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1.0

Introduction

Whilst AMP3 has been a success in addressing many practical issues such as
unsatisfactory CSO discharges and flooding, the wastewater industry has never
fully resolved a number of modelling ‘controversies’ that have come to light
during the last few years. The modelling of permeable runoff and variable
catchment response has been a particular thorny issue, with many modellers
utilising different techniques and approaches to represent the complex responses
observed during many flow surveys. Much work has been undertaken by various
individuals and collectives, and this field has certainly moved forward. However,
the modelling of antecedent conditions and the understanding and
implementation of surface wetting and drying processes is still a significant
confusing issue and cause for concern in the water industry.
This paper will explore further some of the issues relating to the key processes of
variable runoff, interactions with depression and catchment surface stores, and
the much-maligned New UK runoff model and design NAPI issue. These issues are
frequently cause for much debate within the modelling community. This paper is
effectively a documentation of the further issues and numerous tangents
explored. It reports on a meandering of thought processes and model tests that
were undertaken to try and fully get to grips with what the modelling software is
doing, and whether this actually truly represents reality. Two main issues will be
examined in this paper, which is intended to be more of a modelling guide rather
than a traditional case study.
1.1

Calibration issues relating to New UK permeable area

Many studies have used the New UK Runoff Model during AMP3 to better
represent runoff in areas with a low percentage impermeability and the
phenomenon of increasing catchment wetness during a rainfall event. As a result,
the New UK Runoff Model has been used as the basis for continuous simulation on
many CSO studies. However, the issue of design antecedent conditions (NAPI)
has never been fully resolved, and the issues surrounding the application of the
New UK Runoff model under design conditions have been the focus of many
papers and presentations. WaPUG User Note 28a (Osborne, 2001) sets out the
processes within the New UK Runoff model, and Osborne (2000) and Allitt (2002)
confirm a number of the benefits of the New UK Runoff model when compared to
the traditional Wallingford PR equation.
Many modellers have utilised the New UK Runoff model to calibrate additional
permeable areas (as indicated by Osborne, 2000) to represent the significant
delayed response and prolonged hydrograph recession tails observed in many
flow surveys. However, the application of the New UK Runoff model and
calibrated additional permeable areas has been problematic under design
conditions, both with determining design antecedent (NAPI) conditions and
extrapolating the model (and calibrated permeable areas) for use with large
return period storms. Numerous authors (Margetts, 2002; Allitt, 2002; Squibbs,
2003; Squibbs and Jack, 2003; Terry and Margetts, 2003) have identified the
issues relating to the application of the New UK Runoff model under design
conditions, and the various degrees of success achieved in its use. These issues
are not repeated here, and interested readers are referred to the aforementioned
papers.
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Variable impermeable runoff contribution

Despite the issues relating to variable catchment wetness and runoff from
permeable areas, Terry and Margetts (2003) indicated that a variable runoff
response which increases during the storm occurs for impermeable areas, which
do not always exhibit the fixed or constant runoff response that current models
represent. The paper went on to note that a similar runoff model representing the
increasing catchment wetness, and activation of increasing amounts of
impermeable response should be developed to reflect these processes. Issues
such as depression storage, evaporation, NAPI decay rates, and soil store were
highlighted as issues that would complicate the application of a variable runoff
model for impermeable surfaces, with depression storage and evaporation
focused upon within this paper.
2.0

New UK Permeable Area Runoff Issues

2.1

Design Curves

WaPUG User Note 28a (Osborne, 2001), Margetts (2002) and Squibbs and Jack
(2003) highlight possible ways to calculate a design NAPI value. This is required
to set the initial antecedent conditions for the New UK Runoff model. The
approaches discussed generally utilise long term rainfall records for a catchment
to determine long term NAPI records, which are then statistically interrogated to
formulate a design value (some percentile, average, or worst case). Unlike the
traditional Wallingford Procedure Approach, there are as yet no ‘official’
nationwide data or graphs detailing any relationships of design NAPI across
different catchments, allowing users to estimate design antecedent conditions
where long term rainfall records are not available.
Margetts (2002) presented data from which general design NAPI curves were
developed for 20 sites across the UK. These curves allowed an estimate of design
NAPI to be obtained based on the SAAR of a catchment. The use of these curves
was limited by issues such as the application of evaporation, the choice of
percentile, and the consideration of dry days in the series; however, they
represented a first attempt at drafting nationwide design curves.
2.2

