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Runoff models - Lessons from study audits
Martin Osborne (BGP-Reid Crowther) mosborne@reid-crowther.com

The, so called, New Runoff equation (NR equation) was developed over ten years ago to try
and overcome some of the limitations of the PR equation from the original Wallingford
Procedure.  The equation was presented at a WaPUG meeting in 1989 and described in User
Note 28.  It was then generally ignored by most modellers.  There were several good reasons
for this including lack of experience in using the model leading to lack of confidence and
uncertainty over how to derive design values for catchment wetness.

In the last one or two years people have started to use the model and have found it to be
useful.  In recent studies that we have carried out to audit sewerage models or to update
sewerage models we have dealt with several models that have used the new runoff equation,
in varying ways and with varying degrees of success.  We have also seen some models that
should have used the new runoff equation but didn't.

This paper reviews the reasons why the NR equation was developed and its advantages over
the PR equation.  It also sets out guidance on how it should be used.  It also looks forward to
the even newer Wallingford Infiltration model as an additional tool for improving our models.

Limitations of the PR equation
The original runoff model in the Wallingford Procedure (the PR equation) calculates the runoff
from the catchment as a whole treating it as a mixture of paved and pervious areas and does
not separately calculate the runoff from paved and pervious areas.  In many conditions the
presence of pervious surfaces reduces the runoff from the paved surfaces.  The equation has
always tended to under-predict runoff in dry conditions on light soils with fairly low
percentages of impermeable surface.  This led to various rules of thumb including adjusting
the soil index (User note 5) and the 10 m rule (user note 21).  The 10 m rule required that only
permeable surfaces within 10m of a paved surface were included in the model.  Other
permeable surfaces were excluded so that they did not reduce the runoff too much.  This
effect is shown for a catchment with soil class 1 in Figure 1.  (The runoff is calculated for 5
ranges of UCWI from very dry to very wet.)

Figure 1 PR equation - Soil type 1
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For a heavier soil in wet, winter conditions the permeable surface does contribute runoff and
by excluding some of it we under-estimate runoff.  This is shown for soil class 4 in Figure 2.
In this case we need to have a model for summer conditions that uses the 10 m rule and a
model for winter conditions that includes all permeable surface.  The problems for verification,
model use and study audits are obvious.
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Figure 2 PR equation - Soil type 4
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This was the biggest limitation of the PR equation that the NR equation tackled.

Solutions with the NR equation
The NR equation calculates runoff separately for permeable and impermeable surfaces.
Runoff from both varies with catchment wetness, but they do not influence each other.  The
results are therefore much less sensitive to the amount of permeable surface that is included.
If extra permeable surface is included it does not contribute any runoff but does not reduce
the runoff from the impervious surfaces.  Only one model is therefore needed that includes all
permeable surface and this covers all conditions.

This is shown in Figure 3 and 4 which show that the 10 m rule should not be used with the
new runoff model as it does not give any significant increase in runoff with catchment
wetness.  The use of the new runoff model resolves this issue at a stroke.

Figure 3 NR equation - Soil type 1
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Figure 4 NR equation - Soil type 4
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Other benefits

Increasing wetness during an event

The other major limitation of the PR equation is that it does not show any increase in runoff
due to increasing wetness during large events.  This is not the issue of infiltration after the
storm, but is the increased runoff at the peak of the storm due to wetter catchment surfaces.
The difference in behaviour of the two equations is shown in Figure 5.

Figure 5 Effect of increasing catchment wetness on peak runoff
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The effect of infiltration after the storm giving a long tail to the runoff hydrograph is discussed
later.

No need for SMD data

An additional benefit of the NR equation, which makes it easier to use, is that it is not
necessary to use values of Soil Moisture Deficit to define catchment wetness.  These are only
available as area averaged values and so are not very accurate as well as being
inconvenient.  Instead all that is needed is the history of local rainfall.
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Continuous simulation

The other additional benefit of the NR equation is that it can be used for true continuous
simulation of long timeseries without any modification to the model or adjustment of model
parameters.  This improves the accuracy and can simplify the use of timeseries for CSO spill
frequency assessment.

