WATER, MEGACITIES
AND GLOBAL CHANGE

MUMBAI

Case of Greater Mumbal

Jairaj Phatak 1
Ashok Hukku 2

1. Municipal Commissioner, Municipal Corporation of Greater Mumbai
2. Major General (Retd.), TechVisiorSecurity ConsultantsPvt Ltd.

1



CHAPTER 1
Geography, History, Resources, Infrastructure and
Economy

1.1: Introduction

Mumbai, the largest City in India, is also its financial capital. The population of the city
grew at a compound rate of 1.8 percent from 1941 to 2001. However, it is now showing
signs of stabilization with less than five percent population growth in the last decade.

a. Geography and history

Mumbai , population 12.4 million (2011), was
islands gifted by Portugal to England when a Portuguese princess married the King of

England! The town started growing after the British shifted their headquarters on the

Indian west coast to Mumbai in 1686. The original seven islands, which were joined to

each other through a causeway project called Hornby Vellard during 1782 to 1838, now

form the Mumbai City District (island city). These areas are covered in Wards A to Gn the

map on page 2. Four other islands, including a large island called Salsette, now form the

Mumbai Suburban District. (Wards H to R in the map)

During the last few years, the city has experienced extremely high rainfall on individual
days during the monsoons causing fears of inundation in low-lying areas. The National
Action Plan for Climate Change (NAPCC, 2008) has projected an increase in temperature
by about two degrees Celsius over the next fifty years and increase in the average rainfall
by about twenty percent over the next twenty years. Flood management during the
monsoons has thus emerged as arguably the most serious challenge before the civic
administration.

b. The city, its economy and priorities

The City Council (Municipal Corporation of Greater Mumbai- MCGM) encompasses both

City and suburbs and today three-fourth of the population of Greater Mumbai lives in the

subur bs. Mu mb a i houses the headquarters of th
Reserve) and of two largest stock exchanges (bourses) of India. The ports of Mumbai and

New Mumbai (called Jawaharlal Nehru Port Trust) are two large ports in India. Mumbai

contributes the largest collection of both the Direct and Indirect Taxes in India and it is
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thus rightly called Indiads Financial Capital

Although Mumbai is one of the four main metropolises in India, it enjoys a dominating
primacy in the Marathi-speaking state of Maharashtra. With 0.12 per cent area of the state
of Maharashtra, it has 13% population of the state, 37% urban population, 48% of
registered working factories and 52% of average daily industrial employment of the state.
Financial activities are even greater with 87% Joint Stock companies of the state
headquartered in Mumbai. This is why the Marathi people resisted the creation of Mumbai
as a separate centrally administered territory during the late fifties and 105 citizens died
from police firing during 1955 -57 in a political unrest that resulted in a new Marathi-
speaking Maharashtra state with Mumbai as its capital.

Figure 1: Map of Mumbai with Location of Storm Water Pumping Stations
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Although fifty-si x per cent of Mumbai 6s citizens | ive
extreme and the conditions of life in slums are better than many poverty-stricken Indian

villages. In other words, nobody starves in Mumbai and every one can get some education

and health cover! As for most large metropolises there is continued rural-urban migration

towards Mumbai. The Gini Coefficient of income inequality in Mumbai is 0.34, much lower

than that of Johannesburg (0.75), Sao Paulo (0.61), Mexico City (0.55) or Accra (0.50). It is

the same as Indian National average and is higher than that of Bangalore (0.32), Pune

(0.21) or Beijing (0.22)ii

In a City Council election, the citizens voted the following priorities as their expectations

from the City Council. It is thus seen that citizens are particularly dissatisfied by the

conditions of roads in the city, which get badly battered both by the heavy traffic as well

as heavy lashing (2500 mm of rainfall) during the four monsoon months. Recently, the

Bombay High Court (Yes! The name of the High
roadsod as a Funda me nitaadlhasBireged the Muhicipal C@pomatiort i z e n s
of Greater Mumbai to ensure that the roads are in good condition.

Table 1: Perceived top needs of citizens in Mumbai as revealed by a survey v
(By a daily newspaper in Mumbai in 2007: more recent surveys were not so specific!)