Design Curves for ST Region
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considered useful to utilise this data to develop design NAPI curves.
Long term hourly rainfall data was obtained for 84 sites across the ST region,
with a range of average annual rainfall (FEH SAAR) of between 579mm and
1355mm. The majority of sites have a SAAR in the 600mm to 800mm range, as
shown in Figure 1. A relatively large number of sites exist with higher SAARs to
allow the analysis to be extended across a range of catchment characteristics.
This rainfall data for each site was imported into a ST database and analysed for
inconsistencies, missing data and poor data. The hourly data for sites with
adequate lengths of consistent and consecutive data was then converted into
daily totals and used to calculate the NAPI for each day.

No of series

Figure 2 indicates the length of hourly rainfall series that was used in the
analysis. The
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This is an important difference from some of the methodologies presented in
other papers where the median value is based on only storm event days of
greater than, say, 5 or 10mm depth. Further work may be undertaken to revise
the design curves to account for only storm event days.
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Figures 3a to 3d show the relationship between SAAR and median NAPI value for
each soil type for the sites within the ST region. Soil type 5 is not discussed.
2.3

Calculation of NAPI in InfoWorks

As the design NAPI values produced from the curves are likely to be used in
InfoWorks hydraulic models, a number of tests were undertaken to compare NAPI
values produced by typical spreadsheets based on the standard NAPI equation
utilising daily rainfall totals and those produced by InfoWorks which calculates
NAPI in much smaller timesteps. Three sites from the 84 in the database were
selected, and the historic hourly series disaggregated within StormPAC and
exported to produce a single continuous rainfall event file. A simple test model,
consisting of 1 ha permeable New UK contributing area was simulated with the
long term rainfall data for each site. As InfoWorks now allows the NAPI at each
timestep to be viewed, it was then possible to export the continuous NAPI data
for the period of the simulation. The median NAPI for each series was
determined. Two scenarios were initially considered in each case: evaporation
rate 0mm/day throughout the year, and evaporation rate 2mm/day throughout
the year.
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Figure 3c
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Figures 3a to 3d – Comparison of SAAR against median NAPI
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Table 1 below highlights the results of the analysis for the Cefn Coch, Ditton
Priors and Sarn sites. This indicates that when evaporation is not considered, the
daily totals approach produces very similar NAPI values to InfoWorks. However,
on considering evaporation, InfoWorks produces significantly higher NAPI values.
Scenario

Site

InfoWorks
Soil 1
or
daily
totals
Evaporation 0 mm
CC
InfoWorks
0.36
Evaporation 0 mm
CC
Daily totals
0.292
Evaporation 2 mm
CC
InfoWorks
0.31
Evaporation 2mm
CC
Daily totals
0.042
Evaporation 0 mm
DP
InfoWorks
0.15
Evaporation 0 mm
DP
Daily totals
0.147
Evaporation 2 mm
DP
InfoWorks
0.13
Evaporation 2mm
DP
Daily totals
0.006
Evaporation 0 mm
SARN
InfoWorks
0.17
Evaporation 0 mm
SARN
Daily totals
0.154
Evaporation 2 mm
SARN
InfoWorks
0.15
Evaporation 2mm
SARN
Daily totals
0.008
Table 1: Comparison of NAPI values calculated in
and InfoWorks

Soil 2

Soil 3

Soil 4

2.74
6.64
27.04
2.447
6.114 24.438
2.46
6.02
24.96
1.173
3.569 16.262
1.6
4.26
19.27
1.510
3.973 17.155
1.43
3.86
17.78
0.533
1.937 10.572
1.69
4.28
19
1.464
3.739
16.07
1.51
3.87
17.51
0.516
1.838
9.664
standard spreadsheets

This difference in calculated NAPI was not only surprising, but rather concerning.
Frequently, daily rainfall totals are used (through the standard NAPI equation) to
calculate the NAPI at the start of the verification event. This value is then used as
the basis in InfoWorks to calibrate permeable contributions for the various
verification events. As the spreadsheet values are lower, then users may
overcompensate with additional permeable area when calibrating permeable
contributions.

