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Abstract

The impact of flooding throughout the UK is significant and the financial burden felt by individuals,
communities and the government. Many flood alleviation schemes are delivered using hard-
engineered approaches that can provide high standards of protection, but do not address the root
cause of flooding. Delivering civil engineering schemes cannot always be justified using the current
cost-benefit criteria or due to difficulties of in working within a settlement. This justifies the need to
investigate sustainable, lower-cost initiatives that can be delivered more holistically and remotely
from the receptor settlement. Natural Flood-Risk Management (NFM) is an area of great interest
that has had several comprehensive reviews and a Defra release of £15 million in flood and coastal
erosion risk management research and development funding. The aim of NFM is to work with
natural hydrological processes and restore the natural water holding capacity of catchments.
Currently, there is a lack of evidence on the benefits of this approach and whether or not they can

be delivered efficiently to the same standard of protection for the same design life.

This research thesis used two complementary approaches to assessing NFM potential: (1) rapid
connectivity risk mapping assessment (SCIMAP-Flood); and (2) detailed, physically based, fully
spatially distributed simulation of catchment hydrology (CRUM3). These methods have been
combined to provide a powerful toolkit to effectively target mitigation of flood risk and to simulate
potential impact on flood peak through a variety of NFM interventions. These methods were applied

to the study area (Tutta Beck), a 7.06km? agricultural catchment that flooded twice in 2012.

A variety of flood mitigation strategies were investigated in the Tutta Beck catchment, including
spatially distributed land cover change to intercept and resist overland flow, woody debris dams to
slow the flow of water through the channel network and spatially targeted depressions to attenuate
overland flow. It was established for this catchment that the most effective technique for reducing
peak discharge was the use of in channel large woody debris spatially targeted using SCIMAP-Flood,

particularly when combined with spatially distributed attenuation.
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Chapter 1 Introduction



1.1 Introduction

Across England, approximately 5 million properties (1 in 6) are at risk of flooding: 2.4 million from
fluvial/tidal sources and 3 million from pluvial sources (Defra & Environment Agency, 2014). During
the winter of 2015-2016, storms Desmond, Eva and Frank caused widespread flooding throughout
the UK, with December being the wettest December since records began. These storms caused
flooding to 13,000 households and 4,000 businesses, with 14 catchments experiencing their highest
recorded river flow since records began (Curtin, 2016). Lack of storage and slowing of water in
catchments were cited as contributors to flooding (Department for Communities and Local

Government, 2016), as was the last line of defence approach to flood defences nationwide.

Flood alleviation schemes (FAS) attract funding based on a cost-benefit analysis, the most significant
claimable benefit being reducing risk to properties (Outcome Measure 2/0M2). However, in rural
areas, fewer properties mean it is difficult to demonstrate sufficient properties will benefit to cover
the cost of a tradition FAS. In such cases, low-cost interventions with additional benefits, such as
Natural Flood-Risk Management (NFM) and Sustainable Drainage Systems (SuDS), are being
considered. This research refers to all options as ‘NFM’ structures but, as mentioned in subsequent
sections, in cases in which they can be optimised/substituted for a SuDS or diffuse pollution

structure/technique this will not be excluded.

NFM seeks to increase or reintroduce a catchment’s natural storage capacity for flood risk reduction
purposes. NFM is poorly defined; only recently have organisations such as the Scottish
Environmental Protection Agency (SEPA) (SEPA, 2015) and the Environment Agency (EA)
(Environment Agency, 2017) released NFM reviews and guidance, a significant finding being the
need for further research. Prompting the release of £15 million pounds for Research and
Development funding for NFM projects nationwide. There are many questions with regard to the
effectiveness of and opportunities for NFM (Dadson et al., 2017) including whether, fundamentally,

NFM is a technique, toolkit or a delivery approach (Fraser et al., 2017a; Fraser & Reaney, 2018).



Traditionally, the recording of floods was dominated by overflowing watercourses having an impact
on a receptor (Kozlowski, 1984; Meurant, 2012), resulting in a strategy focused on protecting the
receptor. Recent events demonstrate that protection alone is not sustainable (Pitt, 2008; SEPA,
2015) with the emphasis moving to catchment-wide water management as outlined in catchment

management plans (Environment Agency, 2009a).

The impact of flooding on communities and the desire for those communities to have their voices
heard has led to an increase in community engagement within the flood risk sector (Defra &
Environment Agency, 2005; Nisbet et al., 2011; Daly et al., 2015; Bracken et al., 2016; Cook et al.,
2016; Cobbing, 2017). There has been a significant shift in public and political opinion towards NFM,
with individuals and communities considering the implementation/support of schemes (Kinver,
2015; Corbridge Flood Action Group, 2016; McAlinden, 2016; Pang Valley Flood Forum, 2016;

Wiggins, 2016).

1.2 Justification for research

It is important that the potential effectiveness of NFM be appraised for its ability to support the
delivery of flood risk management (FRM) schemes in rural catchments. Lane (2008), Dadson et al.
(2017) and the Environment Agency (2017) identified a lack of quantifiable evidence, both of
monitoring post-installation as well as hydrological modelling. In cases in which NFM interventions
have been simulated, modelling commonly targets the riparian area with a 1D or 2D-1D model,

which poorly represent spatially distributed interventions.

