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1.0 Abstract
This paper will outline the risks of not understanding the underlying root cause of a flooding issue
and the associated consequences. It will include a case study of flood investigations that have been
undertaken to date in the Hol Brook catchment in Leicester, in order to clearly demonstrate this. The
key lessons learnt by all stakeholders and best practice will also be shared.
The Hol Brook catchment received severe flooding in June 2016, however not all incidents had been
recorded to all of the associated Risk Management Authorities. This missing intelligence could have
impacted on the success of the solution developed by Severn Trent Water and Leicester City Council.
Learning points from this exercise have challenged existing Severn Trent Water processes to find
new ways to deliver complex problems, leading to the development of short, medium and long term
options for the catchment.
Engagement with the local community has been key to understanding the underlying root cause of
the flooding and challenge their perception of flood risk and “whose water is it?”. Pick Everard have
been working closely with Severn Trent Water to establish numerous modelling scenarios at various
stages of the data collection process. This was conducted in order to explore the modelling
constraints of predicted risk over observed risk and potential flood alleviation solutions.
This paper will be of interest to any Risk Management Authority, sewerage company and
consultancy that seeks to work in partnership with one another to untangle the complexities of root
cause analysis in order to reduce flood risk.

2.0 Introduction / Geographic Location
The Hol Brook catchment is located to the south east of Leicester on the boundary between the
suburb of Knighton in Leicester and the town of Oadby in Leicestershire. The Hol Brook is a small
brook which drains east to west into the larger Saffron Brook. The route of the drainage network is
shown in Figure 1 below.
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Figure 1: catchment map of the Hol Brook
The Hol Brook was historically an open watercourse that has been slowly modified, urbanised and
culverted over time. The watercourse typifies the complexities of asset management within an
urban area and how, what was an open watercourse, becomes intertwined with a piped system. As a
result of this, the ownership of the various assets within this catchment is not always obvious.
Due to the fragmented ownership and maintenance arrangements across the Hol Brook, it was not
evident when Leicester City Council started their Surface Water Management Plan (SWMP) in 2011,
who was responsible for which asset and how much flooding had previously been reported to which
authority. This was due to the various ownerships of the assets within the catchment as the
watercourse flows through culverts, then Surface Water Sewers (SWS), then open sections of
watercourse and continues this varying pattern of a ‘watercourse in a sewer’ until it discharges into
the Saffron Brook.
A singular authority approach is not always effective to understanding the complex nature of
flooding and responsibilities of assets in this catchment. This approach can result in missing
intelligence, which can impact on the success of any solution developed by Severn Trent Water or
Leicester City Council. This was evident during the severe flood event of 2016.

3.0 Flood History and 2016 Flood Risk
Historical records for flooding in the Hol Brook catchment were previously split between Severn
Trent Water, Leicester City and Leicestershire County Council. Looking at single authority maps and
records limits your appreciation of the various assets within this catchment and what they are trying
to do. It’s only when you investigate and analyse the various connection points do you understand
how open sections of watercourse flow into sewers, becoming a ‘watercourse within a sewer’.
A Risk Management Authority (RMA) needs to understand the system as a whole; the assets, flows
and the incidents, in order to identify the underlying root cause of a flooding issue. This is why
Severn Trent Water undertook questionnaires and site investigations in partnership with Leicester
City Council after the severe flooding in 2016. These questionnaires revealed that the earliest known
flooding event was in 2005, affecting external areas, with the worst affected areas flooding, on
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average, twice a year. They also confirmed that residents had either not reported previous flooding
that had affected them, or had reported some events to one RMA but not to the other.
This missing intelligence could have impacted on the success of any solution developed by Severn
Trent Water and associated partners. However Severn Trent Water and the Lead Local flood
Authorities (LLFA’s) were keen to understand the integrated flood history of the catchment in
further detail. The first step on that journey was undertaking engagement activities within the
community, to help understand the underlying root cause of the flooding in the Hol Brook.

