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How to use this report

The report has been divided into three relevant volumes in an attempt to present the full
spectrum of issues relevant to the subject matter.

Section 1: (Executive Summary and Drivers)

The volume presents an executive summary and includes discussion on major driving forces
of the region which attracts population growth as well as increase the pressure on various
resources and urban services.

Section 2-5: (Technical Section describing the Pressures, Status, Impacts and
responses on three important resources considered under the report)

e Water

o Air

e Climate Variability
e Land

These sections discuss the status of these resources and also presents a special section on
climate variability in MMR.

The recommendations have been presented in two forms.

1. Asa comprehensive list at the end of sub sections in the technical report for Air and
water.

2. Specific recommendations have been elaborated in the running text as and where
appropriate to enable understand the status of a specific issue and correlate the given
recommendation. To make the recommendation more conspicuous, those are
presented in a text box outlined in blue colour. Further, to highlight the key features
of the report flow bars have been included in the running text

The citations have been presented either as a reference or as a hyperlink where relevant. The
sourced data sets from various parameters have been included as a separate Annex to this
report.

Specific Recommendation |

The data for air quality manitoring by the various 3

ey 23% of the total
water supplied to

feeine MMR region is
T — o o o e niet throngh

§ the dae 4 with CPCB. This Vaitarna River. It
is the longest (154
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Sampvle of Recommendation Box (Left) and Flow bar
Section 6: (Annexes)

This section compiles the annexes of this report.
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1.1 Executive Summary

Urbanization is on rise globally and India is no exception. It is evident from the fact that, for
the first time since independence, the absolute increase in Indian urban population has been
more than that in rural areas in the last decade. The level of urbanization in India has also
increased significantly from 27.81% in 2001 to 31.16% in 2011'. Although, according to
Ministry of Urban Development, Gol, 50% of India’s population would be living in urban
areas by the year 20392, the process of urbanization and development are highly resource
intensive. On one hand, the escalating demands and limited supply for resources like water
and energy are creating severe resource crunch, on the other hand, anthropogenic activities
induce stress on the ecosystem due to release of pollutants. Waste water from residential and
industrial units, emissions from vehicles and industries, generation of solid waste and so on
create undesirable impacts on water, air and land resources.

In this background, promoting sustainable development through effective resource
management becomes highly significant. However, to draft action plans and allocate
appropriate budget for infrastructure development, one needs to assess the current status of
resources and develop a baseline report. Towards this, developing an ESR (Environmental
Status Report) becomes an effective tool to plan efficient resource management. The ESR
presents the status of the quality of various resources in the region such as air, water, land use
and land cover, its changing patterns, biodiversity, and so on, thus, helping the decision
makers to come up with specific strategies. In Maharashtra, GoM (Government of
Maharashtra) has already initiated documenting ESRs at various levels, district and ULB'’s
(Urban Local Bodies), apart from documenting the Stat of Environment (SoE) for the
Maharashtra, biennially. MPCB with the Department of Environment, GoM in June 2009,
released guidelines that suggest the ESRs to be prepared as per the DPSIR (Driving forces -
Pressures - Status - Impacts - Response) framework for significant parameters (resources) in
the context of the city’s environment.

Since the city of Mumbai came into existence, it is one of the fastest growing cities in theworld.
With the increasing population, development and growing economic activities in Mumbai
and surrounding regions, the need was felt to form these areas into the Mumbai Metropolitan
Region. Once the region was formed, an Authority was set up to plan, coordinate and
supervises proper, orderly and rapid development of these areas (Maharashtra Act No. IV of
19753). Thus the MMRDA (Mumbai Metropolitan Regional Development Authority) came
into existence in 1975, as a planning and co-ordinating body. Being a planning authority it is
important to know the status of the region and a need was felt to develop the status report of
the Environment as well as the quality of resources in the region.

Owing to the complexity and the vastness of the region, the project was completed in two
phases with defined objectives of each phase as mentioned below:

1 http:/ /censusindia.gov.in/2011-prov-results/paper2/data_files/india/Rural_Urban_2011.pdf
2 http://indiagovernance.gov.in/files/urbandemographictransition.pdf
3 http://bombayhighcourt.nic.in/libweb /acts /1975.04.pdf
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1.1.1.1 Phase I: Data collection and compilation

To develop a standardized framework/channel for data compilation and collection
from various agencies in MMR

During the process of compiling the ESR of MMR, the information and data was
sourced in form of reports, questionnaire surveys, personal correspondence,
published papers, online literature review and so on. The agencies which were
approached included ULBs (Urban Local Bodies), MPCB, Zillha Parishads, Collector
offices, MIDC (Maharashtra Industrial Development Corporation), and MRSAC
(Maharashtra Remote Sensing Application Centre). TERI also conducted stakeholder
interviews to gauge their perceptions about the critical issues like climate variability
and their preparedness for combating the projected impacts of climate change. Also
the data available with various other agencies like NEERI (National Environmental
Engineering Research Institute), IMD (Indian Meteorological Department) and MPCB
was collected through personal correspondence and interaction. Site visits were also
been made to various locations to assess the status of resources in MMR.

As afirst step for developing the regional level ESR, the Environmental Status Reports
compiled by the A class ULBs in MMR were collected and the ESR for the past five
years were reviewed against the framework and guidelines released by MPCB. Out of
the 10 ULBs respective for the A class cities in, 9 of them publish an annual ESR except
for Ulhasnagar Municipal Corporation, MMR. While the Bhiwandi- Nizampur
Municipal Corporation publishes the ESR once in two years. Given that MPCB
recommends specific guidelines and DPSIR framework for publishing an ESR, a
matrix was developed to compare the indicators assessed in the status reports
compiled by the ULB’s and develop a data gap matrix to identify the data which isnot
been presented in ESR of the respective ULB. The missing data gaps were saturated
by TERI through obtaining data from other secondary sources, interviews with
officials and data logs to develop a comprehensive data matrix (Annex 1). Apart from
the components of the DPSIR framework data was also compiled and collected for the
resources like agriculture, mangroves, quarrying activities, biodiversity, forests,
climatic parameters, salt pans and so on.

1.1.1.2 Phase II: Data analysisand reporting

To analyse the collected data and prepare the ESR for MMR

Based on discussion with MMRDA and guidance from members of the Hon'ble
subcommittee of MMR EIS (Environment Improvement Society), the environment
status report has been developed as per the DPSIR framework. This report firstly
discusses the growth in term of population, economy, industrial units and
infrastructure and so on which by and large are the driving forces of the region which
lead to pressure on the resources in terms of water, energy and land. Further thereport
discusses in detail the status of, (1) Air Quality, (2) Water Resource, (3) Land Resource
and a special section on (4) Climate Variability in MMR. The summary and highlights
of each of the technical subsections is given below.

1.1.1.3 Driving Forces

Availability of natural resources, easy access to urban services and markets, favourable
climatic conditions, transport facilities, and abundant human resources are the major
parameters which drive the financial, economic, commercial and social growth of MMR.

.
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These parameters are largely interdependent on each other and a slight imbalance may result
in severe implications on several dependent entities and allied sectors. But factors like
population growth, industrial growth, economic growth, human resources and so on have
induced severe pressure on natural resources like air, water and land. To support the
increasing population, resource demand especially for water, food, clothing and energy
(electricity & fuel), are simultaneously growing at an exorbitant and unprecedented rate.

Population growth is the most crucial driver of the region. It is evident from the fact thatabout
20% (23.13 million#) of Maharashtra’s population reside in MMR. In terms of total population,
MMR ranks 8thamongst the top 20 metropolis globally. Employment opportunities in MMR,
has resulted in attracting the migration of population to the region. In the span of 40 years
(1971-2011) the population of MMR has increased by almost 197 %, with a CAGR (Compound
Annual Growth Rate) of almost 2.75%. As on 2011, MMR accounts for almost 34% of
Maharashtra’s urban population of the state.

The MMR is highly influenced with the economic growth of Mumbeai city and the region has
registered significant growth over the years. The GDDP (Gross District Domestic Product?),
in MMR has been increasing steadily at a CAGR (Compound Annual Growth Rate) of 14.92%
over the past 4 years. In 2011-126 the GDDP of MMR was recorded to be INR 4,49,697 crores
which is almost 1.5 times that of the year 2008-097 (2,96,238 crores). The economic growth of
the region has also influenced the per capita economic growth of the population in MMR. In
terms of PCNDDP (Per Capita Net District Domestic Product) the region has a steady CAGR
of 13.31%. In the last four years the PCNDDP of the MMR has grown by almost 1.45 times
from INR 2.82 Lakhs in the year 2008-09 to INR 4.11 Lakhs in 2011-12. One may note thatthe
Raigad district has recorded the highest growth in the last two years; the PCNDDP in the
region has increased 1.51 times in the same period with a CAGR of 14.81%.

Industrial growth is also one of the key driving forces for growth for MMR since it hasastrong
presence of corporate, prominent industries, research institutions, government sector,
entertainment & media, retail, construction, hotel industry, educational institutes and so on.
The major industrial belts in MMR area are spread across TTC (Trans-Thane Creek), Taloja,
Waghale estate, Dombivali, Ambernath, Bhiwandi and so on. There are almost 16058
industrial units including SSI (Small Scale Industry), MSI (Medium Scale Industry) & LSI
(Large Scale Industries) across red, orange and green categories as specified by CPCB(Central
Pollution Control Board). The industrial units in Mumbai and Thane region have decreased
by almost 32% and 17% respectively but there is a gradual increasing trend in number of
industries in Navi Mumbai (17%) and Kalyan (38%) regions and a very sharp growth in the
Raigad region of about 44% in the between 2008 and 2012.

4 Provisional Census data 2011

5 Average taken for the districts of MMR — Mumbai, Mumbai Suburban, Thane and Raigad

6 Government of Maharashtra, and Economic_Survey of Maharashtra 2011-12, Annexure 3.9, Gross/Net District
Domestic Product And Per Capita Net District Income, pps 34

7 Government of Maharashtra, Economic_Survey of Maharashtra 2008-09, Annexure 3.8, Gross/Net District
Domestic Product And Per Capita Net District Income, pps 32
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1.1.2 Water Resource

MMR is bestowed with numerous water resources such as rivers, lakes, ponds, dammed
reservoirs, underground aquifers, wetlands, estuaries and so on which have tremendous
environmental as well as resource significance. Approximately 671.2 sq.km (15%) of the total
area of MMR is covered with wetlands and water bodies as per the land use pattern nettedby
MRSAC, GoM in the year 2006. These wetlands maintain a natural balance in the
environment, while supporting a wide variety of flora and fauna. They also provide
protection against floods and act as a buffer zone for the region. Furthermore, MMR has a
coastline of 256 km, which supports a large fishing community comprising of around 160
thousand people for whom fishing is the only source of livelihood.

In MMR, the surface water resources comprise 13 west flowing rivers; their 21 tributaries,
more than 431 water bodies (lakes and ponds) and approximately 22 reservoirs/dammed
reservoirs within the municipal limits of the various ULBs. However, the number of water
bodies existing in the region is only a rough estimate as there is no comprehensive study or
inventory been developed for the entire region. Further there are more than 5660 dug wells,
7511 tube wells, 1906 bore wells and 3715 hand pumps which form a source to extractground
water in the MMR municipal limitss.

1121 Water quality index of river & creek water:

The surface water quality in MMR is monitored at 44 WQM (Water Quality Monitoring)
stations (21 on rivers & tributaries and 24 on creek/sea), under the NWMP (National Water
Monitoring Programme), initiated by CPCB (Central Pollution Control Board) and SWMP
(State Water Monitoring Programme) initiated by MPCB. The WQI (Water QualityIndex) was
computed by TERI using modified NSF (National Sanitation Foundation) formula for preand
post monsoon period for the year 2012-13 to get an overview of the status of water quality.
The parameters considered were DO, BOD, FC and pH. Other statistical methods were also
applied to arrive at the trend of the results as seen in Map No. 1-1.

The data monitored at the WQMS for all the river in MMR indicated ‘Good to excellent’ water
quality during post monsoon period except at Mithi River. Whereas during pre-monsoon
period, 2 locations (WQMS no. 1092 on Ulhas and WQMS no. 2685 on Patalganga river)
indicated medium to good water quality and WQMS on Mithi River indicated ‘Bad to Very
Bad’ water quality. The water quality was majorly affected due to increase in the fecal count
which may be due to direct discharge of human sewage, fecal waste of mammals and birds,
or from agricultural and storm runoff.

Further, the seafront/creek water quality during post monsoon was found to be good quality
except at a sampling location near Oshiwara River (WQMS 2169). Whereas during pre-
monsoon, 21 WQMS (87% of the sampling locations) revealed bad water quality due to higher
BOD and FC content. Hence, it is strongly recommended to implement strategies to ensure
that the creek water quality is in the acceptable range and the prevailing norms for improving
& maintaining the creek water quality is been strictly followed and executed. Also it is
recommended to have uniform distribution of WQMS to get an overview of the water quality
of the entire coastline. The infrastructural and institutional gaps need immediate attention

and appropriate co-ordination between the nodal agencies, regulatory bodies, the respective
ULBs and MMRDA.

8 Details in respective sections onwater of this report- Volume 2
9 Details in respective sections of this report- Volume 2
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1122 Issue with water bodies (lakes and ponds) & dammed
reservoirs

The water bodies in MMR are in extremely bad condition and in varying degrees of
environmental degradation due to illegal encroachment, dumping of sewage, garbage,
construction debris and embankment of the edges. Hence it is recommended, to formulate
stringent regulations for sustainable development in the vicinity of the water bodies and
marking of all the water bodies in the Development Plan to ensure that they are protectedand
the land use pattern remains unchanged.

Further in MMR, there are currently 12 major dams planned or under construction for
supplying drinking and industrial water. It is estimated that, the development of
dams/dammed reservoirs, would displace more than 30000 tribes and submerge more than
14000 hectares of primarily tribal land, including 6062 hectares forest land # within the global
biodiversity hotspot of Western Ghats. Hence it is strongly recommended to carry out a
detailed impact assessment study, to conserve the remaining forests and tribal communities
of Western Ghats of Maharashtra.

1.12.3 Status of ground water resources & its quality

The dependence of the region on the ground water resources is to the tune of 293.35 MLD
(Million Litres per Day). The ground water quality is monitored by CGWB, Gol (Central
Ground Water Board, Government of India) and MPCB. In all, there are 47 ground WQM
stations in MMR (44 WQMS installed by CGWB and 3 by MPCB). However the data for all the
parameters for the MPCB WQMS was not available and hence the detailed assessment could
not be carried out. For the remaining 44 WQMS, the assessment revealed that 71% of the
sampling locations had good water quality whereas 9% showed poor water quality due to
agricultural run-off, leakages from septic tanks and so on.(For the remaining 20 %, thesecondary
data was not available for assessment.) Further, 43% of the monitoring locations exhibited
decreasing trend in the water level due to over extraction, especially the Vasai Virar and parts
of Raigad district. Hence, it is strongly recommended to improve the groundwater level by
recharging the ground through rainwater harvesting.

1124 Status of water supply and sewerage

The water demand of the region is primarily met through surface water resources which
includes 4 major rivers namely Vaitarna, Ulhas, Patalganga, and Amba. These river basins
constitute the Mumbai hydrometric area and are spread across a total catchment area of 5756
sq. km. The present demand of the entire region is estimated to be 6725 MLD which includes
demand from domestic, industries, and irrigation sector. As against this demand, the amount
of water supplied is to the tune of 5449 MLD indicating a deficit of 1276 MLD. Water resources
have also been identified for augmentation to reduce this demand supply gap. A number of
government agencies namely Maharashtra Jeevan Pradhikaran (MJP), Maharashtra Industrial
Development Corporation (MIDC), various municipal corporations/councils and Irrigation
Department are involved in water resource development and supply. However, these
agencies have been developing resources to suit their individual requirement and withoutany

10 Parineeta Dandekar, Himanshu Thakkar,South Asia Network on Dams, Rivers and People (SANDRP)
Report- Dams in tribal belt of Western Ghats for the Mumbai Metropolitan Region: None are justified — Better options exist
" Details in respective sections of this report

12 Details in respective sections of this report
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organized holistic plan of action for the entire region. Hence it is recommended to have
unified perspective in planning, management and efficient use of water resources.

Further, 4753 MLD of waste water is generated in the region, out of which only 59 % istreated
to some extent (either primary or secondary). Hence it is recommended to set up efficient
sewage treatment facilities and treat 100% of the wastewater generated in the region to an
extent of tertiary treatment followed by biological treatment before its further recycling. Lastly
in the report, the service level performance of all the ULBs, were compiled and collated to get
an overview of the water and sanitation sector in MMR.

1.1.3 Air Quality

Air pollution in MMR is of major concern owing to presence of industries and heavy trafficin
the region. High population density in the region makes the issue worst, exposing them to
high pollution levels. In the background, monitoring the air quality parameters with
appropriate and state of art monitoring infrastructure in a scientific manner is of critical
importance. To determine the quality of air it is essential to monitor the level (concentrations)
of air pollutants in the air as against the concentration which may lead to harmful health
effects. Air quality in MMR, is monitored by MPCB (Maharashtra Pollution Control Board),
ULB’s (Urban Local Bodies) and some Industrial units.

11.3.1 Monitoring Infrastructure

As on March 2013, there were 25 monitoring stations under NAMP (National Air Monitoring
Program) and SAMP (State Air Monitoring Program). These stations monitor the ambient air
quality with a frequency of almost two monitoring days per week for SO, (Sulphur dioxide),
NOx (Oxides of Nitrogen) and RSPM (Respirable Suspended Particulate Matter) levels.
However 25 AAQMS for a vast region like MMR is very less. As per CPCB (Central Pollution
Control Board) guidelines a minimum of 160 regular monitoring stations are requiredin MMR
to appropriately represent the air quality of the region. The highly congested areas like Saki-
Naka, Ghatkopar, Kurla, Andheri, Vasai Virar Mira-Bhayandar have no monitoring stations.
Also the sensitive areas in MMR, like the Sanjay Gandhi Park, Matheran eco-sensitive zone
and Karnala bird sanctuary has no air monitoring setups. Establishing state of art
infrastructure for monitoring air quality with real time data transmission at a centralised
centre is highly recommended for the region.