Runoff
dimensionless multiplier

Comparison of runoff based on different methods of calculating NAPI for Cefn Coch
Figure
4
1.6
demonstrates the
Runoff (Daily Total NAPI)
Figure 4
Runoff (InfoWorks NAPI)
impact on the
1.4
permeable runoff
1.2
produced from a
test area when
1
the daily rainfall
NAPI values are
0.8
used as an initial
0.6
condition
and
then when the
0.4
InfoWorks
calculated NAPI
0.2
values are used
0
as
an
initial
Soil 1
Soil 2
Soil 3
Soil 4
condition, based
Soil Class
on
a
typical
verification type rainfall event of 8.5mm depth. This demonstrates that daily total
based NAPI values can give up to 32% less runoff. More testing is obviously
needed, but this phenomenon may go some way to explain why so many
calibrated permeable areas produce far too much runoff when utilised in design
situations. By under-estimating the initial NAPI value at the verification stage,
there is an overcompensation of permeable area in the model in order to match
flow survey observations.
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The reasons for this apparent anomaly between the two calculation methods
relates to the way in which the daily totals approach and InfoWorks approach
deal with evaporation and depression storage. In the daily totals approach, an
estimate of daily evaporation is used to reduce gross rainfall to net rainfall. As a
result, on any days where total rainfall is less than the daily evaporation rate then
the net rainfall is 0, even if all the rainfall were to occur in say 30 minutes. In
contrast, InfoWorks applies evaporation on a pro-rata basis per timestep, and
thus produces a net rainfall depth wherever the timestep rainfall rate is greater
than the specified evaporation rate within that timestep.
This may seem only a slight difference, but can have a significant impact on the
amount of rainfall in any calculation. For example, should 3mm rainfall occur in a
single day from a storm with a 1 hour duration, and the evaporation rate is 3mm
/ day then the daily total approach will produce a net rainfall of 0mm. In contrast,
InfoWorks would only apply evaporation for the 1 hour duration (3x1/24mm),
resulting in a much higher net rainfall. The impact of this on the NAPI calculation
which is a direct function of net rainfall is obvious.
2.4

Effect of depression storage

NAPI

It is also highlighted that depression storage is not considered in any daily total
approach to calculating NAPI, yet is considered in the InfoWorks calculations.
InfoWorks applies any depression storage directly to the rainfall following the
evaporation loss on calculating the final net rainfall, so for example, if a 5 mm
event (after evaporation adjustment) falls on a surface with 2 mm depression
storage, then 3 mm of net rainfall would be utilised in the NAPI calculations. The
daily totals approach would not consider depression storage in any way, and thus
this reverse effect may go some way to compensating for the underestimate
caused by the different way in which evaporation is considered (as discussed
earlier). This is
Effect of Depression Storage on InfoWorks NAPI - Long Term Series Cefn Coch
confirmed
by
30.000
Figure
5
which
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InfoWorks NAPI - DepStor 1mm
shows that for
InfoWorks NAPI - DepStor 2mm
InfoWorks NAPI - DepStor 3mm
25.000
the Cefn Coch
Spreadsheet NAPI
example, as the
20.000
depression
storage
on the
Figure 5
15.000
test area from
the
previous
10.000
discussion
is
increased
5.000
towards
the
evaporation
0.000
rates
(2
Soil 2
Soil 3
Soil 4
mm/day), the
Soil Class
InfoWorks
calculated NAPI value decreases toward a similar value to that calculated from
the daily total approach.
An absolute depression storage of 2mm is recommended in the InfoWorks help to
set up any New UK permeable area. This guidance is usually followed when
calibrating area against flow survey data. However, on application in design
scenarios for worst case conditions, this depression storage is usually filled with
an antecedent depth of rainfall (say 10 mm). It is this standard process which
may also help explain why such large and often unrealistic flows are predicted
from these calibrated New UK permeable areas. This is highlighted well in the
following example where a calibrated 400 ha permeable area has been set up
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with a large routing coefficient (50) to represent large scale slow response flows
on a trunk sewer. As a test, for each of the three verification events and two
design events, the standard 2 mm depression storage was filled with antecedent
rainfall and the volume of runoff produced compared to that produced from the
available 2 mm depression storage scenario.