4.0 Whose Flood Water is it?
Often flooding is complex and it is difficult to distinguish between the different sources and
mechanisms of flooding during an event, thus increasing the difficultly of apportioning responsibility
to the relevant RMA’s or Riparian Owners. From a customer perspective, they are not interested in a
debate over who is responsible for which flow of water, they just want the risk of flood water in or
around their property alleviated and for any incident that may occur to be managed efficiently.
Figure 2 below demonstrates the range of inputs that a Surface Water Sewer could receive into it to
cause flooding. This illustrates the complexities of understanding flooding incidents and the need to
undertake multi-agency investigations to fully understand the root causes and strive to provide
customers with a timely and thorough solution to their flooding problem.

Sewer Misuse

Figure 2: Complex / Integrated flooding diagram (T Smith, 2018)
Properties in the Hol Brook catchment are affected by, or at risk of, flooding from watercourses,
overland surface water and sewers, not necessarily in the same location, and in some instances by
all three sources at the same time. As a result Severn Trent Water and Leicester City Council decided
that a catchment partnership would be the best way of achieving an understanding of the
mechanisms and root cause of flooding.
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The multi-agency approach to engagement with this community has led to important intelligence to
be shared amongst the RMA’s to help understand and verify the observed flood risk over the
predicted. This in turn has assisted greatly with developing short, medium and long term options for
this catchment.

5.0 Predicted Flood Risk
Both the Environment Agency (EA) flood map for surface water (figure 3) and the Severn Trent
Water 2D flood map (figure 4) show that the Hol Brook catchment is predicted to flood. The EA’s
predictive flood risk map is based on rainfall falling onto the ground then running onto the mesh,
whereas the Severn Trent Water flood risk map uses a 1D sewer model that goes onto a 2D mesh to
route flooding from sewers overland. Both maps nevertheless have predicted flooding on similar
design storms. However the Environment Agency’s flood map for surface water also shows flood
routing on up to a 1 in 100 year design storm. Both maps also display similar flood routes along the
road and show an open watercourse arrangement through the middle of the catchment.
Both flood risk maps corroborate flood risk in this area and provide insight into flood risk routing,
but do not identify a single source of flooding. They also both suggest that there are significant
fundamental issues in the overall drainage network due to the depth and extent of the predicted
flooding.
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Figure 3: The Environment Agency flood map for surface water
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Figure 4: Severn Trent Water 2D flood map

6.0 Model Comparison
In 2016 the Hol Brook catchment had two distinct hydraulic models available. These were:
 Severn Trent Water (STW) Sewerage Management Plan model containing an unverified
surface water network overlapping a verified model.
 Leicester City Council (LCC) Surface Water Management Plan model containing a calibrated
pluvial model
A comparison of both models identified some significant differences as shown in Table 1:
Category
Model purpose
Model type
Model coverage

Model verification

LCC model
To develop notional options
2D pluvial model
Open watercourses and key
culverts combined with a 2D
mesh
Record information and survey
works
Calibrated

Rainfall

FEH Rainfall

Model build

STW model
To analyse network performance
1D sewerage network model
Public sewerage network only

Record information only
Historic verification only and flow monitor
verification on the combined network
FSR Rainfall

Due to the differences between the two models and the uncertainty in the causes of flooding, it was
identified that both of the hydraulic models were not suitable for confirming the verification of risk
and undertaking optioneering.
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To improve model confidence and support the flood investigations in the catchment, additional
survey works were undertaken in the vicinity of the flooding properties (detailed in section 7.0), as
well as at key Severn Trent Water assets in the upstream network. In addition, the model was
improved and the open culverts modelled connecting the sections of sewerage network.

