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Abstract
Sewer flooding is a key issue for water companies, with reputational, environmental, economic and social impacts. In
AMP7 OFWAT will no longer exclude extreme weather events when assessing performance against flooding
measures. With increasing capital constraints on big infrastructure schemes, it is more important to have the ability
to predict and proactively avoid or respond to flooding events.
This paper discusses a concept for dynamically assessing the flood risk of catchments. Rainfall events are analysed in
the context of Ground, River, Operational and Tidal (G.R.O.T.) conditions. Resulting in the drainage catchment being
considered dynamically, improving the accuracy of the risk assessment. When combined with forecast and observed
rainfall data this can be used to establish current and future flood risk for different drainage areas and critical
infrastructure. Using this method does not require model runs and as such large areas can be assessed quickly to
establish their risk. Model runs may then be triggered for key/ critical locations where more detailed information is
required. The output, which produces a traffic light system for a catchment risk, can be used to assist with proactive
avoidance and management of flood risk including improving network operations, developing a pre-emptive
customer relationship, and engaging with multi-disciplinary stakeholders for support. These actions will help avoid
sewer flooding with the vision that customers can be proactively contacted and mitigation can effectively be
deployed. This paper explains the proposed concept behind G.R.O.T. analysis along with how it can be applied.

1. Introduction
In 2002 OFWAT deemed sewer flooding to be the second most serious issue facing water companies (OFWAT, 2002),
with at the time an estimated investment requirement of £970million by 2010 (OFWAT 2005). Today sewer flooding
remains a critical issue, with events such as the 2007 summer flooding and Winter 2015-2016 causing damages in
the region of £4billion (Environment Agency, 2010) and £5billion (House of Commons, 2016) respectively, with
additional significant socio-environmental costs. Whilst these events were the result of a combination of factors, of
which sewer flooding was one, it has highlighted that surface water flooding is now the leading cause of flood risk in
the UK (DEFRA 2012). Consequently, improved ways of predicting, responding to and avoiding surface water flooding
due to sewer capacity needs to be considered to reduce the economic, reputational and social impacts associated
with flooding events. This was emphasised in OFWAT’s final methodology for the PR19 review which indicates
companies need to become more resilient to pressures on surface water drainage through innovative approaches
and customer engagement. OFWAT states that “companies need to consider not only steps that improve their ability
to withstand those pressures, but also steps that improve their response to and recovery from any resulting service
disruption” (OFWAT, 2017 p64). This paper goes on to discuss a concept which helps to address these points by
improving the flood risk prediction across the United Utilities region in a cost beneficial way.
In the absence of large model simulations, the prediction of sewer flood risk over a large area can be constrained by
the spatial area being considered as static. In a static state the catchment is in an ideal state, where rainfall is the
only factor affecting sewer flooding risk. The consequence is that only one part of the system is being incorporated,
when there are in fact multiple parts, which interconnected, affect the flood risk of the catchment. Consequently,
flood predictions can prove insufficient for appropriate operational responses. With regional assessment of flood risk
desirable, the use of full model runs becomes more prohibitive. This is due to the large number of models required,
each with their own run duration and computational demand. The combination of static catchment assessment and
the need to reduce full model simulation for sewer flooding prediction led to a drive to find a new and improved
system of assessment for changing sewer flooding risk.
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When exploring a solution for United Utilities there were a number of key success criteria identified. The solution
needed to provide catchment status indicating when catchments were in a heightened flood risk state. This needed
to be applicable to the whole North West region, with fast run times so that it could be automated but also available
on demand. It needed to use data available to United Utilities, which when combined with rainfall could produce a
user friendly spatial categorisation system. However, the most important criteria for successfully improving sewer
flood risk prediction was to ensure that the catchment was considered in a dynamic state rather than a static one.
This resulted in a proof of concept tool called G.R.O.T. analysis, which is a threshold analysis for Ground, River,
Operation and Tide conditions. When combined with rainfall this results in a flood risk prediction which considers
the sewer flooding system via its multiple mechanisms/parts rather than just rainfall alone.