1132 Air Quality

Determining the quality of air based on different pollutants becomes a bit complicated. Hence,
to provide an easy to comprehend information about the air quality for general public, the
AQI (Air Quality Index) was developed based on the data recorded by the AAQMS in MMR
and the calculation is further elaborated in the technical section. As seen in Map No. 1-2,high
concentrations of RSPM and NOx are of major concern in the MMR region especially in the
regions of Mumbai, Navi Mumbai and Thane. The industrial areas of Dombivali, Ambernath
are highly polluted since the concentrations of all the three pollutant exceeded the respective
standards. These are the most preferred areas for migration since the accommodation in these
areas is still economical as compared to the other regions in MMR. These regions are amongst
the most polluted regions not only in MMR but also in the state of Maharashtra. Furthera SPA
(Special Panning Authority) is highly recommended for this region to appropriately plan the
development of this region since this region is a booming sector for real estate and population
migration owing to affordable housing and better connectivity to South Mumbai

" teri
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In terms AQI of the MMR, only three AAQMS in MMR, viz Kalyan (Bail Bazar), Bhiwandi
(Pematai hall and IGM Hospital) recorded ‘Good” AQI for almost all the readings/
observations at that AAQMS. While industrial areas like Dombivali, Ambernath, Taloja,
Ulhasnagar recorded Moderate and Poor AQI for more than 50% of the observations. The
AAQMS at Sion recorded Good Air Quality for mere 26 % of the observations while recorded
‘Poor” Air Quality for more than 42% of the times.

Although the other regions in MMR recorded SO, concentrations well within the annual
standards (50png/ms3), the MIDC areas of Dombivali (50pug/m3) and Ambernath 42nug/ms3
recorded annual SO: concentration close to standards indicating high concentrations of SO
in those areas. As for the NOx concentrations 16 out of 25 monitoring stations violated the
annual standards. The regions of Kalyan, Ambernath, Dombivali, Badlapur, Ulhasnagarand
Navi Mumbai recorded high levels of NOx concentrations. Owing to heavy traffic, congested
roads and idling emissions from vehicles the NOx levels at Sion region have recorded the
highest annual NOx concentrations (10611g/m3) in MMR followed by Dombivali (9411g/m3),
Ambernath (91pg/m3) and Ulhasnagar (81pg/ms3) areas which are highly industrially
influenced.

High concentrations of RSPM are of great concern in MMR. All the regions recorded high
levels of RSPM and violated the annual standards (60pg/ms3) of RSPM set by CPCB. Since
these are fine respirable particles they have severe health impacts in terms of cardio-vascular,
respiratory tract and lung related diseases. Panvel (1681g/ms3), Taloja (129pg/m3) and allthe
AAQMS in Navi Mumbeai region recorded high RSPM levels in MMR. These areas are highly
influenced with quarry sites and construction activities. Moreover, road dust re-suspension,
movement of vehicles and irresponsible construction activities could be directly attributed to
high RSPM levels in MMR. Towards this, strict measures need to be taken at the construction
sites by adopting green building guidelines, efficient operating measures at quarry sites,
appropriate sweeping of the roads and so on.

Noise pollution is also a major concern in MMR especially in the residential and silence zone.
As per trend in the noise monitoring the industrial locations maintain the noise levels within
the standards. The average noise level at all the 42 locations, during Ganesh Utsav exceeded
the 65 dB(A) limits, the stringent among the residential, commercial and silence zones. The
highest noise levels were recorded in areas of Bandra and Mulund of about 97.5 dB(A). While
the areas of Dadar, Chinchpokli, Wadala, and many areas of Thane and Kalyan, recorded peak
noise levels of more than 90 dB(A). Similarly during the Diwali festival also MPCB records
noise levels across 72 locations in spread across Greater Mumbai, Thane, Mumbai, Kalyan,
Ambernath, Dombivali and Ulhasnagar in MMR. The peak readings for all the areas inMMR
exceeded more than 75 dB(A), exceeding the limits of 65dB(A), by more than 10dB(A), set as
day time limits for residential area.

.
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1.1.4 Climate change

With its ever increasing population density of 4549 /sq km in 2001 to 5403 /sq km in 2011 and
by the virtue of being large and highly multidimensional in nature, the Mumbai Metropolitan
Region (MMR) poses several inherent challenges and vulnerabilities which are further
compounded by the climatic variations. Thus in this section an attempt has been made to
assess the impacts of the climatic variations pertaining to four parameters viz; rainfall,
temperature, humidity and wind speed on various resources and sectors pertinent to the
region while further establishing linkages with the preparedness of the Urban Local Bodies
(ULBs) within the region.

1.14.1 Rainfall and Flood assessment

The assessment of monthly rainfall datasets showed a clear decrease by 7.7 % and 6.5% of the
very light rainy days and light rainy days respectively for the region, whereas, there was
23.6% and 26.9% increase in the category of heavy rainy days and very heavy rainy days.
Further, the rainfall was observed to be exceeding the long term average in July and August
months especially in the past decade. Thus, the region is expected to be wetter in comingyears
with these variations. A detailed flood assessment undertaken for the region comparingheavy
rainfall events with high tide levels and the consequent impacts showed that water logging
situation in the region is essentially a compounded impact of heavy rainfall and high tides
together. Various low lying areas were identified and were cross validated through accuracy
analysis with the published government literature available.

1142 Wind and Humidity

The study showed an increase in the humidity levels by nearly 2% especially during the day
whereas 3% decrease in the evening humidity levels with the variations remaining more or
less the consistent with no specific trend identified over the years. However, it was observed,
that the wind speed showed a sudden and sharp decrease of 12km/hr to 6.5km/hr in four
decades which seemed to be debateable. Thus, a further research as recommended for this
parameter to deduce conclusive findings.

However, the consultations with the government officials of the Urban Local Bodies (ULBs)
and the local communities revealed a slightly different picture. While there were agreements
on the temperature rise, the communities experienced an increase rainfall along with a
prominent delay in its onset, whereas the data assessment did not reveal shift in the onset
dates. Further to these, discussions with the officials in the ULBs, it was learnt that therelacks
a definite understanding about the difference between climate change and environmental
degradation. Thus, a very specific training for the officials on climate change, its impacts and
its significance on improving the urban resilience is required to be imparted.

1143 Temperature

The average annual temperatures showed a clear increase over the past 4 decades. The
assessment showed a clear increase in the minimum as well as maximum temperatures over
the region. It was very prominently observed that the maximum temperatures are seen to be
increasing between the range of 0.7°C- 1.0 °C, whereas the minimum temperatures are also
showing a rising trend between 0.4°C-0.6°C.Similarly the hot days for the region alsoobserved
a rising trend in the past 4 decades, where the number hasbeen increased from 4 in 1971 to

Z Z

16



Executive Summary

around 12 daysin 2011. It could be thus said that the region is becoming hotter with increase
in time.

As a response to these assessments, very specific (region as well as sector) recommendations
have been articulated to further strengthen the regional plan. Undertaking a detailed spatial
study for assessing the vulnerability and resilience of the region to flooding and heavy
rainfall, orienting the Disaster Management Plans to integrate the climatic variations and
feedback from these plans to be provided to the planners and policymakers in order to
increase resilience of the ULBs towards untimely climate catastrophes, formed some of the
key recommendations pertaining to flooding and rainfall variations in the region. For
mitigating the Urban Heat Island Effect and its impacts coupled with rise in urban
temperatures, recommendations like the making the use of pervious surfaces in the new
developments to be made mandatory while also undertaking detailed assessment of the
Urban Heat Island Effect for the entire region were proposed. Apart from the specific
recommendations, other overarching recommendations like making the implementation of
Energy Conservation Building Code (ECBC) and Solar Passive architecture techniques
mandatory for the upcoming and new construction in urban as well as peri urban areas were

also prominently highlighted.

1.1.5 Land Resource
1.15.1 Land Cover and Land Use

MMR (Mumbai Metropolitan Region) possess a variety of land cover types such as the coastal
front, mangroves, forest area, hillocks, agricultural land and numerous water bodies within
its jurisdiction. Out of the total 4427 sq. km (Table No. 1-1), almost 35% (1536 sq.km) of the
land is covered by agricultural land (Map No. 1-3) followed by forest which is almost 21 %.
Being a coastal city, mangroves, saltpans, marshes, tidal zones and mud-flats accounts for a
total of 13% (~565sq.km) of the land use while 14% is shared by the built up area. This built
up area accommodates 23million individuals indicating a high population density with more
than 37,000 persons per sq.km. The land resources and the land use has undergone various
changes over a period of 20 years, and there hasbeen a remarkable reduction in the share of
agricultural and forest land by 7% and 5% respectively. The built-up area in MMR has
increased by 2% accounting to an increase of about 58 sq.km. Quarrying activity is rampant
in the region, mainly in the talukas of Thane, Bhivandi, Panvel and Kalyan largely affecting
the environment and ecology of the region. As on January 2014, there are about 200 operators
in MMR who have been provided with lease to undertake stone quarrying and stone crushing
activities. The total active sites under quarrying activity add to a total of 4.5 sq km area within
MMR.

1.1.5.2 Agriculture Land

Agriculture is an important source of livelihood for the rural population in MMR, where
paddy is the main Kharif crop which contributes significantly to the production of rice in the
state. On an average MMR has been contributing about 10-11% of the state’s rice production
in the past few years. Cultivation of horticultural plants like Banana, mango and Sapota
(Chikoo) is also practiced on a large scale in Thane district especially in Ambernath, Bhiwandi,
Kalyan Thane and Vasai talukas, while Agro-horticultural plantations are abundant inallthe
talukas of Raigad district in MMR. Although agricultural land is a significant resource, it is
under tremendous stress as the owners of these lands usually sell or abandon the cultivable

" teri



Environmental Status Report of MMR

land for high economic values offered by the builders and developers leading to high
conversion rate of agriculture land to NA (Non —Agricultural) plots. The highest change in
land use land cover in past 20 years has been recorded in the agricultural land under paddy
cultivation in the highly urbanised areas of Thane (50%), Vasai (19%), Ambernath (12.5%)and
Kalyan (4%). If this land conversion /loss in MMR could have been avoided over the years, it
would have then produced about 8,400 tons of rice in the year 2011-12 as per the decadal
average productivity of paddy in those talukas.

1.1.5.3 Biodiversity

The MMR region is also rich in biodiversity it comprises of nearly 1484 species of flowering
plants, 169 species of birds, 52 species of mammals, 64 of herpeto-fauna (52 reptiles and at
least 12 amphibians) and about 115 of butterflies. The PA’s and other habitats prove to be a
home for variety of faunal species consisting of mammals, birds, herpeto-fauna and so on of
which many are found to be belonging to International Union for Conservation of Natureand
Natural Resources (IUCN) red data book categories and also endemic to the western Ghats.

1154 Protected Areas

MMR has 3 Protected Areas (PA’s), viz the Sanjay Gandhi National Park (SGNP), Karnala bird
sanctuary and Tugareshwar sanctuary and 1 eco-sensitive zone of Mahtheran within itslimits.
In addition 2 PAs, Phansad and Tansa wild life sanctuary, lie along the periphery of MMR.
The forest in MMR is dominated by the southern mixed-deciduous forest type, with a lesser
extent of dry-deciduous, semi-evergreen and evergreen types and is known to be a major
carbon sink absorbing carbon-monoxide and carbon dioxide. However, urbanisation has
resulted in severe deforestation reducing the forest covers in the region. In 1987, the forest
cover of MMR accounted for almost 1142 sq.km, i.e. more than 1/3rdarea of MMR was under
forest cover. However, there has been a drastic change in the same and the absolutearea under
forest cover hasreduced by around 225sq.km almost leading to an overall reduction by 5%.
Also illegal encroachment, forest fires, tourism activities and so on prove to be potential
threats for these PAsleading to a situation of fragmentation of the habitats.

Table No. 1-1: Existing land use share in MMR

Land use type Area (Sq Km) Share (%)
Agricultural Land 1563.3 353
Forest 917.1 20.7
Wastelands 656.2 14.8
Built Up 619.2 14.0
Wetlands 564.7 12.8
Water-bodies 106.5 24
Grand Total 4427.0 100.0

Data Source: As per attributes provided by MRSAC, GoM, 2006
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Map No. 1-3: Spatial representation of existing land use in MMR
Source: MRSAC, GoM (Refer Annex 18 for A3 size nap)
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1.1.5.5 Mangrovesand Saltpans

Wetland ecosystem forms integral part of MMR with major habitats like mangroves and
saltpans. Other habitats present are mudflats, freshwater lakes, rivers and creeks. The total
area of wetland present in MMR is around 564.7 sq.km. Mangrove wetlands prove as a boon
for the regions as it provides a barriers against any oceanic calamity like tsunami and sealevel
rise. Around 15 species of mangroves are found in the region spread across 193 sq.km?. But
they are under tremendous stress owing to various pressures from developmental changes,
pollution, dumping of debris, solid waste, reclamation, deforestation and so on which has
resulted in a loss of almost 40%™ of the mangrove area in last ten years. Proper legal
implementation and management of the CRZ (Coastal Regulatory Zone) norms would help
reduce the impacts on mangroves leading to its conservation. MMR coast has been ideal for
the production of salt. Mumbai’s saltpans are spread over 13 pockets across the eastern
suburbs of Ghatkopar, Chembur, Wadala, Kanjurmarg, Bhandup, Mandale, Turbhe, Nahur
and Mulund, and the western suburbs of Dahisar, Mira Road, Bhayander, Malvaniand Vihar.
In the year 2013-14 the total salt production from the districts of MMR was about 2.52 lakh
MT (Metric Tons) accounting to about 98% of the states salt production. The saltpans today
face serious threat from the construction lobby of the region leading towards a mild decline
in the overall area and production.

1.1.5.6 Solid Waste

As, MMR is highly industrialized, urbanised and densely populated high amount of
municipal, biomedical and hazardous waste is generated. As on March 2014, it is estimated
that about 13,000 MT/day of MSW (Municipal Solid Waste) is generated in MMR, the highest
than any other metropolis in the country. Greater Mumbai generates more than 70% of the
total solid waste generated in MMR. As per statistical record of MPCB, there are about 17,681
HCE’s (Health Care Establishments) in MMR which generate about 13,000 kg of BMW
(Biomedical Waste) per day. There are about 5 agencies in MMR which operate the collection,
transportation and treatment of BMW which includes incineration, autoclaving, shredding,
effluent treatment and washing. In MMR about 1.11 Lakh tons of hazardous’” waste is
generated per year and its management is under the purview of MPCB. The hazardouswaste
from the regional offices of MPCB, segregated into 5 regional offices namely Mumbai, Navi
Mumbai, Thane, Raigad and Kalyan. Treatment of the hazardous waste is undertaken attwo
facilities at Taloja and TTC (Trans Thane Creek) centres. According to a survey carried outby
MPCB in 2007, MMR region is the highest e-waste generating region in the country. MPCB
has authorized centres for collection, dismantling and recycling of e-waste. Currently, there
are twelve centres authorized and registered to dismantle e-waste generated in MMR region.
Solid waste management and disposal is one of the sectors which needs urgent attentionboth
at the regional and ULB level.

13 As per data retrieved from data attributes shared by MRSAC
V. U. Joshi, et al., Chapter 8, Environmental Conflicts in Coastal Metropolitan Cities in India: Case Studies of Mumbai

and Chennai Metropolitan Regions, Solutions for Environmental contrasts in Coastal Areas, Vol. 4. Environmental
Conflicts in Coastal Urban Areas, pps. 320-354

5 Annual Report of MPCB 2010-11

Z Z
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1.2 Driving Forces of the Region

1.2.1 MMRDA establishment and evolution

Mumbai city, formerly known as Bombay, is not only the capital of the Maharashtra but also
regarded as the most important financial hub of the country. Although Mumbeai is one of the
most populous cities across the globe, originally it was inhabited by small groups of fishermen
community locally known as ‘Koli’, across a group of seven islands. There have been several
records regarding the names of these islands as they may have been called during the
respective eras.

The oldest records of the names of the islands have been documented in a letter written by
Dr. John Fryer, a physician by profession working with the East India Company, visited
Mumbai in 1672-81. According to him the names of the islands were Mumbai, Salsette,
Trombay, Elephanta, Khanderi, Underi and Henery?¢. While, a report by Mumbai Port Trust
mentions the islands as Colaba, Bombay, Mazgaon, Worli, Mahim, Matunga, which is
illustrated in

Map No. 1-4.

Dr. Fryer further stated that the island was initially called ‘Salsette’, a word whose etymology
is unknown, but in Portuguese, ‘sal” means salt and ‘sete’ means island?7.18. There are other
records of the islands being known as ‘Bombaim’ or ‘Boombay’, by the Portuguese, meaning
good bay, however as per Dr. Fryer, the name “Salsette’ came from the Marathi word ‘Shasht?,
which also means sixty six, the number of villages that the island was supposed to be
composed of. Until 1996, the city was known as Bombay, after which it was changed to
‘Mumbai” according to Corporation Resolution No.512 dated August 12, 1996, Maharashtra
Act, XXV 0of 1996, of Municipal Corporation of Greater Mumbai??, owing to the presence of

temple of Hindu Goddess ‘Mumba Devi’ in the city?22.

Table No. 1-2: Names of the islands of Mumbai

Name of the islands Source

Bombay, Salsette, Trombay, Elephanta, | Book titled ‘South Asia’; By Donald Frederick
Khanderi, Underi and Henery Lach, Edwin J. Van Kley

Bombay, Colaba, Old Woman's Island (Little | As published by TATA institute of Fundamental
Colaba), Mahim, Mazagaon, Parel, Worli Research?0

Colaba, Bombay, Mazgaon, Worli, Mahim, | Mumbai Port Trust
Matunga

6 Lach D. F. and Van Kley E. J. (1993). Asia in the Making of Europe, Volume III: A Century of Advance. The
University of Chicago Press, pp 756

17Kleniewski N. and Thomas A. R. (2011). Cities, Change and Conflict. A Political Economy of Urban Life.
Wadsworth Cengage Learning. USA. Pp. 153

18 Derived from Google Translate. Retrieved from https://translate.google.co.in/?hl=en&tab=wT#pt/en/sal
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http://www.mcgm.gov.in/irj/portal/anonymous?NavigationTarget=navurl: / /d20cb3d618ee8cb6c3a780df7c5
8030c
20 TATA Institute of Fundamental Research
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http://books.google.co.in/books?id=YPPiumz4vx0C&pg=PA756&lpg=PA756&dq=salsette+island&source=bl&ots=sTI4e6mW7w&sig=ui1nevvGXrhMCRksNwgtPlyevTo&hl=en&sa=X&ei=F8W7UsDoEYiOrQfViYCADw&ved=0CGAQ6AEwCTgU#v=onepage&q=salsette%20island&f=false
http://books.google.co.in/books?id=dWuQ70MtnIQC&pg=PA153&lpg=PA153&dq=hornby+vellard+project+mumbai&source=bl&ots=Z_1b3tD6cM&sig=9C0D_6xw1yHFxbIcOeHgrTlqWWw&hl=en&sa=X&ei=qsG7UvriEM2ArgeAi4GQCA&ved=0CDQQ6AEwAjgK#v=onepage&q=hornby%20vellard%20project%20mumbai&f=false
http://books.google.co.in/books?id=dWuQ70MtnIQC&pg=PA153&lpg=PA153&dq=hornby+vellard+project+mumbai&source=bl&ots=Z_1b3tD6cM&sig=9C0D_6xw1yHFxbIcOeHgrTlqWWw&hl=en&sa=X&ei=qsG7UvriEM2ArgeAi4GQCA&ved=0CDQQ6AEwAjgK#v=onepage&q=hornby%20vellard%20project%20mumbai&f=false
https://translate.google.co.in/?hl=en&tab=wT#pt/en/sal
http://www.mcgm.gov.in/irj/portal/anonymous?NavigationTarget=navurl://d20cb3d618ee8cb6c3a780df7c5
http://theory.tifr.res.in/bombay/physical/geo/7islands.html
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1.2.2 From Portuguese to English

The Portuguese were the first to inhabit these islands in A.D.154321. In 1661, when Princess
Catherine de Braganza from the Royal House of Portugal married King Charles II of England,
these islands were given as a part of dowry. With this event, the British officially started
inhabiting the islands. King Charles further leased it to East India Company who made
‘Mumbai’, as the company’s headquarters and principal trading port?2. Gradually, the city
became the capital of Bombay Presidency, which included many parts of Western India,
Pakistan and Arabian Peninsula?22.