Of the NFM case studies that inspire a high degree of confidence, many are heavily gauged, have
significant data availability or have formed part of a demonstration catchment where funding
regulations for a FAS are not commonly enforced. This means for a typical ungauged, data-sparse
catchment there is minimal guidance and transferable case studies on how to appraise and

implement an NFM scheme. This research seeks to contribute to filling that knowledge gap by



developing advice/a case study for a flood alleviation scheme using NFM, SuDS or diffuse pollution

techniques for a previously ungauged catchment using minimal data.

The study catchment for this research is Tutta Beck in County Durham, where three properties are at
immediate flood risk from a canalised and constrained watercourse. A FAS for this catchment was
challenging due to limitations on benefits available and heritage designations near the receptor,
which preclude a traditional protection strategy. Therefore, a low-cost NFM approach is desired to
deliver the flood mitigation benefits within the budget of the scheme. The previously ungauged
nature of the catchment provides an opportunity for hydrological modelling to be tested in a
catchment with minimal available data. This is typical of the challenges a Risk Management

Authority (RMA) would be faced with when developing a scheme.

1.3 Research aim and objectives

With regard to this research, it was fundamental for research outputs to integrate with the FAS
being led by the local authority. To this end, a common theme throughout the research was the
appraisal of feasible techniques that could be used in a functioning agricultural catchment, with a
preference towards sustainable and minimal maintenance interventions. The primary aim of this
thesis was to investigate, using hydrological modelling tools, the potential for reducing flood risk
using Natural Flood-Risk Management (NFM), Sustainable Drainage Systems (SuDS) and land

management techniques and interventions. This was achieved through the following objectives.

1. The development of a framework for Risk Management Authorities for investigating feasibility

of delivering a Flood Alleviation Scheme using Natural Flood-Risk Management

Case studies using NFM often rely on knowledge, experience and complex modelling that are not
available to most Risk Management Authorities. Furthermore, many schemes are unable to
compensate landowners sufficiently to accept inundation of land. This research aims to provide a
mechanism to support the delivery of such schemes, minimising the time and cost required to work

on them and securing their delivery.



2. To support the development of a Flood Alleviation Scheme for the Tutta Beck catchment that

minimises impact on agriculture

Agricultural function is an essential part of the Tutta Beck catchment and it is important to maintain
this function throughout the FAS, avoiding the purchase of land and minimising costs. Retaining
agricultural function while delivering flood mitigation benefits supports the transfer of learning from

this to other agricultural catchments and minimises impact on the rural economy.

3. To determine the potential impact rural land management interventions could have on flood

risk and if this hazard reduction is sufficient to protect receptor properties

Although significant FRM investment will be required long into the future, recent events and
projected climate change suggest catchment management needs to change to reduce the
hydrophobic nature of catchments. This objective identified whether or not reduction in flood risk
for the Tutta Beck catchment could be delivered through changes in agriculture or whether or not
FRM/NFM-specific techniques are required. This objective was addressed through hydrological
simulations using the CRUM3 model. The approaches considered were vegetation change within the
catchment, increased attenuation of flood flows, debris dams within the channels and combinations
of these different measures. The evidence from this approach could support the integration of

agricultural management with FRM and vice versa.

4. To assess whether or not SCIMAP-Flood, as compared with other approaches, is a suitable

mechanism for targeting Flood Risk Management interventions

FRM authorities could target simulations using singular catchment characteristics such as steep
slopes, runoff, susceptible land covers or highly drained areas. This objective seeks to appraise
whether or not SCIMAP-Flood risk mapping is more effective at targeting interventions than these

other techniques and, thereby, to justify its use in other catchments.



1.4 Thesis structure

This chapter has introduced the research aims and briefly introduces the challenges to NFM delivery
both in the Tutta Beck catchment and elsewhere. Chapter 2 appraises the relevant literature,
thereby, identifying challenges, the techniques available and case studies of such interventions.
Chapter 3 introduces the Tutta Beck catchment and the nature of flood risk. Chapter 4 outlines the
methods employed to address the research aims/questions. Chapters 5, 6, 7 and 8 present the
results from hydrological modelling. Chapter 9 presents the discussion of results and the project

conclusion.



Chapter 2  Literature Review



2.1 Introduction

This chapter reviews FRM literature, specifically, NFM, SuDS and diffuse pollution techniques.
Section 2.2 introduces the catchment management approach, Section 2.3 outlines the
responsibilities for flood management and Section 2.4 introduces the cost-benefit approach. Section
2.5 reviews the impact of agriculture on rural catchments and Section 2.6 reviews mitigation
measures and their spatial distribution. Section 2.7 introduces hydrological modelling and the

potential for informing flood management decisions. Section 2.8 summarises the chapter.

2.2 Catchment-scale FRM

Catchment management aims to restore a landscape’s ability to manage the source of flood waters.
(SEPA, 2015)

The government’s flood and coastal erosion risk management strategy promotes th