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ABSTRACT
The storm water drainage system in the Mumbai city is about 70 years old which is capable of handling rain intensity of
25 mm/hr at low tide. If the rainfall intensity is more than 25 mm/hr and high tide occurs, there is always a possibility of
water logging. Storm water drainage into Arabian sea and rivers worsens the situation and leads to the recession of
water to low lying areas during low tide. BMC’s main effort towards managing storm water drainage was
BRIMSTOWAD project, but it has been not effectively implemented.Hence an advance system of drainage, sub-surface
tunneling system is suggested for management of storm water drainage in Mumbai city. In the first step, the extreme
rainfall events were identified using past rainfall data. Yearly one day maximum rainfall of 279.4 mm and 944.2 mm in
Colaba and Santacruz stations were observed from 1994-2015. IDF curves were developed using Gumbel’s extreme
value distribution model for different return periods at different time intervals. The IDF curves for 2-5 years return
period at 24 hrs duration showed best results and can be considered for the design of drainage system in Mumbai city.
The suggested drainage system will modify the older drainage system in Mumbai and if provided with water treatment
plant, it can be used as an alternative to provide water to the residents of the Mumbai city during non-monsoon season.
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INTRODUCTION
Mumbai, being a coastal city, surrounded by sea and creeks is vulnerable to flooding when the high intensity
rainfall coincides with high tidal conditions. The change in rainfall pattern and intensity leading to extreme
rainfall events and subsequent flood conditions is a major concern in Mumbai city. The storm water drainage
system in the city is about 70 years old which is capable of handling rain intensity of 25 mm/hr at low tide. If
the rainfall intensity is more than 25 mm/hr and high tide occurs, there is always a possibility of water
logging. Storm water drainage into Arabian sea and rivers worsens the situation and leads to the recession of
water to low lying areas during low tide. Mumbai witnessed flood disaster on 26th July 2005 because of poor
drainage system. The impact of flood is such that it leads to Loss of human life, damage to property,
destruction of crops, water borne diseases, damage to infrastructure, psychological impacts, migration of
people etc. Rainfall Analysis and analysis of Intensity-duration-frequency relationships is a pre-requisite to
design an efficient storm water management system. Moreover, harvesting the storm water drainage for non-
monsoon season is also a need of the hour.  There has been a considerable number of studies and research
carried out to analyze the rainfall patterns and trends and generation of IDF curves in Mumbai city to forecast
flood conditions. Zope P. E., (2012) performed statistical analysis of rainfall for various durations and return
periods, prediction of maximum probable precipitation for different return periods, and analysis of rainfall
trend and intensity pattern for Mumbai city. The records of the observed monsoon maximum daily rainfall
were analysed statistically for different rainfall return periods (2, 3, 5, 10, 15, 20, 30, 50, 70 and 100 years)
during the period 1994 to 2013 for Colaba and Santacruz rain gauge station. Jenamani et al., (2006)
researched on causes of flood in Mumbai which had happened on 26th July 2005 but they have not shown any
result as evidence to prove how much orography has been contributed. However, to elucidate the effect of
orography, they showed variation of climatological rainfall at coastal stations and rainfall at hill stations
located over the crest/top of the Western Ghats available from an earlier study and concluded that global
warming effect is the cause of flood and drought. Mishra et al., (2015) studied rainfall trend and intensity
pattern in Mumbai region from 1994-2013 for Santacruz rain gauge station using Gumbel’s extreme value
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distribution model and  Neural Network model. It was observed from the study that the model architecture 4-
2-1 perform best with a (R2) value of 0.99 and mean absolute error of 0.04 for rainfall forecasting in Mumbai
metropolitan region. Many other researchers have studied and elaborated the need for storm water
management in Mumbai city (Gupta, 2005, Ranade and Hassan, 2005, Manekar and Nirmal, 2015).

It has been observed that even though storm water drainage system is designed by the government and the
municipal corporation of the Mumbai city, the management of this system is a major concern. The proper
disposal of the excess storm water drainage is also necessary to prevent water logging conditions in low lying
area of city.