1.2.3 Development: From 1600 to 1700

Governor Gerald Aungier (1672-75) was among the pioneer contributors who helped in
shaping the city of Mumbai. He realised the potential of the coastal city and quoted Mumbai
as “the city which by God's assistance is intended to be built". He took special efforts to encourage
the best of families from different regions to settle in the city. It was during his administration
that the trade flourished in the city as he exempted all goods, imported or exported, from
custom duties. He established the first mint in the city in 1672. The Parsis from Gujarat, who
are said to be the migrants from Persia, settled in Mumbeai as officers and merchants during
his tenure. Hereon, the city prospered mainly through trade and it is what is known to have
contributed largely to the development and cultural fabric of the city.

In the latter half of the next century (1750-1800), Governer Hornby Vellard, commissioned the
first civil engineering project in Mumbai. Although the directors of East India Company
opposed it, Governer Vellard started this project of transforming the original seven islands
into one land massin 1782 and completed it by 17842324, The purpose of the project was to
block the Worli creek and prevent the low-lying areas of Mumbai from being flooded at high
tide. This helped connecting Mumbeai to other regions of the state as well as the nation.

1.2.4 British Era

During the period when British colonized the city and after their fall, the city progressively
developed into metropolis of world renown. The city being one of the busiest port and trade
centre flourished with time and became one of the leading financial centres in the world. This
brought rampant development and urbanization. Most of these commercial structures such
as mills, important government and financial offices were located in the south region of the
city, as it was closer to the area where majority of the ports are located. This led to
development of southern Mumbai into a commercial area, shifting the residential population
to the suburbs. Gradually, the neighbouring towns and villages also started developing and
the population in these areas started increasing. The city started expanding its border and
encompassing the surrounding rural areas, turning them into peri-urban areas. With passage
of time, these surrounding areas which were earlier categorized as towns transformed into
cities. The region was eventually characterized by ever- increasing development and

21 http: / /www.the-maharajas.com /luxury-train /CityWise Pdf/Mumbai.pdf

22 Kleniewski N. and Thomas A. R. (2011). Cities, Change and Conflict. A Political Economy of Urban Life.
Wadsworth Cengage Learning. USA. pp 153.

23 http:/ /theory. tifr.res.in/bombay /architecture /civil/hornby-vellard.html

24 hittp: / /www.suezcanal.gov.eg /sc.aspx?show=8
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urbanization. The important milestones which boosted the growth of the city have been
tabulated in Table No. 1-3.

Table No. 1-3: Bombay Diaries?>

Year Events/ Milestones

1853 Telegraph started, First train between Bori Bunder to Thane started

1854 Textile mills started

1860 Vihar Water Works completed

1864 First official census carried out

1867 Local train service commences between Virar and Backbay

1869 Crawford Market established?26

1872 Bombay Municipal Corporation was established

1873 Bombay Port Trust was formed

1874 First tram-car, drawn by horses, started running in South Bombay

1875 Establishing- first wet dock of India- Sasoon Dock, first stock exchange of Asia- Bombay
Stock Exchange?”

1882 First electric street lighting in Crawford Market?$

1905 Bombay Electric Supply & Tramways Company (B.E.S.T.) was set up

1907 First electric tram car

1928 First electric suburban train ran from Colaba to Borivali and Juhu Aerodrome as India’s
First civil aviation was started

1972 Total no. of suburban train services crossed a number of 500 (501 trains)

1995 The name ‘Bombay’ was changed to ‘"Mumbai’

2003 Number of suburban services per day crossed a number of 1000

2009 Bandra Worli Sea link was inaugurated

2013 Eastern Freeway was opened for public
2014 Monorail and T2 terminal at Chhatrapati Shivaji International, Mumbai were open for
public

As it can be seen in Table No. 1-3, major development in terms of establishing Mumbai as a
financial hub took place in the 19t century. Post-independence, migrants were drawn from
northern and southern parts focussing on non-traditional sectors such as small scale
manufacturing units. The economy of the city started shifting towards banking and finance,
with the transition to informal employment sectors. Increasing globalization, exposed thecity
to international capital with its neo-liberal policies which put the city on the verge of being a
global city of tremendous economic development and opportunities.

25 http: / /www.premchand-group.com /BombayBonanza%20Brochure.pdf
26 http: / /en.wikipedia.org /wiki/Crawford Market

27 http: / /www.bseindia.com /static/about/heritage.aspx?expandable=0
28 http://www.bestundertaking.com /mumbai.asp

7 Z

24


http://www.premchand-group.com/BombayBonanza%20Brochure.pdf
http://en.wikipedia.org/wiki/Crawford_Market
http://www.bseindia.com/static/about/heritage.aspx?expandable=0
http://www.bestundertaking.com/mumbai.asp

Driving Forces of the Region

1.2.5 Establishment of the Metropolitan Region

Since the city of Mumbai came into existence, it is one of the fastest growing cities in theworld.
As per a report of UN-Habitat, between 1968 and 1975, Mumbai experienced significant
population growth and greater population density. This signalled an expansion of the greater
Mumbai area in a rampant and unplanned manner to meet the basic demands of the growing
population in terms of food, water and shelter, leading to crisis in terms of its environmental
sustainability and quality of life.

To properly plan the growth of the greater Mumbai area an Act was passed by Bombay high
court for forming greater Mumbai and certain areas around. The purpose of the act was to
promote and monitors the key projects for developing new growth centres and brings about
improvement in sectors like transport, housing, water supply and environment in the Regjon.
Based on the Urban Development Plans Formulation and Implementation (UDPFI) guidelines
issued by the Ministry of Urban Affairs and Employment, Government of India2?; any area
may be notified as metropolitan if its population exceeds ten lakhs and more (= 10,00,000)
comprising of one or more districts and consisting of two or more municipalities/ panchayats.
With the increasing population, development and growing economic activities in Mumbai
and surrounding regions, the need was felt to form these areas into the Mumbai Metropolitan
Region. Once the region was formed, an Authority was set up to plan, coordinate and
supervise proper, orderly and rapid development of these areas (Maharashtra Act No. IV of
197530). Thus the Mumbai Metropolitan Regional Development Authority (MMRDA) came
into existence in 1975, as a planning and co-ordinating body. Thereafter, the evolution of
Mumbai Metropolitan Region (MMR) was regarded as gradual and strategic in nature.

The boundaries of MMR are spread across Vaitarna Creek and Tansa River in the north,
Patalganga River in the south, foothills of Sahyadri in the east while defining the western
boundaries by Arabian Sea. MMR today, encompasses a total area of 4355 sq.km3! consisting
of 8 Municipal Corporations viz. Greater Mumbai, Thane, Kalyan-Dombivali, Navi Mumbai,
Ulhasnagar, Bhiwandi- Nizamapur, Vasai-Virar and Mira-Bhayandar; and 9 Municipal
Councils viz. Ambarnath, Kulgaon-Badalapur, Matheran, Karjat, Panvel, Khopoli, Pen, Uran,
and Alibaug, along with more than 1,000 villages in Thane and Raigad Districts. MMRDA is
responsible for the balanced development of the MMR. A spatial representation of the
administrative boundaries of MMR is presented below in Map No. 1-5.

29 http://p2.mpcdp.com/PDF/UDPFIVolume2A.pdf

30 http://bombayhighcourt.nic.in/libweb/acts/1975.04.pdf
31 https://mmrda.maharashtra.gov.in/about-mmr
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Legend
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Q 23 Municipal Coundl
[] Other Govemning Bodies

Map No. 1-5: Jurisdiction of ULBs (Urban Local Bodies) in MMR

Data Source: MRSAC (Maharashtra Remote Sensing Application Centre), GoM and approved by
MMRDA authorities

BNMC: Bhiwandi Nizampur Municipal Corporation; KBMC: Kulgaon Badlapur Municipal Council;

KDMC: Kalyan Dombivali Municipal Corpration; MBMC: Mira Bhayandar Municipal Corporation;
MGCM: Municipal Corporation of Greater Mumbai; NMMC: Navi Mumbai Municipal Corporation;
TMC: Thane Municipal Corporation UMC: Ulhasnagar Municipal Corporation;
VVMC: Vasai Virar Municipal Corporation; ClI: Council

Other Governing bodies include land under various government bodies like CIDCO, MIDC, Forest department,

Aeri
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1251 Regional Setup

MMR is bestowed with rich resources such as water, favourable land characteristics and
moderate climatic conditions and so on. Since, MMR is a coastal region, the climate,
topography and location of the region gives an additional impetus for development and
urbanization. MMR is located in the north Konkan region and can be regarded as one of the
most vibrant and diverse geographical regions of the state.

The climate in the region does not fluctuate much and is moderately hot and humid most of
the year. The weather tends to be cool and dry during winter months especially during
December and January. May is the warmest month and monsoon season spans from June to
September, though the retreating rains continue till October. The average climatic parameters
observed /recorded in the region are documented at 4 AWS (Automatic Weather Stations)
maintained by IMD (India Meteorological Department) in MMR. The climatological normal
for a period of thirty years (1961-1990) have been presented in Table No. 1-4.

Table No. 1-4: Average of climatic parameters observed atthe AWS in the region

Climatic Alibaug Colaba Dahanu Santacruz Avg for
Parameter MMR*
Average Daily | 30.6 31.2 30.8 31.8 31.1
Maximum

Temperature (°C)

Average Daily | 22.6 23.7 224 224 22.8
Minimum

Temperature (°C)

Relative humidity 79.0 79.0 75.0 72.0 76.3
(%)

Annual Avg Rainfall | 2164.5 21074 18514 2258.0 2095.3
(mm)

Wind Speed 13.3 8.4 12.6 9.7 11.0
(Kmph)

Source: Climatological Normals Published by IMD (1961-1990)
*Arithmetic average of the 4 stations has been considered for determining the average for MMR

As observed in Table No. 1-4, the wind speed is higher in peri-urban areas such as Alibaug
and Dahanu as compared to urban areas of Santracruz and Colaba. The humidity tendstobe
higher in the morning as compared to evening and highest in monsoon and least in winter
months.

In terms of atmospheric catastrophes such as typhoon, storms and cyclone, the Arabian coast
is relatively safer. ‘Phyan’ is the only cyclone which was experienced by the city in the last 43
years, which reached Mumbai in November 200932. Thus it is evident that the climate of the
region is moderate and favourable for stakeholders from different sectors such as business,
trade, agriculture, maritime and so on.

32 http: / /articles.timesofindia.indiatimes.com /2009-11-12 /pune /28065226 1 cvclonic-storm-phvan-deep-
depression
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1.2.5.2 Natural Resources are finite

Land Resource

A brief estimate on the share of the Land use pattern reveals that region is blessed with large
patches of forests, and cultivable land which comprises more than 56% of the region. Also
there is a huge coastline comprising of wetlands (mangrove, marshes, mudflats) making it
evident that the region is blessed with green and open spaces. On the western side it is
surrounded by the waterfront, beaches, estuaries, salt pans and mangroves of the Arabian Sea
and on the eastern side it has the rich Sahyadri ranges.

Land use pattern in MMR (Sq.km,%)

A A T S

0,
Forest, 917.1, 21% Buit Up, 619.2, 14%

Figure No. 1-1: Land use pattern in MMR (5q.Km, %)

Source: Data Attributes derived from remote sensing data shared by MRSAC

Forests

Forest and grasslands in the region share about 40% of the land cover. It is also bestowed with
rich biodiversity hotspots such as Tungareshwar Wildlife Sanctuary in the north, Sanjay
Gandhi National Park (SGNP) in the western suburbs, the Parsik hills in Navi Mumbai region
and the Eco-sensitive zone of Matheran. SGNP is one of its kind national parks which is
located in the heart of Mumbai city and surrounded by urban areas on all sides. Two of the
lakes that supply water to Mumbai city, viz. Tansa and Vihar are located inside the SGNP.
Powai Lake borders the national park in the south. Thus the city is blessed with large green
pockets which act as sinks to absorb the emissions from the region.
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Wetlands

Being a coastal city, and blessed with high rainfall, MMR has very unique wetland resources
like mangroves, mudflats, marshes and swamps. Also man made wetlands like salt pans and
paddy fields are a significant resource for the region. The total area of wetlands in MMR is
about 564.7 sq. Km33. The districts of MMR are known to contribute to more than 98% of the
salt production from the state while the paddy fields contributes to more than 10% of
Maharashtra’s paddy production. The unique wetlands of MMR are known to be haven for
migratory birds like Lesser Flamingos. The mudflats of Sewri, Vashi creek and Thane are the
major sites visited by these birds during November to March.

Biodiversity

Similarly the diverse landscape of MMR provides a unique habitat for various species of flora
and fauna. Several biodiversity rich habitats such as forest, grass and scrub, agriculture and
plantations, coastal wetlands (creeks, estuaries, and mangroves), freshwater wetlands (lakes,
ponds, rivers) and urban parks/gardens/avenues are present in MMR harboring a variety of
plant and animal species. The biodiversity in MMR includes 169 species of birds, 52 species
and sub-species of mammals, 64 of herpeto-fauna (52 reptiles and at least 12 amphibians),
Around 88 species of freshwater fish, 206 species of marine fish, 1484 floral species (Trees,
shrubs, herbs, climbers, grasses and so on), 115 species of butterflies 34:

Water Resource

The region is also blessed with, unique water resources including water bodies reservoirs and
lakes. MMR falls in the Mumbai Hydrometric Area (MHA) which is spread across an area of
5756 sq.km encompassing four river basins namely Vaitarna, Ulhas, Patalganga, and Amba.
Currently there are around 13 major rivers in MMR (Map No. 1-6). Although there is no
appropriate definition of a wetland and categorization of lakes in the region, it is estimated
that there are more than 431 lakes% in the region of varying size, some of which are used for
domestic and recreational activities. Being close to the coastal front, the ground water tableof
MMR is also quiet high. It is estimated that around 293.35 million litres day (MLD)? of ground
water is begin extracted presently in MMR.

33 MRSAC (Maharashtra Remote Sensing Application Centre
3 MMR Biodiversity Project final reportby Yuhina EcoMedia sponsored by MMR-EIS (November 2009-
November-2012)

35 MRSAC data, latest ESRs and quesstionaires filled by Municipal Councils
36 Environmental Status Reports and Maharashtra Jeevan Pradhikaran
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1253 Infrastructure-—-Ever expanding

In MMR, there are several intra-regional polarizations in terms of location of the economic
activities and residential zones. The southern part of the city harbours most of the key offices,
ports and markets. With this, the residential zones have been shifted northwards. As the city
started growing financially, the local government had to strengthen the existing means of
transport and build new infrastructure to shuttle the working population between different
parts of the city. The varying aspects of the increasing infrastructure development have been
discussed below.

1254 Transportand connectivity

Even after being the most populous city of the country and the fourth most populous city in
the entire world 37, getting in and around Mumbai is quite easy and affordable.
Interconnectivity and intra-connectivity in the Mumbai city is excellent owing to variety of
transport systems that provide shuttling of passengers across various parts of the city, state
country and globe through its efficient transport network of roadways, railways andairways.
This disciplined transportation arrangement makes travelling in Mumbai through public
transport quite comfortable. Most of the Mumbaikars also prefer to travel by public transport
over their own vehicle, which itself proves the efficiency and punctuality of the system.

Railways

The rail network in Mumbai which connects many parts of the MMR is known to be itslifeline.
With the introduction of railways back in 1853, the population of MMR has always been
dependent on railways to commute from one part of the city to another. This dependencyhas
led the railway network to improve and thus has become the backbone of the transport
system. As on date the suburban rail network in MMR is spread over 465 km, with almost
2,342 train services and carries more than 7.24 million commuters daily3839.

Furthermore, the Mass Rapid Transit System of Metro rail system is also in transit. It consists
of a 146 kilometre-long metro system, of which 32 km would be underground. The system's
first line connecting Versova, Andheri in the Western Suburbs to Ghatkopar in the Eastern
Suburbs, covering a distance of 11.4 kilometres (7.1 mi) opened for service on 8 June 2014.
While India’s first Mono Rail operational between Wadala Depot and Chembur, was opened
to the public on 2 February 2014. Implementation of these state of the art transport systems
has eased pressure on the highly congested local trains as well as internal roads thus also
proving to be an important driver for the development of the city.

Roadways

With increasing development of the region, the vehicular population has increased. Several
new arterial roads, flyover, bridges and sea link have been constructed to de-congest the road
traffic, especially during the peak travel hours. The Western and Eastern Express Highways
have been instrumental in reducing the traffic jams in the western and eastern suburbs
respectively. The Bandra-Worli Sea Link, built in 2009, directly connects the commuters from
South Mumbai to Western Suburbs. Around 50 flyovers were planned by Maharashtra State

37 http:/ /www.worldpopulationstatistics.com /mumbai-population-2013/

38 http:/ /backoffice.phillipcapital.in/Backoffice /Researchfiles/ PC_-_GZ_-
_1Ist_June_Issue_low_res_20140602200921.pdf

39 http:/ /www.internations.org/mumbai-expats/guide /living-in-mumbai-15323 / transportation-in-mumbai-2
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Road Development Corporation (MSRDC), out of which around 37 have been completed by
the year 200040. The rickshaws and taxis equally support the road transport. The graphbelow
gives an overview of the increase in the vehicular growth in MMR. Apart from this, the
Mumbai Trans-Harbour Sea Link will connect the main island city to Navi Mumbai.

Bus services, catering to population of all the corners of the region, are provided by the
Maharashtra State Road Transport Corporation which is the largest bus service provider of
the state. Additionally, bus services are also provided by Brihanmumbai Electricity Supply
and Transport (earlier Bombay Electric Supply & Tramways Company) and by transport
departments of the respective municipal corporation. These buses travel between different
cities to connect the respective corporations/ ULBs.

