If it can’t get in, why is it in our models?
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1 Introduction
Runoff into a drainage system is determined by a number of factors. At the Urban Drainage Group (UDG)
Autumn Conference in 2016, I presented my initial findings on this topic based on analysis undertaken on
two catchments. This analysis highlighted that not all of the rainfall would enter the drainage network
during a storm event. For the areas of two catchments analysed, an implemented restriction of 25mm/hr
meant that improved calibration could be achieved for a storm of greater than 30 year return period in
addition to the customary small storms which occur during flow surveys.
This paper takes this initial analysis further and will look to calibrate an entire model for both the small
and large verification storms by applying a restriction to the inflows. The degree of restriction required to
achieve the calibration will be reviewed across the catchment to identify any patterns and trends.
Once the model has been calibrated to the small and large storms, analysis will be carried out to identify
potential factors which may influence the amount of restriction required to accurately represent system
performance. There are a number of different factors which may be considered, including:


Property age



Average property density



Property type



Catchment steepness



Level of urbanisation – percentage of paved/roof area



Roof type – affecting routing speed



Gully type and cleaning schedule

This paper will investigate some of these factors as part of the proposed analysis and will show that the
application of inflow restrictions to the model allows a better level of verification to be achieved for not
only small storms but also the larger return period storms. The results will be compared to the previously
verified model to show that not only is verification possible to both types of storm but also the amount of
predicted flooding across the catchment is reduced, which could in turn reduce capital expenditure on
solutions. As part of this assessment I will quantify the small increase in model build time required to
achieve this approach but also demonstrate that the run times of the models are unaffected and potentially
there could be a saving in verification time if the level of restriction could be determined at the start of a
modelling project based on key catchment indicators.

2 Last Year’s Paper
At the UDG conference in 2016 I presented a paper which looked at the level of restriction which would
need to be applied in order to achieve verification at two monitors in two different catchments for both
small storms as well as the large storms 1 . Initially it looked at different ways to model potential
restrictions, including the use of the routing factor or 2D modelling. The approach that was taken included
the use of an orifice to represent the restriction with a limited discharge which was equal to the flow
which would be generated by the subcatchment for an amount of rainfall. An example of the result from
this paper is shown in Figure 1. The conclusion from that paper was that a restriction of 25mm/hr needed
to be applied in order to achieve the level of verification for both types of storm. The reason for the small
restriction was put down to different factors
including:

Figure 1: Example of the results from last
year’s paper



Size of downpipes on buildings;



Amount of gullies on roads.

With such a small restriction there was a large
reduction in the flood volumes generated by the
model when design storms were run. This large
reduction in flood volumes means that there
would be a significant reduction in the size of any
solution if this method was used which would
also reduce the any construction costs associated
with that solution.

The issue with the paper was that it only looked at one flow monitor in each of the two models, but there
could be a variation in the restriction across a catchment which might be affected by a number of different
factors. Therefore this paper has taken one of the two models used previously and expanded it to look at
the whole catchment where monitors were installed in order to understand if the amount of restriction is
consistent or whether it varies.
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4 Automatic Tool to Generate New Elements
In order to model all of the restrictions within the model
it was necessary to add a restriction to each
subcatchment through the use of an orifice and a new
node for the subcatchment to drain to. The model which
was used in this paper had over 5,000 subcatchments
and with the manual method of doing this taking
potentially three minutes per subcatchment, it would
mean that approximately an additional seven days
would be required in the model build process. This was
felt to be too long and could not be justified because if
this method was used anywhere else then the model
build process could not be increased significantly.
To speed up the process, an automatic method of
generating the new nodes and orifices was investigated.
Through the use of model builder within ArcGIS it has
Figure 2: Extract from model builder
been possible to generate these new elements quickly
and in a consistent method. Figure 2 shows an extract
from model builder which has been used. The new tool
runs through a series of steps to generate the new nodes,
links and to adjust the subcatchment so that it drains to
the new node, these are listed below:


Initially a new node is generated at the centre of
the subcatchment. This is used as it is a point which can be easily generated because it is an
attribute of the subcatchment itself.



The name of the node is set to the same as the existing node and in this example an “_R” has been
added to the end to distinguish it from the existing one. The ground level of this new node is set
to be the same as the existing node as it is effectively a dummy node.



Next, a new link is generated which goes between the new node and the existing one. At this
stage the invert level is taken as being the upstream invert level of the outgoing pipe from the
existing node.



The subcatchment is then changed so instead of looking at the existing node it is now referenced
to look at the newly generated node.



All of the new nodes, links and subcatchments are imported back into InfoWorks.

