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This paper examines the role of contributing areas in urban drainage modelling in view of the advances in
hydraulic modelling with greater use of 2D overland flow modelling, direct runoff and the move towards
Integrated Urban Drainage Modelling. This review will be of interest not only to Sewer Modellers but also to
Fluvial Modellers seeking to gain an understanding of the hydrology and modelling techniques in urban
drainage modelling.

Historical Perspective

Contributing Areas (also known as sub-catchments) were the cornerstone of urban drainage design long
before the invention of computers. In the days of manual calculations using the Lloyd-Davies method to
calculate flows in sewers contributing areas were drawn by hand on paper or linen prints of the sewer
network superimposed on Ordnance Survey mapping. The areas were then measured with a planimeter and
the proportion which was impermeable was either estimated or separately measured.

The early versions of hydraulic modelling software utilised many of the tried and tested manual techniques.
Even with early programs like WASSP* and WALRUS? the contributing areas were still drawn on paper or
linen plans because those early computers could undertake calculations well but were poor at graphics and
there were no digital maps etc available at that time.

It was only in 1994 with the introduction of the HydroWorks program that use started to be made of digital
mapping and drawing the contributing areas within the modelling software. It was also at about this time that
GIS software started to emerge and become widely used.

Purpose — traditional

The traditional purposes of contributing areas were to enable the designer/modeller to address the hydrology
of the catchment and also to enable property counts (and hence the foul sewage flows) to be determined
and allocated.

The contributing areas used in the Lloyd-Davies method, the WASSP program and the WALLRUS program
were always drawn to determine the area draining to a pipe. It was only with the introduction of HydrowWorks
that the contributing areas were allocated to nodes rather than pipes — this was very confusing for some
practitioners. It was not until the later version of InfoWorks that the modeller was given the option of
allocating the contributing areas to either nodes or pipes.

Purpose — evolving

The traditional purposes of contributing areas still remain but in addition there are a number of evolving uses
of contributing areas.

Hydrology has become more complex with the current abilities in Infoworks enabling the modeller to use a
large variety of hydrological models to suit the particular circumstances of individual catchments.
Contributing areas are now able to introduce rainfall-induced infiltration into selected locations in the network
in addition to the more usual runoff from impermeable and permeable surfaces. Hydrology is a particularly
important aspect in the definition of contributing areas as one runoff model in particular (the Wallingford
Runoff model) requires contributing areas to be drawn following the 10-metre rule®. When the New UK
Runoff model is used it may be necessary to avoid large permeable areas being included within the
contributing areas as very high runoff flows are created with design storms.

! WAllingford Storm Sewer Package (1982)
% Superseded WASSP in 1989
% See WaPUG User Note 21 (1989)
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Research into the phenomena of “Urban Creep4”

centred on the use of contributing areas.

and the development of techniques to model it has been

Recent developments in risk based analyses to map flood risk have also been based around the use of
contributing areas. There are generally two categories of flood risk mapping; with and without Lidar. The
mapping without Lidar assumes that all of the contributing area is at the same level as the ground level of the
manhole which the contributing area is assigned to. The flood risk is then based on the surcharge level in the
manhole relative to that ground level and the category of the property. Flood risk mapping with Lidar is more
sophisticated as the ground level of each property or area of land is determined from the Lidar and is
compared with the surcharge level in the manhole to determine the likely flood level relative to each property
or area of land. It is therefore more important than ever before that the contributing areas are correctly
defined so that only the genuinely connected properties are included.

Methods of Defining Contributing Areas

When defining contributing areas it is imperative that the purpose of the model is adequately understood and
how other aspects of the modelling will be integrated. There are generally two categories of methods for
determining contributing areas; automatic methods or detailed methods.

There are 2 principal automatic methods which can be used.

a) The Theissen Polygons method (see Figure 1) which is an
inbuilt routine within InfoWorks. This assumes that the
topography of the whole catchment is flat and simply connects
each part of the catchment to the nearest manhole. The
contributing areas defined in this manner do not follow property
boundaries and indeed can pass through buildings. The
contributing areas can be almost any size when defined by this
method.

b) An alternative method is to use postcode regions which are
already defined by the Post Office and generally contain
approximately 16 houses. These regions tend to follow
simplified property boundaries but many postcodes are split
and there are also a growing number of ‘virtual' postcodes
which have a very small or zero area; these can cause
problems.