Airways

Mumbai being the economic capital of the country is an important trade destination. The
international airport of the city is the second busiest airport in India in terms of passenger
traffic. After the inauguration of the T2 airport in 2014 capacity of the airport has increased
from 30.74 million to 40 million passengers annually+!. The city also has a huge cargo terminal
facilitating international trade.

Waterways

Two of the largest ports in India are in MMR, NPT (Jawharlal Nehru Port Trust) and MbPT
(Mumbai Port Trust).

Urban Services

The basic urban services include appropriate supply of electricity and water. With long term
plan in place many water resources in the region were tapped and exploited for watersupply.
The existing sources of water supply for MMR are illustrated in the Table No. 1-5. Mumbai
also houses one of the largest water treatment plants in Asia located at Bhandup. With further
plan to augment the water resource and supply systems, MMR aspires to have abundant
water supply to meet the growing water supply demands.

40 https:/ /www.msrdc.org/site /completedProjects/fiftyFlyover.aspx
4 http:/ /www.dnaindia.com /mumbai/report-with-maiden-air-india-flight-t2-opens-to-public-1961614
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Table No. 1-5: Current sources of water supply in the region and quantity of water supplied

Sub-Region Name of Dam / Source Supply of water in MLD
1. Tansa 445.0
2.Modak Sagar 450.0
3. Upper Vaitarna 630.0
4. Bhatsa 1850.0

Greater Mumbai
5. Vihar 60.0
6. Tulsi 15.0
Sub-Total 1 (Out of this, 120
MLD is supplied to local 3450.0
villages)
1. Barvi 600.0
2. Morbe 360.0
3. Hetawane 150.0
4. Dehrang 11.0
5. Amba (Nagothane) 168.0

Resten i 6.Ulhas River (Bhivpura Tailrace 800.0
710+80+10) '
7.TansaRiver (Shirgaon 10.0
Bandhara) ’
8. Usgaon 10.0
9. Pelhar 10.0
Sub-Total 2 2119.0
Total (Sub Total 1+2) 5569

Source: Presentation by MMRDA, Water Supply and Resources Cell (March 2013). Water Supply
Resources: Planning and Development for MMR.
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1.2.6 Indicators of Growth and Development

Natural resources, climatic conditions, access to markets, sound urban services, transportand
human resources are some of the important parameters which drive the financial, economic,
commercial and social growth of any region. In the case of MMR, these drivers play a very
important role in making the region one of the important financial hubs of India.

Moreover, it is interesting to note a very strong interdependence of the parameters which
further culminates into a complex web of assets and activities. However it also indicates that
any imbalance induced in this network, may result in severe implications on several
dependent entities and businesses. For instance, well developed transport network is
regarded as strength of MMR. However the commonly occurring water logging in monsoon
season often disrupts the road, rail and air traffic causing major congestions, delays, losses
and inconvenience to millions of passengers who are the major work force of businesses.

Reclamation of low lying areas, clogging of sewer and storm water drains with plastic and
other non-biodegradable waste, unplanned development along the river banks, and sensitive
coastal zones are regarded as a major cause of the urban flooding. These are nothing but the
pressures induced by development and urbanization which create imbalance in the
infrastructural systems. Thus, resource availability and its responsible management drive the
development in progressive manner whereas unregulated urbanization and industrialization
leads to a sever imbalance in the ecosystem.

Given the commercial significance of the region and the subsequent demands it imposes on
development, it may have been wrongly assumed in the past that protection of naturalentities
like wetlands, mangroves and forests may be given secondary importance. It is often accepted
that development would be associated with degradation of natural resources and at the cost
of reclaiming natural entities like forests, ponds and mangrove covered areas. However
several incidences of water logging in urban pockets, extreme floods due to cloud burst in the
year 2005, and frequently occurring man animal conflicts in the forest fringes time and again
indicate a need to maintain a strong balance between development and protection of natural
entities.

Hence the parameters which drive the development and the resources which provide the
foundation for the development need to be critically assessed. A visual depicting the
interrelation between the Driving forces and their interaction and impact with the resources
is depicted in Figure No. 1-2. To support this increasing population, resource demand
especially for water, food, clothing and energy (electricity & fuel), are simultaneously growing
at an exorbitant and unprecedented rate. Based on a working report published by Asia
Research Institute, Singapore; population density of the region has increased consistently
from 4549 /sq km in 2001 to 5403 /sq km in 201142. However considering the limited built up
area of 14% (619.2 sq.km), the population density gets effectively concentrated to 38,000/sq
km.

42 Bhagat R. B. and Jones G. W. (May 2013). Population Change and Migration in Mumbai Metropolitan Region:
Implications for Planning and Governance. Working Paper Series No. 201. Asia Research Institute, National
University of Singapore; Singapore
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Figure No. 1-2: Dynamic interrelation between driving forces and the resources of MMR

The statistics indicates that there has been an increase in activities related to manufacturing
units, corporate houses, trading centres, film industry, education centres, businesses and so
on which in turn attracts population from other districts and states to MMR.

To further take advantage of these abundant human resources, more economic activities are
induced. These economic activities further provide opportunities to people from other
districts and states, stimulating migration. Thus it becomes a vicious cycle. In order to better
manage this huge influx of economic activities and population; infrastructure development
need to keep pace with these activities. Each of these activities, tend to consume resources on
a large scale, thus overburdening them. Post consumption, these sectors have the tendencyto
produce more waste, effluents, emissions and pollutants impacting the environment and
hence tending towards unsustainability.
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12.6.1 Population Growth

The most crucial driver of urbanization is population growth of that region. To meet the
growing demands imposed by the population, parallel development of allied business sectors
catering to the needs of housing, businesses, and infrastructure required for transport, also
takes place. This growth pattern makes the city denser. Mumbai city is one of the mostdensely
populated cities in the world# whereas Thane district has registered population growth of
almost 36% between 2001 and 2011 and the urban population of Raigad district hasregistered
a decadal growth of almost 82% in the same period.

The city has always attracted migrant population since it presents a wide array of business
and service opportunities ranging from corporate, industrial as well as public sector. With the
spatial growth of the region, the rippling effect has also induced rapid growth in the satellite
towns and peri-urban areas. The increase in population of MMR is presented below in Table
No. 1-6. It is evident that in the span of 40 years (1971-2011) the population of MMR has
increased by almost 197%.

Table No. 1-6: Increase in population of Mumbai Metropolitan Region

1971 1981 1991 2001 2011*
Gr. Mumbai 5,970,575 8,243,405 9,925,891 11,978,450 12,478,447
(MCGM region)
Rest of MMR*# 1,821,013 2,848,387 4,608,473 6,914,609 10,654,977
Total MMR 7,791,588 11,091,792 14,534,364 18,893,059 23,133,424
Increase in - 42.35 86.53 142.48 196.90
population wrt
1971 (%)

Source: Census of India 1971,1981,1991,2001 and Provisional Census Data 2011
*Population considered for MCGM, #Select talukas of Thane and Raigad which are under MMR44

The total population of MMR is more than 23.13 million as per the provisional data of Census
2011. The population of MMR has increased almost three times in the past 40 years, with a
CAGR (Compound Annual Growth Rate) of almost 2.75% and during the same period the
population of Greater Mumbai has doubled with a CAGR of 1.85%. However, decadalgrowth
rate between years 2001-2011, for Greater Mumbai was recorded to be 4% whereas for therest
of the region, apart from MCGM area, the population grew by almost 55%. As for the growth
rate of the region there is a declining trend for the MCGM region and an increasing trend for
the rest of the MMR. The absolute growth in MMR and the trend of growth rate in MCGM
and the other regions in MMR have been depicted in Figure No. 1-3 and Figure No. 1-4
respectively. As seen in Figure No. 1-4, the overall population growth rate in MCGM areaand
MMR as a whole is decreasing; however it is increasing in the rest of MMR area. This increase
could be due to natural growth rate in population due to birth rate but also mainly due to
migration within the MMR (from southern parts to newly developed areas in suburbanareas)

#http://www.forbes.com/2007/12/14/cities-pollution-asia-biz-logistics-cx_tvr_1214densecities_slide_2.html
4#4Ambernath, Bhiwandi, Kalyan, Thane, Ulhasnagar, Vasai talukas of Thane District and Alibaug, Karjat,
Khalapur, Pen, Panvel and Uran talukas of Raigad. district

[ ]
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as well as from other parts of the country. Although the population residing in the southern/
old Mumbai has decreased, the overall number of people using the natural resources within
the area has not decreased which clearly gets revealed in the status of water supply as wellas

generation of waste and sewage.

Population growth in MMR
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Figure No. 1-3: Population growth in MMR
Source: Census of India 1971,1981,1991,2001 and Provisional Census Data 2011
Trend in population growth rate in MMR
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Figure No. 1-4: Trend in population growth rate in MMR

Source: Census of India 1971,1981,1991,2001 and Provisional Census Data 2011 *
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As per provisional data of Census 2011, almost 92% of the population in MMR is urban
population. There are 10 A class cities (cities with population above one lakh) in MMR with
independent ULB’s. Apart from MGCM, Thane city has registered remarkable increase in its
absolute population followed by Kalyan-Dombivali. Over a period of years, many ULB’s in
MMR have been transformed from councils to corporations either because of the population
growth, or inclusion of villages. Vasai-Virar Municipal Corporation is the latest corporation
which was formed in 2009. Of all the A class cities Ambernath and Panvel have municipal
councils as a ULB. The city wise population trend in A class cities, except MGCM, is presented
in Figure No. 1-5. It can be seen from the graph that the population of each of the respective
administrative regions is also growing steadily.

MMR is spread across four districts and comprises of both rural and urban populace. The
status of population distribution in urban centres and rural areas of the region and the district
wise%age distribution is presented in Figure No. 1-6. The MMR region accounts for almost
34% of the urban population of Maharashtra and 20% of the total population of the state
(Figure No. 1-7). While in terms of total population, MMR ranks 8th as compared to the top
20 metropolis globally (Figure No. 1-8).

In terms of migratory population there is very high flow of migration from other states like
Uttar Pradesh, Andhra Pradesh, Gujarat, Bihar and Kerala to Mumbai. A summary of the
migration from these states in presented in Table No. 1-8. Similarly, Table No. 1-9 gives the
trend of rural and urban migrants and it clearly indicates that there has been the dominance
of rural migrants over urban migrants in MMR.

Population trend in "A class" cities in MMR
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Figure No. 1-5: Population trend in “A class” cities in MMR
Source: Census of India 1971,1981,1991,2001 and Provisional Census Data 2011
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Table No. 1-7: Population status of “A” class cities within MMR in year 2011

Sr City ULB Type Population Male Female

No
1 Mumbai Municipal Corporation 12,478,447 6,736,815 | 5,741,632
2 Thane Municipal Corporation 1,818,872 966,293 852,579
3 Kalyan-Dombivali Municipal Corporation 1,246,381 650,075 596,306
4 Vasai-Virar Municipal Corporation 1,221,233 649,535 571,698
5 Navi Mumbai Municipal Corporation 1,119,477 611,501 507,976
6 Mira-Bhayander Municipal Corporation 814,655 434,330 380,325
7 Bhiwandi-Nizampur | Municipal Corporation 711,329 418478 292,851
8 Ulhasnagar Municipal Corporation | 506,937 270,373 236,564
9 Ambernath Municipal Council 254,003 133,006 120,997
10 Panvel Municipal Council 180,464 93,135 87,329

Source: Provisional Data Census of India 2011

Figure No. 1-6: Distribution of Population in MMR - 2011

# Urban

¥ Rural

> Mumbai (Suburban) # Mumbai City = Raigad = Thane

Source: Provisional Census Data 2011
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Figure No. 1-7: Population share of MMR with reference to the state of Maharashtra

Source: Provisional Census Data 2011

Population in MMR as against top 20 global metropolis
40

35 -

Millions

ik e ey o =

+ HE o + i

T o o o o

£ £ s £ £

B GO e £

+ HE e + i 5 o

T o o o o h o

£ £ £ £ £ £ £

B GO e £ S o

+ HE e + i = e 5

e G i e i e i e 2 e et
20 + i i + i = s = e £ HE

B i o o o £

Figure No. 1-8: Population in MMR as against top 20 global metropolis

Source: City Population4

45 http://www.citypopulation.de /world /Agglomerations.html
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Table No. 1-8: Trend of migrant population in Greater Mumbai and their place of birth

Census Years
1961 1971 1981 1991 2001
Total Population 4152056 5970575 8243405 9925891 11978450
Total No. of Migrants 2667130 3372384 4229276 3696764 5185429
States %age of migrants to Greater Mumbai according to place of birth:
1961-2001
Maharashtra 41.64 41.57 4223 412 374
Andhra Pradesh 3.38 3.02 270 2.30 241
Bihar 0.22 0.41 0.80 1.40 3.50
Gujarat 16.9 14.85 13.46 11.89 9.58
Karnataka 6.44 7.34 7.19 6.55 5.83
Kerala 2.76 3.60 3.33 293 221
Rajasthan 1.94 2.59 2.68 3.26 3.87
Tamil Nadu 3.20 3.27 3.37 3.49 3.14
Uttar Pradesh 12.01 13.46 15.9 19.28 2428
Source: Mumbai Human Development Report, 200946
Table No. 1-9: Trend of migrants from rural and urban areas in%age
1961 1971 1981 1991 2001
Total lifetime migrants 64.24 56.86 51.46 37.46 43.70
Rural 58.13 64.17 66.03 67.65 68.47
Urban 33.16 31.51 31.28 30.04 26.15

Source: Mumbai Human Development Report, 20094

46 MCGM 2009, Mumbai Human Development Report 2009, Table 2.5: Place of Birth of Migrants to Greater Mumbai
1961-2001, pps 20

4T MCGM 2009, Mumbai Human Development Report 2009, Table 2.7:%age of Migrants from Rural and Urban areas
to greater Mumbai, pps 22
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1.2.6.2 Economic Growth

Being a natural harbour, Mumbai has been a key trading centre for ivory, precious stones,
spices and cotton since the 8t century B.C. According to Kamath (200048), even in those ages
western India extensively practiced the art of spinning and weaving cotton which was
exported to Babylonia and ancient Egypt. The first textile mill ‘The Bombay Spinning Mill’
started in the year 1854 by Cowasji Nanabhai Davar49.

The American Civil War was fought between the years 1861 to 1865, which gave impetus to
cotton trade in India and during the same time the Suez Canal (1869) was made open for
merchants which further enhanced the trade and maritime activities of the ports across
Europe and Asia. This paved way for establishment of textile mills in Mumbai city which
reached to a total of 83 mills by 1915. Communities from Marathi speaking districts of
Maharashtra migrated to the city to be employed in the mills and this sector became one of
the biggest employers in those days. The financial bubble created by cotton trade lasted until
the late 20t century making the city one of the prominent financial centres across the world.
As on date, Mumbai city is famously recognised as the financial capital of India and is
regarded as the strongest powerhouse in terms of economic contribution. The city contributes
more than 33% of share in the national tax collection, more than 60% custom duty collection,
and 40% share of the foreign investment in India.

The MMR is also highly influenced with the economic growth of Mumbai city and the region
has registered significant growth over the years. The GDDP (Gross District Domestic Product)
of MMR has been increasing steadily at a CAGR (Compound Annual Growth Rate) of 14.92%
of over the past 4 years. In 2011-12 the GDDP of MMR was recorded to be INR 4,49,697 crores
which is almost 1.5 times that of the year 2008-09 (2,96,238 crores). The region wise growthin
GDDP for last four years is presented below in Figure No. 1-9.

Districtwise GDDP of MMR from 2008-09 to 2011-12
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Figure No. 1-9: District wise GDDP of MMR from 2008-09 to 2011-12

Source: Economic Survey of Maharashtra 2010-11,2011-12,2012-13 GoM
Note: * Mumbai includes Mumbai and Mumbai Suburban District

48 Kamath M. V. (2000). Tides of Time. Mumbai Port Trust
49 http:/ /theory.tifr.res.in/bombay /history /cotton.html
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The economic growth of the region has also influenced the per capita economic growth ofthe
population in MMR. In terms of PCNDDP (Per Capita Net District Domestic Product) the
region has a steady growth at 13.31% CAGR. In the last four years the PCNDDP of the MMR
has grown by almost 1.45 times from INR 2.82 Lakhs in the year 2008-09 to INR 4.11 Lakhsin
2011-12.

However upon having a region wise break-up one may note that the Raigad district has
recorded the highest growth in the last two years, the PCNDDP in the region has increased
1.51 times in the same period with a CAGR of 14.81%. The district wise growth in PCNDDP
is provided below in Figure No. 1-10. Although the GDDP of Mumbai is much higher than
that of Thane and Raigad regions the PCDDP of the region is more or less comparable for all
the districts in MMR. This could be attributed to higher population density in Mumbai and
Mumbai suburban districts and also to the large floating population.

District wise PCNDDP of MMR from 2008-09 to 2011-12
140000 § % i E
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Figure No. 1-10: District wise PCNDDP of MMR from 2008-09 to 2011-12

Source: Economic Survey of Maharashtra 2010-11,2011-12,2012-13 GoM
Note: * Mumbai includes Mumbai and Mumbai Suburban District

In 1980s, a major strike started by the labour unions of these textile mills started crippling this
sector and thus started the downfall of textile mills5¢. The closure of the mills coincided with
the statement of the Industrial Policy of India released in July 1980, which provided special
assistance to activities for improvement of environment and reducing the deleterious effects
of air and water pollution (Department of Industrial Policy and Promotion, Ministry of
Commerce and Industry, Government of India5?). The majority of the over 80 mills in Central
Mumbai closed during and after the strike, leaving more than 150,000 workers unemployed.
Textile industry in Mumbai has largely disappeared, reducing labour migration after these
strikes and implementation of Industrial policy (1980).

50 Mumbai Human Development Report, 2009
51 http:/ /eaindustry.nic.in/handbk /chap001.pdf
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12.63 Industrial growth

Industrial growth is one of the key driving forces for growth of a city. It helps create job
opportunities and thus attracts population migration. The influx of population indirectly
creates demand for resources and infrastructure thus leading to growth of city. MMR has
strong presence of corporate, prominent industries, research institutions, government sector,
entertainment & media, retail, construction, hotel industry and so on.

Trend in growth of industrial units

The major industrial belts in MMR area are spread across TTC (Trans-Thane Creek), Taloja,
Waghale estate, Dombivali, Ambernath, Bhiwandi and so on. Figure No. 1-11 depictsthetrend
in number of industries within MMR52. As reported by MPCB as on 2008-0953 , therearealmost
16058 industrial units including SSI (Small Scale Industry), MSI (Medium Scale Industry) &
LSI (Large Scale Industries) across red, orange and green categories as specified by CPCB
(Central Pollution Control Board)s4. Although there is a dip in number of industries, between
the years 2004-05 and 2006-07 one may notice that there is increase in number of industriesby
8.38% between 2006-07 and 2008-09 (Figure No. 1-11).