S. No. Priority Percentage of citizens -Voting for
priority
Road repairs/ paving to be expedited 86%
Better medical facilities in City 79%
Improved garbage collection 78%
Cleaning up of drains and sewerage 76%
Clean water supply in suburbs 75%
General cleanliness to prevent diseases 73%
24-hour water supply 71%
Faster disaster management 69%
Greater transparency in administration 64%
Greater transparency in fund utilization 59%
More trees to be planted 53%
More schools 53%
More open spaces and gardens 50%

Expedite major projects like storm water drainage 49%

More powers to BMC Commissioner 48%



1.2: Ecology

a. Precipitation

The ecology of Mumbai is driven in part by the large amount of precipitation that falls in
the city. The following table compares the average precipitation in mm and the number
of days of precipitation in some major cities of the world. (Data collected from Internet
figures)

Table 2: Precipitation patterns of some major cities of the world v

S. No. Name of the City Average annual Average number
precipitation in  of days of
mm precipitation

1 Cairo 22 5

2 Paris 585 164

3 London 594 107

4 Beijing 623 66

5 Washington D.C. 991 112

6 Rio de Janeiro 1093 131

7 Tokyo 1563 104

8 Hong Kong 2209 130

9 Singapore 2273 180

10 Mumbai 2413 104

Thus Mumbai gets a rainfall four times that of Paris in only sixty-three percent of the days,
which are concentrated in the Monsoon months from June to September.

The topography of the island city is relatively flat with some reclaimed areas between the
islands precariously close to the mean sea level (MSL). Some of the underpasses under
the railway lines and roads are actually below sea level during high tide, therefore water
pumps need to be deployed to drain out w ater during monsoons. The city is saucer
shaped with some areas in the middle being lower than the High Tide Line (HTL). Thus,
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when water accumulates at these points during monsoons, it is difficult to drain it by water
pumps as the level of water elsewhele is higher.

The Mithi River, which is actually the outflow of the largest lake within Mumbai, the Vihar
lake, has many interesting features. The river divides the western suburbs of Mumbai
facing the Arabian Sea from the eastern suburbs facing the mainland Maharashtra and
Thane Creek. Near its mouth, it also divides the original island city of Mumbai from its
western suburbs. BandraKurla Complex (BKC), the new commercial centre of Mumbai is
a reclaimed area from the muddy and slushy banks of the Mithi river. The river gets its
water overflow of the Vihar and Tulsi lakes only during the monsoon months. Waste water
from both the suburbs and the northern part of the city is released in the river in a rather
uncontrolled manner throughout the year. The last six kilometres of the river are subjected
to considerable tidal action. Flooding from the Mithi River had caused considerable
damage (Rs. 2.47 billion) in Mumbai during the 2005 floods. Flood protection by proper
training of its riverbanks is thus a high priority for the city administration. There are many
smaller rivulets in the suburbs that carry both flood water and waste water. Training of
their courses and desilting them before monsoons is a key function of the Municipal
Corporation with necessary management during the months of April and May to reduce
the risk and impact of flooding.

Table 3:
Mumbai: Topography, rainfall and storm water drainage system
Greater Mumbai has two administrative districts- Island City formed by merger of seven
islands and the suburban districts formed by merger of four islands
Surrounded by Arabian Sea to the west and Thane Creek to the East

Rainfall Characteristics:

Average annual rainfall: 2400 mm

Rainfall for the year 2010: 3500 mm ( 46% higher than average)
Rainfall for the year 2011: 2900 mm ( 21% higher than average)
Rainfall in the years from 2012 to 1014: 2400 mm (average)
Rainfall in the year 2015: 1765 mm (26% belov average)

35 to 40% of the annual rainfall occurs in just three or four events.
Legacy Storm Water Drainage System:

Gravity system without pumping arrangement

Number of catchments-121

System more than 100 years old

Designed for 25 mm rainfall and Run-off coefficient of 0.5




b. Land and reclamatio n

The seven islands comprising Mumbai City were joined together by a sea wall called
Hornby Vellard, named after the then Governor of Bombay, Hornby. The intervening
shallow areas were subsequently reclaimed, giving to the city a saucerlike structure. This
reclaimed area was systematically planned through Town Planning Schemes that gave
Mumbai relatively straight and wide roads! Mumbai Port Trust also had its own
reclamation of land from the sea mainly through the Apollo Reclamation scheme. About
one-eighth (750 hectares) of the Mumbai City district area is the land reclaimed and also
owned by the Mumbai Port Trust on the eastern waterfront. There are persistent demands
that this land should be released for development on the lines of London Docklands. The
Ministry of Shipping of the Government of India is studying the matter.