Some screenshots of the process are shown in Figures 3 to 5. The only thing left to add is the diameter of
the new orifice and the limiting discharge to be applied. For the example used in this paper the diameters
were set to 300mm as it was felt that this should be large enough to not cause any restriction to flow. In
other models it may be necessary to use a different size but this would need investigating.

Figures 3 to 5: Screenshots of the process
The initial tool setup was a couple of hours and then
generation of the new points for the 5,000
subcatchments was done in five minutes. This
means that there is no real increase in the model
build time. When they were imported, some minor
tweaks were required to look at the trade and
commercial flows due to the way that they had been
modelled as separate subcatchments, but this again
did not take a long time to change. When the model was run through with an initial level of restriction
applied it was found that the simulation actually gave a more stable answer which is related to there being
less flow in the system and it did not take any longer to run than the previous simulations.

5 With a 25mm/hr restriction
The model that has been used within this paper had a
total of 10 monitors installed during a flow survey
period when standard small storms were recorded as
well as one event which was over a 30 year design
standard. Figure 6 shows where these monitors were
located within the catchment (shown as red dots).
Most of these were located in the large trunk sewers
and not in the areas upstream. As an initial test all of
the restrictions included in the model were set to
25mm/hr and the large observed storm was run
through the model. Table 1 shows a comparison of
the peak flows at each of the monitors for the
previously verified model and the new model with
the restriction of 25mm/hr included. Figures 7 to 9
show
a couple of examples where a restriction of 25
Figure 6: Location of flow monitors which
mm/hr has applied.
recorded the 30 year storm

Flow
Monitor

Observed Peak
No restriction modelled
With 25mm/hr restriction modelled
Flow (m3/s)
flows plus differences (m3/s)
flows plus differences(m3/s)

01

1.475

2.249 (+0.774)

1.454 (-0.021)

02

0.282

0.332 (+0.050)

0.285 (+0.003)

03

1.460

1.768 (+0.308)

1.483 (+0.023)

04

0.082

0.076 (-0.006)

0.077 (-0.005)

05

0.840

0.950 (+0.110)

0.952 (+0.112)

06

0.774

0.912 (+0.138)

0.988 (+0.214)

07

0.645

0.803 (+0.158)

0.680 (+0.035)

08

0.331

0.356 (+0.025)

0.288 (-0.043)

09

0.126

0.591 (+0.465)

0.546 (+0.420)

10

0.121

0.150 (+0.029)

0.098 (-0.023)

Table 1 – Comparison of previously verified model to one with a restriction 25mm/hr applied

Figure 7: Results from FM01

Figure 8: Results from FM10

Figures 9: Results from FM09
The previously verified model (data shown in Table 1) would be classed at verified in accordance with
the WaPUG guidelines. With the proposed restrictions applied, calibration at the majority of the monitor
locations has been further improved. There are a couple of exceptions to this, including FM09 where a
review of the data shows issues making it unreliable.
However, there are monitors where the actual level of calibration could be improved further by using a
different level of restriction. This is especially true of FM08 and FM10 where an increase in the level of
restriction has been tested. The effect on these monitors is shown in Table 2 and graphs showing the
improved level of calibration are shown in Figures 10.
Flow
monitor

Observed
peak flow
(m3/s)

Previously verified
model flows plus
differences (m3/s)

With 25mm/hr model
flows plus differences
(m3/s)

With 30mm/hr
model flows plus
differences (m3/s)

08

0.331

0.356 (+0.025)

0.288 (-0.043)

0.317 (-0.014)

10

0.121

0.150 (+0.029)

0.098 (-0.023

0.111 (-0.010)

Table 2 – Effect of using a restriction of 30mm/hr on FM08 and FM10

6 Possible correlations
different parameters

to

From the previous section it can be seen that
the level of restriction across the catchment
can vary. This would seem to imply that
there must be something which varies across
the catchment which could explain these
differences. Within this paper a number of
these have been looked at as listed below:

Figure 10: With a 30 mm/hr restriction applied



Soil type;



Property age;



Property density;



Gully type.

6.1 Soil Type

Figure 11: Distribution of soil type across the
catchment

As part of any model build there is the
requirement to specify the soil type based on
the soil map. This was reviewed in order to
understand if the soil type varies between
each of the flow monitor locations. Figure 11
shows the different soil types across the
catchment (red, green and blue polygons).
Also shown are the locations of the flow
monitors (black dots). From this it is possible
to see that all of the flow monitors in this
paper are within a soil type 2 area (red
polygon) and therefore it is not possible to
determine any level of correlation to the soil
type. This would therefore suggest the level
of restriction should be the same. In this
example, however, this is not case.