2. The purpose of G.R.O.T. Analysis
G.R.O.T. analysis assesses flood risk for the United Utilities region by evaluating the changing catchment risk to
flooding based on a number of criteria- Ground, River, Operations and Tide Conditions. For each catchment area, an
initial assessment is undertaken to establish which areas of the catchment are affected by the G.R.O.T analysis, and
what element (if any) could alter the return period of rainfall required that could cause sewer flooding. Not all of a
catchment or drainage area will have an altered return period in the rainfall as a result of this initial assessment. This
process therefore allows United Utilities to establish the areas and mechanisms of importance when it comes to
setting a dynamic catchment state for flood risk. For the remaining areas of the catchment the G.R.O.T. assessment
can be deemed to have little/ no influence on the return period of rainfall which could induce flooding and thus the
dynamic assessment need not be carried out on these areas. This allows for different spatial areas to be assessed,
incorporating the catchment, drainage areas right down to facility areas and critical infrastructure. Figure 1 shows a
theoretical catchment and how this is applied in principle. The purpose of G.R.O.T. is therefore to identify those
catchments that have a changing flood risk sensitivity to rainfall based on Ground, River, Operations and Tidal
conditions. This allows for a system that automatically updates the changing flood risk for a catchment, the
information from which can be used to improve the management of sewer flooding, or in some cases provide the
intelligence to be able to avoid it.
Not the whole of the catchment has a G.R.O.T.
relationship identified. Only some areas of the
catchment (shaded) show a relationship between
G.R.O.T. elements and thus a changing sensitivity
to rainfall return periods and the flood risk status.
The area in green shows no G.R.O.T. relationship.
Meaning that changes to each element of G.R.O.T
do not influence the return period of rainfall that
causes flooding. These areas of the catchment can
be considered to have a static flood risk sensitivity
to rainfall rather than a dynamic changing one.
Key:
Ground Conditions may influence the network
River conditions may influence the network
Operational conditions may influence the network
Tide conditions may influence the network

Figure 1 The application of G.R.O.T across a catchment.
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3. Concept
3.1 Elements of G.R.O.T. threshold analysis.
G.R.O.T threshold analysis assesses the sensitivity of a catchment to flood risk by considering four key variables of
the spatial unit being investigated. This includes Ground conditions, River levels, Operational issues and Tidal levels.
These four were selected as the key variables driving the change in current spatial area sensitivity, which when
combined with forecasted rainfall could potentially result in sewer flooding. As a consequence the catchment status
is now considered in addition to rainfall when understanding what conditions may induce sewer flooding.
Ground Conditions
The antecedent conditions (or ground wetness), influence the likelihood of a sewer flooding event happening. In the
UK this is predominately as a result of ground saturation. Ground saturation results in the infiltration capacity of the
soil being reduced, depending on the soil type this can lead to increased run off (Butler & Davies, 2011). The extra
run off generated leads to additional flow entering the sewer network. The amount of run-off generated is
dependent on the soil type and their infiltration capacities, so catchments can be affected differently because of
incoming rainfall. Additionally ground saturation has the potential to lead to increased infiltration into the sewer
network, resulting in further flow entering the sewerage network system (Allitt, R, 2002). The consequence of both
mechanisms may result in surcharging and flooding where the sewer capacity is exceeded.
River Levels
Rising river levels impact the sewer network, as river levels rise, outfalls can become drowned, leading to locking of
the sewer network. This occurs both in the presence and absence of flap valves (Santacruz et al 2015). Flap valves
will close and prevent surface water discharging to watercourse and in the absence of any flap valve the increased
head of water generated from the river acts to restrict flows to the watercourse. With only a limited capacity in the
surface water system if this combines with a significant rainfall event then flood risk is increased as the sewer
systems cannot freely discharge as they would do in normal operating conditions. Secondly, if river levels were
heightened enough, in the absence of flap valves it can lead to river water reverse flowing into the surface water
system. In the presence of a CSO this may cause river water to enter a combined system resulting in additional flows
which may be significant enough to cause system surcharging and flooding (Xu et al, 2014).
Operational Status
It is not always possible to maintain ideal operating conditions, and arising network issues can restrict the ability of
the network to convey flows. This may be the result of planned maintenance, civils work, pump failures or some
temporary blockages (e.g. Fatbergs) or collapses. These are operational issues that have the potential to impact on
the operational conditions over a period time significant enough for assessment. In these situations it is possible for
rainfall of lower intensities and depths to exceed the wastewater systems capacity to convey flows. Thus surcharging
and sewer flooding may occur.
Tidal Levels
Unlike antecedent ground conditions and river levels, tidal conditions are not influenced by the preceding rainfall
conditions, however they can be influenced by other weather elements. Tidal levels have the same influence on
sewer networks as river levels, with high tides preventing the ability of the sewer network to freely discharge by
eliminating or reducing discharge rates. There is an additional reverse flow potential into the system in the absence
of a flap valve. High tide levels also have the potential to increase the level of ground saturation and may temporarily
raise the water table, leading to increased infiltration into the sewer network (Allitt, R. 2002).

3.2 Rainfall and sewer flood risk categorisation.
Sewer flood risk is a function of both the catchment sensitivity to G.R.O.T. and rainfall. Rainfall is important in terms
of both its hindcast (previous/ historical) and its forecast (prediction). The sensitivity of some elements of the
G.R.O.T analysis (Ground and River) result from the hindcast rainfall. Thus both elements are considered in the
assessment. G.R.O.T. considers the hindcast rainfall to set the current catchment sensitivity, and the forecast rainfall
is then used to establish the flooding risk. A key factor to sewer flooding is both the rainfall intensity (mm/hr) and
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depth (mm), the frequency of which results in the return period. Therefore, an assessment of sewer flood risk needs
to consider both rainfall intensity and depth. As G.R.O.T is a threshold analysis, it dictates the required rainfall to
result in a specific risk category.

