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Terrain Modelling for Urban Flood Routing
Arnold, Nottinghamshire – A Case Study

Jean Harrison, Severn Trent Water, Alastair Moseley, Haswell Consulting Engineers, David
De Rosa, WS Atkins Water

Introduction

The Arnold area of Nottingham has a history of property and related flooding incidents with an
area on the A60 Mansfield Road subject to severe flooding.

As part of Severn Trent Water’s capital programme, an off-line storage solution was
developed to alleviate the sewerage flooding, however, a significant flooding risk remained
due to perceived deficiencies in the highway drainage and the potential for overland flows. A
relatively quick and inexpensive assessment of overland flow routing was required using
existing tools and a methodology was developed to model the interaction between
underground and overland flows using InfoWorks.

This paper presents a summary of the investigations and techniques used to model the
interactions between underground and overland flows to establish feasible solutions.

Background

Arnold was investigated in previous studies undertaken by WS Atkins Water and Haswell
Consulting Engineers for Gedling Borough Council and Severn Trent Water. These studies
identified hydraulic deficiencies in the sewerage system and potential inadequacies in the
highway drainage on Mansfield Road. Subsequently, Haswell Consulting Engineers was
commissioned by PlaN and Nottinghamshire County Council to investigate the performance
of the highway drainage.

WS Atkins Water was commissioned as specialist sub-consultant by Haswell Consulting
Engineers in December 1999 to assess the performance of the local highway drainage
system and its interaction with the main sewerage system to determine the level of protection
from flooding of adjacent properties.

Previous investigations were based on a verified InfoWorks model of the foul and surface
water networks and were concerned with the performance of the public sewers and culverted
watercourses. Inadequacies in the highway drainage were perceived as a significant factor in
the flooding but had not previously been investigated. This latest study assessed the
performance of both the surface water sewerage system and the highway drainage system,
together with the interactions between them. The study used a detailed InfoWorks model of
the catchment and incorporated:

•  the major system comprising the below ground surface water sewers, highway drains and
culverted watercourses

•  the minor system comprising the gully and kerb inlets and interconnecting pipework
arrangements that admit flow to the major system

•  the overland system representing overland flow routes created by road channels and
local topographical features.

Site Survey & Operational Factors

A detailed topographical survey was carried out in the core area of interest and included a
detailed grid of levels which enabled profiles of the above ground channel routes to be
modelled. The position and level of the drainage inlets and their connectivity to the below
ground system were also recorded. The depths of silt encountered during the survey were
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sufficient to impair the performance of the system and these were subsequently represented in the
model.

The survey data was used to generate a thematic terrain map of the area.  The low lying
areas were clearly identified and it was apparent that the areas of reported flooding are
natural low spots that will tend to collect flood waters.

Model Build Methodology

The basis for the model was the Arnold InfoWorks model developed in previous studies. The
model detail was increased in the core area of interest to include highway and surface water
drainage, each gully and associated connecting pipework. This enabled the interaction
between the highway drainage system and the public sewerage system to be investigated.
The subcatchment boundaries (areas draining to individual gullies) were determined using the
topographical survey information and contributing areas were reapplied based on previous
IAS data.

In addition to the below ground systems, flows above ground were considered in this model.
Topographical survey data was used to create channel profiles of varied crossfall and
longitudinal fall to represent actual road channels. These channels were used in the model to
link gullies or other points in the system to allow both surface flows to enter the sewer system
and allow flooding to be modelled as overland flows.

In a conventional model, out of sewer flooding at nodes is either lost from the system or
stored and returned at that point when there is available capacity. In this model, flooding from
nodes is conveyed via surface channels to the next entry point in the system.  At each gully
entry, flow may enter at that point if:

a) the physical configuration of the entry point allows it, and
b) there is sufficient capacity in the system at that time.

If both of these conditions are not met, flows are conveyed by a subsequent overland link to
the next node in the system to model the interaction between the below and above ground
systems.

Entry conditions for gullies were investigated and an assessment of inlet capacities was made
based on published data. Head/discharge relationships for each gully were calculated using
an assumed gully efficiency of 80%. The crossfall, gradient, and flow width for each channel
section were considered such that the flows discharged from the gullies were directly related
to depths of flow in the above ground road channels.

