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1 Summary
In the past, the flooding mechanism was represented in wastewater network
modelling by nodal over spilling. In most cases this is an adequate confirmation of
flooding as the flooding issue arises from local network incapacities. In some cases
the flooding mechanism is due to overland flow. It is possible for overland flow
caused by network flooding in a topographically higher area to interact with,
otherwise, hydraulically separate systems.
The two dimensional flood routing module for Infoworks Collection System, version
8.5, allows this overland flow to be modelled. This overland modelling is based on a
mesh of the surrounding ground levels placed on top of the existing network. The
network and mesh can then be joined via selected nodes. This allows the flow
coming out of the nodes to run along the mesh and interact with other 2D nodes.
This paper discusses the use of the Infoworks 2D flood routing module in one
flooding project, High Street Cowes, in the 4D programme. It looks into the
representation of the flooding mechanism and how using this tool has allowed 4D to
design and build a tailored solution to combat all of the issues highlighted.

2 History of Overland Flow Representation
Previously, where there were known overland flow issues, it was possible to add
roads as open channels to the network model. The addition of roads was entirely in
the hands of the modeller and only gave the overspill flow one direction to run in. It
was therefore possible for the modeller to force the overland flow in directions that
would not naturally be the direction of flow. Even if the modeller accurately predicted
the direction of flow, as the road was modelled as one channel it had uniform
dimensions and gradient. This, therefore, took no account of variable slopes or road
widths.
It then became possible in a later version of Infoworks CS to generate overland flow
paths. This would automatically generate overland flow paths from defined starting
points. It would intersect into the existing network as the overland flow path went
across the defined bounding polygon. Although the automation of the paths would
give a better representation of the route for the flow, this tool would need the
modeller to define the starting points and still forces the flow to follow one path from
the flooding node.
There are other overland flow programs available to assess the runoff paths from
nodal flooding. MWH has a program called the ‘Flood Risk Tool’ that can predict the
direction nodal flooding will follow. This can be used to help understand which
direction flow will run and is not limited to set paths. Therefore the flow can go
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through open spaces, such as gardens, and show up any paths not obvious to the
eye. As useful as this tool is it does not allow nodal flow to go back into the network
via the nodes. This tool uses the ‘rolling ball’ method to predict the direction of flow.
The InfoWorks 2D flood routing module has the ability to allow the overland flow to
re-enter the network and flooding from a node is not restricted to one overland flow
path. The flow can also pool in depressions in the mesh and when the depth of
water becomes high enough can then spill over from this low area. It was the
interaction between the network and ground mesh which made it a useful tool for
this 4D flooding project. The pooling affect of water on the mesh and the multiple
flood routes allowed the model to predict life-like overland flows.

3 What is the two dimensional flood routing module?
The two dimensional flood routing module is an additional representation of the
flows in Infoworks. It uses the existing one dimensional simulation engine for the
below ground system and as the nodes flood, the water flows across the two
dimensional mesh that represents the ground of the catchment.
The required data for building and running a 2D model is a digital terrain model
(DTM), a verified model in 8.5 Infoworks CS, up to date mapping such as Master
map and a large hard drive for storing simulation results.
The 2D mesh is built from the DTM. It is a series of contiguous triangles that cover
the catchment surface. The three points of the triangle have heights derived from
the ground model grid. The triangles in the 2D mesh can have different sizes and
orientation. This mesh is derived using the Shewchuk triangulation method. The
mesh can include voids, walls and lines, break lines, smaller mesh zones and
roughness zones. Generally the voids are buildings and other structures which the
flow cannot enter. These can be in a MapInfo .tab file and any holes inside a
building need to be removed. Walls are simply walls that the flow cannot pass
through and can be in a MapInfo .tab file or can be manually input into Infoworks.
Smaller mesh zones can be used in areas of particular interest. Roughness zones
can be set to distinguish between smooth surfaces such as roads and rough
surfaces like grassland. The edge of the mesh can be set as a vertical wall, critical
condition, supercritical condition or dry. Setting it to dry will allow the flow to fall off
the 2D mesh when it gets to the edge.
The interaction between the below ground network and the 2D mesh occurs through
nodes set to the 2D flood type. The node acts as a weir allowing the flow from the
node to pass onto the 2D mesh or for flow from the 2D mesh to pass into the node.
The nodes’ shaft circumference is the weir length and a discharge coefficient is set
by the modeller with a default of 0.5.

