release water or allow it to infiltrate or evaporate after flood
levels have receded.

This will likely consist of a pond or earth bund that has runoff diverted into it using either a low/
extended earth bund (that could also be a banked hedge, a swale or cross drains or diverters to
divert water from tracks. Chapters 8 and 9 give more information on the design of these measures.

Where to find out more

Further reading
Ackers and Bartlett (2009)
Newcastle University and Environment Agency (2011)

Yorkshire Dales National Park Authority, Yorkshire Dales Rivers Trust and North Yorkshire County
Council (2017)

Who to consult?

e local authority
e flood risk authority
e non-statutory water organisation, eg local rivers trust

Case studies

Belford Burn: https://www.therrc.co.uk/sites/default/files/projects/16_belford.pdf
Holnicote Estate: https://www.therrc.co.uk/sites/default/files/projects/20_holnicote.pdf
Lustrum Beck: https://www.therrc.co.uk/sites/default/files/projects/21_lustrum.pdf

Burn of Mosset:
https://lwww.therrc.co.uk/MOT/Final_Versions_%28Secure%29/6.4_Burn_of_Mosset_Forres.pdf

Chapter 11: Offline storage
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Floodplain
reconnection

12.1 INTRODUCTION

12.1.1 Overview

This chapter provides information for projects and sites where floodplain reconnection
has been identified. The principle of floodplain reconnection is to ‘reactivate’ floodplains
to allow permanent reconnection between the river and its floodplain (ie laterally)
where this has previously been reduced, or to increase the frequency and/or spatial
extent of inundation by floodwater. This reconnection allows water to be stored outside
the main channel in times of flood. Floodplain reconnection can also include creation
of ‘washlands’, flood storage areas that are designed to reduce flooding downstream
(English Nature, 2001).

Figure 12.1 identifies that floodplain reconnection measures need to be delivered near
to the river channel, usually in the middle to lower reaches of a river catchment.

e 5 Floodplain
sl g reconnection

Figure 12.1 Location of floodplain reconnection within a river catchment (courtesy Emma Wren)

Figure 12.2 provides illustration and descriptions of the four types of floodplain
reconnection measures that are covered in this chapter, they include:

® remove, set back or lower existing embankments that physically prevent water
transfer from river to floodplain

® palaeochannel reconnection — implementing measures to allow former river
channels (in the floodplain) to become inundated, in times of higher flows/flood

® in-channel features to elevate flow into the floodplain — natural materials placed in
the channel to push water onto the floodplain

e floodplain wetland restoration — creation or restoration of wetland areas within a
river’s floodplain.

Chapter 12: Floodplain reconnection 147
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Swindale Beck: remove, set back or lower existing River Evenlode at Pudlicote Farm: palaeochannel
embankments (courtesy Summit Fever Media) reconnection (courtesy Evenlode Catchment Partnership)

River Churnet: in-channel features to elevate flow into the
floodplain (courtesy Nick Mott, Staffordshire Wildlife Trust)

Figure 12.2 Types of floodplain reconnection measures

Depending on site-specific conditions (Chapter 17), no interventions may be necessary allowing the river
to undergo ‘natural recovery’. Many rivers will naturally recover and reconnect with their floodplains if
allowed to do so. Natural recovery is most typically suitable in rural settings.

Another emerging approach to floodplain reconnection is ‘stage zero’ river restoration (Bryden, 2020).
Stage zero involves regrading and in-filling the existing course of a river to allow it to redevelop, based on
stage zero natural reference conditions that pre-date human modification. This approach is not covered in
detail here, however a list of further readings is provided at the end of this chapter.

12.1.2 Benefits and risks

In general terms, river floodplain reconnection will encourage interchange of water, sediment and
nutrients between the channel and its floodplain. This delivers benefits in terms of flood risk, climate
regulation, habitat provision and support to wider ecosystem services. Wetlands can also create benefits
in the form of amenity and cultural activities. The specific benefits for a given project will be dependent on
site-specific opportunities and constraints.

Floodplain reconnection measures are often delivered in combination with other measures, such as
riparian and floodplain woodland, offline storage areas and/or full-scale river restoration (which involves
more significant changes to the channel planform, as opposed to focusing solely on lateral connectivity).