Trend of industries in MMR region
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Figure No. 1-11: Trend of industries in MMR region

Source: MPCB 2012

52 The industries from Mumbai, Navi Mumbai, Thane, Kalyan and Raigad regions have been considered as
classified by MPCB

93 http:/ /mpcb.gov.in/indstat/indstats.php

% http:/ /gpcb.gov.in/pdf/rog.pdf
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Region wise trend in industrial growth

Owing to space crunch and higher cost of operations many manufacturing units in Mumbai
have shut down, especially the mills. It is worth noting from Figure No. 1-12 that theindustrial
units in Mumbai and Thane region have decreased by almost 32% and 17 % respectively but
there is a gradual increasing trend in number of industries in Navi Mumbai (17%) and Kalyan
(38%) regions and a very sharp growth in the Raigad region of about 44% in the four years
under consideration.

This could also justify as one of the reasons for increase of significant population growth in
Thane district, which recorded a decadal growth rate of more than 35%?55 the highest among
all districts in Maharashtra. The region of Kalyan and Navi Mumbai both fall undertheThane
district.
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Figure No. 1-12: Region wise trend of growth in industrial units in MMR
Source: MPCB 2012

The driving forces of city, viz population, economic, industrial growth have all provided
opportunities as well as created constraints in the growth of the city. Resource demands in
terms of water, food, energy, clothing, housing and so on has modified the climatic,
topographic and demographic pattern of the region. The resources in the region are many
times over exploited to accommodate and meet the demands of the increasing population thus
inducing a continual pressure on the resources like water, land and emissions from
anthropogenic activities which have been described in the following section.

%http:/ /www.censusindia.gov.in/2011-prov-results/paper2 /data_files/mah/8-POP-11-26.pdf
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1.2.7 Pressures on Finite Resources

Green areas such as forest, agricultural and other natural landscapes like wetlands, water
bodies and wastelands too occupy a large part of the region. Owing to urbanization, there is
a growing demand to convert these green and open spaces into built-up areas. Conversion of
green land into built-up may further lead to environmental degradation. Hence it is crucialto
retain these green and open spaces in order to maintain the natural balance. Besides these, the
congestion of residential and commercial infrastructure in the main city is exceeding the
carrying capacity of the land in that region making it vulnerable to natural disasters which
was evident in the massive water logging/ flood of the year 2005.

1.2.7.1 AirPollution

Similarly, increasing use of fossil fuels, construction activities, burning of waste, emissions
from industries create immense pressure on the air resource inducing air pollution. MMR has
four major industrial areas of the state such as the TTC industrial area, Taloja industrial belt,
MIDC area in Dombivali and Ambernath. Also located in the close vicinity is the Patalganga
industrial area in the south and Dahanu industrial area in the north. Major red category
industries like TATA power plant, Rashtritya Chemical Fertilizers (RCF), refineries of BPCL
(Bharat Petroleum Corporation Limited) and HPCL (Hindustan Petroleum Corporation
Limited) all are well within the city limits. Almost 1200 vehicles® are added per day to the
vehicular fleet in MMR, the region is experiencing exponential increase in the number of
vehicles, thus also inducing demand and rapid growth in consumption of fossil fuels.

In the context of MMR, transition of the industrial activities has always been a unique feature
of the region. For instance, the textile mills were established in 1854 and then onwards those
flourished in the region until 1980s. The air quality of the industrial area was thus governed
by the emissions from these mills. The redevelopment of Mumbai's cotton mills began in 1992,
when efforts began to demolish the numerous cotton mills that once dotted the landscape of
Mumbai, to make way for new residential and commercial buildings, as part of the wider
modernization of Mumbai.

In this report, TERI has made an attempt to analyse the trend of air quality of this transition
period where mills stopped functioning and demolition activities began vis a vis the current
trends. The results are discussed in the technical report titled Air Quality in MMR.

% As per data from MVDM, a total of 388078 were vehicles registered in 2011-12 in Greater Mumbai, Thane,
Raigad and Kalyan RTO which are in MMR. Considering 300 working days in year an average of 1293 vehicles
gotregistered every day in 2011-12

Z Z
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1.2.7.2 Pressure on Water Resources

Water supply in MMR is majorly through dams and lakes for domestic and industrial use.
Table No. 1-10 shows an increasing trend of water supplied from the different sourcesand the
population that it catered to. In terms of the water resources, the city had to scale up their
water supply resources and their capacity in order to cater to the increasing population. As
the city expanded and included the surrounding regions, the individual ULBs owned and
administered their respective sources of water supply.

Table No. 1-10: Trend in increasing water supply and the respective sources

Year Sources of water supply Water supplied Population catered
in MLD to (in million)

1948 Vihar, Tulsi, Powai and Tansa water 494 1.8057
schemes

1967 Vaitarna cum Tansa and Ulhas in addition 984 4.1557
to the existing sources

2013 Mumbeai city: Tansa, Modak Sagar, Upper 556958 23 (includes entire
Vaitarna, Bhatsa, Vihar, Tulsi, MMR)>9

Rest of MMR: Barvi, Morbe, Hetawane,
Dehrang, Amba, Ulhas, Usgaon, Pelhar

Source: Modified from report of the Expert Committee (Water Planning) on Bombay’s Future Water
Resources and Improvement in Present Water Supply Scheme. (December 1994)

Though, areas of Greater Mumbai have 24 hours water supply, parts of Thane and Raigad
district have only 16 hours water supply. Thus it so happens that the overcrowded city is
leading to unequal distribution of resources and thus social inequality. While on the other
hand, release of waste water is a major issue. It is estimated that around 4753 MLD of waste
water is generated in the region, out of which only 59% is treated to some extent (either
primary or secondary). The waste water is released in the creeks and rivers, leading to severe
water pollution. Extraction and withdrawal of water for consumption and release of huge
amount of waste water into the rivers and creeks downstream creates tremendous pressure
on the natural water bodies and allied ecosystem.

Construction of dams is found to be the key threat currently on the west flowing rivers in
MMR. Currently there are 8 dams proposed and 2 are under construction. Dams under
construction on the Middle Vaitarna and Balganga are Kalu, Shai, Gargai, Pinjal, Poshir and
Barvi. Construction work for Kalu dam has stopped following a petition from local tribal
organization. These dams in future will displace more than 30000 tribals and submerge more
than 14000 hectares of primarily tribal land, including land in global biodiversity hotspot of

%7 Figures taken from report of the Expert Committee (Water Planning) on Bombay’s Future Water Resources and
Improvement in Present Water Supply Scheme (December 1994)

% Presentationby MMRDA, Water Supply and Resources Cell (March 2013). Water Supply Resources: Planning
and Development for MMR

59 Based on Provisional data of Census 2011
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Western Ghats. The land which will be submerged is present in Eco sensitive zone 1 (ESZ1)
as per Gadgil committee as well as Kasturirangan committee reporté. As these dams are
supplying water to industrial areas they are exempt from clearances, EIA’s, public hearings
and so on because of the omission of a clause in EIA notification 20066142, Sand dredging is
also a serious issue faced by the riversin MMR. Illegal sand mining is on an increase in MMR
as good income is generated through labouring at sand minesé364. High growth in population
of MMR has resulted in reclamation in low lying areas of many rivers. This is the main cause
of floods in monsoonsé®. Due to low storm water drainage capacity, Mithi river and several
other rivers had completely flooded the region in 2005 which was regarded as themainreason
for complete havoc and damage in the city®6.67.

1273 Vertical growth

Thus with the growing economy, the Mumbai city and region has developed, but it is
significant to understand the pattern of its growth. It can be seen that the built-up area is 14
per cent of the total area in the region. But considering the infrastructure constructed in the
region, it can be summarised that the city is growing vertically. To give an example, statistics
on usable floor space was obtained from Navi Mumbai Municipal Corporation. It indicates
that though the total land area has remained the same (108.5 sq.km), the vertical growth has
provided more usable floor space from 4.2 sq.km in 2007 to 5.3 sq.km in 2010. Thisisexplained
in detail in the land section of Volume 2 of this report.

Thus due to vertical growth more space is made available which demands for more resources
in exponential quantities. Hence though the urban sprawlis not spatially spread, it impacts
the resources in and around the region by exerting a pressure on it, which is explained in the
following section.

1274 Compounded impacts

Pressure on drainage network

Mumbai city is highly prone to flooding or better termed as water-logging. It is a consequence
of mismanagement of the urban plan of the city, which makes it prone to water-logging. Back
in 1782-84, the islands were transformed into one land mass by Governer Vellard withanaim
to cease the flooding in the low-lying areas of the islands. But after two centuries, the city is
still facing problems of water-logging during monsoon season. Several urban management
factors are responsible for this such as high tide time overlapping with high intensity rainfall
and inadequate size of outflow gates.

60 http:/ /paper.hindustantimes.com /epaper /viewer.aspx
67 http:/ /www.indiaenvironmentportal.org.in/content/385637 /dams-in-tribal-belt-of-western-ghats-for-the-
mumbai-metropolitan-region-unjustified-projects-better-options-exist/
62 http://sandrp.in/rivers/Rivers_of_Maharashtra_Dec_2011.PDF
83 http:/ /timesofindia.indiatimes.com /city /mumbai/Sand-mining-banned-in-Maharashtra-but-flourishes-on-
Mumbais-outskirts/articleshow /21719160.cms
64 www.udri.org/udri/MumbaiReader10/33%20Aneerudha%20Paul%20&%20Sonal%20Sundararajan%20-
%?20Ecologies%200{%20the%?20Periphery.pdf?phpMyAdmin=w6qdoDhnTY-UA44T6XZMtfF7FTd
8http:/ /dspace.library.iitb.ac.in/jspui/bitstream/10054 /1615 /1 /6029.pdf
66http:/ /www.oecdilibrary.org/docserver/download /5km4hv6wb434.pdf?expires=1395323049&i d=i
d&accname=guest&checksum=CA96F8EF1E2360250266369F94BE6508
67http:/ /www.oecdilibrary.org/docserver/ download /5km4hv6b434. pdf?expires=1395323049 &id=id
&accname=guest&checksum=CA96F8EF1E2360250266369F94BE6508
[
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Apart from this, one of the key factors is extensive impervious surface in built-up areas such
as roads, pavements and building premises (residential and non-residential) which leaves
little space for the surface runoff to percolate into the ground. The storm water drainage
system of the city is also age old and needs urgent revampingséé. The drainage system is
deemed to be inadequate to the high%age of runoff witnessed in the city¢?. Othermanagement
issue is clogging of drainage system due to dumping of waste.

Emissions from transport of Food

A tremendous rise in the population of MMR is observed every decade. The expected rise in
the population is up to 3.40 crores in next 2 decades which is nearly double the current
population of MMR which will impact the food sector of MMR in terms of food demand and
economy. Even to meet the basic demand for dietary requirements like eggs, milk &
vegetables are also sourced from as far as 200 to 500 km in MMR. Serious increase in
population poses a threat on these resources which leads to indirect emissions from
transportation and inflate the price of basic commodities manifold. As per estimates 30 to 60
thousand tonnes of direct carbon-dioxide is emitted to only transport these commodities in
MMR. As per the projected population, the demand for these food items will also double in
the next few decades thus inducing severe inflation for even basic dietary requirements.

Thus, with such huge resources in MMR, it becomes essential to understand the
interdependence and inter linkages between resources and the rate of its utilization.
Moreover, considering its availability, it is significant to retain and conserve these resources
without any further delay. The current section has thus described in detail the major driving
forces (drivers) inducing pressure on the resources, their exploitation and environmental
degradation in the region.

The following technical section of this report emphasizes on different resources such as water,
air, land and biodiversity of MMR whereas the cross cutting impacts of climate variation in
the region and on important resources has also been included. The report gives an overall
environmental status of the region, which would provide basis for development of the
regional plan of MMR.

86 Chitale M. (March 2006). Final Report of Fact Finding Committee on Mumbai Floods: Volume 1. Published by
Government of Maharashtra. pp. 32

69 Ibid

70 Ibid
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How to use this report?

There are 3 major sections in the report focusing on surface water resources, groundwater
resources and water supply, sewerage & sanitation. Before coming to the subject, general
introduction is given on the following:

Water, its global and local availability and the need for planning authority to
document the status of the existing water resources in the region.

Policy initiatives taken at central & state level and the various programs
implemented across the nation.

Organizational framework

Approach and methodology followed for documenting the status of water resources

Section I- Surface waterresources

The section is sub divided into 4 parts focusing on rivers, coastal & marine ecosystem,
lakes/ponds/wetlands/water bodies and reservoirs/dammed reservoirs.

Rivers: - The 13 west flowing rivers are explained in the following heads

e General information (origin, tributaries, length of the river, water
application and so on.)

e Water quality information and assessment (The status and
observations for 7 critical water quality parameters for the past 5
years is explained in detail.)

e Water quality index (The water quality index is calculated for the
year 2012-13)

e Opverall water quality of the river

e Conclusion and specific recommendations

Lakes/ponds/wetlands/water bodies: - The detail in this sub section is elaborated

under two heads: (i) Greater Mumbai and (ii) rest of MMR

Greater Mumbai:
Inventory of lakes present in Greater Mumbai and general

information pertaining to classification, usage pattern, accessibility
and visual status.
Common issues and specific recommendations

Rest of MMR:

The inventory of water bodies for the rest of the region was
prepared with the help of the data published in the annual
ESR/CSP (Environmental Status Report/City Sanitation Plan) of
the respective municipal corporation. The water quality
information and assessment, common issues and the initiatives to
address these issues is highlighted in this sub section.
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Navi Mumbai (ESR 2011-12)
Thane (ESR 2010-11)

Kalyan Dombivali (ESR 2011-12)
Bhiwandi Nizampur (ESR 2010-12)
Vasai Virar (ESR 2010-11)

Mira Bhayander (CSP 2012)
Panvel (ESR 2011-12)

o O O O O O O

(The inventory is not holistic because the data of rural and peri urban areas of MMR
was not available.)

Reservoirs/dammed reservoirs: -

e Inventory, general information and status
e Currentissues and recommendations

Coastal and marine ecosystem: -

Inventory and general information on coastal features existing in
Greater Mumbai and rest of MMR.

Creek/sea water quality information and assessment (23 creek
water quality monitoring stations)

Water quality index

Section II- Groundwater resources

The section elaborates the following:

Status of groundwater resources

Groundwater quality monitoring network- Inventory and spatial
representation

Groundwater quality index

Conclusion and specific recommendations

Section ITI- Water supply, sewerage and sanitation

The section is sub divided into 2 parts focusing on water supply and sewerage & sanitation.

Water supply: -

Inventory of existing water supply sources in MMR and their
status.
Demand & supply gap
Projected water demand & proposed water resources for MMR
Performance assessment comparison of ULBs (Urban Local
Bodies) (Comparing the key performance indicators developed by
Ministry of Urban Development, Government of India)

»  Coverage of water supply connection

= Per capita supply of water

= Extent of metering of water connections
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= Extent of non-revenue water

»  Continuity of water supply

*  Quality of water supplied

» Efficiency in redressal of consumer complaints

*  Cost recovery in water supply services

= Efficiency in collection of water supply related charges

Sewerage and sanitation:

The sub section is further elaborated under two categories: (i) Residential sector and
(ii) Industrial sector

Residential sector:

e Status of waste water generated by the residential sector

e Performance assessment comparison of ULBs
»  Coverage of sewerage services and toilets
= Collection efficiency of sewage network
» Adequacy of sewage treatment capacity
*  Quality of sewage treatment
»  Extent of reuse and recycling of sewage
» Efficiency in redressal of consumer complaints
=  Extent of cost recovery in sewage management

»  Efficiency in collection of sewage charges

Industrial sector:

e Status of waste water generated by the industrial sector

e Inventory and spatial representation of the treatment facility
(CETPs- Common Effluent Treatment Plant)

e Water quality information and assessment

e Conclusion and recommendations

Specific recommendations

In addition, specific recommendations for each sub
section have been enlisted &
elaborated in blue color boxes.

o As perthe CPCB guidelines, everyrivershould be monitored upstream and

downstreamto identify any potential sou
sampling loc re only located i
bias i

eri s
al to set up real time monitoring
g significant locations of the river with immediate effect

28% of the total

water supplied to
o The existing water quality monitoring stations do not record data forall the Sisainy
£ the rec standards Hence in recording the MMR region is

datashould also be practised met through

Vaitarna River. It
Further, flow bars have been included in the running text to highlight ~ }’ ! ot (154
m) river in the
the gist/key feature of the sub section. region.
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2.1 Introduction

2.1.1 Water and its status

Water is one of the most indispensable and vital natural
resources for livelihood, food security and economic 2.5% /_.f.”;‘"‘z\%
development. The total volume of water on Earth is about | WA

14 billion km3. The volume of freshwater resources is
around 35 million km3 (25% of the total volume). Of
these freshwater resources, about 24 million kms3 i.e. 70%
is in the form of ice and permanent snow cover in
mountainous regions, the Antarcticand Arctic regions.
Around 30% of the worlds freshwater is stored

underground in the form of groundwater. This

constitutes about 97% of all the freshwater that is :
potentially available for human use. Freshwater lakesand | ().3%

rivers contain an estimated 105 000 kms3 i.e. around 0.3 % RESHWATER

of the world's freshwater. ! WV

70%

Given the fact that the water resources are scarce and K & Show
. . . . . . MOUNTAINOUS
finite, its unplanned consumption driven by increased oo

population and economic growth, is leading to water

scarcity in cities across the globe and the prognosis for 30%
GROUNDWATER

India is no different.

India's water crisis is often attributed to lack of holistic Figure No. 2-1: Breakdown of

government planning and increased corporate World water resources.

privatization. Further, it is expected to worsen as the L
Source: UN water/statistics

overall population of India is expected to increase to 1.6
billion by the year 2050. Moreover, according to the World Bank, 21% of the country’s
diseases are water releated as water resources are contaminated by both biological and

chemical pollutants.

Keeping the global & local scenario in mind and with an objective of having equity in
distribution and unified perspective in planning, management and efficient use of water
resources, TERI had carried out a detailed quantitative and qualitative assessment of
secondary data to get an overview of water resources in Mumbai Metropolitan Region
(MMR). The water resources having environmental significance as well the one integrated in
water supply chain were analysed using such parameters as water supply coverage,
quantity supplied, per capita supply, norms for supply, indicators unaccounted for water,
water treatment, waste water generation, adequacy of treatment facility and so on. The
study was based on the secondary data collected from authentic sources, personal
interactions with government officials, NGOs & research institutes and primary data
collection by TERI for certain components.

TUN water /statistics

67 m



Environmental Status Report of MMR

2.1.2 Policy initiatives
42nd Amendment Act, 1976, Article 51-A (g), Section 11 says “It shall be the duty of every
citizen of India to protect and improve the natural environment including forests, lakes,
rivers and wildlife and to have compassion for living creatures.” Thus the Indian
Constitution makes two fold provisions:
¢ On one hand, it gives directive to the state for the protection and improvement of
environment.
¢ And on the other hand the citizens owe a constitutional duty to protect and improve
natural environment.