Another major reclamation on the western water front of the island City was under a

scheme undertaken by the then provincial government of Bombay with a name Back-bay

Reclamation Scheme Reclamation of eight blocks was originally intended under the Back-

bay Reclamation but the scheme was stopped during the 1930s after reclamation of four

blocks. Two more blocks were reclaimed during the 1970s and further reclamation was

completely stopped in 1978 due to criticism that the scheme was shifting the main

commercial area to one extreme end of the city besides creating environmental hazards.

The Apollo Reclamation and the Backbay Reclamation schemes house some of the most

important buildings in Mumbai like the Taj Mahal Hotel, Air India Building, the
Maharashtra State Governmentds secretariat anit

A large area in the city (2152 hectares) adjoining the creeks and the sea is inundated by
sea water during high tides. This area is clasified as Salt Pan land. This land is today not
available for development. The Government of India has constituted a Group of Ministers
to examine how this land can be protected and released for development.

A serious limitation on the development of land s on waterfronts was imposed by the
Coastal Zone Regulation (CRZ) of the Environment Protection Act, 1991. Under this
regulation land abutting the sea (classified as CRZI) cannot be developed and land on
the landward side of an existing road (CRZII) has restrictions on development if it is
located within a distance of 500 metres from the waterfront. Under the CRZ Notification
2011, this restriction is reduced to a shorter distance of 100 metres for the areas facing
bays and not the main sea.



CHAPTER 2
Institutional framework

2.1: Governance structure

In India, there is a three-tier governance structure: the central government (Government

of I ndia in New Del hi), the state government
Maharashtra in Mumbai) and the local government (MCGM) in Mumbai. The City and

suburbs send six Members of Parliament (M.P.s) to the National parliament, 33 members

to state legislative assembly and also elect 227 elected municipal councillors, who

constitute the Municipal Corporation. All the three bodies are elected for a period of five

years, however the elections to all three may not be held in the same year. The City Council

(MCGM) elects a Mayor for a period of two and a half years. There is City Manager type
administration in Mumbai. The municipal commissioner (City Manager) is a very senior

officer from the Indian Administrative Service from the cadre of officers of the Government

of Maharashtra. He is appointed as Municipal Commissioner by the state government for

a period of three years. Although the municipal commissioner is appointed by the state
government, he is answerable to the electedcouncillorsand i f t hey pass a ON
motion against the Commissioner with a five-eighth majority, the state government is

obliged to wi thdraw the commissioner and replace him by another officer.

2.2 Water Supply

Water Supply and Sewerage in a majority of Indian cities is handled by state government
parastatals usually called Water Supply and Sewerage Boards. Thus the City Councils o
Delhi in northern India, Kolkata in eastern India, and Chennai, Bangalore and Hyderabad
in southern India, do not handle the work of water supply and sewerage. There are
separate Water Supply and Sewerage Boards to discharge this function. However, in
Mumbai and other cities like Ahmedabad and Pune in western India, water supply and
sewerage is an obligatory function of the City Councils. Nevertheless, water supply and
sewerage is given a separate subbudget chddgeat @ Gwi thin the ove
the MCGM. Thus, the Municipal Commissioner (City Manager) supervises the water supply
and sewerage function in Mumbai, just as he supervises other municipal functions like
solid waste management, roads, storm water drainage, elementary education and public
health. For water supply and sewerage, he is assisted by an Additional Municipal
Commissioner and several engineers under the Hydraulic Engineer and Chief Engineer
(Water Projects). The Commissioner has to obtain approvals of the MCGM or its
committees for all major works. The Regional Planning Authority, the Mumbai
Metropolitan Regional Development Authority (MMRDA) has no direct role since water
supply is a municipal function.



