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1. Introduction
Responsible flood risk management is increasingly enshrined in policy and practice governing all
kinds of construction. Solutions that implement this frequently require us to slow flows, either
through holding water in formal storage or in dedicating areas to be suitable for ponding. Accuracy in
quantifying these needs is vital to generating a sustainable return on investment – in construction of
community projects just as much as in commercial development. In terms of drainage networks,
therefore, this means that both the network and the way that flows enter the network need to be
carefully considered and modelled to generate effective solutions.
In the last two years I have presented papers on how potential restrictions in the system could be
properly represented within a drainage network model to more accurately show how flows enter the
system. This can reduce predicted flooding from surcharging of the network to more realistic
quantities. With the restrictions included, however, it may not be surprising that more flooding is
predicted upstream where the flow is unable to enter the sewer. The previous papers did not
investigate where this water would go.
In this paper I will explore this through assessment of one location where flooding has been reported.
Using the originally verified model, the size of traditional storage required to solve the flooding will be
determined. With the restriction that I have previously written on included this size of storage will be
retested. As mentioned, flooding will be predicted upstream of the restriction. Using 2D modelling, the
exceedance route of this flow will be investigated to understand if flooding will still occur at the
reported location due to overland flow routes. This model would identify possible other exceedance
routes which do not necessarily flood the property at risk but could show other flooding in the area.
The 2D model could be used to look at the possible placement of SuDs solutions to mitigate against the
flooding.
As the exploration of this led to the identification of residual upstream flood risks, I have also looked
into the issue of who may be legally, morally and ethically responsible for solving any additional
flooding caused. As part of this, a questionnaire has been sent out in order to understand who the
industry believes is responsible. Details will be provided as to the responses received to this.

2. Previous Papers
Over the last couple of years I have produced papers that have looked at how modelling is carried out
and whether all of the rainfall is able to enter the system as per the existing modelling practices. The
reason for looking at this was because, on a number of schemes which have been worked on, the
modelling has shown large flood storage volumes, which appeared unrealistic and, therefore, likely to
lead to an inefficient solution. Subsequently, when these are then used to design solutions, the size of
the storage solutions becomes too large and not acceptable to either client or water companies. This is
especially true when the effect of climate change is included.
The first paper in 2016 looked at one flow monitor in a couple of catchments that were subject to flow
monitoring and was able to demonstrate that any rainfall above 25mm/hr was restricted from
entering the system. In 2017 this idea was taken further to look at a whole catchment to understand if
this level of restriction could be applied everywhere. This found that, by applying a constant
restriction to limit the inflows to 25mm/hr through use of a dummy manhole, it is possible to get a
good match to the large storm which was recorded during the flow survey. Figure 1 shows the level of
calibration that was achieved for one of the flow monitors with the restriction applied.

Figure 1 – Level of calibration achieved with the restriction

In the 2017 paper the whole model was run for a 5 year and 30 year 30 minute storm to understand
the level of flooding which was predicted with and without the restriction included. This found that
the flood volumes were reduced drastically from the main sewer system. However, there was a large
amount of flooding from the dummy manhole which had been included in the model to replicate the
restriction and where this flooding went was not investigated.

3. Description of Flooding Scheme
The flooding which has been looked at is in an urban area within the Anglian Water region. The area
has flooded several times over recent years. In the past no scheme had been developed due to the size
of the solution which was required to solve the flooding. The area consisted of several internal and
external flooding locations. Figure 2 shows a plan of the scheme area.

Figure 2 – Plan of the scheme area

The network model of this area had been previously verified to match observed flow data and there
had been a large number of surveys undertaken including manhole surveys, property surveys and a
contributing area survey (CAS).
The CAS survey shows that the area is mainly combined, including all of the roads and roofs being
connected to the combined system. This means that the flooding volumes predicted in this area are
large.