Effect of depression storage on permeable runoff
8000

100%
Runoff - 2mm DepStore

7000

90%

Runoff - 0mm DepStore
% increase in permeable runoff

80%

6000

60%

Figure 6
4000
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3000

Percentage increase

Runoff volume (m3)

70%
5000

30%
2000
20%
1000

10%

0

0%
Verification 2

Verification 3

Verification 4

M1-240

M5-240

Event

The results are summarised in Figure 6. This highlights that under verification
conditions where smaller storms are utilised the effect of ‘standard’ (2 mm)
depression storage is to produce less runoff. For example, when the same storm
and no surface depression storage are considered under verification conditions,
the permeable runoff is predicted to increase by between 30% and 90%. This
lower runoff due to the impact of depression storage may cause users to
overcompensate by adding additional calibrated area to match observed flow
volumes, particularly the hydrograph recessional volumes. Furthermore, the
effect is then amplified in design conditions when the modelled depression
storage is filled with an antecedent depth of rainfall. The like for like storm
comparison shows that by simply removing depression storage the permeable
runoff volumes increase by up to 30% in design conditions, as shown in Figure 6.
This increase in runoff is not just due to the impact of depression storage on net
rainfall, but also how this has an impact on the NAPI, and thus runoff, throughout
the rest of the storm. Plotting NAPI in InfoWorks has been very useful in
assessing these issues. Depression storage removes a small amount of rainfall at
the start of the storm, which on its own does not significantly affect net rainfall
under large design storm conditions. However, the effect of this is to lower NAPI
throughout the whole of the storm and this in turn has a much more significant
effect on runoff production, culminating in the large differences in runoff volume
discussed. This is highlighted in Figure 7 below, comparing the higher NAPI /
runoff 0mm depression storage scenario with the lower NAPI / runoff 2 mm
depression storage scenario.
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0mm DepStore

NAPI
2mm DepStore

Figure 7
Runoff
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What the above examples do highlight is that the value of NAPI calculated as the
initial condition for any storm differs depending on the method used to calculate
it. Furthermore, the rate of evaporation and depression storage significantly
influences the NAPI calculated, both as an initial condition and then throughout
the whole rainfall event. The implications of this are that by not considering these
issues adequately at the verification stage, the whole basis on which any
calibrated permeable areas are derived may be unsound, and may explain why
many users have complained of the unsuitability of extrapolating the New UK
Runoff model to design event situations. At present, many users may be
overcompensating for area at the verification stage by not considering the
sensitivity to depression storage, and then exacerbating the effect in design
conditions by simply filling all available depression storage.
3.0

Variable Impermeable Runoff

The previous discussion relating to the impact of depression storage and
evaporation on the production of runoff from permeable surfaces also highlights
the fact that a more detailed look is needed at the whole methodology of the
wetting and drying processes on impermeable surfaces. Terry and Margetts
(2003) highlighted the case in Derby where distinct different impermeable
responses were observed during different storm events. This was related to
different antecedent conditions and the ‘activation’ of more impermeable area
under larger return period storm events.
3.1