7.0 Flood Investigations Undertaken
In response to the widespread flooding in 2016, Severn Trent Water commissioned additional
localised surveys and investigations to support the delivery of short term interventions and
solutions. These additional surveys and investigations included:
 Stakeholder engagement and confirmation of asset ownership
 Drainage network surveys of open watercourses, culverted watercourses and Severn
Trent Water sewerage networks
The flood investigation surveys revealed some interesting issues relating to the drainage network in
and around the flooding area. This was a result of undertaking investigations that helped define the
flows, assets and incidents to assist with establishing the root cause of the flooding. Some of these
issues are described below going from upstream to downstream along the drainage network.
At the surface water outfall into the Leicester City Council watercourse, the survey identified an
additional blocked connection from a nearby new development (see Photo 1 below). This
connection was originally planned to discharge into the open watercourse (see Photo 2 below).

Photos 1 & 2 – Developer connection & planned connection point (red circled point)
Moving downstream through the open watercourse, it changes from an open culvert into a box
culvert (see Photo 3). The photograph also includes the post 2016 temporary trash screen installed
by Leicester City Council to reduce the risk of debris entering the underground drainage network.
The open watercourse has transitioned from an open natural watercourse to a manmade drainage
channel. This inlet into the drainage network is a key location where watercourse levels rise and
flood routing starts to occur.
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Photo 3 – Open watercourse inlet to drainage network and recently installed trash screen
Within the drainage network, downstream of the open watercourse inlet, the network bifurcates
into smaller diameter pipes. This location suffered from frequent blockages (see Photo 4) before the
temporary trash screen was erected. This is believed to have been caused by incoming debris from
the open watercourse and the poor condition of the bifurcation benching.

Photo 4 – Bifurcation with blockage
Downstream of the bifurcation the drainage network converges into a single pipe which runs
through an old Lido open swimming pool site. The brook was culverted when the Lido site was
developed for housing. This pipe was installed to enable the flows to be piped from the open
watercourse into the Saffron Brook and acts as a culverted watercourse. Due to the pipe material
and gradients, there are significant silts and gravels which build up in the pipe (see photo 5), similar
to those found in a watercourse.
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Photo 5 – Outfall pipe sediments and gravels more typically found in a watercourse
The survey works detailed above were aimed at improving knowledge of the hotspot areas within
the catchment, in order to update the existing Type II 1D sewerage network hydraulic model and
further understand asset purpose and performance. As a result of these investigations, this has
enabled the development of short, medium and long term Flood Risk Management options as we
have an improved understanding of the hotspot areas.

8.0 Flood Risk Management Options
Investigations to date have led to the development of short, medium and long term options for the
catchment which are show below in Table 2. Both Severn Trent Water and Leicester City Council
have been working collaboratively to address the flood risk in this catchment. Our first aim was to
ascertain the residents’ views of the flooding sources, mechanisms and share progress to date of the
investigations undertaken within the partnership.
As a result of the strong synergies between the two organisations, this has enabled a joint Property
Flood Resilience (PFR) scheme to be successfully delivered in spring 2018. Severn Trent Water and
Leicester City Council both contributed financially to the scheme, Severn Trent lead the delivery and
installation of the PFR, whilst Leicester City Council shared the engagement activities and provided
critical support at key stages such as agreeing the scope of works.
We have also installed a temporary trash screen to reduce the volume of in-channel debris that gets
washed downstream, previously resulting in blockages at a critical point along the network. To
further increase the resilience of the network at this critical point, a network monitor has been
installed to monitor the performance of flow and alerts operations to any potential issues.
After conducting the asset surveys outlined in section 7.0, we have been creating further detailed
survey plans to conduct comprehensive surveys of the drainage network, which includes LLFA assets
and riparian owned assets. This is with the intension of developing an integrated model to really
determine the underlying root cause of the flooding issues within the Hol Brook catchment. This
model could therefore then be used to undertake feasibility studies and outline design works, should
a solution prove to be cost beneficial. As RMA’s trying to develop a solution to a multi-source
complex flooding issue, we will in the long term, seek funding from Flood Defence Grant in Aid as we
begin the phases of the long term solution.

