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Introduction
There are a number of different hydrological techniques
which can be used when modelling watercourses and sewer
systems. Traditionally these two main modelling activities
have been undertaken by different sectors of the industry
and with different techniques.
River modelling has traditionally used an approach with a
very limited number of input locations which are all located
along the watercourse. For simplicity I have referred to this
as ‘lumped’ hydrology.
Sewer modelling by contrast has used an approach with a
large number of input locations with each of the discrete
contributing areas creating an inflow to each of large number
of nodes (manholes) in the model. There can be thousands
of contributing areas in a single model. For simplicity I have
referred to this as ‘distributed’ hydrology.
With a move towards Integrated Urban Drainage modelling
when both the sewers and watercourses are included within
a single model there has become a need to better
understand the different hydrological techniques which can
be applied and what the advantages and disadvantages of
each technique are.

Figure 2: Typical un-named urban stream.

River Modelling Hydrology
In river modelling projects the hydrology has traditionally
been treated as a separate activity from the modelling;
usually with different staff who are experienced Hydrologists.
There is usually a separate hydrological report which is
subjected to Peer Review and checking, frequently before
the river modelling commences.
The river modelling tends towards modelling the physical
attributes of the watercourse and associated structures.
There is inevitably some dialogue between the Hydrologists
and the Modellers about where and how to bring the inflows
into the model.
There are a number of techniques within the Hydrologist’s
arsenal and these can be divided into two main groups:
rainfall-runoff techniques and statistical techniques. All of the
techniques use data from rivergauges (see Figure 3) located
either within the subject catchment or within one or more
donor catchments. It is important to recognise that most river
modelling is concerned with flood events of 1% AEP or rarer.

Figure 1: Water of Leith in Edinburgh
The purpose of this paper is not to set out a single definitive
method but rather is intended to promote discussion and
debate between the different modelling fraternities.

Urban Watercourses
It is firstly important to define what is meant by an “Urban
Watercourse”. They are of course found in urban areas and
they are watercourses but the size and scale of the
watercourse is a key aspect. For example the River Trent
flowing through Nottingham could not be considered an
urban watercourse because the contribution of urban runoff
to the overall river flow is relatively small. An “urban
watercourse” would typically have the majority of the flow
contributed by urban runoff.
At the upper end of such definitions of an urban watercourse
would be a river like the ‘Water of Leith’ which flows through
Edinburgh (see Figure 1) whilst at the smaller end would be
a small un-named stream in an urban area (see Figure 2).

Figure 3: Typical river flow/level gauging station
It is unusual for the rivergauge in a subject catchment to
have a long enough period of reliable data to contain events
of the rarity of the events which are to be considered in the
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modelling. This is where statistical techniques and the use of
“Pooling Groups” can be used to greatly increase the amount
of data and the length of records. The drawback with
statistical techniques is that they tend to only provide a single
peak flow rate rather than a hydrograph limiting their use to
situations where storage is not considered as a viable option.
Rainfall-runoff techniques have the advantage that they
produce a hydrograph and these can either be calculated
externally or within the modelling software.
There are a number of methods and techniques which
Hydrologists use for river modelling projects. These start
1
from the Flood Studies Report (FSR) method (1975)
2
followed by a series of 18 FSR Supplemental Reports (1977
3
to 1988). In 1999 the Flood Estimation Handbook (FEH)
was introduced with an accompanying CD and in 2007 the
4
Revitalised Rainfall-Runoff method (ReFH) was introduced.
5
For small catchments the Institute of Hydrology Report 124
(1994) is still a valid and frequently used method.
It is not unusual for an experienced Hydrologist to make
adjustments to a number of parameters including the
percentage runoff in order to achieve an acceptable
correlation with gauged data.

the introduction of 2D modelling and the UKWIR Runoff
Model (2013).
A sewer model will include a representation of most of the
manholes and most of the sewers within the catchment
under investigation. Contributing areas which are usually
less than 1 hectare in area are defined and connected to
individual manholes. There is some variation but
approximately 80% of the manholes will normally have a
contributing area connected. Within each contributing area
the impermeable and permeable surfaces are measured and
allocated to a ‘Land Use’. There are usually a limited number
of ‘Land Uses’ within a model and it is these ‘Land Uses’ and
the characteristics of each surface which define the
hydrology.
The rainfall is applied across the whole catchment with
allowances for spatial variation, and the runoff is simulated
for each contributing area with the flows connected directly
into the appropriate manhole. The hydrology of the urban
area is therefore distributed across the whole urban area at a
large number of locations. I have termed the hydrological
methods used in sewer modelling as “Distributed” hydrology
because of the way that the inflows are distributed across the
whole urban catchment.