There are numerous governance advantages in keeping water supply and sewerageas a
City Council function. The councillors, who have to face elections every five years, impart
a direct political accountability to water supply along with other municipal functions. In
fact, water supply is often the main subject producing maximum publi ¢ outcry and
complaints if there is even a little slackness or disruption in its supply. The public takes it
for granted that the drinking water supply should be smooth and normal and any
disruption can invite even physical attacks on the water supply engineers. This is why
water supply is monitored very carefully so as to cause minimal disruption. It is true that
on the whole, the public is unhappier with conditions of roads in Mumbai (Reference:
Table 1) and there have been court litigations asking for better roads. However, the
tolerance level of public about deficiency in water supply is the lowest. Community
participation in water supply is largely achieved at the ward office level whenever there is
any deficiency in supply since ward offices are wthin a walking distance for most
consumers.

Table 4: Water Supply Sources for Mumbai: Present and future sources

S.No. Source Yield in thousand m3/day
Present sources

1 Vihar 90

2 Tulsi 18

3 Tansa 455

4 Vaitarana 455

5 Upper Vaitarana 635

6 Bhatsa 2020

7 Middle Vaitarana 455
Total (Existing) 4128
Future sources

8 Gargai 440

9 Pinjal 865

10 Damanganga 1586
Total (Future) 2891
TOTAL 7019

When the Mumbai city was very small, piped water supply from two lakes, namely Vihar
and Tulsi, within the boundaries of present Greater Mumbai, was enough to supply water
to the city. Today more than 97 percent of 3900 million litres per day of water come s from
large lakes created through dams on rivers in the neighbouring Thane district of
Maharashtra state located on the North-East side of Mumbai city. The Water Resources
Department of the state government of Maharashtra allots these sources to individual



municipal corporations. These dams were built from 1955 onwards and are at a distance
of about 100 km. A majority of these dams were constructed by the MCGM itself, although
two large dams belong to the state Water Resources (Irrigation) department. Capital
expenditure on water supply projects is shared with central and state governments.
However, no external funding has been asked for during the last many years. An
advantage enjoyed by Mumbai city is that all these lakes are at a higher altitude than the
city, which as noted is mostly at sea level. Thus, most of the water flow to the city is
through gravity and the power bill for pumping is not very large. In this respect, Mumbai
city is blessed in view of its being a coastal city with the western Ghat mountains at a
distance of less than 100 km. There are other cities in India where water needs to be
pumped by electricity against gravity for scores of kilometers and this pushes the cost of
water to unreasonably high levels. Water is further treated with pre-chlorination, alum
dosing, settling, filtration and post -chlorination before supplying to customers. There is
substantial crosssubsidy in this sector. Industrial and commercial users subsidize the
slum-dwellers and other poor. While deciding the water pricing for different categories of
consumers, the municipal corporation keeps the price higher than the cost price for the
industrial and commercial consumers so that it can supply water at cheaper and lower
than the cost price rates to the slum-dweller and other poor consumers.

The price of water to the poorest domestic consumers in Mumbai at about 8 US cents per
m3 and is one of the lowest in the world. The cost of production is about 25 US cents per
m3. This compares extremely well with the cost of $5 per m3 in Boston and 3.3 Euros per
m3 in Francevi! However, bottled mineral water usually costs Rs. 10 a litre i.e. about US
$ 16 per m3, more than two thousand times that of tap water! This cost includes
wastewater collection, treatment and taxes as well asfixed costs. Most of the households
usually use tap water for drinking and cooking purposes but many households further
purify it through a membrane system like Aqua Guard. Many middle class consumers do
not insist on bottled water in their offices or in restaurants although in high-end offices it
is becoming fashionable to offer bottled water to visitors.

As far as total quantity of water entering Mumbai City is concerned, it is just about
adequate for its population. The planning for new sources of water supply for Mumbai is,
till recently, a race between rising population and additional water brought in the city.