4. Existing Condition Flooding
4.1

1D Flooding

The verified model of this area predicts that there is a large amount of flooding during design events.
In order to assess the impact of the restriction several different scenarios have been run. Initially the
1D model with and without the restriction has been run. The results of a selection of locations is
presented in Table 1. The locations where these flood volumes predicted is shown in Figure 3.
Table 1 – Flood Volumes from the 1D model

Location

1D model without 1D model with
restriction (m3)
restriction (m3)

1

724.7

52.7

2

187.7

24.5

3

121.9

34.3

4

666.1

116.4

5

227.3

1.6

Total

1,922.7

229.5

Figure 3 – Locations where the flood volumes are predicted

From the results in Table 1, the flood volumes with the restriction are significantly smaller than those
without the restriction, as the model with the restriction has dummy nodes which are set to lost (flow
leaves the system permanently and is not accounted for in the other systems). From a review of these
there is an additional 1,041.6 m3 of flooding. Where this flooding goes has not been investigated with
the 1D model.

4.2

2D Modelling

The difference in volumes with and without restriction identified in Section 4.1 was investigated
though the use of 2D modelling to represent the above-ground catchment. This has been done for both
the without and with restriction models. For the without restriction model the manholes have been
changed to 2D. The 2D mesh has been modelled with the use of 2m LiDAR data and the roads have
been lowered in order to ensure that the flow is able to be conveyed along them by preference due to
the accuracy of the LiDAR to pick up the presence of the kerblines.
With the model which includes the restriction, the location of the dummy node needed to be moved
from the centre of the subcatchment to somewhere where the flow will be able to be conveyed along
the road. The reason for this is that if flooding occurs then it is likely that the flow will go along the
road or other hardstanding in the area. If the dummy manholes were not moved, then the predicted
flooding could actually occur in the middle of a property due to their previous location in the middle of
the subcatchment.
Figure 4 shows the predicted flooding with and without the restrictions in the 2D model, but without
any mitigating storage added in the network.

Figure 4 – 2D Flooding with (on the right) and without the restriction (on the left)

The results in Figure 4 indicate that the amount of flooding is similar in both cases. This is due to
volumes being predicted by the model in total are almost the same but the location where it is coming
from is different. Without the restriction flooding comes from the local network whereas with the
restriction flooding occurs from upstream of the restriction and from further afield before finding its
way to this location. Without the mitigating storage, this is to be anticipated as, despite the flooding
coming from different sources (surcharging manholes with no restriction and restricted entry points
with the restriction) the location of standing water is determined more by topographical feature than
by the point source.

5. Potential Storage Solution
From the work undertaken for my previous papers, a storage solution was proposed which took the
flow away from this area and into the parkland to the west of the properties, reducing the risk of
flooding. Figure 5 shows the arrangement of the storage solution which was proposed at that time.

Figure 5 – Proposed storage solution

This solution was tested in 1D and 2D models both with and without the restrictions. No residual
flooding was predicted in the 1D no restriction scenario and this would normally be the option that
would be taken forward. The results of these different model runs are shown in Table 2.
Table 2: Comparison of storage solutions

Scenario

Storage Size (m3)

Difference to 1D model (m3)

1D no restrictions

3,148

N/a

1D with restrictions

2,094

-1,054

2D no restrictions

3,023

-125

2D with restrictions

2,527

-621

The results in Table 2 show that, with the restriction in the model, there is a large reduction in the
storage required of almost a third. However, this model shows that residual flooding would occur on
the node upstream of the restriction. If the solution is modelled in 2D with no restrictions included, the
amount of storage required compared to the 1D no restriction is almost the same. The difference,
however, means that there is still some residual flooding in the area of the properties. This is not from
manholes close to the flooded area and is of small volumes. With the restrictions included in the 2D
model, the amount of volume required will be reduced but there is a large amount of residual flooding.

Figure 6: Residual flooding with 2D included (left is without the restrictions and right is with the restriction)

Although there is still residual flooding with the area modelled as 2D, there is no flooding from the
main sewer with or without the restrictions included. The flooding that is predicted with the
restriction in the example is from water not getting into the system whereas without the restriction
the flooding predicted is still from the surcharging of the combined system.
However, the greater volume of water staying at surface does prompt the consideration that more
accurate modelling of schemes may result in greater identified issues of residual flooding. As such it is
important to consider who are the residents going to call and who will they blame?