Table 12.1 identifies the key risks to be considered in the design of floodplain reconnection measures.

Many of the opportunities and risks can be initially reviewed through use of publicly available datasets
(see Chapter 16).

CIRIA C802
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Table 12.2 describes typically good and poor locations for floodplain reconnection with specific advice for
individual measure types (where needed).
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TABLE Benefits and risks for floodplain reconnection measures

121

Flood risk reduction: reduction in flood risk
elsewhere by directing flow onto the floodplain.

Removal of traditional flood defences:
replacement of traditional flood defences with a more
natural and sustainable solution.

Drought resilience/groundwater recharge:
reduced risk of drought (surface water and
groundwater) due to slow release of stored water
from the floodplain.

Restored natural geomorphological processes
and ecosystem services: transfer of water, sediment
and organic matter from channel to floodplain (and
back again) and creating more room for the river.

Reduced risk of erosion: due to dispersal of flood
waters across the floodplain, instead of containment
in the river channel.

Soil health: improved soil retention due to
modification of overland flow/land drainage.

Habitats: restoration and/or creation of habitat for
aquatic and/or terrestrial wildlife (including birds).

Climate regulation: potential for greater river and
floodplain resilience to future climate change by
making space for flood waters. Carbon capture and
storage by wetlands to help offset climate change.
Landscape restoration: contributes to restoration of
a more natural and varied landscape.

Amenity and cultural services: aesthetic and
cultural benefits for catchment stakeholders and/or
local communities.

Ineffective design: measure does not perform as
intended due to poor understanding of channel-
floodplain hydraulics. This could mean that floodplain
connectivity is not restored fully, or that the floodplain
wetland habitat cannot be sustained.

Flood risk increase: increased velocity, depth
and/or frequency of flooding to third party assets
and infrastructure (including buildings, utilities etc)
and sensitive or protected habitat, upstream and/or
downstream, compared to before the measure was
implemented.

Erosion and/or deposition: increased risk of scour
and/or sediment deposition compared to before

the measure was implemented. This can affect the
location and performance of the measure itself, in the
wider channel and/or floodplain.

Embankment failure: increased potential

for remaining sections of embankment to be
undermined/breached (if embankments are lowered,
removed or breached to reconnect floodplain).

Failure of structure: risk of in-channel measures
being undermined and materials (eg timber/stone)
being entrained in flow, posing a flood hazard (if in-
channel structures are used to reconnect floodplain).

Fish stranding: potential for fish to be unable to
return to the main river channel, due to topographic
depressions in the floodplain.

Invasive species: potential for invasive species to
colonise the floodplain or wetland (or in reverse into
river) due to improved connectivity.

Box 12.1 provides an example of lowering, removing or ‘setting back’ existing embankments.

Chapter 12: Floodplain reconnection
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TABLE Good and poor locations for floodplain reconnection measures

12.2

150

Advice e Areas identified with potential for floodplain | @ Urban environments (where flood defences
applicable to reconnection in existing datasets (eg are maintained and reduce flood risk to the
all floodplain Environment Agency WWNP, 2020 and community).
reconnection EEA, 2020). e Areas with river crossings (eg bridges,
measures e Areas where increased lateral culverts, buried pipelines or other utilities).
connectivity could improve and/or restore | 4 River reaches with high stream power
hydrologically dependent riparian and (typically steep, narrow watercourses).
ﬂood.plaln.hablltat., mc!udmg wher? e Areas with known issues of erosion (where
Identified in existing river restoration plans L .
. erosion risk cannot be readily managed as
or flood risk management plans. .
part of the design).
e Areas of high-grade agricultural land (where
increased flood risk may be less acceptable).
e Areas with high-quality habitat, which could
be adversely affected by increased frequency
and/or magnitude (velocity and/or depth) of
inundation.
e Areas of contaminated land.
Remove, e Areas where existing defences are
set back or informal, obsolete, in poor state of repair,
lower existing provide limited benefit or can otherwise be
embankments set back.

Palaeochannel
reconnection

Areas identified to have palaeochannels,
associated with a previous course of a
river (based on appraisal of aerial imagery,
historical mapping and/or LiDAR).