Figure 1: Contributing areas defined
by Theissen Polygon method.
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Both of these automatic methods have their uses but as there is a great
deal of simplification involved in their use it is recommended that their
use is restricted to Type | (skeletal) models. A Modeller should be
particularly aware of the limitations of either of these methods;
especially in respect of the hydrology and the limitations in using 2D
runoff methods.
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Figure 2: Contributing Area drawn to

| h del ired follow "10 metre rule” (N.B. the purple
n most cases the models require lines are drawn 10 metres back from

will be either Type Il or Type Il a4 pack of the footpath)
models and for these models a

* See “Investigations into Urban Creep at 5 Cities” Allitt & Tewksbury WaPUG Nov 2009
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more detailed and more sophisticated approach is required. The detailed method requires the contributing
areas to be digitised manually and there are 3 main aspects to be considered:-

Figure 3: Contributing Area drawn for
1D runoff into sewer and 2D runoff
(green regions) as overland pluvial
runoff

a Modeller will learn to recognise the differences in house types
and will be able to identify the different housing estates built at
different times. With this knowledge they can then try and get
into the mindset of a tight fisted house builder who wants to
spend the least amount of money, keep the sewers as shallow
as possible and avoid paying a ransom to get a sewer route
across private land. The examples given at the end of this
paper may assist modellers with understanding some of the
finer points of defining contributing areas.

1D versus 2D

a)

b)

c)

The hydrological runoff model which is to be used should be
understood. If the Wallingford Runoff model is to be used (see
Figure 2) the 10 metre rule® should be applied. If 2D direct
runoff is to be used for permeable surfaces the extent of the
contributing area should exclude those areas (see Figure 3);

The topography of the catchment should be understood so
that properties which physically could not drain to the
modelled node are not included. With Lidar data this is a
relatively easy task and there are a few useful tips which can
be followed. This aspect is particularly important if Flood Risk
Mapping (with Lidar) is to be an outcome from the model.
Figure 4 illustrates an area with the DTM coloured in 1 metre
bands and it can be seen how skewing the contributing area
gives a better correlation with the topography.

The most difficult aspect
for new Modellers to learn
is the practical aspects
dealt with by house
builders. With experience,

Figure 4: Contributing Area drawn

There has been some debate about whether we still need contributing \yith pTm shown as 1 metre high
areas or whether it would be better to wholly use 2D runoff with different coloured bands
percentage runoffs from different types of surfaces. There are a number

of advantages in both methods:-

Advantages of 1D: the principle advantage is that 1D modelling is substantially faster than 2D
modelling by several orders of magnitude such that a model just using 1D runoff might run in less
than one hour but the same model using just 2D runoff (even with GPU processors) might take 12
hours to run. Other advantages include the fact that the 1D methods are tried and tested with a large
number of modellers experienced in their use and perhaps more importantly the 1D methods still

work without Lidar data.

Advantages of 2D: the advantages of using 2D runoff (instead of contributing areas) are only
realised when the whole catchment is already subjected to 2D overland flow modelling as the slower
simulation speeds will already have been accepted. By using just 2D runoff the modelling can
automatically take account of the different surface types read directly from the underlying mapping.

® See WaPUG User Note 21
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The “Integrated approach” gives the best of both techniques with the higher simulation speeds used
in the areas where 2D modelling is not required. Figure 3 illustrates this approach with the roads,
roofs and paved areas which generally have a direct connection to the sewers modelled in 1D whilst
the areas with no direct sewer connection (in this case gardens etc) modelled with direct 2D runoff.
This “Integrated approach” is gaining credibility due to it being used in a number of SWMP's.

Using Contributing Areas for Flood Risk Mapping

There are a number of emerging advanced techniques for mapping the flood risk in urban areas. The flood
risk is the probability of flooding occurring multiplied by the consequences of the flooding.
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Figure 5: Example of 4 contributing areas with each
building and area of land or road created as separate
regions.

Figure 7: Thematic map showing the buildings etc below
the assigned manhole (blue) and the buildings etc above
the assigned manhole (yellow)

Figure 6: Thematic maps showing the buildings etc in
relation to invert level of assigned manhole (red colour

The series of diagrams in Figures 5 to 8 are an
illustration of using contributing areas together with
Lidar data to create a Flood Risk Map. It is important to
note that the most westerly contributing area has
deliberately been assigned to the wrong manhole in
order to demonstrate some of the potential pitfalls.

Figure 5 shows the example area with each building
etc created as a separate region. The level of the
lowest point within each region (i.e. within each building
or plot of land) is read off the DTM. The blue numbers

in Figures 5 & 6 are the manhole cover levels and the
black numbers are the lowest ground level.