Clearly there are advantages in respect of both the hydrology
and the modelling for the inflows to be included in as few
locations as possible. For smaller modelling projects, there
might just be a single inflow at the head of the modelled
section. If there are tributaries joining the modelled river it
might be that inflows are created to represent each tributary.
In some cases there might be more inflow points but these
would be unusual and only modelled in this way if there was
a specific need. I have termed the hydrological methods
used in rivers as “Lumped” hydrology because of the limited
number of inflow locations.
The final verification or calibration of a river model is to
match the extent of flooding and the water levels from one or
more recent flood events.

Sewer Modelling Hydrology
Almost all sewer modelling projects are undertaken by a
single Modeller or a small team of Modellers who undertake
all the modelling and hydrological activities. It is very unusual
for hydrology to be divorced from the sewer modelling
activities and it is unusual for a specialist Hydrologist to be
involved.
The arsenal of hydrological techniques available to a Sewer
Modeller is limited and all the techniques tend to be ‘black
box’ techniques with most Modellers having a limited
knowledge of the inner workings of each method.
The fundamentals of sewer modelling are such that all the
hydrological techniques are rainfall-runoff techniques. These
result in a single model to which different rainfall profiles are
applied for each simulation. This is fundamentally different
from river models which tend to have a unique model for
each simulation.
The techniques available to the sewer Modeller originated
6
with the Wallingford Procedure (1981) which was followed in
7
(1991) by the New UK Runoff Model and most recently by

Figure 4: Typical Sewer Flow Monitor
Sewer models are usually verified utilising data collected
from a short term sewer survey which generally last for
between 7 weeks and 12 weeks. During the survey a number
of tipping bucket raingauges are installed across the
catchment and sewer flow monitors (see Figure 4) are
installed in sewers. The intention with the short term flow
survey is to collect data for a minimum of 3 storms which
have sufficient intensity and total rainfall depth to have
activated the runoff from all the urban surfaces. In most
cases these storms have return periods of only a few weeks
or months; it is unusual to record a storm with a return period
greater than 1 in 2 years.
There are a number of verification criteria which need to be
met but a relatively wide range is permitted. For analysis
purposes, flood risk assessments and for capital scheme
design single peak synthetic design storms are used and it is
clear sometimes that the extrapolation involved in simulating
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these storms results in unrealistic flooding volumes. It is
worth noting, however, that it is very rare for a sewer model
to be used for storms greater than those with a return period
of 2% AEP (1 in 50 years).
Runoff from permeable surfaces has always been a problem
in sewer modelling and the different runoff models available
treat permeable surfaces in different ways. It is only the New
UK runoff model and the new UKWIR runoff model which
deal with wetting of the permeable surfaces during the storm
and adjusting the runoff rates.

2D Modelling
The introduction of 2D modelling (see Figure 5) has
revolutionised both river and sewer modelling but it has
probably had a greater impact on sewer modelling.

Integrated Urban Drainage Modelling allows all aspects
affecting the hydrology, flow routing and flood simulation to
be carried out seamlessly. This greatly enhances the ability
of stakeholders to assess their individual responsibilities
within the overall urban context.

Characteristics of Urban Drainage Systems
It is important when considering urban watercourses to also
understand the characteristics of urban drainage systems.
The drainage system fall into 3 main types (Combined,
Partially Separate and Fully Separate) with the surface-water
sewers in the latter two categories discharging directly into
watercourses at numerous locations. Because the surfacewater sewers only cater for a relatively modest area they are
frequently of modest size. Combined sewers can however
become very large and at Combined Sewer Overflows
(CSO’s), where excess storm flows are separated and
discharged to the watercourse, the discharge pipes can be
very large. There are many catchments which have CSO’s
large enough that the spilled flow from the combined sewer
exceeds the flow in the river.
Contrary to the newfound theory that sewers should deal
with 1 in 30 year flows the reality is considerably different.
The criteria for funding sewer improvements are capped at
approximately 1 in 10 year storms. Most surface-water
sewers were only designed for 1 in 2 or 1 in 5 year storms.
As a rule of thumb the time taken for rainfall from the furthest
point in a contributing area to reach a manhole (termed the
Time-of-Entry) is approximately 4 minutes. The water can
then flow through the sewer network considerably faster than
it would have done travelling overland; this is because the
flow of water is concentrated into relatively smooth conduits.
When a sewer becomes surcharged the pipes become
pressurised and the time-of-travel can then become even
shorter. It is also possible to get very fast pressure waves
travelling through surcharged sewers resulting in very rapid
increases in discharges to rivers.