Areas with limited elevation difference
between channel and floodplain.

In-channel
features to
elevate flow into

Typically, implemented in the middle and
lower reaches of a river catchment.

Areas with existing lowered banks or some

restoration

Areas identified to have historically
sustained wetlands and sites that have a
watercourse running through them (based
on contemporary and historical OS maps,
flood risk maps, topographic survey and/or
hydraulic modelling).

Former wetlands that have been drained or
are otherwise degraded.

Areas identified to be low-lying and
periodically inundated by fluvial flood waters.

Poorly drained soils or land with a high
water table, including areas with redundant
land drainage channels in the floodplain
(which could be infilled).

Low-lying areas, typically in the middle and
lower reaches of a river catchment.

the floodplain degree of existing floodplain connectivity.
Floodplain e Land next to existing wetlands (to expand |e Sloped land (that will generate high rates and/
wetland total area of wetland). or volumes of surface water runoff).

Areas with free-draining soils.
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BOX Swindale Beck floodplain reconnection
121

Swindale Beck floodplain reconnection under construction (courtesy Summit Fever Media)

Location Swindale Beck, Lake District National Park, Cumbria, England

Techniques |Removal of engineered bank protection, palaeochannel reconnection and river
used restoration.

Swindale Beck is one of the largest and most ambitious upland river and floodplain
naturalisation projects in the UK. AECOM provided geomorphological designs to
breach historic channel realignments and predict channel self-restoration back to
a more natural, meandered form. Site supervision was undertaken during channel
construction works, to guide creation of habitat forms that ‘work with’ the river and
the floodplain, and ‘slow the flows’ for NFM and habitat restoration.

Restoration options were identified by a fluvial audit (geomorphology assessment).
The fluvial audit reviewed the baseline conditions and characteristics of the
channel, describing the historic interventions that had been made. The river had
been placed into a stone-lined, straightened course before the earliest available
maps (1859) were produced. Raised embankments (from generations of dredging)
had cut-off the channel from its floodplain and prevented flow back into the

channel after the levees were overtopped. The fluvial audit identified reconnection
Delivery options and desired outcomes: to restore sinuosity, to reconnect the channel to its
floodplain, attenuate flow in the floodplain, restore in-channel and floodplain habitat
quality and contribute to reducing downstream flood risk.

The design proposed excavating a meandering channel, in part following
palaeochannels that were identified with a drone survey (to produce a digital
elevation model). Hydraulic modelling, to understand frequency of floodplain
inundation and preferential flow pathways provided increased confidence in the
design. No sensitive floodplain receptors were identified that would be at risk

of flooding or scour. Part of the restored reach passed through a hay meadow
SSSI, which required careful planning for construction activities, to manage plant
movement and soil storage. A geomorphological clerk of works was required for
construction supervision.

The project was delivered in partnership by the RSPB, United Utilities (landowner), the
Environment Agency and Natural England. The total cost of the project was £209 000.

continued...
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BOX Swindale Beck floodplain reconnection (contd)

121

12.2

152

The project was completed in 2016 and restored one kilometre of dynamic,
meandering river system, reconnected with its floodplain, improving both in-channel
and floodplain habitats. Salmon spawning was recorded shortly following construction.
Other complementary projects, including the restoration of over 1000 ha of blanket
Outcomes | o 15 ha species-rich hay meadow and woodland (40 000 trees planted) have been
carried out, which collectively contribute to a whole catchment restoration.

The project is a good example of NFM used to provide multiple environmental
benefits at the river valley scale.

SELECTION

12.2.1 Location

Selecting the floodplain reconnection measure type and identifying the location for delivery and
implementation is an integral step and is covered in Chapters 2, 17 and 18. This section provides
specific advice to identify the best location for floodplain reconnection and how to select the most
appropriate measure type.

12.2.2 Selecting the measure type

Figure 12.3 outlines the selection process to determine appropriate floodplain reconnection measures for
a given site, based on likely good and poor locations (see Table 12.2).

12.2.3 Health and safety

It is important to consider the specific implications of implementing runoff storage measures alongside the
wider issues (Section 4.6). Specific details on design are in Section 17.5 and construction in Section 18.3.