The Process

It is worth considering all the processes that may contribute to variable
impermeable surface runoff before highlighting a small number of issues that
form the basis of this paper. The following are some of the mechanisms by which
variable impermeable runoff to the drainage system occurs.
a) Rainfall itself is variable (volume and intensity over time) and therefore gives
variable runoff to the drainage system.
b) The amount of surface area that becomes connected to the drainage system
during an event also varies the volume of runoff.
c) The amount of depression storage and the rate of evaporation of the surface
cause variability in runoff.
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d) The time it takes to route the rainfall over a surface and into the drainage
system (due to different surface roughness) also makes the runoff variable
through time although the volume of runoff for any given ‘effective rainfall’
would be the same.
e) Applying an appropriate areal reduction factor (usually on larger catchments)
to the design rainfall will change the volume of rainfall which falls on the
surface and therefore will affect the timing of when a surface begins to get wet
and finally starts to dry.
The following discussion highlights the impact of available depression storage on
the variability of impermeable runoff, and how the antecedent conditions impact
significantly on the degree of this variability. Consideration is also given to the
way in which basic processes are represented within the software, and how any
simplistic representations impact on the ability to represent this complex process.
3.2
Theory and implementation of evaporation and depression storage
parameters in InfoWorks software
It is not always understood how the software implements the theory or when any
limitations are being applied to the ‘numbers’ by the software on the theoretical
equations.
Figure 8 below illustrates how InfoWorks implements some of the wetting and
drying processes. In summary, the real rainfall is reduced on a timestep by
timestep basis by evaporation, to produce the ‘effective’ rainfall that can be
considered to be falling on the catchment surface. It is highlighted that the
software could be considered limited in that it does not allow for the fact that the
evaporation rate varies on a temporal basis during the day, and differs across
different catchment surfaces.
The depression storage for each individual surface can be represented in the
model, and this is filled at the rate of the effective rainfall until all the depression
storage is utilised. The software also partly fills any depression storage with the
antecedent rainfall identified within the rainfall event file. The antecedent rainfall
is often overlooked when considering verification events but is usually set to
10mm for design events. As demonstrated earlier the amount of available
depression storage can significantly impact on the runoff produced and also on
the timing of the effective rainfall and therefore when runoff occurs. Following all
depression storage being utilised, overland flow and runoff is produced. In any
dry period following a rainfall event the depression storage dries out at the rate of
evaporation.
Figure 8 also highlights how the effective rainfall is also used to determine the
NAPI value which is an integral part of the New UK Runoff model discussed in
detail in Section 2. Currently the New UK is the only runoff model to represent
catchment wetting and drying, and this was not developed for use on
impermeable surfaces.
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Wetting and drying in InfoWorks

Experimentation on depression storage

One of the conditions which varies runoff is the depression storage. The current
default set-up for depression storage, which is frequently utilised without little
consideration, was explored to see if current knowledge and the use of best
practice defaults were sensible.
The default values and equation used for depression storage is often used by
modellers even though alternative methods and equations are available. A
number of in-built limits apply to these equations, which are rarely considered by
users.
The ‘default’ formula used for depression storage is: - D= k/v (s)
Where: D is the average depth of initial losses;
k is a coefficient depending on surface type;
s is the ground slope of the sub-catchment where the rain is falling.
For pervious surfaces the recommended value for k is 0.00028 and the software
calculated slope will be applied per sub-catchment and not per runoff surface.
For paved surfaces the recommended value for k is 0.000071 and the software
calculated slope will be applied per sub-catchment and not per runoff surface.
For ‘pitched’ roof surfaces the recommended value for k is 0.000071 and the
slope is always set to 0.05 m/m or 1 in 20. Therefore, the question arises, should
large flat roofs be considered to be a separate category? This is discussed in more
detail later-on in the paper.
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When using InfoWorks the flattest slope modelled when using ‘default slope’ is
0.002 m/m (1 in 500). Therefore, the maximum depression storage using the
slope as default and the ‘k’ values as recommended above are:
Pervious (max’m) = 0.00028/v (0.002) = 6.26 mm;
Paved (max’m) = 0.000071/v (0.002) = 1.59 mm;
Roof ‘assumed pitched’ (Max’m) = 0.000071/v (0.05) = 0.32 mm.
On the face of it these values appear rather small and if the modeller requires
higher values than these then another method must be used (i.e. absolute).
Alternatively, the default slope could be used with different values of ‘k’
representing the different surface types.
Software 'Default' Depression Storage

Figure 9
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Figure 9 shows the average depth of depression storage for a range surface
slopes based on the above equation, and the maximum default values of
depression storage used by the software when the slope limits are applied.
In order to test the applicability of these default depression storage values a
number of experiments were undertaken to attempt to measure how depression
storage differs for different surfaces and how this impacts upon runoff generation.
The experiment to determine available depression storage involved wetting a
surface and noting when runoff first occurred from the surface. If such a surface
were connected directly to the drainage system then this could be said to be the
amount of rainfall which first caused overland flow to occur. Some of the results
from the experiments are shown below. The reader is directed to the authors if
more detailed information is required on the experimental methodology or for
more comprehensive results.
In addition to the field tests, a small number of experiments were also
undertaken on purposely constructed tiles of a variety of paved surfaces. These
tiles were kindly produced and provided by R&K Contractors and Consultants.
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3.3.1 Paved Surface Experiments
Photo 68

Photo 69

Photo 78

Photo 99
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Experiment No.1
Dense bit Macadam
Car Park;
Microtopography
roughness
0
to
5mm;
Runoff
started
within the first one
mm of rainfall;
Slope 0.01m/m or 1
in 100;
Temperature 26oC.

