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We develop a network-based model of a catchment basin that
incorporates the possibility of small-scale runoff attenuation
features ('leaky dams') being incorporated into each of the edges of
the network. The model is forced by a prescribed runoff to each
node and predicts the time series of discharge throughout the
network. It can be used to analyse the benefit and risk associated
with adding dams at specific network locations.

We demonstrate the model using idealised one-dimensional and
two-dimensional networks, and explore the risk of cascade failure.
We discuss the formulation of an optimisation problem to decide on
the best dam placements for a given catchment, and give
suggestions for future directions.
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Nature Based
Solutions:
WWNP NFM
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processes means taking
action to manage fluvial
and coastal flood and
coastal erosion risk by
protecting, restoring and
emulating the natural
regulating function of
catchments, rivers,
fl oodpl ai ns

Woodland and gully planting

Upland grip-blocking and

Sand dunes and shingle
beaches as natural defences
(including beach recharge)




Introduction

Growing interest -basaede fulseodfr insnlka
measures, which include:

Smalllscal e runoff attenuation features
dams or barriers made from wood that allow low flows to pass through, but
that hold back high flows, thus providing temporary storage of flood water.

The hope is that a large collection of such RAFs deployed in small stream
channels may hold back enough flood water so as to mitigate flood risk
downstream, where communities and people are at risk.




The challenge

The challenge is in understanding the performance and optimization of

a system comprising a collection ¢
Featured (RAFs), 1 n this case 0l es¢
throughout a connected stream network in a river catchment.

This is a difficult problem that JBA Trust has been involved in tackling in
recent work (see, for example
).

Within a network analysis, we wish to generalise each as an object that
intercepts runoff within a flow pathway, and then releases the flow more
slowly. Such features can be envisaged in hydrological models as
conceptual storage elements or slow-pass filters (where the flood flow is

a Asignal o that is attenuated by t
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http://www.jbatrust.org/news/reducing-flood-risk-by-working-with-nature/

The crux

The crux of our challenge lies in representing arbitrary collections of
RAFs as a whole system, within a stream network analysis.

Ultimately, we wish to account for the performance and potential
failure modes of a system of RAFs, including issues such as:

propagation of flood fAwaveso (i . e.
possible synchronization or de-synchronization of peak flows,

cascade-like failure modes (i.e. a collapse of one leaky barrier triggers
further collapses downstream)

dynamic utilization of the potential storage created by leaky barrier (i.e.
testing whether the system of barriers operates optimally over the
network, versus situations where only a few barriers are effective and
others are redundant)

A network analysis should prove useful in future to support
optimisation of deployment and maintenance strategies.
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Insight for real systems

We want to bring in some of the complexity of a real system

Although some level of abstraction may be required, the network
should be characterized by realistic data such as variable stream
sl opes, flood wave speeds, friction

We are seeking to explore whether there is a mathematical
strategy to give insight (and basic rules) into assessing the
effectiveness and resilience of many small-scale nature-based
flood risk management interventions in complex river networks.

This will help us to describe distinctive deployment and
maintenance strategies, e.g. concentrated on headwaters,
concentrated on lower reaches, maintain every 1/2/10/50 years
etc. (leading to different performance profiles through time).




Performance of a system of NFM

More detailed issues for discussion could include:

Optimizing spatial distribution of nature based flood risk management
interventions considering:

Synchronization issues (superposition of flood waves unhelpfully)
Under-utilization issues (storage uptake before flood peak)
Failure of in-stream storage features such as leaky dams
Cascade failure of in-stream features

Spatially variable rainfall fields inputs (different inflow conditions)
Sedimentation/erosion

Backwater effects

Can the model be generalized to a treatment of 2d surface runoff from a
complex terrain, where blanket rainfall is used to expose network patl<a>
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Synchronisation

Consider confluence of un-named
tributary with main channel of Ing Beck

Before: Main channel peak arrives
after tributary
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