This project has taken up to study the extreme rainfall events in Mumbai city, analyze intensity of rainfall
relevant to the return period. A detailed sub-surface storm water drainage system is suggested for Mumbai
region to tackle with the flood problems and demo model is prepared to illustrate the effectiveness of the
model.

METHODOLOGY
The methodology of this project includes the following steps.
1. Analysis of extreme rainfall events using daily rainfall data (1994-2015)
2. Generation of Intensity-duration-frequency curves at 24 hours duration using Gumbel’s extreme value

distribution model.
3. Estimation of maximum rainfall intensity for design of drainage system.
4. Analysis of the suitability of a sub-surface tunneling system for management of storm water drainage in

Mumbai city.

RESULTS AND DISCUSSION
Rainfall Analysis: The rainfall analysis for a period of 1994-2015 indicated uneven rainfall distribution even
in monsoon months and over the years. It was observed that, the minimum and maximum one day rainfall in
in Santacruz station was 107.1 mm and 944.2 mm in the year 2002 and 2005 respectively. Similarly the
Colaba station witnessed a minimum rainfall of 112.6mm (2012) and maximum rainfall of 279.4 mm (2007)
over the observation period. The IDF curves were generated to estimate the rainfall intensity in Mumbai at
2,3,5,10,15,20,30,50,70,100 years return periods at 24 hour interval using Gumbel’s model (Figure 1 and
Figure 2). The maximum rainfall was estimated to be 824.6 mm/day for a return period of 100 years using the
IDF curves. Hence a suitable drainage system can be proposed with the intensity of approximately 825
mm/day for desired span for a coastal city Mumbai, which is prone to flood in every monsoon leading to
varieties of losses. The desired discharge can be calculated using the rational formulae for design of storm
water drainage system using the maximum rainfall intensity.

Figure 1. IDF curve of Santacruz rain gauge station
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Figure 2. IDF curve of Colaba rain gauge station
Management of storm water drainage system: Management of storm water drainage is a major problem in
Mumbai city leading to water logging and flood conditions. In this study, the suitability of a sub-surface
tunneling system as operational in Tokyo is proposed. Statistically, Tokyo and Mumbai possess nearly same
conditions in aspects of rainfall average but though there is no incident heard that Tokyo is facing flood like
conditions. In Mumbai (Storm Water Drains) SWD department are fairly based on just roadside, below
footpath, open/closed drains, box drains, major gutters, minor gutters and outfalls. But these are not enough to
control heavy rainfall. All of them discharge into the Arabian sea and the creeks and results into water logging
conditions in the low lying regions again during low tide and storm water is wasted. Harvesting of storm
water drainage instead of throwing it would be a better option. Eight pumping stations are planned in
BRIMSTOWAD project out of which two are operational. All the pumping stations cannot be interconnected
to discharge into a tunnel because of the topography, urbanization, presence of creeks and due to the
underground geology and escalating cost. Moreover, the tunnel cannot be constructed in the South Mumbai
because of the low sea level. Hence, a sub-surface tunnel system can be constructed to harvest the storm water
drainage in the northen portion of Mumbai. In this study, the three stations Irla at Santacruz, Mogra in
Andheri and Gazdharband at Juhu are found to be feasible to be interconnected for discharge of storm water
drainage into the tunnel.

CONCLUSION
This study is aimed at analyzing the rainfall pattern and intensity to design a proper storm water drainage
system for Mumbai city where flood conditions are predominant. Historical rainfall data for a period of 20
years were analyzed to study the rainfall variations and extremities. Intensity-duration-frequency relationships
was studied by generating IDF curves for different returns period and maximum rainfall intensity for a 100
years return period is calculated. Finally, a sub-surface tunnel system is proposed by interconnecting three
different pumping stations to harvest the storm water drainage for future use in non-monsoon season. The
suggested drainage system will modify the older drainage system in Mumbai and if provided with water
treatment plant, it can be used as an alternative to provide water to the residents of the Mumbai city during
non-monsoon season.
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