Figure 5: Example of 2D Modelling
This is chiefly because the 2D mesh can be set up such that
there is direct rainfall runoff from the mesh (i.e. pluvial runoff)
and this can be set with differing degrees of sophistication
varying between a simple fixed percentage runoff through to
complex infiltration models with infiltration and runoff rates
varying in response to developing soil saturation. For sewer
models the runoff from impermeable surfaces is still directed
straight into the sewer manholes whilst the permeable
surfaces can now be simulated with 2D runoff. If the 2D
mesh extends as far as the watercourse and is coupled to it
any overland flow across the 2D mesh will flow into the
watercourse.

Integrated Urban Drainage Modelling
The introduction of models which can simulate both sewer
systems and watercourses seamlessly within the same
model has, together with the use of 2D modelling, broken
down the technical barrier between the different modelling
fraternities. Nowadays single “Integrated Urban Drainage”
models are becoming the norm for Surface Water
Management Plans (SWMP’s) though there is still reluctance
to build integrated models from the Environment Agency and
the Water & Sewerage Companies. This reluctance is most
likely due to the narrow remit which each party has.

In general terms the urban drainage system allows the water
to get into the watercourse a lot faster than if there was only
overland flow. The other important factor to note about urban
drainage systems is that when their capacity is exceeded
there will probably be flooding and this can either flow
overland towards the watercourse or it can become trapped
behind the urban fabric (walls, buildings etc). There can in
some circumstances be considerable storage volumes
mobilised well away from the watercourses thus reducing the
flow and/or water level in the watercourse.

Hydrological Techniques for Urban
Watercourses
In the example catchment illustrated in the results below two
different techniques (‘Lumped’ and ‘Distributed’) were used
to model an urban watercourse. The catchment comprises
an upstream rural area which extends over approximately
40% of the total catchment with the urban area downstream
forming the other 60%. The watercourse through the urban
area is mostly in open channel but there are some significant
lengths which are culverted. It was only the watercourse
through the urban area which was modelled.
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The rural inflows were calculated using the ReFH method
(see Figure 6) for a 1% AEP event of 60 minutes duration.

that there is a rapid runoff from the urban surfaces which
causes a high discharge into the watercourse with the peak
flow occurring soon after the mid-point of the 60 minute
rainfall period. It is also clear that there is considerably more
urban runoff that is allowed for in the ReFH method. After 2
hours the flow has almost subsided down to match the ReFH
inflow from the upper, rural part of the catchment.

Discussion
Analysis of other catchments has shown that on occasions
the higher maximum water level has not been caused by the
‘Distributed’ hydrology but by the ‘Lumped’ hydrology – these
cases have all been where there are no restrictions along the
length of the watercourse.
However, in the urban context, it is more common for there
to be significant restrictions along the length of urban
watercourses where they are culverted or where there are
small bridges over the watercourse.

Recommendations
Figure 6: ReFH Inflow Hydrographs
For the ‘Lumped’ hydrology the larger ReFH hydrograph was
input at the head of the modelled section at the urban
boundary. For the ‘Distributed’ hydrology the smaller ReFH
hydrograph was input at the head of the modelled
watercourse with the remaining flows into the watercourse
simulated as sewer flows and pluvial runoff.

Comparison of Results
Simulations were then undertaken with exactly the same
model but with the two different hydrological approaches
applied. The results at a point approximately 67% of the way
down the catchment are shown in Figure 7.

My research has demonstrated that there is a significant
absence of guidance in this important aspect of flood
management in urban areas. It is clear that substantial
further research is needed to better understand the factors
which influence the differences which occur due to using
different hydrological techniques.
It is important that there is informed debate and I have
recommended that a joint working group is formed involving
the EA, SEPA, WaSC’s and CIWEM UDG.
There is a need in the industry for better guidance and it is
hoped that some form of Code of Best Practice with suitable
case studies could be a positive outcome from the joint
working group.
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Figure 7: Simulated flows at typical cross-section
The heavy pink line shows the flow hydrograph for the
‘Lumped’ hydrology and it can be seen that there has been
considerable attenuation not just with the peak delayed but
also with the peak reduced and flattened which is an effect of
the culverted sections of watercourse.
The heavy blue line which is the flow hydrograph for the
‘Distributed’ hydrology shows a marked difference. It is clear
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