However, there is a great scope for improvement particularly at the micro-level i.e.
distribution level. The Water Distribution Improvement Pro gramme (Sujal Mumbai) is
underway addressing the following main issues: water distribution network upgrade to
provide continuous supply, reduction in UFW (unaccounted for water)/ NRW (non-
revenue water), universal metering (to improve information and water billing), telescopic
tariff structure for water consumption (to aid in water conservation) and 24x7 water supply
(to provide resilience to supply to all customers).
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Until recently, the large number of non -functional meters was a bane of water supply
administration in Mumbai, with the result that water bills reverted to being determined
by the diameter of the connection. Out of the old meters only about half are working
today. However, five years back, the MCGM installed new meters with regular monitoring.
Almost eighty percent of the new meters are working.

In addition, there are more than 12000 wells in Mumbai, out of which about 5000 are dug
wells and 7000 are bore wells. These are used to supply tanker water to needy consumers
and for gardening purposes. The bore water, however, is often untreated and unsuitable
for drinking. The total contribution of these groundwater sources may not be more than
two percent of the total water supply.

On the whole, both the quantity and quality of drinking water suppli ed to the city of
Greater Mumbai is one of the best in India. Although there are stray cases of
contamination of water in slums and older areas of the city, tap water is fairly safe to drink.
However, in many upscale establishments, it is fashionable to dmk bottled water. In a
Mumbai restaurant, one of the first questions asked is whether the guest wants bottled
water or tap water, the latter is usually free of cost.

Table 5: Main challenges in water supply sector
1 Quantity 3900 thousand m3 of water is quite adequate for
the population. Moreover, with only five percent
growth in the last decade, the population is
showing signs of stabilization. Nevertheless,
future projects are planned for a higher
population.
2 Quality There are occasional complaints d contamination.
However, with an improvement in sewerage and
storm water drainage there has been considerable
reduction in the pollution load.
3 Non Revenue Water On a high side- about 30 percent
4 Way Ahead Moving towards 24x7 supply.
Equitable distribution of water
Reduction of non-revenue water
Improvement of information management (GIS,
Customer 0s dat abase,
Management and Customer Information System,
Assets Management
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2.3. Sewerage

Mumbai is divided in seven sewerage zones, two in the city and five in the suburbs, for
collection, conveyance and disposal of sewerage. Sewage collection system comprising
gravity underground sewer network and online satellite pumping station are grouped in
such a way that the entire quantity of sewage collected from that zone is delivered to the
terminal point in that zone. However, only about 65 percent of the population of Greater
Mumbai is covered with sewerage network and many slums are yet to be covered.
Sewerage tax is recovered through water bills and it is usually sixty percent of the water
bill. Wherever water meters are functional, the consumers get the water bills based on the
reading; wherever water bills are dysfunctional the water bills are charged as a percentage
of property tax. The sewerage tax is added as sixty percent of water tax to the same bill
for properties that are connected with sewerage.

Many of the Sewage Treatment Plants in Mumbai are quite old and the quality of treated
sewage leaves much to be desired. The Love Grove Plant was commissioned in 1880 and
the Dadar plant in 1938, although these were subsequently upgraded. The Colaba Love
Grove and Bandra sewage treatment plants discharge the treated effluents about three
kilometers into the sea through marine outfalls, while Aerated Lagoon technology is used
at Versova, Ghatkopar and Bhandup Sewage Treatment Plants. Unlike the mainland Indian
cities like Delhi, Hyderabad and Pune, there is little scope for recycling the waste waterfor
agricultural/ mining purposes in Mumbai city since the city is at sea level and it would be
uneconomical to pump the waste water against gravity for irrigating lands for agricultural
purposes.

Table 6: Flow data of treatment plants under Chief Engineer (Sewerage Operations),

MCGM, Mumbai
Sr. Name of Year of commissioning  Average Average
No. Sewage volume of  volume of
treatment sewage sewage
plant treated in dry treated in wet
weather weather
1 Colaba WWTF 1988 25 thousand 33 thousand
m3/day m3/day
2 Love Grove 1991 400 to 450 800 to 850
WWTF thousand thousand
m3/day m3/day
3 EPS abd WWTF 2003 450 to 500 750 to 800
Bandra Zone thousand thousand
m3/day m3/day
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Charkop STP 1992 45 thousand 9 thousand
m3/day m3/day
Versova WWTF 1998 85 thousand 110 thousand
and lagoons ma3/day ma3/day
Malad WWTF 1998 138 thousand 212 thousand
m3/day m3/day
Ghatkopar 2003 125 thousand 167 thousand
WWTF and m3/day m3/day
lagoons
8 Bhandup 2003 128 thousand 183 thousand
WWTF and m3/day m3/day
lagoon

