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MEASURING AND MODELLING PERFORMANCE OF DUAL
DRAINAGE IN AN INDIAN SLUM

Pete Kolsky

London School of Hygiene & Tropical Medicine, Keppel St, London WC1E 7HT

BACKGROUND
Conventional storm drainage design seeks to keep the frequency of flooding below a
design value, often specified in terms of an Average Recurrence Interval (ARI) or
return period.  Commonly cited ARI values for design in the industrialised world are 5
years for commercial areas, and 2 year for residential areas.  Flooding in the slums
of the developing world is frequent for a variety of reasons which include limited
resources for infrastructure, solids blockage of drains, and, in many areas, more
intense rainfall.  As a result, many slums flood 10 or more times a year.  Where
flooding is so frequent, it is important to know not only "How often will it flood?" but
also "What happens when it floods?"

PERFORMANCE OF DUAL DRAINAGE SYSTEMS
In particular, residents want to understand

•  How high will the water rise?
•  How big an area will be flooded?
•  How long will the flood last?

The depth, area, and duration of flooding are thus important components of
drainage performance in addition to flood frequency.  This broader definition of
performance thus depends not only on the pipes and channels that make up the
"minor" drainage network, but also upon the "major" drainage network of roads and
open spaces through which flood waters travel.

The British Overseas Development Administration (now the Department for
International Development) in India therefore funded a substantial research
programme in the performance of slum drainage in Indore, Madhya Pradesh. The
infrastructure in a number of Indore slums was upgraded in 1992-1995, as part of
the ODA-funded Slum Improvement Programme.  The consulting engineer
Himanshu Parikh applied the dual drainage philosophy to the improvement of many
Indore slums (Parikh, 1990).  In addition to a conventional minor drainage system,
Parikh designed the streets of a number of slums to act as drains, through choice of
appropriate cross sections and consistent slopes towards the outlet. Previous articles
describe major findings of the ODA-funded research concerning the sensitivity of
drainage performance to construction practice and the presence of solids (Heywood
et al., 1997, Kolsky et al., 1996) and some methodological issues in the “quality” and
verification of modelling major drainage systems (Kolsky et al. 1999).

This article will briefly present the most significant results from the modelling of a
dual drainage system in the Motilal ki Chal slum of Indore, following a brief review of
the methods and some of the issues in model verification.  While the work has been
focussed on the problems of the poor in India, some of these results may be more
broadly relevant to those modelling dual drainage elsewhere.
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METHODS

Catchment description
Motilal ki Chal is a flat 20 ha catchment, which is roughly rectangular in shape, with
an approximate ground slope of 0.002 along its length, and between 0.002 and
0.004 along its width.  The minor drainage system consists of parallel 450 mm and
300 mm drains along the area’s main road, and tributary 300 mm pipes in every
other cross street.  The major system consists of street sections sloping consistently
towards the central main road and to the west.
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Figure 1: Motilal ki Chal catchment.

Construction of model for Motilal ki Chal

Rainfall, velocity and depth data were collected for six weeks during the 1994
monsoon using Montec recording raingauges and DETEC 3510 Survey loggers.
Chalk “telltale” gauges were used to measure maximum water levels at a number of
points in the system during major storms, while field staff checked the variation of
water level over time at manholes and in the streets during several events.  Detailed
topographic surveys were performed to confirm the dimensions and levels of both
major and minor drainage networks, and catchment surveys to determine the
tributary area and the types of cover were also performed.

Calibration of model

The HydroWorks package from Wallingford Software was used to develop hydraulic
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and hydrologic models of both the major and minor drainage systems in the
catchment. Twenty-two events, in which distinct hydraulic responses to rainfall were
observed at the outlet, were defined over the interval of recorded data. These events
were then divided into Calibration and Verification events, with better quality data
usually reserved for verification.  Eight events were used to calibrate the model,
through adjustment of various hydrologic and hydraulic parameters, while the rest
were kept to verify the quality of the model’s predictions.  Runoff was predicted from
rainfall using a simplified form of the “fixed-PR” model of the Wallingford Procedure
(DoE/NWC, 1983), in which the percentage of rainfall converted to runoff is fixed
throughout the event, and routed through two linear reservoirs.  Adjustments were
made to the calibrated model until no further improvement on discharge and level
predictions appeared likely.  Model predictions were then compared with a variety of
measures taken in the calibration events, including maximum depths of flooding, and
water levels over time at manholes and various points above ground.  These
comparisons confirmed the impression that there was little to gain from further
adjustment, so the model was deemed ready for verification.

Verification of model

The calibrated model was then tested using the data from other events set aside for
verification.  The testing consisted of comparison of predicted values of peak rates of
runoff, values of depth over time at outlets and points where depth was observed,
and maximum recorded depths at a number of chalk "telltale" gauges.  Results of the
verification for maximum depth prediction are summarised in Figure 1.  Note that
72% of the results are within  +/- 0.10 m.
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Figure 2: Error distribution for maximum depth in verification events
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Definitions for flooding

Intuitively, a definition of flooding seems straightforward; flooding occurs when depth
rises above a defined level.  In most drainage studies, this would be taken as the
road level; if water rises above the road surface, flooding has occurred.  In a network
where roads are designed as drains, however, this makes little sense; every event
would be a flooding event whenever runoff flowed down the street as intended.