Experiment No. 2
200mm x 100mm
Concrete
block
pavement;
Microtopography
roughness 0mm on
surface and 5mm
at joints;
Runoff started at
0.6mm of rainfall
by routing through
the edge joints;
Slope 0.04m/m or
1 in 25;
Temperature 28oC.

Experiment No. 5
Bitmac footpath;
Microtopography
roughness 0 to 1
mm;
Runoff started at
0.75mm rainfall;
Slope 0.025m/m or
1 in 40;
Temperature 34 oC.
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Photo 131

Experiment No. 9
Hot-Rolled Asphalt
(HRA) Road;
Microtopography
roughness 0 to 1
mm in some areas
and up to 8mm in
other areas;
Runoff started at 1
mm of rainfall;
Slope 0.025m/m or
1 in 40;
Temperature 38 oC.

Photo 135

Photo 136

The experiments shown above were taken on a very hot weekend in September
2004. All the above surfaces evaporated at a rate of 1 mm/hour, compare this to
the recommended average of 3 mm/day.
Figure 10 shows the results from experiments taken on a variety of paved
surfaces and compares it to the default values used in the software. The graph
also shows a dashed line which represents a new value of ‘k’ = 0.0001 based on a
best-fit from the experimental data.
Comparison of Depression Storage on Paved Surfaces Observed values from experiments, Software Default values
and a new 'best-fit' k value of 0.0001 for good intact impervious Paved Surfaces

Depth of (Micro) depression storage
(mm)

3.5
3

Experimental Data
Default k = 0.000071 Paved

2.5

New value, k = 0.0001 for Good intact paved
2

Figure 10

1.5
1
0.5

0.111

0.106

0.101

0.096

0.091

0.086

0.081

0.076

0.071

0.066

0.061

0.056

0.051

0.046

0.041

0.036

0.031

0.026

0.021

0.016

0.011

0.006

0.001

0
Slope m/m

Figure 10 also illustrates that the depth of depression storage as measured from
the impermeable surface microtopography alone is higher than the default values
generated by the software. Therefore, it is apparent that the use of default values
(as used in current ‘best practice’) will give more runoff in the model than in
reality on paved surfaces.
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It became evident whilst undertaking the experiment that the microtopography of
the surface (the surface roughness) was not the only form of depression storage
on the surface area. Following these experiments and general observations over
the last few years, three types of depression storage definition are proposed,
relating to the scale of the available storage. Following on from this, it is
proposed that any variability in observed impermeable runoff is related to the
degree to which these different surface stores are full prior to a storm event.
Furthermore, the amount of contributing area increases with the return period of
a storm as the amount of rainfall within an event gradually fills up more and more
of these stores and thus contributing more and more runoff.
For the purposes of this paper we will refine the definition of depression storage
into three types of surface topography:1. Surface microtopography, is storage due to the roughness of a surface.
2. Surface mesotopography, is storage due to puddles or ponding on a surface.
3. Surface macrotopography, is the percentage connectivity of a surface to the
drainage system. E.g. impermeability factor, permeability of the soil, percolation
factor, interception, poor maintenance of gully intakes, etc.
All the experiments discussed above were on paved surfaces which were good,
intact impermeable surfaces. The measured value of depression storage was,
therefore, only from the surface microtopography and did not take account of any
larger scale storage formed in puddles (mesotopography) or from variations in
macrotopography which would make the overall average depression storage for
those surfaces much greater.
Upon completion of the experiments and after observation of rainfall on various
surfaces it became apparent that the variable runoff in urban areas was
predominantly from the activation of additional impermeable area under ever
increasing storm events rather than from pervious areas. Various examples were
found, observed and photographed.
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3.3.2 Examples of meso and macro topography on paved surfaces.
The
next
two
photographs are
taken
on
the
same car park.
The surface area
shown
(Photo
1151) drains to a
gully
in
the
middle of the car
park.