4 Representing Historical Flooding
4.1 The West Cowes Catchment and Reported Flooding
High Street Cowes is a 4Delivery flood remediation project for Southern Water. It
involves reducing the risk of internal and external flooding for fourteen houses along
the High Street and highway flooding along the High Street. The High Street is in the
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West of Cowes on the Isle of Wight in the Sandown catchment. The Cowes
catchment has a contributing area of 421ha and a population of 26277. It is a very
steep catchment with gradients up to 1 in 3 represented in the model. The Figure
4.1 shows a layout of the main sewer lines around High Street in the West of
Cowes.

Figure 4.1: Route of flow from High Street
High Street’s foul and surface water enters a combined sewer in the centre of the
street that drains down to a pumping station. This pumping station passes the flow
forward onto St Mary’s Pumping station via Terminus CSO. It also has two storm
overflow pumps that pump the excess storm response out to the sea.
The properties along High Street have repeatedly complained of internal and
external flooding from flow running along the road. It was mentioned by Southern
Water Operations staff that this flow was coming from further up the hill on St Mary’s
Road near St Mary’s Pumping Station. Figures 4.2 and 4.3 show flooding along the
High Street. From the customer reports on flooding, a property half way up St
Mary’s Road mentioned that there was sewage running down the hill (at the junction
of St Mary’s Road and Demark Road). All of the customer and operations reports of
flooding led to the flooding mechanism being, at least partially, due to overland
sewerage running down St Mary’s Road from the Victoria Road vicinity.
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Figure 4.2: Flooding along High Street in May 2000

Figure 4.3: Flooding along High Street May 2000
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To verify the model, eight flow monitors were placed around High Street and St
Mary’s Road. From the flow survey a large amount of infiltration was recorded. By
speaking to Southern Water Operations a known connection from the old water
reservoir at the top of the catchment was added to the model. A second flow survey
was put in place to confirm the response from Broadfields reservoir and from a new
housing development next to the reservoir. Figure 4.4 shows the Broadfield
reservoir. The model was verified from both flow surveys.

Figure 4.4: Broadfield Reservoir and drainage area

4.2 Flooding represented in Verified Model
4.2.1 Confirmation of the Past Flooding Events
To confirm the model represented the reported flooding adequately, local tipping
bucket rainfall records were obtained. This gave several large events to run through
the model to compare to the reported flooding events. The results from the model
for these events showed no flooding from the combined sewer running along the
High Street. There was some flooding from further up hill of the catchment.

4.2.2 With overland flow paths
The model had overland flow paths added, these allowed the flow from flooding
nodes to run down the roads. This allowed an excess of flows to run straight down
the catchment. The overland flows paths represented in the model are highlighted in
Figure 4.3. When running this model with the historical events there was some
predicted flooding in the High Street.

4D

5

Nov 2008

Illustration of overland flood mechanism using Infoworks 2D

WaPUG Meeting – November 2008

Figure 4.3: Cowes Model with Overland Flow Paths
The model showed that the flood water originated from around Victoria Road. There
were reports of pooling of the flow from the manholes along Victoria Road, at the top
of St Mary’s Road. This pooling of flow was not represented in the model and is not
a function of the overland flow paths routine in Infoworks. This could be replicated
with the 2D flood routing module.

5 Using the 2D flood routing module to understand Flood
Mechanism
5.1 The 2D mesh
To begin with, a basic mesh was applied covering the High Street and going 1.8km
up hill. This mesh had the buildings set as voids but no other zones or lines within
the 2D polygon. This model was run with the historical events and showed flow
slowly running down the hill.
The mesh was then refined with the addition of walls to represent existing walls
within the catchment. A visual inspection of the area was undertaken to pick out all
of the possible barriers for the flow. The edges of the roads were also defined by
break lines to stop the meshed triangles encompassing the road and the land
adjacent to it. Figure 5.1 shows the finalised mesh for the West of Cowes and
Figure 5.2 shows the maximum depths for the baseline model, with the 2D mesh
attached, during a historical event.
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Figure 5.1: Final Mesh in West Cowes