Delayed runoff and infiltration
There is also an additional feature that the new runoff model can be made to represent,
although this was not really part of the original inspiration for developing the model.  This is
the delayed runoff after the storm event caused by infiltration from saturated soils.  This can
give a long tail to the runoff hydrograph as shown in figure 6.  This is different in character
from the increased runoff during the event due to wetting of the catchment surface that was
described earlier.

This runoff is additional to that defined by the runoff model and must be represented either by
some form of delayed runoff from additional dummy areas or by an infiltration model such as
that recently developed by Wallingford Software.

This type of inflow cannot readily be predicted and so it is generally necessary to calibrate it in
some way either against flow survey results or against long term flow records from the
treatment works.  Because it is calibrated it is possible to use any of a number of ways of
representing it and still get a match against a limited range of calibration conditions.

Figure 6 Delayed runoff after the storm due to infiltration
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However in order to give a model which represents conditions other than those used for
calibration it is important to consider how the chosen method behaves in different conditions.

The four obvious methods that can be used are:

•  A dummy permeable area using the PR equation

•  A dummy paved area using the PR equation

•  A dummy permeable area using the NR equation

•  Infiltration model
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Permeable area - PR equation

This will only provide any inflow at all in wet conditions with heavy soils.  Even then it will
need very large areas to produce significant runoff.

Paved area - PR equation

This will require only small areas to give significant inflow, but the model will not vary much
with catchment wetness at the start of the event.  It will also not vary as the catchment gets
wetter during the event.

Permeable area - NR equation

This is currently the recommended method.  It requires only moderate areas to provide
significant inflow, it does vary with catchment wetness at the start of the event and it also
varies with changes in catchment wetness during the event.

For all of these first three methods the dummy area is in addition to the real paved and
permeable areas of the catchment and the runoff is slowed down by a factor of between 50
and 100 depending on catchment conditions.

Infiltration model

The use of dummy areas and delayed runoff does have some disadvantages.  Firstly it is an
artificial concept and so difficult to document and audit.  Secondly it is possible in some
circumstances to produce more runoff from the catchment than there is rainfall falling on it.

A more soundly based, but also much more complex method, is the infiltration model recently
developed by Wallingford Software.  This attempts to represent the processes that are
actually happening during infiltration and also includes a representation of infiltration from a
high water table as well as from temporarily saturated soils.  The disadvantage is that even in
its simpler form it requires three times as many parameters as using the NR equation.  There
is also the disadvantage that the definition of soil characteristics is not related to the familiar
soil index but uses physically based soil parameters that are not readily available.

Conclusions
The science and practice of urban drainage modelling has progressed significantly since the
late 70's when the PR equation was derived.  It is no longer adequate for the complex
analyses that we are carrying out and it should be dropped.

The NR equation should be used instead.  When using this equation all permeable area
should be included in the model and the 10 m rule should not be used.

Design values of API appropriate for a particular catchment can be derived fairly quickly from
a rainfall record of a few years.  There would be benefit in the industry working together to
develop a national model for design API values but I have given up expecting that to happen
in my lifetime.

Until there is more experience in using the infiltration model and some good published
guidance, the best way to represent delayed inflow is with the NR equation applied to
additional dummy areas.
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Discussion
Question George Hare Montgomery Watson

What was the impermeability factor the catchment?

I have found the sensitivity goes down with increased impermeability.

How would this be effected for partially separate and separate systems?

Are you happy with using dummy areas , can this not be dangerous, would the infiltration
model be better?

Answer

30%

Yes I agree the sensitivity does decrease with increased impermeability.

There are rules of thumb for different system types, fixed runoff for roofs etc.

Yes the infiltration model is a better way to go but dummy areas are OK provided they are
properly annotated in the model and report so they can be identified and removed if required.

Question David Page Hyder Consulting Ltd

We often end up calibrating instead of verifying, does this not mean we should be using
summer and winter events and certainly more than 3.

Answer

Yes. Treatment works data is often a useful source of data that is often neglected. This could
save money on flow surveys.

Question Liz Chapman Montgomery Watson

All runoff models have some limitation what is the limitation with the “new” runoff model?

Answer

No design values for wetness is the biggest limitation. On heavy soils which are very wet (soil
type 4 UCWI greater than 200) you may get an over prediction of runoff.
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