As floodplain reconnection involves deliberately increasing the frequency, spatial extent and/or depth

of flooding, health and safety should be factored into the design. The measures should be designed so
that they increase flooding in a relatively controlled and predictable manner, without increasing risk to
third parties up or downstream. Consider the likely route of overbank flows and whether there is a risk of
flooding to people, livestock, property or infrastructure, or a risk of erosion and scour damage.

As the reconnected floodplain will likely involve new or altered flood regimes, installation of temporary
flood warning signs should be considered to alert members of the public that there is a new or increased
risk of flooding. This should be assessed on a site-specific basis, for example, public footpaths or
frequently used routes through floodplains. If required, signs should ideally include a short explanation of
the purpose and benefits delivered by the floodplain reconnection. If in-channel structures are required to
elevate flow into the floodplain, these measures would ideally be located in less publicly accessible areas.
However, if the measure is installed where the public can access river bank, consideration should be
made to install a fence along the bank top to limit access.

Box 12.2 provides an example of floodplain reconnection on the River Wensum.
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Choose another NFM option

A
Yes

Is the river disconnected | NO _
to its floodplain? o
Yes
\
Are there flood defences Remove, set back
that could be lowered, > or lower existing >
set back or removed? | Yes embankments
No
v Does the
Are there linear floodplain
_ | topographic depressions | Paleochannel contain No |
| (paleochannels) in the | yes reconnection wetlands or -
floodplain? appear to
be poorly
draining?
No
4
Can the river bank be In-channel
lowered and/or will flow structures to
" |inthe channel need to be | yeg | elevate flow into
elevated out of the bank? the floodplain

No

\ 4

Choose another NFM
option

Will one or more of the
following factors prevent
the implementation of the

measures:

o Urban setting

e High grade agricultural land
in the floodplain

o Topography

e Third-party infrastructure
upstream or downstream (high

grade land, property, bridges
and culverts, or buried services)

o Significant erosion or
deposition risk

o Contaminated land

o Important habitat

No

The natural flood management manual

Yes

\ 4

Floodplain wetland
restoration

Is there potential
for use of multiple
floodplain
reconnection
measures to
maximise benefits?

Repeat this step
until all suitable
measures have
been identified

No‘

Undertake
outline
design of
floodplain
reconnection
measures

A

Figure 12.3

Decision flow chart for selection of floodplain reconnection measures
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BOX River Wensum floodplain reconnection

12.2

154

River Wensum case study (courtesy Rob Dryden, Environment Agency)

Location

River Wensum, Swanton Morley, Norfolk, England

Techniques
used

Lowering and removal of spoil embankment, palaeochannel reconnection, in-
channel structures such as lateral shelves, gravel glides and woody material,
improved connectivity between river and floodplain, tree planting.

Delivery

The River Wensum is a chalk river, 70 km of which is designated as a SSSI and

a Special Area of Conservation (SAC), providing nationally and internationally
important habitat. Like many rivers in the UK, the channel has been modified
(overly widened and deepened) by historical dredging and was disconnected from
its floodplain by large spoil embankments, on both sides of the river. The channel
lacked tree cover and woody material.

Drivers for the project included addressing physical modifications to the channel (to
meet WFD targets), restoring the Wensum SAC and contributing to the chalk rivers
Biodiversity Action Plan. Feasibility studies identified the need for improvements

to the main river channel and for reconnection of existing palaeochannels. The
project was delivered by the Environment Agency working in partnership with
Natural England, riparian landowners and the Water Management Alliance (group
of Internal Drainage Boards, IDBs).

The project focused on 0.88 km of the River Wensum, downstream of Swanton
Morley weirs. The designer, Atkins, identified a suite of techniques to re-establish
natural forms and processes, involving removal of spoil embankments, gravel bed
raising and meander reconnection to restore floodplain connectivity. In-channel
features and habitats were also restored, through installation of gravel glides, flow
deflectors and berms, along with woody material and riparian tree planting.