A major landmark called the Mumbai Sewage Disposal Project | (MSDPI) was completed
in 2009. The up-gradation of sewage treatment has resulted in improvement in coastal
water quality, health benefits through reduced water pollution, aesthetical benefits li ke
reduction of odour and floating debris and increased fish yields reported by fishermen.
However, some expectations of a world-class city sewerage are yet unfulfilled. These
expectations include completion of sanitary sewerage network in the unsewered areas in
Mumbai; creation of treatment and disposal system in such a way that the effluent meets
the environmental regulations and connecting the flow from the slums into the duly
completed conveyance system. It is also necessary to ensure that the sullage ad sewage
is not allowed to enter into underground storm water drains in city and open drains in
suburb.

2.4. Storm Water Drainage

Mumbai gets an annual rainfall of about 2500 mm spread over only four monsoon
months. Singapore also gets a similar rairfall. However, the rainfall in Singapore is more
evenly distributed over the entire year. This makes it necessary in Mumbai to have storm
water drains that can carry almost four times more water than in Singapore. These drains
remain idle for the remaining eight months and it is not uncommon for drains to become
solid waste disposal receptors during the dry period. Cleaning of these drains is a major
pre-monsoon exercise for Mumbai.
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Figure 2: Widening of storm water drains
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In Mumbai during monsoons, many a time the hourly rainfall exceeds 50 mm per hour.
Most of the drains in city are covered drains but the suburbs continue to have many open

drains. Although a large storm water drainage project is under way, the improvements will

not be able to withstand a very heavy rainfall of more than 100 mm per hour coinciding

with a high tide as it happened on 26th
happens that even with a 100 mm rainfall in a day, some low-lying areas of the city are
water-logged for a few hours until the drainage system can discharge the water.

Figure 3: Rain and high tide position on the 26th July 2005
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In island city the storm water drainage system is mostly underground, whereas in the
suburbs the system s open ditches and channels. The storm water drainage system was
designed with the design intensity of 25 mm per hour rainfall with an average run off
coefficient of 0.5. It is now observed that the intensity of rainfall sometimes exceeds 100
mm per hour, multiple times during an event and in a day. On 26 July 2005 the highest
intensity was 136 mm per hour. While designing the older storm water drainage works,
the run-off coefficient was presumed to be 0.5 since it was expected that 50 percent of
the water would be absorbed in the sub-soil. However, while designing the new storm
water drains, the run-off coefficient is considered to be to be 1.0, i.e. it is presumed that
no water will be absorbed in the subsoil and the entire quantity of storm -water will have
to be drained off through the drains.
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2.5: Disaster Management

For the last decade the disaster management plan of MCGM has revolved around the

likelihood of flooding on the scale of the fateful day of 26th July 2005. Floods were caused

by the heaviest rainfall (more than 900 mm) ever to lash the metropolis in a single day!

More than 150 people died in Mumbai, 85 due to landslides, 50 by drowning, 33 due to

wall collapse, and ten by electrocution. Another 247 persons died due to water related

diseases like leptospirosis and gastroenteritis as an aftermath of floods. The number of

dead buffaloes was 1307 and sheep and goat was about 15000. A total of 50000

residential and 40000 commercial buildings and 30000 vehicles were damaged. The total
losstoMumbai 6s economy was estimated at Rs. 2. 47

Local train movement came to a halt by 2:30 pm due to the water logged tracks, the
subsequent train disruption led to increased vehicular traffic on roads. A large number of
people were stranded on the road, lost their homes and many walked for long distances
back home from work that evening. Water logging and submergence of certain low lying
pockets such as Dharavi, BandraKurla Complex, Milan Subway brought the traffic to a
grinding halt.

Figure 4: Phot ographs from the 2005 flood
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