At national and state level, there are several policies and regulation like National Water
Policy, and Water (Prevention and Control of Pollution) Act, 1974 to regulate pollution
discharges and restore water quality. Also, under this act, pollution control boards were
created, who are responsible for implementation of the provisions mentioned in the Water
act. One of the important provisions of the act is to maintain and restore the
‘wholesomeness’ of our aquatic resources. Therefore, “water use” has been classified into
five categories to define the level of wholesomeness to be maintained or restored for a
particular system and/or ecosystem.?

If a water body or its part is used for multiple purposes, then the use which demands
highest quality of water is defined as ‘designated best use” and accordingly water body or its
part is designated (Table No. 2-1). Through regular water quality monitoring, the existing
water quality is assessed and compared with the desired quality as recognized under
designated best use class and gaps are identified. Based on the identified gaps the water
body or its part is identified as polluted.

Table No. 2-1: Designated best use classification of surface water

Designated best use Quality class Primary water quality criteria

o Total coliform (TC)
organisms (MPN/100 ml)
shallbe 50 or less

Drinking water source without o pHbetween 6.5and 8.5
conventional treatment but A e Dissolved oxygen (DO) 6
with chlorination mg/1 or more and
e Biochemical Oxygen
demand (BOD) 2 mg/l or
less

e TC organisms (MPN/100
ml) shall be 500 or less

e pHbetween 6.5 and 8.5

¢ DO 5 mg/l or more

Outdoor bathing (organized) B



http://www.cpcb.nic.in/upload/NewItems/NewItem_116_Guidelinesof%20waterqualitymonitoring_31.07.08.pdf
http://www.cpcb.nic.in/upload/NewItems/NewItem_116_Guidelinesof%20waterqualitymonitoring_31.07.08.pdf
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Designated best use Quality class Primary water quality criteria

e BOD 3 mg/I or less

e TC organisms (MPN/100
ml) shall be 5000 or less

C e pH between 6 and9

¢ DO 4 mg/l or more

¢ BOD 3 mg/1 or less

e pHbetween 6.5and 8.5

Propagation of wildlife and ¢ DO 4 mg/l or more

Drinking water source with
conventional treatment

fisheries o Free ammonia (as N)
1.2mg/1 or less

e pHbetween 6 and8.5

o Electrical conductivity less

Irrigation, industrial cooling than 2250 micro mhos/cm

and controlled disposal e Sodium absorption ratio
less than 26

e Boron less than 2mg/1

Source: Central Pollution Control Board (CPCB), 1978

2.1.2.1 Policy documents on natural resource conservation
Policy Statement for Abatement of Pollution, 1992

The commitment of government on abatement of pollution for preventing deterioration of
the environment is stated in this policy document. The document lays down steps to be
taken to prevent pollution at source, encourages, develops and applies the best available
practicable technical solutions. It also suggests developing different mechanisms like
legislative and regulation, fiscal incentives, voluntary agreements, educational programmes
and informative campaigns, while considering environmental perspective into decision
making at all levels. Thus the objective is to develop a comprehensive approach to integrate
environmental and economical aspects in planning, while stressing on preventive aspects for
pollution abatement and promotion of technological inputs to reduce pollutants and
through reliance upon public cooperation in securing a clean environment.?

The National Conservation Strategy and Policy Statement on Environment and
Development, 1992

The primary purpose of the conservation strategy and the policy statement is to include &
reinforce our traditional ethos and to build up a conservation society living in harmony with
nature as well as making frugal and efficient use of resources guided by the best available
scientific knowledge. Moverover, , the priorities mentioned in the document are preventing
& controlling future deterioration of land, water and air; restoration of ecologically
degraded areas; environmental improvement in rural and urban settlements, conserving and

3 http: //envfor.nic.in /sites /default /files /introduction-psap.pdf

? feri



http://envfor.nic.in/sites/default/files/introduction-psap.pdf

Environmental Status Report of MMR

nurturing the biological diversity and ensuring that the development of projects caused
minimal adverse environmental consequences. 4

The National Water Policy, 2002

The policy highlights the importance of water for human existence as well as for all
economic and development related activities. While addressing the problem of water
scarcity, the need to conserve the resource through optimal, economical, sustainable and
equitable means is also emphasized. It presents a review and update of the National Water
Policy in 1987 by making some additions and suggestions. The major provisions made in the
policy are as follows:
e Establishing a standardized national information system with a network of data
banks and data bases.
e Understanding the impact of developmental projects on human settlements and
environment.
e Guidelines for the safety of storage dams and other water-related structures
e Controlling the exploitation of groundwater
e Setting water allocation priorities in the following order:
o Drinking and domestic use
Sustaining livelihoods
Sustaining environment, maintaining river systems and aquatic life
Irrigation and hydro-power
Thermal power and industries
Recreation and religious uses

o O O O O O

Navigation
o The water tariffs for surface water and groundwater should be rationalized with due
regard to the interests of small and marginal farmers.
The policy also deals with participatory approach for management, development of
institutional mechanism, water quality monitoring programmes, flood and drought
management and so on.5

2.1.2.2 Indianlaws and regulations on water quality management

The laws and regulations for conservation of water resources expressed in the constitution
are embodied in the following regulations:

The Water (Prevention and Control of Pollution) Act, 1974

The act deals comprehensively with water related issues. It empowers the Government to
constitute PCBs (Pollution Control Boards) to maintain the wholesomeness of water bodies.
It also enables the Central and State Pollution Control Boards to prescribe standards and has

4 http: //envfor.nic.in /sites /default/files /introduction-csps.pdf 4

http:/ /envfor.nic.in /sites /default/files /introduction-psap.pdf

4 http://envfor.nic.in /sites /default/files /introduction-csps.p df

5 http: //www.swaraup.gov.in/Downloads/nwp_2002.pdf
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provisions for monitoring, compliance and penalty against the violators of the act. It offers
the permit system i.e. ‘Consent” procedure to prevent and control water pollution and also
empowers the State Boards to issue directions to the defaulters.6

Water Cess Act, 1977

The water cess act was formulated to levy and collect cess/tax on water consumed by
persons carrying on certain industries and by local authorities, with a view to augment the
resources of the Central and the State Boards for the prevention and control of water
pollution constituted under the Water (Prevention and Control of Pollution) Act, 1974.7

Environment (Protection) Act, 1986

The act has a broad coverage in which ‘Environment” which includes water, air and land. It
empowers the government to take measures in protecting and improving the quality of the
environment through preventing, controlling and abating environmental pollution. The
government is authorised to set national standards for environmental quality and discharge
of environmental pollutants from various sources, prescribe procedures for hazardous
substance management and to collect and disseminate information regarding environmental
pollution. Also the act provides severe penalties for those who fail to comply with
provisions of the act.8

2.1.3 Organizational Framework

2.1.3.1 Central Pollution Control Board (CPCB)

CPCB, a statutory organisation was constituted in September, 1974 under the Water
(Prevention and Control of Pollution) Act, 1974. CPCB along with its counterparts, State
Pollution Control Boards (SPCBs) are responsible for implementation of legislations relating
to prevention and control of environmental pollution. The principal function of the CPCB, as
spelt out in the Water (Prevention and Control of Pollution) Act, 1974, is to promote
cleanliness of streams and wells in different areas of the States by prevention, control and
abatement of water pollution. It also serves as a field formation and provides technical
services to the Ministry of Environment and Forests of the provisions of the Environment
(Protection) Act, 1986. One of the mandates of CPCB is to collect, collate and disseminate
technical and statistical data relating to water pollution. Hence, Water Quality Monitoring
(WQM) and surveillance are of utmost importance.

2.1.3.2 Maharashtra Pollution Control Board (MPCB)

The Water (Prevention & Control of Pollution) Act, 1974 was adopted by the state
government in the year 1981 and accordingly MPCB was formed under the provisions of
section 4 of the act. MPCB is bound to implement various environmental legislations in the

6 http://hspcb.gov.in/Water%20Act,%201974%20Relevant%20provisions.pdf
7 http:/ /envfor.nic.in /legis /water /water7.html

8 http://envfor.nic.in/legis/env /env1.html and

http://www.moef.nic.in /sites /default /files /eprotect _act 1986.pdf
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state, mainly including Water (Prevention and Control of Pollution) Act, 1974, Air
(Prevention and Control of Pollution) Act, 1981, Water (Cess) Act, 1977 and some of the
provisions under Environmental (Protection) Act, 1986 and the rules framed there under
like, Biomedical Waste (M&H) Rules, 1998, Hazardous Waste (M&H) Rules, 2000, Municipal
Solid Waste Rules, 2000 etc. MPCB functions under the administrative control of
Environment Department of Government of Maharashtra. Some of the important functions
of MPCB are:

e To plan comprehensive program for the prevention, control or abatement of
pollution of natural resources and secure executions thereof,

e To collect and disseminate information relating to pollution and the prevention,
control or abatement thereof,

e To inspect sewage or trade effluent treatment and disposal facilities, specification or
any other data relating to the treatment plants, disposal systems and air pollution
control systems in connection with the consent granted,

e Supporting and encouraging the developments in the fields of pollution control,
waste recycle reuse, eco-friendly practices etc.

e To educate and guide the entrepreneurs in improving environment by suggesting
appropriate pollution control technologies and techniques

e Creation of public awareness about the clean and healthy environment and attending
the public complaints regarding pollution.

2.14 National water quality monitoring program

CPCB in collaboration with concemed SPCBs have established a nationwide network of
water quality monitoring comprising 2500 stations in 28 States and 6 Union Territories. The
monitoring is done on monthly or quarterly basis in case of surface waters and on half
yearly basis in case of groundwater. Presently the inland water quality-monitoring network
is operated under a three-tier programme i.e. Global Environment Monitoring System
(GEMS), Monitoring of Indian National Aquatic Resources System (MINARS) and Yamuna
Action Plan (YAP).

2.141 GEMS

The United Nations Global Environment Monitoring System Water Programme is dedicated
to providing environmental water quality data and information of the highest integrity,
accessibility and interoperability. ¢

2.14.2 MINARS

Parallel to GEMS, the national programme titled ‘"MINARS” was started in 1984 with a total
of 113 stations spread over 10 river basins. The present network comprises of 870 stations on
rivers, lentic water bodies and subsurface water. Water samples are being analysed for 28
parameters consisting of physico-chemical and bacteriological parameters for ambient water
samples apart from field observations.

9 http: //www.unep.org/gemswater/
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2.2 Approach and Methodology

MMR is bestowed with numerous water resources which are significant from environment
as well as resource point of view. Given the fact that there is dearth of comprehensive
information at the regional scale, a specific and customised methodology was developed
since the focus of this report was to highlight the regional status (quantity and quality) of
water resources integrated in the supply chain as well those that have environmental
significance. The step wise methodology for the study is appended below:

I Review of literature, case studies and regional initiatives

Zoning of the

, : —}\,\ .-\T study area A e
’# o 1 ?uﬁantl‘:tiolv: information
wy _ . & analysis

—

Selection of criteria/data for
assessment

g
o ~ !

Site survey for select locations

Data collection, compilatioh &
analysis

Figure No. 2-2: Methodology for preparing the environmental status report
Source: Conceptualized and prepared by TERI- WRC
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Zoning of the study area

The water resources which are within MMR were identified with the help of remote
sensing data procured from Maharashtra Remote Sensing Applications Centre
(MRSAC). The quantitative data was acquired from various reports like
environmental status report of Urban Local Bodies (ULBs), Water Resources
Information System of India (India-WRIS) and so on, whereas for the qualitative
assessment, the report titled “Water Quality Status of Water Bodies in Maharashtra
with the Recourde to Analytical/Statistical Tools” and the standards issued by
Maharashtra Pollution Control Board (MPCB)" were referred. In totality, the water
resources were studied, however, for the water resources integrated in the water
supply chain, the focus was only on the 8 Municipal Corporations and 9 Municipal
Councils of MMR, since the data for the rural area of MMR was not available.

Selection of criteria /data for assessment

The general information on the water resources is presented in the First Section of
the report titled ‘Surface water resources in MMR'’. For instance in case of rivers the
general information about origin of the river, tributaries, course of the river, length of
the river from origin, catchment area, gross storage capacity of the reservoir, water

applications, dams/reservoirs on the river and so on. Similarly, the data for other
water resources like lakes and dammed reservoirs are presented in this report.

Further, for water quality which refers to the chemical, physical and biological
characteristics of water. It is most frequently referred to a set of standards against
which compliance can be assessed. Across the world, major agencies like WHO
(World Health Organization) and EPA (Environmental Protection Agency) whereas
at national level CPCB (Central Pollution Control Board) provides the guidelines or
common standards to assess water quality. WQAA (Water Quality Assessment
Authority) created under Environment (Protection) Act, 1986 has notified a “Protocol
for Water Quality Monitoring”. Therefore, CPCB has published a document
“Guidelines for Water Quality Monitoring” which brings out major considerations to
design water quality monitoring network, procedures for sampling, laboratory
analysis, data storage, data analysis, presentation, interpretation, reporting and
quality assurance.

The designated standards may vary depending upon the usage of the water which
may include drinking, industrial, fishing, recreational uses and so on. However the
basic parameters considered for assessing water quality are standard across the
globe. In the case of natural water bodies, they also make some reasonable estimate
of pristine conditions. Different uses raise different concerns and therefore different
standards are considered. Most commonly used physical, chemical and biological
indicators include the following.

10 http:

mpcb.gov.in/envtdata/waterquality41.php
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Physical indicators

Water Temperature

Specifics Conductance or
EC, Electrical Conductance,
Conductivity

Total suspended solids (TSS)
Transparency or Turbidity

Total dissolved solids (TDS)
Odour of water
Colour of water

Taste of water

Water Resources

Chemical indicators

pH

Biochemical oxygen demand (BOD)
Chemical oxygen demand (COD)
Dissolved oxygen (DO)

Total hardness (TH)

Heavy metals
Nitrate
Orthophosphates
Pesticides

Surfactants

Biological indicators

Ephemeroptera e  Escherichia coli (E. coli)
Plecoptera e Coliform bacteria
Mollusca

Trichoptera

Thus for river water quality assessment, A-II category of MPCB for best designated
usages (Annex-2- Table No. 6-1) was considered and for creek water quality
assessment, SW-II category for coastal waters (Annex-3 Table No. 6-2 to 6-7) was
considered.

The secondary data on the sources of groundwater and the potential water that is
being extracted daily were assessed. Similarly to surface water resources, the water
quality reports on the groundwater were assessed for the years 2007-11. This
constitutes the Second Section of the report entitled ‘Groundwater resources in
MMR'.

For water resources integrated in the supply chain and sewerage, the data was
collected and analysed for the key performance indicators developed by Ministry of
Urban Development (MoUD), Government of India’’. This creates the Third Section
of the report titled ‘Water supply, sewerage and sanitation in MMR’.

The key performance indicators are:

" http:

moud.gov.in/sites /upload files/moud/files/pdf/Handbook.pdf
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Water supply services:
e Coverage of water supply connections
e DPer capita supply of water
e Extent of metering of water connections
e Extent of non-revenue water (NRW)
e Continuity of water supply
¢ Quality of water supplied
e Efficiency in redressal of customer complaints
e Costrecoveryin water supply services
e Efficiency in collection of water supply related charges

Sewerage and sanitation:
o Waste water generated
e Coverage of sewerage services and toilets
e Collection efficiency of sewage network
e Adequacy of sewage treatment capacity
e Quality of sewage treatment
e Extent of reuse and recycling of sewage
e Efficiency in redressal of consumer complaints
e Extent of cost recovery in sewage management
e Efficiency in collection of sewage charges

2.2.3 Data collection, compilation and analysis

As per the ToR (Term of Reference), it was agreed that TERI shall prepare the ESR for
MMR based on the secondary data. Various government departments and private
agencies were approached for sourcing the secondary data (Table No. 2-2).
Primarily, the annual ESR of the ULBs was reviewed for atleast past 5 years. After
assessing these ESRs, TERI had developed a data matrix which highlighted the data
gaps. These data gaps were then filled up by having personal interactions with the
concerned officials (Table No. 2-3) or by circulating customized questionnaires.
Published and unpublished reports, papers and presentations were also reviewed
and the key findings are incorporated in the report. The analysis of the data is
presented either in graphical or spatial formats in this report.

" Aeri



Table No. 2-2: Agencies approached for data collection

Water Resources

Organization/Agency Title of the Report/ data sets Periodicity Latest
publication
Central Groundwater | Water Quality Information given online Annual 2012
Board (CGWB), Gol | for Thane and Raigad District
Groundwater Survey | Water Quality Information given online Annual 2010
and Development for Thane and Raigad District
Agency (GSDA),
GoM
ML Water Supply (Industrial & Municipal) Annual Latest Year
Industrial
Development
Corporation (MIDC),
GoM
Water Quality for Station within MMR Monthly Latest Month
Annual Water Quality Status under Annual 2006 - 07
GEMS MINARS Project
Status of CETP's in Maharashtra Annually 2008 -09
MPCB, GoM
Annual Report on Implementation of Annual 2011-12
MSW
Region wise Environmental Status No more 2005
Report being
prepared
Maharashtra Jeevan | Annual Report Annual 2007-08
Pradhikaran, GoM
ESR of Navi Mumbai Municipal Annual 2011-12
Corporation
ESR of Thane Municipal Corporation Annual 2011-12
ESR of Kalyan Dombivli Municipal Annual 2011-12
. Corporation
Municipal
corporations in MMR ESR of Municipal Corporation for Annual 2011-12
Greater Mumbai
ESR of B.hlwanch Nizampur Municipal Triennial 2010-12
Corporation
ESR of Vasai Virar Municipal Annual 2010-11
Corporation
7
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Organization/Agency Title of the Report/ data sets Periodicity Latest
publication
ESR of Mira Bhayandar Municipal Annual 2009-10
Corporation
Data on Water Supply, Sanitation, Annual 2010-11
9 Municipal councils | service benchmark report and City
development Plan
2 Zilla Parishad (ZP)- District Statistical Abstract, Water Annual 2010-11
Thane ZP and Raigad S I
upply, Sanitation
zp
Water Supply | Report of the Expert committee (Water 1994 & 2005
Resource planning)
Management  Cell],
MMRDA
Regional Centre for | Performance  Assessment  System 2008-12
Urban and | Indicator report
Environmental
Studies (RCUES), All
India Institute of
Local Self-
Government
(AIILSG), Mumbai.
Table No. 2-3: Stakeholder consultations
Organization/Agency Mode of Highlights of the meeting
correspondence
Municipal Corporations Letter and personal [ The ESR in either hard or soft copy for
interactions. minimum 3 years was shared. Ulhasnagar
Municipal Corporation does not prepare an
ESR; hence they shared their City
Sanitation Plan.
Municipal councils Letter and personal | The questionnaire was filled in to quite an
interactions. extent. Panvel Municipal Council had

A letter as well a
detailed questionnaire
was prepared to get the
requisite data especially
from the

Councils, since they do

Municipal

not publish an annual

shared their latest environment status
report (2012-2013), whereas the Kulgaon
Badlapur, Alibag, Pen, Karjat and Matheran
MCs shared their
reports.

service benchmark

Few municipal councils also
mentioned about Performance Assessment
System (PAS) that

collating data precisely on water and

project aimed at

78
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Organization/Agency Mode of Highlights of the meeting
correspondence
environment status | sanitation from all the ULBs from the state
report. of Gujarat and Maharashtra, which is been
done in collaboration with All India
Institute of Local Self- Government
(AIILSG).
Maharashtra ~ Pollution | Letter and personal | The monthly report on the water quality for
Control Board (MPCB) interactions. stations within the MMR and the annual
water quality status under GEMS and
MINARS project was shared by MPCB.
Maharashtra Jeevan Letter, email and | The Executive Engineer, CTDM informed

Pradhikaran,
Government of
Maharashtra Undertaking

personal interactions.

that the latest information about the ULBs
with respect to water is regularly updated
on their website-

http://www.mahaurban.org/I. ogin.aspx

and requested TERI to refer the same.

