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Executive Summary
Careful selection of the correct IUD methodology is required at an early stage of a project to
ensure that the tool can produce the required data. Several other factors play a major part in the
tool selection process, including time, cost and data availability. This paper will discuss a range of
these methodologies and techniques and will focus in on gulley node and overland flow path
modelling.

1.

Introduction
Integrated Urban Drainage is becoming an increasingly important consideration for many
catchment stakeholders as the perceived risk of flooding and the observed consequences of
flooding are raised on the political agenda and primarily in the media. Hydraulic modellers are
constructing ever more detailed models that are increasingly accurate at predicting the root cause
and consequences of flood events.
The hydraulic modeller has many tools and methodologies at his disposal to assess the urban
environment. At the basic level these can be simple spreadsheet based tools to assess individual
pipe lengths. To identify catchment wide issues especially following extreme event the tools can
be significantly larger in scale; with detailed integrated models including every sewer, river reach
and culverted watercourse.
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2.

Approaches to IUD
IUD modelling requires additional components that are not normally needed as part of a standard
1D hydraulic modelling study. A brief introduction to these techniques is given below

2.1

Gulley and Overland Flow Modelling
Basic 1D sewer models use either flood cones or flood compartments to represent flooding on the
surface. These are basic ponds that either have limited or no capacity for flows to exit the system
at one location and re-enter at separate location.
The use of gulley nodes and overland flow paths allows the modeller a simple manual method of
representing flows exiting the underground system and transferring over the surface, either to reenter the system or to pond at a low point. This technique is described in more detail in section
4.1

2.2

2D Modelling
Modelling of flows over the surface of catchments has become possible in recent years with
increasing processing power and the ability to store the required large volumes of data.
To model flows in detail over the surface of the catchment to gain accurate results a detailed
ground model is required. Ground models can be created from topographic surveys for small
areas and from Lidar data for larger areas.

2.2.1

InfoWorks 2D
This is the latest addition to Wallingford’s suite of InfoWorks software and with the addition of a
DEM it allows users to plot the course of flows over the surface once they have left the
underground system. Currently the system only plots the routes of flows exiting the sewer system
and does not include overland flows from other sources that may also be present during extreme
rainfall events.
This tool is significantly more detailed than the basic gulley and overland flow path technique
described above, but requires significantly more surface data to be collected for the results to be
reliable.

2.2.2

Catastrophic Modelling
When modelling extreme events such as Boscastle 2004 floods the underground system has very
little impact on the flows as only a very small proportion can enter the system. These while not
being a true IUD model can be used as part of IUD modelling. The overland flow paths are likely
to be very similar when considering underground system in smaller events as well. The data from
these models can be modified to incorporate the 1D model, either through OpenMI or transferring
the data to another 2D modelling tool.

Figure 2.1 – Boscastle Floods 2004
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2.3

OpenMI data transfer
OpenMI is an open source modelling interface developed as part of the EU Commission 5th
Framework HarmonIT project. This project brought together the major modelling software
developers in Europe to produce standardised results that can be exchanged between the
different models using OpenMI to manage the data transfer.
The use of OpenMI allows the modeller to replicate interactions across different systems that
cannot be modelled in one software package. This standard allows all data types to be processed
simultaneously which previously would have been very time consuming as data would have to
have been transferred manually following each simulation.

Figure 2.2 – Basic OpenMI System

Where the modeller has not been involved in the construction of all the tools required to assess
the IUD there can be a lower level of confidence in the results or if the models have not been
constructed to comparative levels of detail or specification. This technique is described in more
detail in section 4.3
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3.

Data Collection
The collection of the correct data is critical to building an accurate and cost effective IUD tool. The
data requirements for a study are dependent on the techniques being used. Some common data
sources and surveys are briefly described below.

3.1

Asset Surveys
The survey of underground assets is essential to the construction of an accurate 1D model.
These provide the basis for all urban drainage system models. The importance of accurate data
is highlighted in section 4.2. The amount of asset surveys required is dependent on the quality of
the base data supplied, generally from the water companies or as built information from
developers.

3.2

Site Visits
This is probably the when probably the most important information for an IUD study is collected. A
site visit allows the modeller to gain an appreciation of the catchment, and visualise how overland
flows can occur. This can be complemented by using the ‘rolling ball technique’, section 4.1 gives
more detail on this technique. Local residents can provide some useful information on where
flows come from and go to, but can also inadvertently give misinformation.

3.3

Lidar
The collection of accurate high quality surface data for large areas has been made possible by the
development of Lidar technology. This technique uses a plane flying over the catchment to send
laser pulses to the ground and recording the time of the pulses returning as shown in Figure 3.1.