Photo 1151

Photo 1152

The
microtopography
is
such
that
runoff
occurs
during the first
one millimetre of
rainfall.
The
mesotopography
causes
surface
puddles to 20%
of the whole car
park area. This
relates to 20% of
the area having
an additional 4
mm of storage in
those puddles.
This equates to a
further 0.8 mm of
storage on 100%
of the car park.

This gives a total micro and meso depression storage on 100% of the car park of
1.8 mm. The default for this flat paved area would be limited to 1.59 mm. But
this is not the total story. The surface area shown in photograph 1152 is of
another part of the same car park. This area has no gully and relies on the flow
routing to the gully in Photo 1151. In the storm event shown the second area has
puddles like the first area but has not overcome enough storage to cause any
runoff. This is an example of how the macrotopography may vary the runoff.
Again,
further
rainfall
will
activate this area but how much
more rainfall would be required?
Photo 784 shows a typical
paved surface from an older
area of a city. This area has no
drainage
system
and
the
surface water has to route down
to a road gully in the far
distance. It has been observed
that
this
area
will
only
contribute 100 % runoff to the

Photo 784
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drainage system after 10 mm of rainfall (approximately a one year storm event)
has occurred.
Depression storage can vary throughout the life-time of a surface. For example, a
car park surface which, when first constructed had no meso or macro depression
storage, can gain depression storage over time by movement of the sub-soil
(such as heave on a clay sub-strata). Another factor causing surface ponding is
the poor maintenance of the drainage inlets. This not only delays the runoff but it
may be mistaken on verification graphs as delayed runoff from permeable
surfaces or ground infiltration. Only site visits during rainfall on the larger
impermeable surfaces may resolve such issues.
In Photo 1065 the drain is just
visible under the water.

Photo 1065

The drain has become blocked
by leaves. This drain which
once
quickly
routed
the
rainfall now slowly seeps
thorough the debris and into
the drainage system.

This same drain has caused a
large proportion of this car
park to pond (Photo 1202).

Photo 1202

20 WaPUG
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3.3.3 ROOF – Depression Storage Experiments
As with the paved surfaces, a number of experiments were undertaken to
estimate the depression storage on roof surfaces to compare with the software
default values for roof ‘assumed pitched’ of 0.32 mm maximum
(0.000071/v(0.05).
Experiment No. 12
Concrete rolled roof tiles;
Microtopography 0 mm on roof tile.
Runoff started almost immediately.
Mesotopography – gutter storage
equivalent to 1 mm over 25% of the
roof area.
Macrotopography – Only 50% of total
roof area connected to the drainage
system and 50% to a soak-away.

Photo 2

Therefore,
the
approximate
depression storage of
1 mm over 25% area is equivalent to
0.25 mm over 100% of the area.
This is comparable to the default of
0.32 mm in the software.
Photo 54

Photo 632

Observational (judged
data)
Felt
roof
with
stone
chippings;
Microtopography 0 mm on
felt with 6 mm stone
chippings. Slow routing
coefficient.
Mesotopography
–
ponding equivalent to a
maximum of 5 mm on
100% of the roof area.
Macrotopography – In this
instance 100% of the roof
is
connected
to
a
soakaway.
Observational (judged
data)
Felt roof with similar
depression
storage
as
above but without stone
chippings, therefore, a
faster routing coefficient
applies.
In the winter months it
has been observed that
this roof takes five days to
dry completely.
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The most important point about roof areas in a drainage catchment is that they
are not all ‘pitched’ and that the larger flatter roofs mainly found in commercial
and industrial areas should be considered separately from the norm.
3.3.4 Observations on Pervious Surfaces
The examples below show that in an urban environment it is very difficult to
observe permeable areas that exhibit some direct runoff to drainage system.
The grass area shown in
Photo 1192 does not
Photo 1192
show any signs of runoff.
All the rainfall falling on
the grass is permeating
into the ground. Even
inspections of all the
kerb joints show no sign
of rainfall runoff even
after a very heavy storm
event. However, if the
drainage pipes were to
run beneath this grass
area
which
is
also
heavily
planted
with
trees then root ingress
is likely and water may
Photo 1069
infiltrate
into
the
drainage system.

Photo 1195 shows a soil bank at a gradient of one in
one. After a 5 mm storm event this area did not show
any signs of runoff to the road at its base.