Groundwater Surveys &
Development Agency,
Government of
Maharashtra

Letter, email and

personal interactions.

In order to get access to the database of
GSDA, one needs to take the membership.
TERI has now been registered as a member
of GSDA. The data request was sent in the
month of May, 2013, however due non-
availability of the personnel in-charge. Due
to high price of the set of hard copies of the
data and the need for digitizing, a task
which requires vast time expenditure, the
procurement of the data is put to hold.

Central Groundwater
Board (CGWB)

Letter
interactions.

and personal

The data
quality,

management

pertaining  to
table,
strategy

groundwater
water groundwater
and major
groundwater problems and issues was
sourced from the official.

Website- http://cgwb.gov.in/

Maharashtra
Development
Corporation (MIDC)

Industrial

Letter, email and

personal interactions.

The latest annual report on the water
supply (Industrial and Municipal) was
shared.

Zilla Parishad, Thane

Letter, email and

personal interactions.

An excel sheet detailing the water supply
network, supply,
consumption, expenditure on

hours  of energy
annual

operation and maintenance was shared.

Water Supply Resource

Letter, email and

The report of expert committee (water

Management Cell, | personal interactions. planning) and a detailed presentation on
MMRDA the water supply resources planning and
development for MMR was shared.
Regional Centre for | Letter, email and | Data was not shared with TERI, since they
Urban and | personal interactions. had signed an agreement with their project
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Mode of
correspondence

Organization/Agency Highlights of the meeting

Environmental  Studies
(RCUES), All India
Institute of Local Self-
(AIILSG),

partners.

Government
Mumbai.

224 Site survey of selected locations

During the primary assessment of data, it was observed that for certain components or
locations the data was missing. Hence, TERI decided to conduct primary survey to fill in the

data gaps.Table No. 2-4 reveals the details of the site surveys.

Table No. 2-4: Site survey for select locations

2 Pelhar Lake and Dam, Virar

3 | Shirgaon Lake, Virar

4 Nirmal Lake, Vasai

5 | Chakreshwar Lake, Nalasopara

6 | Wagholi Lakes (2), Nalasopara

— Survey location Objective of the survey
No.
1 Netaji Lake, Juchandra, Vasai During the data analysis, it was observed that

there is a record of 90 lakes in Vasai- Virar
region, which is the highest among all the
municipal corporations in MMR. However,
there was no further information available.
Hence, TERI decided to conduct primary
survey to assess status of few prominent lakes
of the region.

Gauripada talav, Milind nagar

Similarly for Kalyan Dombivali region, the

7
- - data pertaining to lakes was missing. Hence 7
Bhoiwada lake, Bhoiwada .
8 lakes were studied to understand the
5 Kala talav, Beturkar pada dependence of communities, physical status
and so on.
10 Apurva lake, Kalyan highway
11 Nilaje lake, Shilphata
Mauli Talav
12
13 Khidkaleshwar talav
14 Ulhas river There are 10 water monitoring stations, out of

which 6 stations could not be analysed due to
lack of data.
conducted at different locations to cover the

Hence few site visits were

course of the river and present the first-hand
experience/status of theriver.
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S Survey location Objective of the survey
No.
15 Taloje river The details pertaining to the river was missing.

Hence a recce survey was conducted.

Source: ESR reports and TERI-WRC

2.2.5 Review of case studies and regional initiatives

Literature review was carried out to highlight the initiatives taken by individuals and ULBs
to address the issue of water scarcity and water quality. The best water management
practices adopted by the ULBs are explained in brief so that other ULBs could explore the
possibility of implementing the same in their respective jurisdiction. These details are
included in the following sections as and where applicable.
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2.3 Water resourcesin MMR

Water resources are sources of water that are useful or potentially useful.”2 They are used for
various purposes like direct consumption, irrigation, fisheries, hydropower, industrial
production, recreation, navigation, environmental protection, disposal of sewage and
industrial effluents and so on. Water has economic, social, and spatial dimensions which
makes it a unique and challenging natural resource to manage.

In MMR, there are four major sources of surface water as mentioned below:

e Rivers

e Lakes/ponds

e wetlands

e Reservoirs/dammed reservoirs

Altogether, there are 13 west flowing rivers and 21 tributaries, more than 431 water bodies
(lakes and ponds) and 22 reservoirs/dammed reservoirs within the municipal limits of the

various ULBs.”

The groundwater sources are:
e Wells- Tube wells, dug wells and bore wells
e Stand posts/Hand pumps

In all there are 5660 dug wells, 7511 tube wells, 1906 bore wells and 3715 hand pumps
(within the municipal limits), from which 293.35 million litres per day (MLD) of
groundwater is being extracted presently. 4

In the following sections, the general information and the water quality assessment of the
surface and groundwater resources are explained in detail.

12 http:/ /en.wikipedia.org /wiki/Water_resources
13 MRSAC data, latest ESRs and quesstionaires filled by Municipal Councils

14 Environmental Status Reports and Maharashtra Jeevan Pradhikaran
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2.4 Surface water resourcesin MMR

Surface water is water in a river, lake or fresh water wetland.
These water resources are naturally replenished by precipitation
and naturally lost through discharge to the sea, evaporation and
sub-surface seepage.

24.1 Riversrs

As we are aware, water is continuously circulating between
Earth's surface (land & oceans) and the atmosphere, in a never-
ending manner comparable to a conveyor belt called the water
cycle. Rivers form an important part of this cycle that carry
water from the higher parts of Earth i.e. uplands- mountains &
hills to the lower parts- lakes and seas (Box no. 1 explains the
course of a river). Rivers are often called as drains or channels
with fairly well defined banks that can be thin & shallow or

In MMR, there
are 13 west
flowing rivers, 21
tributaries, more
than 431 water
bodies (lakes &
ponds) and 22
reservoirs with in
the municipal
limits.

very deep & wide. Powered by gravity, rivers are always flowing downhill even if they look
absolutely flat; they flow down with a gentle incline. They are filled with freshwater on
which the lives of many different creatures like insects, animals, and humans are dependent.

-

Upper river course (Youthful stage)

Box no: 1 Course of a river

~

A river originates from hills or mountains. In a cold region, a river may be
created by melting snow or a glacier. In warmer places, rivers typically form
when water drains from series of upland slopes known as a basin.

Water drains from each slope to form a small trickle called a rill. Rills from
many slopes combine together to make creeks (small streams) and larger
streams, before all these things eventually merge into a river.

The streams and creeks that form a river are called its tributaries. Flowing
down from high hills and mountains, the upper course of a river is usually
narrow, steep, and marked by sharp valleys and abrupt, zig-zag changes of
direction. The steepness means the water flows quickly, often forming
dramatic features such as waterfalls. Rapid flow of water means the water has
high energy to cut through rocks, wearing away deposits in a process called
erosion.

\_

/

15 http:/ /www.explainthatstuff.com /rivers.html
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Middle river course (Mature stage)

As the river leaves the hills and mountains from where they originate, they
take on the classic pattern of a mature river that we see in the landscapes
around us, which are wider, slower, less steep, and change course more
gradually. During the course, the features they form are more significant like
wider lakes, wandering S-shaped bends called meanders, and deeper, broader
cuts in the landscape called valleys. (For example: Ulhas River)

Sometimes two rivers will join together at a point called a confluence. (For
example: Mithi river is a confluence of tail water discharges of Powai and
Vihar lakes). Further, when sediments carved from the upper reaches of the
river are carried downstream can build banks called levees that keep the water
level higher than the landscape around it. Also when the flow is high, water
spills over the banks carrying mud and sediment with it and creating marshy
floodplains. As rivers cross floodplains, they snake from side to side eroding
the landscape in some places and building it up at other places through a
process called deposition. Rivers are often surrounded by lush grassland areas
called meadows.

Figure No. 2-3: Spatial representation of Ulhas River highlighting meanders
Source: MRSAC and Google Earth
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Lower river course (old age stage)

There are no strict boundaries between the upper, middle, and lower course of a
river, the middle-course feature like meanders are also found in the lowest
reaches of a river. But the lower course of a river is less steep than the middle
course and the water runs even more slowly.

The river finally reaches the sea at estuaries (wide, deep, open river mouth) or
triangular-shaped deltas where river deposits sediment at its mouth creating
many narrower channels called distributaries instead of a single, wide mouth.
(For example: Vaitarna river) Trophic states (mesotrophic, eutrophic and
oligotrophic) are based on lake fertility. The root “trophy” means nutrients;
therefore, lakes are classified based on the amount of available nutrients
(Phosphorus and Nitrogen) for organisms. More fertile lakes have more nutrients
and therefore more plants and algae. In the newly formed lakes, the edges and
bottom are exposed rock, which doesn’t erode very quickly, meaning there are
not many nutrients available. As a lake ages, sediment from the watershed is
washed off, filling in the bottom of the lake. This sediment is rich in nutrients,
and therefore increases the fertility of the lake.

Upper vait

Legend
Major reservoir
Other reservoirs

B Major river
Tributaries & riverlets

Lower course of theé river

g
!
i

Figure No. 2-4: Spatial representation of Vaitarna River highlighting the lower course
of the river

Source: MRSAC and Google Earth

Significance of rivers

Water from the rivers is a basic natural resource, essential for various human activities.
Thus, river banks attracted settlers since antiquity. Rivers also played significant role in
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helping people travel across Earth, both for exploration and trade. In addition, people have
been harnessing energy from rivers since ancient times and modem-day environmental
issues like global warming have led to renewed interest in things like hydroelectric power
(damming rivers and forcing them to flow at high-speed so as to rotate the turbines to
generate electricity.)

Rivers are incredibly important for humans. However it has been over exploited for various
activities like removing sand and gravel from river beds for building materials, irrigation,
fishing and so on. Discharging untreated sewage and other wastewater into rivers has
added to water pollution and thus deteriorated the quality of the water.

Rivers in MMR

In MMR there are 13 major west flowing rivers and drain into the Arabian Sea as tabulated
in Table No. 2-5 and its spatial representation is given in Map No. 2-1.

Most of the westwards flowing rivers of Maharashtra originate from the Western Ghats like
Damanganga, Surya, Vaitarna, Ulhas, Savitri, Kundalika, Patalganga, Vashisti, Shastri, Karli,
Terekhol and so oni¢. The 13 west flowing rivers are an important source of water for
drinking purposes, agriculture and also for industrial and domestic uses. Rivers like
Vaitarna, Patalganga, Ulhas, Balganga and so on along with the tributaries such as Tansa,
Bhasta and Barvi are used as sources of drinking water. While rivers like Panvel,
Bhogeshwari and Amba & their tributaries are used for discharge of effluents by industries
causing high water pollution!”. The Ulhas and Patalganga rivers are also used for effluent
discharge in the lower reaches. Due to this the water quality differs at various locations?s.

These rivers are also an important source of water for various industries clustered near
Thane-Belapur belt, Kalyan-Ulhasnagar-Ambernath belt, western shore of Thane creek and
around Patalganga River. These industries manufacture a wide range of products such as
dyes, pharmaceuticals, fine chemicals, plastics, petro and agrochemical, fertilizers, and
refined petroleum products release the waste water to Thane creek, Ulhas and Patalganga
rivers which proves to be a reason for pollution in these rivers. Traces of lead are found at
the Ulhas river basin due to waste released by these industries!®. Thus majority of the rivers
are polluted at various stages due to release of industrial effluents, solid waste and other
waste from various sources2021,

6 http:/ /sandrp.in/rivers/Rivers_of_Maharashtra_Dec_2011.PDF

17 http:/ /www.dnaindia.com /mumbai/report-three-major-rivers-near-mumbai-polluted-mpcb-report-1417624
18 http:/ /moef.nic.in/soer /state /SoE%20report%200f%20Maharashtra.pdf

9 http:/ /dspace library.iitb.ac.in/jspui/bitstream /10054 /1615/1/6029.pdf

20 http:/ /timesofindia.indiatimes.com /city /mumbai/Mumbai-for-Me-After-leaving-park-Mumbais-rivers-get-
polluted/articleshow /12510943.cms

21 http:/ /dspace.library iitb.ac.in/jspui/bitstream /10054 /1615/1/6029.pdf

? feri



Environmental Status Report of MMR

Table No. 2-5: Details of rivers in MMR- River, tributary and course

Leng
th of
St . . Admin. t‘he Water Number
’ Rivers LT Origin Jotniie boundar | I ¢" application/signi o
N ary rges into - from ficance WQMS
o. origi (Quality)
n
(Km)
Hilly Arnala Outside | 154 | It supplies | 1 (Good
terrain of | creek MMR around 1525 MLD | to
Maharas of water to the | Excellent)
htra  at region. (28% of
Trimbak the total water
in requirement)
Nashik
district
Susari | Thane It is estimated [ 3 (Good
(Dahanu, that 200 MLD of | to
Palghar) water shall be | Excellent)
drawn for
meeting the
requirement  of
rest of MMR.
Pinjal | Thane It is estimated | _
(Mokhad that 697 MLD of
a, water shall be
. Jawhar) drawn for Greater
1. Vaitarna Mumbai and
approximately
533 MLD for
meeting the
requirement  of
rest of MMR.
Gargai | Thane It is estimated | _
(Mokhad that 455 MLD of
a, Wada) water shall be
drawn for
meeting the water
requirement  of
Greater Mumbai.
Tansa | Thane Vasai It supplies 455| 1 (Good
(Shahapu Virar MLD of water to | to
r, Wada, Municip the region Excellent)
Bhiwand al
i, Vasai) Corpora
tion
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Leng
th of
St q 0 Admin. t.he Water Number
. . Tribut . Joins/me river L. L. of
N Rivers - Origin s ik boundar from appllc.atlon/ﬂgnl WOMS
o. y origi ficance (Quality)
n
(Km)
Ravines | Bassein Kulgaon | 122 Approximately 3 on river
of creek Badlapu 60% of the total | (Good to
Sahyadar r water supplied to | Excellent)
i ranges Municip the region is met | and 7 on
to the al through ulhas | creek
north of Corpora river (Medium
Tungarli tion to good)
Ulhas hills near (Creek-
Lonavala KDMC,
T™MC
and
MBMC)
Varna | Thane -
Kamva (Bhiwan
b di) ND- No Data
Kumb
hari
Bhatsa | Thane KDMC Approximately 3 (Good
1850 MLD of | to
- water is drawn | Excellent)
from the river to
meet the water
requirement  of
the region. It is
the only tributary
from where this
huge quantum of
water is drawn.
Shai Thane It is estimated | _
(Shahapu that 940 MLD of
T, water shall be
Murbad) drawn for
meeting the water
requirement  of
rest of MMR.
Kalu Thane KDMC It is estimated | 1
(Murbad) that 1140 MLD of | (Medium
water shall be | to good)
drawn for
meeting the water
requirement  of
rest of MMR.
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Leng
th of
St . . Admin. t.he Water Number
. . Tribut . Joins/me river L. L. of
N Rivers - Origin s ik boundar from appllc.atlon/ﬂgnl WOMS
o. y origi ficance (Quality)
n
(Km)
Murba | Thane _
di (Murbad, ND- No Data
Kalyan)
Barvi Thane Approximately _
(Ambern 600 MLD of water
ath, is drawn from the
Kalyan) tributary to meet
the water
requirements of
Greater Mumbai.
Poshir | Raigad It is estimated | _
(Karjat) that 740 MLD of
water shall be
drawn for
meeting the water
requirement  of
rest of MMR.
Shillar | Raigad _
(Karjat) ND- No Data
Pej
Spillway MCGM | 145
of the _
Tulsi
Lake in
3. Dahisar the
Sanjay
Gandhi
National
Park .
Sanjay Marve MCGM | 115 Highly ~ polluted
Gandhi Creek and presently |
4. Poisar . serves as a drain
Nl for the region
Park
Mumbai MCGM 11
5. Malad Suburba -
n
(Borivali)
Mumbai | Malad MCGM | 9.63
6 Oshiwar Suburba | creek -
a n
(Borivali)
At Mahim MCGM 17.8 | Washing of | 1 (Bad)
confluen | bay vessels, animals
o ce of tail & oily drums.
7. Mithi
water
discharg
es of
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Leng
th of
St q : Admin. t.he Water Number
. . Tribut . Joins/me river L. L. of
N Rivers - Origin s ik boundar from appllc.atlon/mgnl WOMS
o. y origi ficance (Quality)
n
(Km)
Powai
and
Vihar
lake
At Thane MCGM | 574 | Water  appears | _
confluen | creek very polluted and
ce of black throughout
Nehru the stretch. Hence
8. Mahul Nagar not used.
Nala and
Pratiksha
Nagar
Nala
Chotta Thane PMC 30 360 MLD of water
Morbe creek is supplied to
Dam in NMMC from
North of Morbe dam
Panvel
9. Panvel
Taloje ND- No Data _
Navde | . ; gad _
Lendi (Panvel) -
Gadhe _
Borghat | Dharamt | Raigad |76 168 MLD of water | 1 (Good
hill of the | ar creek is supplied to rest | to
Sahyadri of the MMR | Excellent)
10.| Amba ranges region.
near
Khopoli-
khandala
Western | Dharamt | Raigad | 40 _
ghats ar creek
Bhogesh near
1. wari village
Bhogesh
wari
Western | Dharamt | Raigad | 41 510 MLD is | 7 (Good
scarps of | ar creek supplied to the | to
the region (360 MLD | Excellent)
1o, | Patalgan Mathera from Morbe dam
&a n & 150 MLD from
uplands Hetawane)
Hetvan | Raigad ND- No Data _
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Leng
th of
St . . Admin. t.he Water Number
. . Tribut . Joins/me river L. L. of
N Rivers - Origin s ik boundar from appllc.atlon/mgm WOMS
o. y origi ficance (Quality)
n
(Km)
e (Khalapu
r)
Dhavri | Raigad _
(Khalapu
r)
Tributary | Dharamt | Raigad | 27 Balganga dam is | _
stream of | ar creek proposed to be
the completed by
Patalgan 2014; on
13.| Balganga ga completion it
shall supply 300
MLD to Navi
Mumbeai.