6.2 Property Age
Within Anglian Water, data is available which gives an approximation of the age of properties across
catchments. Figure 12 gives the age of properties across the catchment. When this is compared to the
differences in the restriction applied it can be seen that there is no clear pattern.
Figure 12: Distribution of property
age across the catchment compared to
the level of restriction require
On Figure 12 the area shown with the
black polygon is where the 30 mm/hr
restriction gives the better level of
calibration. It can be seen that in this
area three different age of properties
have been identified. In the other areas
there are also different ages of
properties.

6.3 Property Density
Property density has been calculated based on the number of properties within each subcatchment divided
by the total area of the subcatchment. The results of this show that the property density varies across
different parts of the catchment as there are areas where there are large detached houses and others where
there are flats or apartments. Figure 13 shows the distribution of property density across the catchment.

Figure 13: Distribution of property
distribution
across
the
catchment
compared to the level of restriction require
Figure 13 shows a correlation between
property density and the restriction required
in some areas. This can be seen in the area
where the 30 mm/hr restriction has been
applied, shown as the black polygon where a
large amount of the areas has a property
density between 25 and 50. However, in the
other areas there is no other correlation. To
fully understand this there would need to be
additional calibration undertaken across the
catchment to see if there is any correlation.

6.4 Type of gullies
Gullies across the catchment can vary considerably from road gullies to small gullies around properties
which could allow flow to enter the sewer system. However, there is no data source which could be
investigated to determine if there is a correlation. Potentially it may be possible to contact the council for
this data but it is not limited to road gullies but would also include property gullies which would need to
be understood and these are likely to vary depending on the way that the buildings have been constructed.

7. Next steps
All of the work which has been undertaken in this paper has looked at the flow getting into the sewer
system. For the large event that was looked at to achieve a good fit to the observed data the new dummy
manholes have been set to lost. However, this water could still cause flooding to properties in the area. To
improve this understanding of where this flow goes it is possible to model this flow using the 2D
functionality. To fully understand this though would require not only the information on the water
companies assets but also any other assets of the highways agency and even the Environment Agency in
terms of open channels. This would effectively allow for a fully integrated model to be constructed which
could look at all of the sources of flooding within a catchment. There would also be the issue of whether
this water not getting into the catchment is actually a water companies issue or is it a different
stakeholder.
This paper has looked at one catchment and has found that generally a restriction of 25 mm/hr gives a
good representation of large events as well as small events. However, this may not be the case in other
catchments. It could be that different catchments may have a different level of restriction or maybe they
will have the same. To take this further it would be good to look at other catchments not just in Anglian
Waters region but across other water companies to understand if they have a similar level of restriction or
if varies across the country.

8 Conclusions
Modelling of the urban drainage environment is currently based on verification of models against small
storms which are recorded during short term flow surveys. These models are extrapolated up to run

design storms up to 30 year and in some cases up to 100 year. This can mean that models can generate
large flood volumes which may never actually occur. Last year I looked at this across one flow monitor
from two different catchments. This suggested that a level of restriction of 25 mm/hr would give a good
level of calibration.
To see if this is the same across a whole catchment, one of the catchments previously used has been tested
to see what level of calibration is required across 10 monitors that were installed during a 30 year storm.
To aid with the assessment, an automatic method of adding the restriction to the model has been
developed. This drastically reduced the time it would have taken to include the restrictions into the model,
saving over 5 days of model input. This method could be refined to be used on other models to test the
findings of this paper.
When the restriction was applied, it was found that across the majority of the catchment applying the
restriction at a level of 25 mm/hr gave a better match to the observed data than the original method with
no restriction applied. There were a couple of places where increasing the level of restriction to 30 mm/hr
further improved the level of calibration. This would suggest that a restriction of 25 mm/hr should be
applied to models. However, there must be some parameters which make this the level of restriction
applicable. Within this paper a few of these have been reviewed. These have included:


Soil type;



Property age;



Property density.

For all of these there was no desirable correlation, which would suggest that either a constant level of 25
mm/hr could be applied everywhere, or there is another parameter which in the catchment looked at is the
same but in other catchments may vary.
In order to test this it would require additional catchments to be looked at in order to ascertain if this
restriction is the same or actually if it varies.
It is noted that within the latest version of the InfoWorks ICM there is the potential to apply a level at
which groundwater infiltration flows stop entering the system, but at this point it has not been tested on
this catchment to see if this would assist with the level of calibration that can be achieved. The issue is
that this has not been tested across multiple catchments to understand the effect and when to use it. The
other option is that modelling of overseas networks is investigated to understand how they deal with this
issue of over prediction.
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