As a result of past drainage activities large spoil embankments existed either

side of the river. These prevented the majority of high flows from inundating the
floodplain, as would naturally occur, and forced flow downstream carrying with it
large amounts of sediment. As part of the scheme sections of embankment were
removed to encourage floodplain wetting during periods of high flow. This should
have the combined benefits of increasing floodplain biodiversity and providing a
sink for suspended sediment, as well as reducing flood risk to people and property
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12.2

Delivery

in the downstream catchment. The level at which water will spill on to the floodplain
has been set so that there is a low probability of summer flooding and minimal
impact on the agricultural use of grazing marshes.

Presence of a flow gauging station upstream of the project provided valuable data
to inform the design but also posed a constraint; physical modification to the river
had to be designed to avoid impact on the accuracy of the gauge. Similarly, the
floodplain connection works had to ensure the floodplain drainage network did not
become surcharged with flood water and that there was a clear route for water

to drain back to the River Wensum, once flood levels recede. These challenges
were overcome by working with the existing topography, and using spoil to locally
raise sections of the floodplain to manage flood flow pathways. Another important
element of the floodplain connection was to provide a route for water to drain back
into the channel once river levels had receded.

The project was designed to avoid use of synthetic materials. Sourcing gravels
from a local quarry also minimised local effects on traffic and reduced the project’s
carbon footprint.

The project was delivered between June and September 2012. Traditional river
restoration schemes take place between late August to March (to avoid the main
fish spawning and bird breeding seasons); the timing of project implementation
required a carefully planned programme of ecological mitigation measures.

The cost of the project was £187 593.

Outcomes

The key NFM outcome of the project was restored floodplain connectivity. This
included increased floodplain biodiversity (Winter waders and wildfowl), flood
storage, water quality improvements (deposition of silt on the floodplain) and
creation of backwater habitats in the floodplain.

In addition, the project improved hydromorphological conditions in the River
Wensum, contributing to its WFD targets to achieve good ecological potential,
improved ecology of the channel, delivered Biodiversity Action Plan objectives and
provided improved angling opportunities.

A pre-works baseline fish survey carried out in 2012 recorded a total of 45 fish,
representative of seven species. The post-works repeat surveys recorded 143 fish
of 11 species in 2013, 549 fish of nine species in 2015, and 107 fish of 10 species
in 2019.

Kick sampling of invertebrates has shown a post-restoration increase in the
diversity of taxa in all but one of the sample locations within the restored reach.
Of particular note were two species of stoneflies, which require a pebbly substrate
with plenty of interstices and high dissolved oxygen levels.

Caseless caddis flies were absent from the pre-works survey, but were recorded
along the whole reach in the post-works survey. These species require larger
stable substrates and will have benefited from the installation of the gravel glides.
Mayfly species diversity has increased in the post-restoration survey samples.
Despite these encouraging signs the numbers of invertebrates found was quite low.
This might indicate high predation pressure from the invasive signal crayfish which
are abundant in this section of the Wensum.

Aquatic plant populations remain poor on the restoration reach. Again, this may
relate to the large population of signal crayfish.
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DESIGN AND MATERIALS

12.3.1 Design process

The following steps should be followed for design of floodplain reconnection measures:

1

Determine the most effective location and minimise risk (Table 10.2). Make use of information from
available datasets (eg WWNP datasets, publicly available flood mapping, aerial imagery, LiDAR,
historical and contemporary OS mapping, see Chapter 16).

The size (length, width and configuration) of the measure will be determined by site-specific
conditions. For larger rivers or for complex sites, review should be made of existing hydraulic
modelling (or by undertaking bespoke modelling, see Chapter 14) and elevation data (eg topographic
survey and LiDAR). On medium to larger rivers (>10 m in width), hydraulic modelling will typically be
required due to the higher flows expected in watercourses of this size. Typically, 2D only modelling is
sufficient for floodplain flow, however, dependent on existing model availability, or site complexity a
1D/2D model may be required. Section 14.3.3 gives hydrological and hydraulic considerations for the
design of floodplain reconnection.

Consider changes to baseline hydraulics under a range of flow conditions. Determine the likelihood for
erosion and deposition because of the proposed measure (Chapters 14 and 16) and the impacts on
upstream and downstream flood risk or environmental receptors. Soft-engineered erosion protection
may be required along riverbanks if there is a need to maintain a defined bank boundary. Minimise
risk of erosion by tying in any bank lowering and/or reprofiling with the bed and banks upstream and
downstream of the reconnected floodplain. This will reduce any sudden changes in bed or bank profile
that could cause erosion and/or deposition.