Short term
Community flood plan to
include the appointment of
community flood wardens
and signage

Medium term
Installation of trash screen on
the upstream pipe

Local sandbag and sign store

Installation
of
network
monitor to critical chamber to
monitor performance

Longer term
Improve the benching and construct
high level weir wall between the two
channels at a critical point in the
network to allow flow to spill into the
other channel during peak storm flows
A comprehensive integrated model
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Partnership meetings led by
LLFA & STW to discuss
investigations
and
developments with the
community
Asset surveys at critical
locations
Joint PFR scheme

Enhanced maintenance plans
for STW & LCC through wet
weather checks

Devise a holistic catchment solution
based on the outputs of an integrated
model; capturing sewers, surface water
and fluvial elements

Provide flood route across a
critical road with the main bus
route for community
Comprehensive surveys of the
drainage network including
LLFA assets and riparian
owned assets

Table 2: Options for the Hol Brook Catchment
It is clear from our partnership work to date, that a sustainable solution which provides resilience to
the pressures any urban catchment faces alongside climate change, would be preferable against a
singular hard engineered solution. This is something we will continue to strive for in the long term as
we continue to progress our medium term options. The development of the new Drainage and
Wastewater Management Plans (DWMPs) further boosts Severn Trent Water’s desire to support
sustainable long term wastewater planning and deliver catchment based partnerships with multiple
benefits.

9.0 Conclusions and Lessons Learnt
The key risks associated with not understanding the underlying root cause of a flooding issue are
abortive spend, resource and time, pursuing options which may not address the root cause of
flooding. This is a direct consequence of not truly understanding the assets, flows and incidents
within a catchment as a whole, in order to deliver an integrated solution. This in turn causes
reputational loss amongst customers and professional partners as it goes against our ‘right first time’
philosophy.
Multiple RMA’s have a part to play on managing the flood risk in this catchment because of the
complex relationship between the ordinary watercourse and public surface water sewer. This is
something that has evolved over time through interventions caused by others, resulting in problems
for those who both reside in and manage the catchment today. Currently we all share the
responsibility to reduce the flood risk to the properties at risk.
Without the strong relationships between our organisations and the proactive commitment to
reduce flood risk to communities, we would not have been able to progress the asset investigations,
hydraulic modelling, stakeholder engagement and Flood Risk Management Options as far as we
have. Open and honest communications have meant that money has not been spent prematurely or
that longer term solutions have been advanced without understanding the underlying root cause.
Leicester City Council, Leicestershire County Council, Severn Trent Water, the Environment Agency,
local councillors and local residents have all played a pivotal part in progress made to date. Taking an
integrated approach to widespread catchment flooding is critical to identifying what the underlying
root cause is.
Challenges

Where were we – 2012

Where are we now

Where we want to be
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Relationships

Forming the
relationship
Not understood

Strong partnership

Strong partnership

Understood but not agreed

Agreement

Floodwater
Ownership

Lack of clarity

Multi-agency

Managed floodwater

Funding

SWMP only

Multi-agency

FDGiA & Multi-agency

Optioneering

SWMP model

SWMP 2D pluvial model
& SMP 1D Type II model

Integrated Model

Urban creep

Not understood

Understand the misconnections

Educating customers

Asset Ownership

Table 3- Key challenges faced and the journey to date
Table 3 above outlines the key challenges we have faced to date, where we were, where we are now
and where we want to be. On reflection, understanding asset ownership, floodwater ownership and
funding have been the toughest challenges. This is due to the complexities of trying to understand
and manage integrated flood risk, when the assets themselves act more as pathway receptors for
other sources of flooding. Consequently this can make it harder to define which funding route to
take as the scale of the problem tends to increase. Developing a strategic plan amongst partners to
understand the needs of each partner and identify any funding gaps early on is key to the success of
any partnership looking to alleviate integrated flood risk in the long term.
Building on the success of the partnership to date in the Hol Brook catchment, we endeavour to
utilise the lessons learnt for future schemes to ensure the best outcomes for those affected, or at
risk from, flooding.
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