4D

7

Nov 2008

Illustration of overland flood mechanism using Infoworks 2D

WaPUG Meeting – November 2008

Location 1

Location 2

Figure 5.2: Peak depth of overland flow for rainfall event on 09/09/2002
In Figure 5.2 the pooling of flow, the flow going along roads, through gardens and
along footpaths can all be seen with the flow going down the catchment ending up in
the High Street. Figure 5.3 shows flooding through garden matching up with location
1 on Figure 5.2 and Figure 5.4 shows the pooling of flow at the bottom of Victoria
Road, location 2 on Figure 5.2.
This model run was shown to local Southern Water Operations staff. They
confirmed that the run represented the flood mechanism observed by both
themselves and the local population,
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Figure 5.3: Flooding through a garden on Moor Green Road

Figure 5.4: Flooding at the low point on Victoria Road
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5.2 The Flooding Mechanism
From this model the flooding mechanism could be fully understood. During a large
storm event there were two areas where the overland flow was going in a different
direction to the network sewer. These two areas are highlighting in Figure 5.5.

Figure 5.5: Overland flow areas of importance
The first area is at the bottom of St Mary’s Road where the flow would come out of
manholes near St Mary’s pumping station and travel over to the High Street. The
second area is at the top of St Mary’s Road. The flow would first pool at the dip in
Victoria Road. When the dip was full it would start to spill down St Mary’s Road
which was on a separate branch of the network to Victoria Road. Because the
branch going down St Mary’s Road drains into St Mary’ pumping station it increased
the flooding at the bottom of the road. In both areas the local branches along St
Mary’s Road and High Street could not handle the extra overland flow. In the
extreme storm events the flow from Victoria Road was running all the way down to
the High Street which is approximately 350m down the hill.

6 Solution Being Built
To represent expected rainfall for the Cowes area a 100 year TSRsim series was
generated from the rain gauge in the Cowes catchment. This was set up following
4D and MWH methodology. The series was used in the optioneering of the project.
The most extreme events from this series were selected and run through the model.
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6.1 4D Solution
As the flooding from two hydraulically separate area was influencing the flooding in
the High Street the solution was split into two phases. The two areas, phase 1 and
phase 2, are shown in Figure 6.1. Phase 1 reduces the flooding risk around the
bottom of St Mary’s Road and phase 2 reduces the flooding risk around Victoria
Road and the top of St Mary’s Road.

Figure 6.1: Solution Phase Areas

6.1.1 Phase 1
Figure 6.2 shows an outline of phase 1. It involves adding offline storage off St
Mary’s pumping station with some new parallel sewers to increase the flows getting
to the pumping station. To stop the overland flow from the phase 2 area running
over to the High Street some additional road gullies will be built along St Mary’s
Road. They will be connected to the new sewers that have been sized to handle the
additional flow.
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Figure 6.2: Phase 1 Solution Layout

6.1.2 Phase 2
Figure 6.3 shows an outline of phase 2. This involves new sewers leading down to
Victoria Road that reconnect to the main sewer in a nearby park. There is an
overflow weir to offline storage in the parkland to stop excess flows causing issues
further downstream. Adding phase 2 to phase 1 will still cause more flow to pass
down to St Mary’s pumping station. The storage built in the phase 1 stage is sized to
handle these extra flows.
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Figure 6.3: Phase 2 Solution Layout

6.1.3 Broadfield Reservoir
The addition of clean water flows from the Broadfield reservoir increase the base
flow in the catchment. This is using up capacity in the system that is meant for storm
response. As part of this scheme the removal of the flow has been assessed. There
is an existing surface water sewer that runs past the reservoir down to the Medina
River. This surface water sewer had 2 flow monitors to check it had the capacity to
handle the flow from the reservoir.

7 Conclusion
The two dimensional flood routing module was a useful tool in understanding the full
flood mechanism for this project. It allowed 4D to visually see the overland flow and
thus design and build a solution that will reduce the overland flow flooding properties
in the High Street.

4D

13

Nov 2008

Illustration of overland flood mechanism using Infoworks 2D

WaPUG Meeting – November 2008

References
Reeves, M. Wallingford Software Ltd (2007), Two Dimensional Flood Routing
Cockcroft, J. (2006), “Using TSRSim in Flooding Solution Development”, WaPUG
Autumn Conference

4D

14

Nov 2008