Aim to minimise loss of trees in the riparian zone (as mature trees provide long-term bank stability).
Assess the tolerance of riparian vegetation to more frequent/deeper inundation. Consider the potential
to include a vegetated riparian buffer strip, such as the opportunity or the need to replant the riparian
zone or within the wider floodplain (Chapter 7).

Following initial assessment of feasibility, the design process typically involves two stages:

Outline design is essential for all floodplain reconnection measures and involves selecting suitable
locations (Section 12.2), defining the area to be reconnected (Chapter 6), and selecting the required
design components (Section 12.3.2). It is recommended that any required walkover surveys are
undertaken at this stage (eg ecology, geomorphology), to help identify opportunities and constraints.
Proof of design could be demonstrated by hand calculations or simple hydraulic modelling (if needed).
Outline design should establish that the proposed floodplain reconnection measure would work in
principle at the identified location. Concept design drawings/sketches may be produced at this stage.

Detailed design is needed to develop a buildable design that performs the required functions and
remains safe throughout its design life. Detailed hydraulic modelling would be undertaken at this stage
(if required), along with further site-specific investigation, such as ground investigation. The outline
design is refined to propose lengths and heights of bank or floodplain modifications, along with any
features (in-channel or on the floodplain) that are to be created. Detailed design drawings and/or
construction drawings are produced and relevant consents and environmental permits obtained.

Health and safety must be considered throughout the design process (Section 12.2.3 and Chapter 17).

12.3.2 Design components

Table 12.4 provides an overview of design components and typical features for floodplain
reconnection measures.
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TABLE Design components and typical materials for floodplain reconnection measures

12.3
Remove, set e Earthworks (may include lowering/removal/breach of sections of
Excavated material,
back or lower embankment or the embankment as a whole).
stone/earth bunds
embankments e Replacement, set back embankments (if applicable).

e Earthworks (palaeochannel excavation and/or bank lowering).
Palaeochannel

) e Lowering or reprofiling of riverbanks. Excavated material
reconnection

e Reprofiling of palaesochannel (where required).

-Gl e Earthworks (to secure in-channel structures in the bank and/or bank
features to elevate . Excavated material,
lowering).

flow into the timber, stone

. e In-channel structures (eg timber, woody material or stone boulders).
floodplain

e Earthworks (lowering or reprofiling of banks and/or the floodplain).

Floodplain wetland | @  In-filling of redundant land drainage channels in the floodplain (if Excavated material,
restoration applicable). vegetation

e \egetation planting in the floodplain.

12.3.3 Remove, set back or lower existing embankments

For removing, setting back or lowering existing embankments, preference should be to remove the
embankments if possible (subject to infrastructure at risk), then for setting back and finally for lowering
or breaching (see Figure 12.4). With any of these approaches, a proportionate assessment should be
undertaken to inform:

® design flows under which floodplain connectivity currently occurs or will occur

® |ocation and size of bank lowering or breaches. Breaches may be new removal of embankment that is
entirely engineered, or formalisation of existing breaches that have occurred by natural processes (eg
flooding and erosion)

e flow routes and drainage from the breached area
e frequency and duration of floodplain inundation

® scour risk to banks nearby.

Before restoration
Existing defence not
needed or in poor
Order of preference is to: condition
1. Remove
2. Setback % .

3. Lower or breach

After restoration .
Channel width and meander

spacing to be determined

for each site Channel free to meander

Floodwaters able to
inundate floodplain

Floodbanks removed or set back

Figure 12.4 Key principles for removing, setting back or lowering existing embankments (courtesy Emma Wren)
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12.3.4 Palaeochannel reconnection

For palaeochannel reconnection, the size (length, width and configuration) and extent of excavation required
for the palaeochannel will be determined by site-specific conditions (see Figure 12.5). It may also be
appropriate to include cross-sectional diversity within the palaeochannel (ie through use of alternating berms
or roughening the channel cross-section). Finally, it is generally preferred to retain or reinstate bankside and
riparian vegetation. This could be achieved by turf stripping and replacing, or by seeding the banks of the
channel with appropriate vegetation, native to the catchment and able to survive periodic inundation.