Figure 3.1 – Lidar System

Lidar data is used as a basis for most 2D surface models, and is currently the most accurate and
cost effective way of collecting data over large areas.
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3.4

Historical Photographs
These are often provided by residents or local operations staff. Figure 4.2 shows a good example
of a flood event from a local resident. The photo was key in identifying the root cause of the
flooding.

3.5

Topographical Surveys
These tend to be carried out as part of the detailed design phase but can also add detail to
models especially surface models.

3.6

Aerial Photographs
At an early stage of any study it is useful to assess aerial photography of the catchment. With the
advent of web based imagery such as Google Earth and Microsoft Live Maps it is very easy to
gain an appreciation of a catchment prior to a site visit.

Figure 3.2 – Aerial Photograph
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4.

Techniques

4.1

Gulley and Overland Flow Path Modelling
Since version 6.0 of InfoWorks it has been possible to model gulley nodes and overland flow
paths. These features have allowed the modeller to accurately replicate flows exiting the system
from one point, transferring across the surface before re-entering the system at a separate point.
Due to the time consuming nature of setting up the overland flow paths this technique is probably
only suited to smaller catchments where detailed 2D modelling is not a viable option.
The following section details the modelling approach for a flooding case study that had a large
overland flow component.

4.2

Casestudy
Atkins was commissioned to investigate the root cause of internal and external flooding of a small
catchment on the south coast of England. Figure 4.1 shows an aerial photograph of the
catchment. The catchment drains from the south and the west to a single point where it enters the
main sewer running from the southeast to the north. The red line indicates the most frequently
flooding properties.

Figure 4.1 – Study Catchment

The catchment is an entirely separate system serving residential properties. The catchment has
experienced many flooding incidents whenever there is heavy rainfall. Several of the affected
properties have a ground floor level that is lower than the road level.
The affected local residents were contacted as part of an earlier study and they provided photos of
historical flooding, including Figure 4.2 below. In addition to giving a description of the flooding
mechanism as they had experienced it. Property owners have constructed individual temporary
flood defences to protect their properties from the overland flows. These include bunds in their
driveways and temporary flood defence panels. These panels are only effective if the residents
are at home to erect them.
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Figure 4.2 – Historical Flooding

Over the course of the project detailed catchment data was collected:
•

Impermeable Area Survey

•

Foul and storm manholes

•

Gully locations and connectivity

•

Overland flow paths

Due to the size of the underground system (150mm diameter pipes) it was not possible to carry
out a flow survey of the system. A full IAS of the local system identified the entirely separate
system and the properties that had soakaways or had constructed driveways that connected to
the surface water system.
The model was built initially only incorporating the foul sewerage system with very little
contributing area. For the calibration simulations up to the 1 in 50 year return period no flooding
was predicted from the system. At this point the surface water system was added to the model
with standard nodes representing the main gulley nodes.
Following the initial modelling of the surface water system it became apparent that the model did
not predict sufficient flooding to represent the known flooding. The local residents had identified
that a large volumes of flow were never entering the system and were running down the roads
perpendicular to the flooding properties. The description of the flood mechanism from the local
residents, suggested that overland flows were the main contributor to the flooding in the
catchment. To capture these flow paths in the model it was necessary to visit the site and conduct
a detailed survey of the probable flow paths.
To complete the survey on site a ‘rolling ball’ analysis was carried out in conjunction with
recording crest and low points in the catchment. Rolling ball analysis is very useful in identifying
flow paths especially on fairly flat catchments and when there are no obvious boundaries for the
flow. To carry out the analysis a football was placed at the top of each run, starting at the most
upstream gulley and allowed to roll until it stopped at a low point. The route of the ball is recorded
on a plan. This process was repeated across the catchment until each gulley has an associated
overland flow path. In this catchment overland flows were found to be predominantly carried in
the road, and held to once side by the camber. However in several areas the analysis found that
the flows tended to converge on one side of the road.
Additional surveys of all road gulleys and their connectivity was carried out. This survey included
the gulley grid type to allow detailed representation in the model. The survey of the gulleys
IUD methodologies.doc
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showed that the council had increased the number of gulleys near to the flooding properties to
help the flows enter the system. The property owners confirmed that they had still experienced
flooding since these works were completed.
The gulley nodes were added to the model first and were given a discharge profile for the inflow
and outflow. The discharge profile for the gully interactions was estimated initially from the advice
provided in InfoWorks help. This was found to be inappropriate for the study catchment and a
revised profile was calculated using the ‘Definition of Hydraulic Capacity of Gullies in InfoWorks
CS’ by Mike Reeves assuming average catchment levels.