3.3 Treating the catchment dynamically
The G.R.O.T analysis is responsible for setting the current spatial area sensitivity and thus the dynamic state. At a
high level each element is inspected individually against a simple statement, which identifies the trigger point for the
application of either the base risk or escalated risk matrix.
Ground- Have antecedent conditions met the trigger point for increased flood risk? (Yes/No)
River- Does the river stage meet the trigger point for an increased flood risk? (Yes/ No)
Operations- Do operational constraints lead to an increased flood risk? (Yes/No)
Tide- Does the tidal state meet the trigger point for an increased flood risk? (Yes/No)
The answers to these statements sets one of two risk matrix profiles- base risk or escalated risk. In the base risk
matrix none of the above statements are met and the G.R.O.T. elements are considered green. This means that the
catchment sensitivity to rainfall is not altered, so there is no reduction in the rainfall return period which may lead to
sewer flooding. This does not mean that no risk of flooding is present for the catchment, rather flooding can occur
when the capacity of normal operating conditions is exceeded. In the escalated risk profile one or more of the
G.R.O.T. elements are triggered, and the analysis turns red for those elements. The current catchment status is more
sensitive to forecast rainfall and the rainfall return period which may cause sewer flooding is then reduced.

4. Limitations
Given that the catchment status is based on upon hindcast and forecast rainfall. A key limitation currently results
from the forecast possibilities, limits and accuracy of the radar data used. The MetOffice Nowcast system provides a
1km resolution 6hour forecast, but its uncertainty in prediction increases the longer the length of time to the
anticipated rainfall event (Simonin et al, 2017). Whilst radar rainfall provides good spatial and temporal resolution
for rainfall, its data quality can be dependent on location with known issues arising in the Northwest region from
uncorrected rain shadow and radar spikes due to the presence of windfarms (Tilford et al 2003). Radar data is more
unreliable at predicting short duration high intensity events (Einfalt, T et al 2004). A comparison made by United
Utilities between radar data and rain gauges found that there were significant differences for some events between
the predicted (radar rainfall) and the actual rainfall (rain gauges), with a tendency for radar to under predict peak
intensity. Consequently, it is preferable to supplement any radar prediction with measured data. The rain gauge data
can be used to adjust the catchment sensitivity (G.R.O.T Analysis) based on hindcast information and can also be
used during an event to adjust the flood risk categorisation if appropriate.

5. Next Steps
The methodology outlined here is a proof of concept. Having sourced a technology that can pull Ground (Rainfall
hindcast data for API30 calculations), River, Operational and Tidal data into one place the aspiration is to now use
the system to trial the methodology. This will require the thresholds for the risk matrix(s) to be set for base and
escalated positions. These are set based on the return period of historical flooding events and the IntensityDuration- Frequency relationship. For the escalated position a correlation between the G.R.O.T element(s) needs to
be established. The thresholds then need to be set based on the revised Intensity-Duration-Frequency relationship
indicated by the trigger point. In some cases the setting of these thresholds will need to be supported by available
post-flooding event analysis and additional one-off model runs. During the trial it is anticipated that the flood risk
categorisation will be verified against reality and model simulation. If successful in its predictions a wider roll out of
the methodology could follow, once proven there is value in the information it provides.
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6. Using the information
Whilst this proof of concept is an improvement on previous regional flood risk prediction, there will only be value in
the information provided if it is trusted enough to prompt operational changes. However, the business benefits of
doing so can be wide ranging, including the improvement of network management, the establishment of a preemptive customer relationship and the ability for multi-disciplinary stakeholder support. The ability of this tool to
improve health and safety should also not be overlooked. Figure 2 suggests operational changes that can be made
because of improved flood risk prediction.

Figure 2 How improved flood risk prediction can lead to operational changes.

7. Conclusions
The G.R.O.T. (Ground, River, Operation, and Tide) analysis is a proof of concept tool providing a means of predicting
the sensitivity of a catchment to flood risk on a large scale without the need for full model runs. Catchments are no
longer treated in static states but are treated dynamically. This results in the whole system not just rainfall being
considered as a mechanism for causing flooding. The final catchment status is given by a traffic light spatial system.
The dynamic status is derived from two risk matrixes, the base risk and escalated risk matrix. A correlation against
each of the G.R.O.T element, historical flooding and rainfall establishes the trigger point at which point the escalated
matrix is applied. The correlation also helps to set the thresholds for each matrix based on historical flooding
incidences, correlating with the GROT element and Intensity-Duration-Frequency Relationship of rainfall. In some
cases, post-event analysis and one-off model runs will support the setting of these thresholds. The hope is to now
trial this methodology to test its representativeness in relation to flood risk prediction, and whether the information
is valued enough to encourage operational changes. Only then can the business benefits associated with improved
wide scale flood risk prediction be attained.
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