Bank locally lowered to
allow floodwater into
paleochannel

Paleochannels present
in the floodplain  ~— -~ — —
5

Paleochannel may

require excavation —
consider cross 3\
sectional diversity Vi \

Retain or reinstate s
bankside and riparian ,
vegetation

Figure 12.5 Key principles for palaeochannel reconnection (courtesy Emma Wren)

12.3.5 In-channel features to elevate flow into the floodplain

In-channel features may involve localised bed raising to create riffle features, or use of large wood and
stone. Chapter 10 discusses using wood or stone.

12.3.6 Floodplain wetland restoration

For floodplain wetland restoration (Figure 12.6), Roberts et al (2000) advise the following:

® An understanding of the relationship between plant communities and water regimes on the floodplain
should provide the baseline against which the design will be made.

® Generally, the more data that can be compiled on hydrology, soils and groundwater, the better the
basis for design. At a minimum the design should account for groundwater depth, salinity and flood
frequency/extent, as this can affect the success of a floodplain wetland.

® Consideration of plant species, size and growth in response to catchment and site-specific
environmental conditions is key. For example, submerged species are generally more sensitive to
changes in water quality and light than other floodplain wetland species.

e Dimensions are entirely site specific.

Specific advice on the creation and restoration of floodplain meadows is also given in Rothero et al (2016).

CIRIA C802



© COPYRIGHT CIRIA 2022. NO UNAUTHORISED COPYING OR DISTRIBUTION PERMITTED

12.4

L A

)

Y-y
Consider how the wetland Q N = v’_ww V.
hydrology will change in relation T R o N — ,/
to water level (low flow vs. flood ) | =
conditions), as well as seasonally = / : Localised bank
i A lowering A

Design must account for

groundwater depth, salinity and

frequency/spatial extent /
~ ,_u-j"_'f ‘.

v

The natural flood management manual

Wetland planting to be
suited to the catchment,
hydrology and soils/geology

Wetland dimensions
N and connectivity to be

tailored for each site
v Y

-

Schematic for floodplain wetland restoration (courtesy Emma Wren

Figure 12.6

CONSTRUCTION AND IMPLEMENTATION

_
N
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w

)

Wetland excavated to
match local topography

Overarching principles and issues in the construction and implementation of NFM measures (applicable

to floodplain reconnection) are set out in Chapter 18.

In general terms, floodplain reconnection measures require excavation and removal of materials from the
bank top and/or floodplain (Table 12.4). In-channel features to elevate flow into the floodplain will also

require the addition of material into the channel, to modify flow hydraulics.

Box 12.3 is an example of floodplain reconnection by elevating flow into the floodplain and by

reconnecting palaeochannels.

Chapter 12: Floodplain reconnection

159




© COPYRIGHT CIRIA 2022. NO UNAUTHORISED COPYING OR DISTRIBUTION PERMITTED

The natural flood management manual

BOX Afon Merin floodplain reconnection

12.3

160

Afon Merin case study (courtesy Mike Jenkins/Nick Young, Natural Resources Wales)

Location

Afon Merin, Ceridigion, Wales

Techniques
used

In-channel features to elevate flow into the floodplain, palaeochannel reconnection,
river restoration and leaky barriers.

Delivery

Pre-work aerial studies, ground survey and fixed point photography were used

to determine geomorphological changes within the system. This work identified
that the course and planform of the Afon Merin had been severely modified by
agriculture, forest plantation and land drainage. The river had incised into its bed
and was disconnected from its floodplain under all but extreme flood events. Fine
gravels were flushed through the system leaving an even-sized cobble bed. The
project aimed to restore a more natural and dynamic river system. It also intended
to create/restore habitat and biodiversity, improve land use management and water
quality, provide carbon storage, and reduce flood risk.