Figure 6 shows the same information but this time with
the buildings and areas thematically mapped to show
how they relate to the cover level of the assigned
manhole. The blue colours show the buildings and
areas which are below the level of the assigned
manhole whilst the yellow areas are above the cover
level of the manhole to which they are assigned.

Figure 7 shows similar information but in this diagram
the lowest ground level of the buildings and areas are
related to the invert level of the manhole to which they

are assigned. The invert level of the reference
manholes are shown in purple and it can be seen in the
most westerly contributing area that some houses with a
lowest ground level of 28.0m AOD are below the invert
level of the manhole (28.38m AOD) to which they are
assigned. This is the deliberate error with this
contributing area as it should have been assigned to the
next manhole downstream. This illustrates how carefully
the contributing areas should be defined as relatively
simple errors can have significant consequences. This
simple error when taken through to the full Flood Risk
Mapping (see Figure 8) gives a misleading assessment
of the flooding risk as these same houses are given a
high flooding risk which is likely to be incorrect.

denotes buildings below MH invert level) © Richard Allitt Associates Ltd
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Whilst in this example there was a deliberate error in the most westerly contributing area the other 3
contributing areas did not have any errors and Figure 8 illustrates (to an arbitrary numerical scale) a realistic

0.0108 assessment. This clearly shows the benefits which can
be gained from using contributing areas as a means of
assessing comparative flood risk.

Suggested Guidelines

For the different types of models specific guidelines are given below. In addition there a number of generic
guidelines which modellers should follow when defining contributing areas:-

Consider and allow for the drainage system type;

Allow for the different drainage routes etc in the different age and type of properties;

Consider following estate boundaries and feasible drainage routes. Most housebuilders when
building a new estate will avoid the costs of paying a ransom to cross private land and will prefer to
follow drainage routes along the roads and in particular following the ground slope so that they could
keep their trenches shallow;

Allow for the topography of the area;

Consider the hydrology to be used with particular attention to the 10 metre rule if the Wallingford
runoff is to be used. Also consider whether any 2D direct runoff will be used in the model,
Understand the purpose of the contributing areas — if the purpose includes Flood Risk Mapping it
may be necessary to define them to a higher standard;

Make sure that all of the contributing area can actually drain to the node (or link);

Check for basements;

Always try to assign a contributing area to the node at the head of a branch.

For Type | models (not suitable for flood risk mapping) the following guidelines are also suggested:-
Automatic methods (e.g. theissen polygon or postcodes) are acceptable;
Contributing areas should not exceed 10 ha but should ideally be less than 5 ha;
The ratio of contributing areas to modelled nodes should be between 1:10 and 1:50.

For Type Il models (not intended for flood risk mapping) the following guidelines are also suggested:-
- The postcode automatic method maybe okay in some circumstances but generally manual
definition of the contributing areas is required,;
Contributing areas should not exceed 2 ha but should ideally be less than 1 ha;
The ratio of contributing areas to modelled nodes should be between 1:5 and 1:20.

For Type Il models (intended for flood risk mapping) the following guidelines are also suggested:-
Manual definition of the contributing areas is required;
Contributing areas should not exceed 1 ha but should ideally be less than 0.5 ha;
The ratio of contributing areas to modelled nodes should be between 1:2 and 1:10.
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For Type Il models the following guidelines are also suggested:-
Manual definition of the contributing areas is required;

Contributing areas should not exceed 2 ha but should ideally be less than 1 ha;
The ratio of contributing areas to modelled nodes should be between 1:2 and 1:10.

For Type Il and Type Il models contributing areas defined in accordance with the above guidelines would be
suitable for using the Infiltration Module and would be compatible with using 2D direct runoff and also for use
in urban creep assessments.

Examples
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In this example the image on
the left is incorrect. All of the

J area has been incorrectly

assigned to the node in the
southern part of the area
ignoring the fact that there is a
combined sewer running across
the area to a CSO to the east of
this area. The correct definition
takes account of the sewer
flowing eastwards to the CSO
and also recognises that there
are no sewers in the road so it
is assumed that the houses
have private drains (now
adoptable as private sewers)

/| within the gardens; this is why

the northern part is divided into

N two.

In this example the image
on the left is incorrect. All of
the area has been
assigned to a single node
at the head of one branch.
The two southernmost
houses have also been
ignored even though the
house shape and estate
layout shows that they
were built at the same time.
It is for this area to divided
into three with two modest
areas assigned to the two
head manholes.
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