6. Who is Responsible?
The question of who is responsible for this residual flooding is a complex issue. As part of this paper it
has been looked at from three different perspectives:


Legally;



Morally;



Ethical.

To aid the completion of this paper, a survey was undertaken to get the views of other modellers. The
results of this survey show that there are a lot of different views out there as to who is responsible.
Figure 7 shows the results of the survey. Included in some of the comments there is a suggestion that
potentially the person responsible is the property owner themselves.
Legally

Morally

Ethically

Figure 7: Results of the survey

From the results, there were some people who responded by saying that the water company was
legally responsible. However, OFWAT state “A flooding event is the escape of water from a sewerage
system, irrespective of size as evidenced by standing water, running water or visible deposits of silt or
sewage solids”. This would suggest that if the residual flooding is due to water not getting into the
system then it is not their responsibility. However, if they are onsite and are planning on doing the
work, then from a moral and ethical point of view, they should look for ways to solve the flooding. This
would cost the water company more money and potentially take longer, but would possibly enhance
the reputation of the water company. Although if this approach is adopted then it may to lead to

additional partnership funding schemes with either the local authority or highways. From the example
looked at as part of this paper, the issue is that the area hosts a system that is fully combined (i.e.
stormwater and sewage collect together). However, perhaps by working with some of the other
stakeholders, a potentially more sustainable solution could be developed which might result in the
removal of the residual flooding.
The idea of working together across different stakeholders will be implemented as part of the new
Drainage and Water Management Plans (DWMPs) which are due to be produced by water companies
by 2022 in order to help inform PR24. These plans will aim to improve the working between the
potential stakeholders to assist in the developing of solutions to solve drivers across catchments.

7. Conclusions
Traditional storage solutions are getting bigger and they are becoming harder to install as the amount
of space available becomes smaller as the tricker schemes get promoted. This in part is due to climate
change which is increasing the amount of flow being predicted entering the sewer systems. By
potentially changing the method to model the inflows into the catchment by adding a restriction to the
rainfall this increase due to climate change may not be as large. These restrictions could represent the
downpipes from properties, the flows through gullies or the flows through cracks within the pipes
from the permeable areas.
Previous papers have looked at these restrictions and their effect on the flows entering the system was
tested. This identified that by applying a restriction on the runoff, this could improve the
representation of the flows within drainage systems. These restrictions were proven to reduce the
flood volumes from surcharging of the main drainage system due to reduction in the flows entering the
system, but there is residual flooding upstream of the restriction. With the previous papers where this
flooding goes was not investigated. In this paper a real flooding example has been looked at and the
area of interest has been modelled in 2D.
The model was run in both 1D and 2D with and without restrictions. This has shown that the flood
volumes from the main system in the 1D model is reduced with the restriction but there is residual
flooding upstream of the restriction in the form of standing water. When modelling it in 2D the amount
and the depths of flooding in the area of the reported flooded properties are similar.
When looking at solutions at this location, the size of the storage solution could be reduced by
modelling restrictions in the system and with the area represented in 2D. However, there is still
potentially residual flooding in the area of the flooded properties and this will not be solved with the
storage solution. This raises the question of who could be responsible for the residual flooding.
From a questionnaire which was sent out while preparing this paper it is possible to see that there is
confusion over who should be responsible. From a legal point of view, it would be unlikely to be the
water company as they only need to deal with the water which escapes from the sewer, but morally
and ethically they may become involved as they are already looking at drainage solutions. However, it
will likely take longer and cost more money. The other stakeholders would also likely say that as these
flooded properties previously flooded from the sewer system then it should be the water company
that solves the flooding.
Looking to the future where this kind of issue is likely to increase, there are the new DWMPs which try
to improve the working together of all stakeholders when looking at issues within catchments. These
are planned to be completed by water companies in order to inform PR24. Is it maybe time that all of
the stakeholders should be combined into one organisation which look at flooding from drainage
system as a whole? This could remove the grey areas over who is responsible for flooding in an area
and would help to develop more sustainable solutions as the pressure on the drainage system
increases.
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