The project was undertaken on a three kilometre section of channel within a

Welsh Government Woodland Estate. Delivery involved selected tree felling, ditch
blocking and 15 leaky barriers to attenuate flow and elevate water to reconnect
palaeochannels in the floodplain. This focused on using low ground pressure
tracked excavators to key trunks into the bank at meander bends, with the dam’s
backfilled with forestry brash. Notches were made in the riverbank at some
locations to assist overspill. This design ensures minimal disruption to low flows but
slows flood flows. It creates more dynamic flow patterns, permanent and temporary
in-channel and floodplain features and retains gravel (for habitat).

Ongoing monitoring is being undertaken by NRW staff (photo monitoring, drone
surveys), and Aberystwyth University (flow and ecology) to monitor long-term
success of the project.

The project has been well received internally and externally, and secured
additional funding for phase two works in winter 2020—2021. The second phase
reinforced some of the phase one dams, added deadwood buffers into the relict
channels using whole tree lengths and forestry brash piles, added additional dams
into the phase one area, and new dams/deadwood in the river further downstream.

The project was delivered by NRW and the Welsh Government in 2018 to 2019,
with a total cost of £30 000 for phase one, and £25 000 for phase two (including
tree felling, installation of leaky barriers and creation of floodplain scrapes).

Outcomes

The project has demonstrated that low-cost, NbS can deliver multiple benefits
(river floodplain reconnection, flood risk reduction and habitat creation).
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MONITORING AND MANAGEMENT

Well-designed floodplain reconnection measures should be self-sustaining, with minimal maintenance
requirements. However, monitoring and maintenance is recommended to ensure the measure is
operating as designed, to allow for adaptive management and demonstration of the NFM benefits.

The general principles for monitoring and management are set out in Chapter 19. Specific
recommendations for floodplain reconnection measures are as follows:

Floodplain reconnection involves reinstating ‘natural processes’ of water, sediment and organic matter
transfer between river and floodplain, increasing dynamism and potential for geomorphic change. For
this reason, at a minimum, it is recommended that visual inspection of a given measure is undertaken
up to twice per year (by a qualified geomorphologist). Additional survey (eg visual) should also be
undertaken following individual flood events.

Monitoring specification should be made on a site-specific basis. Dependant on the complexity
of a given project and its specific requirements, data collection may include visual inspection,
photographs, fixed point photography, topographic survey, velocity and/or water level monitoring.

For rivers with a mobile bed, erosion and/or deposition of sediment can be monitored visually, using
fixed erosion posts, or more detailed techniques such as drone survey or repeat cross-section bed
elevation surveys.

Monitoring is essential for adaptive management of floodplain reconnection measures.

Box 12.4 is an example of floodplain restoration used to rejuvenate floodplain grassland.
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Portholme Meadow case study (courtesy Emma Rothero, Floodplain Meadows Partnership)

Location Portholme Meadow SAC, River Great Ouse, Cambridgeshire

Techniques |Reconnected a meadow by breaching a bund to facilitate effective hydrological
used connection between the river and its floodplain.

FMP has been advising on the hydrological management of Portholme Meadow
SSSI/SAC since 2008, based on evidence collected through regular botanical
surveys and retrieval of hydrological data from automatic dataloggers installed

on the site. These data are fed into a hydrological model that the FMP hold for
the site, which predicts the plant community changes based on development at
groundwater level. It is a site designated for its rare plant communities, which
depend on a particular water regime and good connectivity between the river and
its floodplain.

The botanical data collected indicated that the plant community was changing at
the site due to increased flood duration and decreased drainage capacity, leaving
particular areas of the site waterlogged. These conditions do not suit the very

. diverse plant community at Portholme, and resulted in an increase of opportunistic,
Delivery waterlogging-tolerant species, such as curled dock and coarse sedges.

The FMP were invited by the Environment Agency and Natural England to

make some recommendations based on the model and the data available. One
recommendation was to reinstate the surface drainage system in the northern part
of the site, where the traditional network of grips had ceased to function due to a
bund of sediment having built up along the riverbank. In the affected area, the plant
communities were indicating that the soil remained waterlogged for prolonged
periods in spring, and deposition of sediment had increased the soil fertility there.

In 2011, the ditch recommended by FMP was constructed by the Environment
Agency. FMP have monitored the site subsequently and demonstrated that the
species diversity in the affected area increased, but in a control area, beyond the
new ditch’s zone of