Kerb level is an alternative cut-off with which to define flooding; if the maximum
water level rises above the lowest kerb elevation at a point, then flooding has
occurred. Using kerb levels, it is now possible to define the frequency of flooding at a
point over the season,  as the number of events in the season in which the water
rose above the lowest kerb level at that point.   It is also reasonable to define the
extent of flooding in any given event as the number of evenly-spaced nodes which
flooded in a given event.  Both frequency of flooding and extent of flooding can now
be predicted from model estimates of maximum water levels, and observed
frequency and extent of flooding can be computed for those nodes and events where
water levels were observed.

As described elsewhere, (Kolsky et al. 1999), careful analysis of the model’s ability to
predict flooding by the above definition was disappointing, even though other
aspects of modelling prediction were impressive.  It was found, however, that the
model did a satisfactory job of predicting violation of a 5 cm freeboard at a point.   By
this criterion, freeboard is violated at a point if the water surface rises to within 5 cm
of the lowest kerb level at that point; where the water surface stays below this level
during an event, freeboard is not violated.  Using this definition of “flooding”, the
model achieved the following

•  9 out of 10 of the predictions of  freeboard violation at a node were
correct.

•  Only 1 in 5 model predictions of no freeboard violation were incorrect.
•  2 out of 3 observed violations of freeboard were successfully predicted.
•  The model correctly predicted no freeboard violation in 19 out of 20 of the

observed cases where freeboard was not violated.

FINDINGS
Given the data and simulations of the existing drainage network for the twenty-two
observed events, it is possible to construct a rough “performance” diagram  in which
the maximum depth of freeboard violation for each node is plotted for each event.
(Figure 3)
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Figure 3: Depth of freeboard violation for different nodes and events.

There are some irregularities in the figure, but generally speaking there is a clear
hierarchy of flooding  (or freeboard violation); while freeboard is never violated at
some nodes, it is frequently violated at others, and the nodes where the maximum
depth is greatest tend to flood more frequently.  Two dimensional sections of this
figure can, with some slight modifications, usefully serve as baseline performance
indicators for the frequency and extent of freeboard violation.  Against this baseline,
one can then determine  the sensitivity of performance to variations in major
drainage design.

Effects of major drainage
A number of variants of the existing design were considered.

•  Option A: The existing major-minor system, characterised by pipes in Roads
R1, R3, R5, R7, and two main pipes along CR 3.  In addition, the existing road
network provides a coherent major drainage network.

•  Option B: A “spinal” option, similar to the existing system, but with the tributary
pipes along R1, R3, R5, and R7 removed.  This system thus retains the piped
drainage system only along the “spine” of CR3, and uses the major drainage
system exclusively in the tributary roads.

•  Option C: A “lowered spinal” option, in which the tributary pipes are eliminated
as above, but the roads on R1, R3, R5, and R7 are lowered by 5 cm, to increase
their capacity to carry tributary flows.

•  Option D: Existing major system option, in which pipes are removed, and
drainage is accomplished entirely through the existing major drainage system.
The boundary conditions for this option remain the same as before, with the
downstream water levels and upstream flows applied directly at the road network
boundaries.
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•  Option E: A “lowered road” option, identical to Option D, except that all roads
are lowered by 5 cm.

Figure 4 compares the effects of these options upon the frequency with which a
given extent of freeboard violation would occur.

Figure 4: The frequency of a given extent of freeboard violation for various designs.

The most striking results are:

•  Option E, in which all minor drains are removed and all roads are lowered by 5 cm
performs better than the existing system.

•  Option B, in which all minor drains are removed, has virtually the same
performance as Option C, in which the largest minor drains are retained.

•  Option C, in which the tributary minor drains are “replaced” by roads lowered by 5
cm, performs nearly as well as the existing system.

Similar analyses, described elsewhere (Kolsky, 1999), show that frequency of
flooding at individual nodes has virtually identical performance characteristics to the
extent of flooding shown here.

CONCLUSIONS
The main conclusions from this analysis are:

•  The extent and frequency of freeboard violation or flooding are
sensitive to changes in the major drainage system.  The major
drainage system must be considered if we wish to understand what
happens when it floods.

•  Small changes in major drainage can make a big difference.  Other
analyses, described elsewhere, show the significant effect that changes in
road shape can have upon these performance parameters.
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•  It will be difficult to model or design to this level of accuracy on a
routine basis.  While we cannot ignore the major drainage system, the
level of accuracy required to make reasonable predictions of flooding
frequency and extent is unlikely to be within reach of everyday practice.
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DISCUSSION

Question Martin Osborne BGP Reid Crowther

Were there concerns over the overland flow design velocities? Should there be
guideline velocities ?

Answer

In the worst event the velocity got up to 1 m/s. The Australians have looked at this
issue and have developed depth/velocity design standards.

Question John Packman Centre for Ecology and Hydrology
Wallingford

What are the issues associated with how roads are made, if they are to carry flood
water they may need to be concrete. This was an issue in Lahore.

Answer

We did approach the TRRL about this issue, there is a need to look at these possible
additional cost issues.

Question Richard Ashley Bradford University

Are there lessons to be learned here for the Developed World? Should we allow road
flooding here when we look at things from a sustainability viewpoint?

Answer

Standards are economic questions / trade-offs usually. Issues of sustainability need
to be viewed in these terms and may have an effect.

Question Terry Kennedy Babtie Group

Did you gauge public reaction to the frequency of the flooding?

Answer

Flooding was not seen as a big issue by the people, it was further down their list of
priorities than lower rent, better access to work, closer to family and friends. Flooding
is treated as a fact of life.

People did not like the re-grading work as the side streets used to flood while the
“higher” main street did not. After re-grading the flooding was shared around.
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