Where barriers to natural overland routes were identified, such as road crowns, a weir link
between channels was used such that flow could overtop the weir and be re-routed. Such a
mechanism was also used at the entrance to at-risk properties to determine whether overland
flows would breach the property threshold.

Model Verification and Limitations

No flow survey data was gathered for this study and the model was run with the verification
events from the original Arnold model. Good correlation was achieved between simulated and
observed flows and the model was considered as suitable for the study. However, it was
noted that the return period of the verification events is very much lower than the events that
cause the type of flooding being investigated.

In addition, verification is concerned solely with below ground flows. It was not possible to
verify the overland flow rates or routes.  Within the remit of the study, various assumptions
were made which cannot be readily verified and the model should be regarded as indicative
due to these limitations.

As part of a “historical” verification process, the model was run with high return period events
that were considered to be representative of the events that caused the reported flooding.
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Modelled overland flow was initiated during a five year return period event and became
significant during a ten year return period event.  This was consistent with the perceived
performance of the actual system.

Interpretation of Model Results

The traditional X-X return period analysis was used to report surcharge and flooding
frequencies for the below ground systems. However, performance analysis in X-X format was
not appropriate for above ground flows in open channels and the method was adapted to
report the return periods at which overland flows commenced.

The results showed that overland flows are generated, particularly along the east side of
Mansfield Road, the area most at risk from flooding. Overland flows were a combination of
locally generated surface flows together with water from flooded sewer nodes. In the area at
risk, overland flows are intercepted by highway drainage for events up to a five-year return
period. The model predicts that overland flow occurs at the thresholds to at-risk properties
during a five year return period event.

Highway Drainage Improvement Proposal

The model was run with the proposed off-line storage facility and results showed that surface
flooding still occurred during a 30 year event and was rendered as overland flows in channels.
The effect of the proposed storage was to virtually eliminate the overland flow most likely to
cause property flooding. A residual risk remained and further measures were recommended
to increase the protection against flooding.

The model indicated that there was scope for increasing the capacity of the highway drainage
on Mansfield Road to intercept the overland flows and improve the flooding protection. A
small scheme was proposed to increase the capacity of the highway drainage. This option
combined with the proposed storage, optimised the capacity of the existing sewerage and
drainage conduits to route flows away from the vulnerable areas along Mansfield Road. The
arrangement of the option is shown in Figure 1.
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Conclusions

A detailed model of the surface water drainage, highway drainage and road channels in a
localised area was built to investigate interactions between the above and below ground
drainage systems. The model allows overland flows to develop and be conveyed.

Overland flows were generated due to incapacity in the highway drainage and the
transmission of out of sewer flooding. The model predicted overland flows in those areas
where flooding is reported. A proposal was developed to increase the inlet and transmission
capacity of the local highway drainage to complement a proposed pumped storage solution
and further reduce the risk of property flooding.

The study confirmed the limitations of traditional modelling when assessing sewer related
flooding where the proximity of modelled and actual flooding to not correlate. The importance
of local topography in assessing flooding is widely appreciated and a method to simulate and
quantify the effects of overland flows has been demonstrated.

While it is not yet practical to model the effects of overland flows on a catchment-wide basis,
InfoWorks can be used as a tool to study locations where there are known or perceived
problems due to overland flows.

 Figure 1
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Discussion

Question Richard Allitt Richard Allitt Associates

The WaPUG user note recommends using a 1 m wide channel for overland routing , can we
go wider?

Answer

We followed the user note and then tested the wider channels and found no problems. We
used actual channel dimensions and slopes.

Question Andy Eadon Haswells Consulting Engineers

The problem was with the highway drainage, was this obvious? Is there some set of rules that
could be applied to stop this happening again?

Answer

It was not obvious from the site inspections what the problem was. There was sewerage
contamination and it was always perceived to be a sewerage problem. It was outlets from the
surface water drains that were the real problem.

The highway design was recent but the design was to a 1 in 2 year return period, we tested
our design to 1 in 30. There will obviously be some mismatch in performance.

Question Steve Fisher Haswell Consulting Engineers

Were you able to model the flow transfer across the road from one channel to another?

Answer

Yes we used weir links, with weir set at road crown level.
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