Figure 4.3 – Overland Flow Paths

The overland flow paths were added based on the results of the rolling ball analysis joining each
of the gulley nodes as the paths crossed them. Figure 4.3 shows the overland flows were quite
complex with flows down both sides of the road in most areas due to the camber. The overland
flow paths are given a width and height based on the width of the road (generally half of the road
width) and to the height of the kerb.
During the model calibration it was observed that the critical system interactions were between the
capacity of the surface water system and the capacity of the gullies to allow inflow and outflow
when surcharged and the accuracy of the overland flow paths.
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Figure 4.4 – Final Modelled Area

From the design guide for spacing road gullies it states that intermediate gullies are only required
to intercept 80% of flow to be satisfactory, coupled with poor maintenance this can be reduced
further to approximately 66%.
The results of the detailed modelling found that the overland flow compounds down the system
giving a high rate of overland flow that never enters the system. This high flow rate causes
external flooding to properties when it overtops kerbs and enters their front gardens below the
level of the road.
The ponding observed in Figure 4.2 is a consequence of the overland flow and general
incapacities in the surface water system, identified by the manhole flooding also visible in the
photograph.
Gully modelling in this study has allowed accurate modelling of the multiple flood mechanisms in
the catchment. There has only been limited research into the interactions between inflow and
outflow from gullies.
It is hoped that future research in this area will improve the accuracy of modelling this complex
mechanism. Especially as subsurface 1D models are combined with 2D surface models more
frequently in the future.

4.3

OpenMI Modelling
The EA Southern Region in 2005 commissioned a study to undertake a Strategic flood risk
mapping study of the Havant catchment. Figure 4.5 shows the Havant catchment which is north
of Portsmouth. The study was driven by historic flooding in 2000 and continued growth in the
catchment.
The town of Havant has grown by 93% since 1960 and as a result many of the watercourses have
been culverted through the town. The observed flooding is caused by three main mechanisms,
during long duration winter storms the open channel capacity of the watercourses are exceeded,
which can be modelled in river modelling software (in this case InfoWorks RS). During high
intensity events the urban surface water system capacity is exceeded, which can be modelled in
urban drainage software (in this case InfoWorks CS). The third mechanism is when the two
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systems interact, high river levels prevent flows exiting the surface water system and high flows
from the surface water system contribute to high river levels.

Park Lane
Culvert
Hermitage Stream

Lavant Stream
Bedhampton
Culvert

Lavant Link
Flood
Relief
Culvert

PWC Flood
Relief Culvert

Figure 4.5 – Havant Catchment

The hydraulic modelling for the catchment was split into two parts; the open channels were
modelled using InfoWorks RS, using calibrated PDM inflows for the five main rural catchments.
The urban areas and culverted sections of watercourse were modelled in InfoWorks CS. The
urban areas were based on Southern Water sewer records and their existing verified foul water
model.
A total of 190 outfall connections were identified between the surface water system, this was
reduced down to 30 (shown in Figure 4.7) using dummy links purely to simplify the interaction
using OpenMI in case there were problems during the simulations.

Figure 4.6 – OpenMI Linkages

The identified interaction points from both the RS and CS models have to be paired up with
bidirectional links using the OpenMI interface. Once these links have been made the simulations
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can be run, controlled by the OpenMI software. The simulations are set up as normal in RS and
CS with the export results to OpenMI selected. This allows the simulations to run concurrently
and to transfer data between the two.

Figure 4.7 – Havant Modelling Interaction Points

The initial results shown in Figure 4.8 show that the integrated modelling approach has achieved a
good correlation between the observed and predicted results. This has been achieved with a
significant time and effort saving compared to running the models separately.
Lavant Stream 2000 Flood Event - Level
13.4

Level (mAOD)

13.2
13
12.8
12.6
12.4
12.2
05/12/2000

10/12/2000

15/12/2000

20/12/2000

25/12/2000

Date/Time
Observed

Modelled

Figure 4.8 – Initial Results

IUD methodologies.doc

13

IUD Methodologies

5.

Constraints
Many studies commence with a scoping stage identifying the appropriate modelling technique to
assess the issues identified. At this early stage a simple modelling technique such as a 1D model
will often be the recommended approach.
It is usual that IUD components of a study are included as additional items once the initial study
has been completed. This means that the IUD modelling is retrofitted to existing models and limits
the techniques available. It is therefore critical that the potential requirement for IUD is considered
at the scoping stage of all projects and an allowance for additional surveys and modelling is taken
into account.

6.

Summary
Integrated Urban Drainage techniques are still in their infancy with new techniques being
developed to assist modellers build ever more sophisticated models. These models have the
capability to provide accurate results but only when accurate data is used.
The use of gulley nodes and overland flows provides a relatively quick and simple addition to 1D
models in small catchments for assessing the full catchment drainage. When interactions
between river and urban models are required and the models are available OpenMI provides a
platform to quickly assess the interactions between the two.
The use of models from different sources mean there is a need for modellers who historically
come from either an urban drainage or river modelling background to have a working knowledge
of other model types. Specifically the advantages and limitations of other modelling techniques
would be required as a minimum.
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