The gravel area shown
in
Photo
1069
is
unlikely to ever runoff
even in a 100 year
storm event.
Photo 1195

Photo 1199
The paved slab area shown in Photo 1199 could be regarded as pervious as the
majority of the rain falling is running off the slabs and down the joints. It may be
likely that the slabs are bedded on a permeable layer of sand or stone. If the soil
beneath this layer is impervious then it likely that a greater runoff could occur
from this area once the capacity of the sub-surface depression storage is full.
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These case studies indicate that slow response runoff from urban permeable
areas is perhaps not as common as frequently believed. It is likely that much of
this slow response originates from impermeable areas as discussed previously.
In rural areas variable runoff can be found from different soil types and slopes.
The authors of this paper did not undertake any experiments in these areas but
did observe occasional (4 times in one year) runoff from steep arable grassland.
This lead to the conclusion that such areas, if known, may be calibrated to react
only under the larger storm events by putting a depression storage equivalent to
a particular storm return period. Runoff from other soil types and rural land uses
may best be modelled using the SCS model as shown by Allitt (2004).
4.0

Summary

This paper reports on a number of model experiments and field work that were
undertaken in an attempt to better understand the processes of wetting and
drying on the catchment surface and how these are represented within the
modelling software. Issues relating to the New UK Runoff Model and the concept
of variable impermeable runoff have been examined. The results of this have
been presented as a form of user guide. The following key conclusions have
resulted:
1)
A relationship between NAPI and SAAR has been shown to exist for
sites within the ST region and this could be used to estimate the initial
condition for design events. However; further analysis is required to
investigate the effect of utilising data for storm events only within each
series.
2)
The differences between using a daily totals approach to calculate NAPI
and InfoWorks to calculate NAPI has highlighted some concerns, as the
two approaches can yield significantly different NAPI values and
subsequently runoff volumes. InfoWorks considers more parameters in
more detail, and users should use the software to calculate verification
and design NAPI values rather than the daily totals approach. Should
all raingauges be installed 30 days prior to flow surveys to ensure
verification NAPIs can be calculated.
3)
A reason has been shown why calibration of permeable areas when
using the New UK equation under smaller verification storm events has
caused greater amounts of runoff under larger design events than
reality. This has been linked to the way in which model users fail to
adequately consider the impact of depression storage, evaporation,
and antecedent wetness at the verification stage.
4)
Modelling methodologies should perhaps be enhanced so that if
calibrated New UK areas produce unrealistic flows under large return
period design events then the evaporation, depression storage and
antecedent wetness parameters used at verification stage should be
investigated further and in more detail.
5)
An understanding of how InfoWorks applies the wetting and drying
process has been given along with observations on where the software
does not represent reality and where the software imposes limitations
on the ‘numbers’ in the programming.
6)
Model users should consider depression storage on impermeable
surfaces in much more detail than is currently the case, particularly as
the defaults within the software can cause unrealistic estimates of the
available depression storage.
7)
Experimental and observational information on the wetting and drying
processes have been given and compared with the current ‘best
practice’ or default values. The depression storage on pitched roofs
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was indicated to be overestimated by the software and paved surfaces
underestimated by the software.
The field investigations have indicated a need to consider the impact of
depression storage at a number of scales, for example:
i. Micro – related to surface roughness and type
ii. Meso – related to ponding and puddles
iii. Macro – related to large scale connectivity issues
There is no distinct boundary between the meso and macro classes.
Due to this variability in depression storage on a number of scales,
urban areas exhibit a definite variable impermeable runoff response.
The variability relates to the activation or connection of an increasing
amount of area, under increasingly large rainfall events, as the
different types of depression storage are filled.
It is believed that in large urban catchments much of the slow
response that is frequently observed, and attributed to permeable
runoff processes, is actually related to the variable impermeable
responses identified above.

The following are raised to be addressed in the future:
a)

Should modellers be attempting to represent all these different
depression storage types through more detailed contributing area
definition? Would this allow a better representation of the variable
impermeable responses?

b)

Do we need an improved runoff model to better represent any variable
impermeable runoff?
Given the issues with the well-reported issues with the New UK Runoff
Model, do we need to fund the development of a further runoff model
to address all the variability that is frequently observed?
Do we need a hands on model user group to ensure these modelling
issues are reported and highlighted to other users?

c)

d)
5.0
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