Source: MRSAC, Google Earth and Environment Status Reports
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Map No. 2-1: Spatial representation of 13 west flowing rivers of MMR

Source: MRSAC, Google Earth and Environment Status Reports (Refer Annex 18 for A3 size map)
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Water Quality Index of rivers
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Map No. 2-2: Water Quality Index of rivers for pre monsoon period
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The WQI (Water Quality Index) was computed by TERI using modified NSF (National
Sanitation Foundation) formula for pre and post monsoon period for the year 2012-13.

The parameters considered were DO, BOD, FC and pH. Other statistical methods were also
applied to arrive at the trend of the results as presented Map No. 2-2 and Map No. 2-3. WQI
classifications are based on the weightages for parameters and have been given subjective
qualitative descriptions such as ‘Bad’, ‘Good” and so on.

Observations: The total number of river water quality monitoring stations is 21. As seen in
Table No. 26 , all the WQMS indicated ‘Good to excellent” water quality during post
monsoon period except at Mithi River. Whereas during pre-monsoon period, 2 locations
(WQMS no. 1092 on Ulhas and WQMS no. 2685 on Patalganga river) indicated medium to good
water quality and WQMS on Mithi River indicated ‘Bad to Very Bad” water quality. The
water quality was majorly affected due to increase in the fecal count which may be due to
direct discharge of human sewage, fecal waste of mammals and birds, or from agricultural
and storm runoff.

Table No. 2-6 WQI of rivers in MMR

WQI-DO | WOI- WQI- | WOQI- WOQI
BOD FC pH

Total number of river water quality monitoring station- 21 No.

Post monsoon period (June, 2012 to November, 2012)

Good to excellent (Green) 20 20 3 21 20
Medium to good (Yellow) 0 0 17 0 0
Bad (Orange) 1 0 0 0 1
Bad to very Bad(Red) 0 1 1 0 0

Pre monsoon period (December, 2012 to May 2013)

Good to excellent (Green) 18 18 5 21 18
Medium to good (Yellow) 1 0 13 0 2
Bad (Orange) 1 1 2 0 0
Bad to very Bad(Red) 1 2 1 0 1
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For each of the river, the general information and the water
quality assessment done for the years 2008 to 2013 has been
presented in the following section, under two heads namely:

1. General information 28% of the total
2. Water quality information and assessment water supplied to
MMR region is
met through
2.4.1.1 Vaitarna River Vaitarna River. It
General information is the longest (154
km) river in the

Vaitarana River originates from the hilly terrain of Maharashtra region.
at Trimbak in Nashik district and flows nearly straight in south-
west direction in the Thane district. The river flows on the state T T T T T T T——
boundry of Gujarat and Maharashtra and meets the Arabian Sea
at Arnala creek in Vasai Virar Municipal Corporation area.
Major part of the river basin falls outside the MMR jurisdiction.

However the river supplies water to the region and hence it is significant.

There are three dams constructed on the river -
Upper, Middle and Lower Vaitarna dam, which are
named according to their respective location along
the flow of the river.2 Lower Vaitarna Dam also
known as Modaksagar, along with the other two
dams, supplies around 1525 MLD of water to the
region. As seen in Map No. 24, in the watershed of
Vaitarna, there are other reservoirs like Surya and
Pinjal which are proposed to supply water to the
region. The other details about the river are
tabulated below in Table No. 2-7. Picture No. 2-1: Vaitarna Dam

Source:
http://www.indianetzone.com/34/vaitarna_dam_
maharashtra.htm

2 http:/ /www.indianetzone.com /34 /vaitarna_dam_maharashtra.htm
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Table No. 2-7: General information of Vaitarna River

Vaitarna River

Origin Trimbak in Nashik, Maharashtra
Tributaries Susari, Pinjal, Gargai and Tansa
Length of the river from origin 154 km

Average rainfall in the basin 2293 mm

Catchment area (Thousand hectare)

Upper Vaitarna: 16.08

Lower Vaitarna/Modak Sagar: 28.70

Gross storage capacity of the reservoir

Modak Sagar: 204.98 MCM
Upper Vaitarna: 331.63 MCM

Water application

Drinking/water supply

Source: Mumbai City Development Plan 2005-2025 and http://india-wris.nrsc.gov.in
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The Central & State Government has initiated following programmes to install water quality

monitoring stations (WQMS) along the river course.
There are in all 5 WQMS along Vaitarna River.

e National Water Quality Monitoring Programme
(NWMP) or Monitoring of India National

Aquatic Resources Series (MINARS) started by
Central Pollution Control Board (CPCB).

o State Water Monitoring Programme (SWMP)
started by Maharashtra Pollution Control Board
(MPCB).

e Hydrology project (HP) sponsored by World
Bank to Ministry of Water Resource Department,
Gol.

Table No. 2-8: WQMS details on Vaitarna River

The Vaitarna River has
4 tributaries, out of
which only 2 are
monitored for their
water quality. In total
there are 5 WQMS on
the entire course of the
river, out of which only
1 station is on the main
river.

Station code/ Location River/Tributary
Program
2712/NWMP Gandhare village, Wada taluka Vaitarna River
2706/SWMP Surya dam, Dhammi, Thane Susari tributary
2707/SWMP MIDC pumping station, Palghar, Thane Susari tributary
2708/SWMP Intake of Vasai-Virar w/s scheme, Palghar, Thane Susari tributary
2709/SWMP Dakewali Village, Wada taluka Tansa tributary

Source: http://mpcb.gov.in/envtdata/envtwater.php
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Explanation

Il Vaitarna River & Tributaries Agricultural Land
Water Quality Index I Built Up- (Urban & Rural)

I Built Up- Industrial
. Good to Excellent B Forest

Medium to Good 0 Wastelands
Waterbodies
I Wetlands

. Solid_Waste

T abaohaleel
S s va AT <\ w.&\’ﬂ.&

Map No. 2-5: Land use pattern around WQMS on Vaitarna River

Source: MRSAC and MPCB

The WQM station no. 2712 is on the upstream of the Vaitarna River and it is the only station
on the river near Gandhare village, Wada taluka of Thane district. Further, there are 3 WQM
stations on the Susari tributary; one on the Surya dam (WQMS no. 2706) and the other two
(WQMS nos. 2707 and 2708) on the course of the tributary near Palghar in Thane district.
The WQM station no. 2709 is on the Tansa tributary. The major land use pattern around
these WQM stations is agricultural and forest land as seen in Map No. 2-5 .

In order to assess the water quality of the river, MPCB has provided Water Quality
Standards for Best Designated Usages®. Accordingly, the A- II category-“Public water
supply with approved treatment equal to coagulate on, sedimentation & disinfection”, is
considered for the water quality assessment of the rivers.

In the following section, the river water quality data for the years 2008 to 2013 was assessed
with respect to the MPCB water quality standards of A-II category. MPCB monitors only
seven parameters namely pH, Dissolved oxygen (DO), Biochemical Oxygen Demand (BOD),
Fecal Coliform (FC), Total Coliform (TC), ammonia and nitrate. Hence only these
parameters were analyzed and compared with the standards to assess the overall quality of
the river water.

2 http:/ /mpcb.gov.in/envtdata/envtwater.php
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Parameter 1: pH

pH also known as power of Hydrogen is a measure of the acidity or basicity of an aqueous
solution. Solutions with a pH less than 7 are said to be acidic and solutions with a pH
greater than 7 are basic or alkaline. Pure water has a pH very close to 7. For most organisms,
the optimal pH range is 6.5 to 8.2. Most organisms have adapted to life in water of a specific
pH and may die if it changes even slightly.

Permissible MPCB standard: Between 6 and 8.5.

pH reading along Vaitarna river course
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WQM station number along with the location

Figure No. 2-5: pH value at the WQMS of Vaitarna River

Source: http: / /www.mpcb.gov.in/envtdata/envtwater.php

Note: The data for theyear 2009-10 and 2008-10 was not available for WQM station nos. 2712 and
2709 respectively.

Observation: It was observed that at all the water quality monitoring stations along the river
the pH was within the permissible limit of MPCB, however in the year 2010-11, at WQM
station no. 2712, the pH value was 8.6. This slight increase may be due to agricultural runoff
from the surrounding fields and wastewater discharge from the villages of Wada block
(Vada) of Thane district as seen Map No. 2-5. However in the following years the pH value
was seen to be within the optimal pH range.

Parameter 2: Dissolved Oxygen (DO)

Like human beings need air to breathe, aquatic organisms need dissolved oxygen to respire.
It is very essential for the survival of aquatic life, bacteria and underwater plants. Also it is
equally needed for the decomposition of organic matter. When the dissolved oxygen levels
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in water drop below 5.0 mg/l1, aquatic life is put under stress. Lower the concentration of
DO, greater is the stress. If the Oxygen levels remain below 12 mg/1 for few hours, it can
result in large fish kills.

Desirable MPCB standard: 4 mg/1 (minimum desirable standard)
Observation: It was observed that at all the water quality monitoring stations the DO was

above the minimum desirable MPCB limit indicating that the water quality is good and the
possibility of pollution is minimal.

DO reading along Vaitarna river course
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Figure No. 2-6: DO value atthe WQMS of Vaitarna River

Source: hitp://www.mpcb.¢ov.in/envtdata/enviwater.php

Note: The data for the WQM stations nos. 2712 and 2709 for the respective years 2009-10 and 2008-10 was
not available for assessment.

Parameter 3: Biochemical Oxygen Demand (BOD)

BOD is the amount of dissolved oxygen needed by aerobic biological organisms to break
down organic material present in a given water sample at certain temperature over a specific
time period. The term also refers to a chemical procedure for determining this amount. This
is not a precise quantitative test, although it is widely used as an indication of the organic
quality of water. The BOD value is most commonly expressed in milligrams of oxygen

2 http:/ /www.unc.edu/~shashi/TablePages/dissolvedoxygen.html
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consumed per liter of sample during 5 days of incubation at 20 °C and is often used as a
robust surrogate of the degree of organic pollution of water.2

Permissible MPCB standard: 5 mg/1

Observation: It was observed that BOD at all the WQMS was within the permissible limit,
except in the year 2008-009 at the Vaitarna River monitoring station no. 2712. The possible
reason for the exceedance of BOD may be due to significant organic matter content in water
introduced as a result of domestic and human activities from adjacent villages of Wada
block, Thane district.

BOD reading along Vaitarna river course
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Figure No. 2-7: BOD value at the WQMS of Vaitarna River

Source: http://fwww.mpcb.¢ov.in/envtdata/envtwater.php

Note: The data for the WQM stations nos. 2712 and 2709 for the respective years 2009-10 and 2008-10 was not
available for assessment.

Parameter 4 & 5: Fecal Coliform (FC) and Total Coliform (TC)

Coliform bacteria are described and grouped, based on their common origin or
characteristics, as either Total or Fecal Coliform. The Total group includes Fecal Coliform
bacteria such as Escherichia coli (E .coli), as well as other types of Coliform bacteria that are
naturally found in the soil. Fecal Coliform bacteria exist in the intestines of warm blooded
animals and humans, and are found in bodily waste, animal droppings, and naturally in

2 http:/ /en.wikipedia.org/wiki/Biochemical_oxygen_demand
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soil.%. Fecal coliform bacteria can enter rivers through direct discharge of faecal waste of
mammals and birds, from agricultural and storm runoff, and from human sewage.

Permissible MPCB standard: MPN (Most Probable Number) 5000 / 100 ml
Observation: It was observed that fecal coliform and total coliform was within the

permissible limits of MPCB hence indicating that the water quality had permissible presence
of human or animal waste.

Fecal Coliform reading along Vaitarna river course
et 200809 monm 200910 e 201011 =——201112 o 201213 = Pemmissble limit
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= 0
3 2712 | 2706 2707 2708 | 2709 |
©
v Vaitama River Tributary (Surya river) Tributary (Tansa River)
River water
WQM station name along with the location

Figure No. 2-8: Fecal Coliform readings at the WQMS of Vaitarna River

Source: hitp://www.mpch.gov.in/envtdata/enviwater.php

26

http:/ /www.env.gov.bc.ca/wsd/plan_protect_sustain/groundwater/library /ground_fact_sheets/pdfs/colifor
m%28020715%29_fin2.pdf
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Total Coliform reading along Vaitarna river course
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Figure No. 2-9: Total Coliform readings at the WQMS of Vaitarna River

Source: http://www.mpcb.gov.in/envtdata/envtwater . php

Note: The data for 2008-10 was not available for WQMS nos. 2712 and 2709.

Parameter 6 & 7: Ammonia and Nitrate

Ammonia is a nutrient that contains nitrogen and hydrogen. Its chemical formula is NH3 in
the un-ionized state and NHi+in the ionized form. Total ammonia is the sum of both NH;
and NH;+. Total ammonia is what is measured analytically in water. Ammonia is the
preferred nitrogen-containing nutrient for plant growth. Ammonia can be converted to
nitrite (NO2-) and nitrate (NOs-) by bacteria, and then used by plants.

Nitrate and ammonia are the most common forms of nitrogen in aquatic systems. Nitrate
predominates in unpolluted waters. Nitrogen can be an important factor controlling algal
growth when other nutrients, such as phosphate, are abundant. Ammonia is excreted by
animals and produced during decomposition of plants and animals, thus returning nitrogen
to the aquatic system. Ammonia is also one of the most important pollutants because it is
relatively common but can be toxic, causing lower reproduction and growth, or death. The
neutral, un-ionized form (NH;) is highly toxic to fish and other aquatic life. Natural factors
that can affect the concentration of ammonia include algal growth, decay of plant or animal
material, and fecal matter. Ammonia can also come from domestic, industrial or agricultural
pollution, primarily from fertilizers, organic matter or fecal matter.?

Permissible MPCB standard: Ammonia: - 1.5 mg/1 Nitrate: - 45 mg/1

2 http:/ /www.waterboards.ca.gov /water_issues/programs/swamp/docs/cwt/guidance /3310en.pdf
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Observation: It was observed that ammonia and nitrate readings at all the water quality
monitoring stations are well within the permissible MPCB standards.

Ammonia reading along Vaitarna river course
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Figure No. 2-10: Ammonia value at the WQMS of Vaitarna River

Source: http://www.mpcb.gov.in/envtdata/envtwater . php

Nitrate reading along Vaitarna river course
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Figure No. 2-11: Nitrate value at the WQMS of Vaitarna River

Source: hitp://www.mpcb.¢ov.in/envtdata/envtwater.php

Note: The data for the WQM stations nos. 2712 and 2709 for the respective years 2009-10 and 2008-
10 was not available for assessment.

v Aeri


http://www.mpcb.gov.in/envtdata/envtwater.php
http://www.mpcb.gov.in/envtdata/envtwater.php

Water Resources

Water Quality Index O

Water quality evaluation was carried out by computing
Water Quality Index (WQI) using modified National .
Sanitation Foundation (NSF) formula for drinking water the MPCB water quality
which is referred below as NSF WQI35. The parameters standards of A-II
considered were pH, DO, BOD and FC. Other statistical category for best
methods were also applied to arrive at the trend of the designated usage, except
results. WQI classifications are based on the weightages for for the BOD & pH
parameters and have been given subjective qualitative ~Values at the WQMS no.
descriptions such as ‘Bad’, ‘Good’ and so on as seen in Table 2712 for the years 2008-
No. 2-9: Water quality classification based on WQI value.2 (9 & 2010-11

The WQI for the year 2012-13 is presented for all the rivers respectively. The

in this report. possible reason for the

Table No. 2-9: Water quality classification based on WQI value exceedance may be due
to domestic waste

Vaitarna River meets

NSF WQI Description of | Class by | Remarks . .
water quality CPCB discharge & agricultural
63-100 Good to excellent | A Non polluted | runoff from Wada block
50-63 Medium to good B Non polluted of Thane district.
38-50 Bad C Polluted Overall the river water
38 & less Bad to very bad DE Helz;vil}(; quality falls in the ‘Good
pollute

to Excellent’ category.
Source: http://www.mpcb.gov.in/envtdata/envtwater .php

[
As clearly seen in Figure No. 2-12, the WQI of Vaitarna River

along with its tributaries ranges between 74 to 78, indicating ‘Good to Excellent’ water quality. A
sample calculation of WQI for WQM station no. 2712 is given below for better understanding.

Averaged annual WQ| along Vaitarna river

W 757 74.0 76.8 78.4 77,1
30
20 A
10 -
0
Vaitarna River near Road Bridge Ulhas River at Jambhul water works Ulhas river at U/s of NRC Bund Kalu River at Atale village Bhatsa River at D/s of Liberty Oil Mills
Vaitarna River Surya River U/s of Surya Dam Surya River at MIDC pumping station | Surya River at Intake of Vasai-Virar water Tansa River near road bridge
scheme
2712 2706 2707 2708 2709
Apr May Jun Jul Aug Sep oct Nov Dec Jan Feb Mar ——Average (2012-13)

Figure No. 2-12 Overall WQI of Vaitarna river

2 Water quality status of water bodies in Maharashtra with recourde to analytical/statistical tools — National

Environmental Engineering Research Institute. April 2011
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Step 1: Tabulating the monthly readings for pH, DO, BOD and FC parameters.

The monthly readings for WQM station no. 2712 is tabulated below in Table No. 2-10. Further, the
DO values are in mg/l unit, however for calculating the index, the DO saturation percentage is
required. Hence the DO value is converted into saturation percentage by using the below mentioned
formula:

Actual Dissolved Oxygen (mg/1)

Max. Oxygen Concentration at water temperature

Example: For the month of April, 2012, the actual DO value observed was 7.0 mg/1, whereas, MPCB
regards the Max Oxygen concentration at water temperature to be standard of value 6.5. Therefore
substituting the values in the above equation,

7
* 100

DO Sat ti %) =
aturation (%) Y

The DO saturation value comes to 108 %. Similarly, for the rest of the months the
saturation values were calculated.

Table No. 2-10: Monthly readings of water quality parametersat WQM station no. 2712

Temperature DO FC

Month | DO (mg/l) (degree saturation BOD (mg/1) pH (MPN

Celcius) (%) /100m1
Apr 7.0 28 894 3.0 8.2 35.0
May 6.8 30 90.2 34 8.1 35.0
Jun 58 30 76.9 6.0 7.5 25.0
Jul 5.6 26 69.3 3.0 72 35.0
Aug 38 28 48.5 5.8 8.1 35.0
Sep 7.5 28 95.7 22 7.8 25.0
Oct 7.0 25 84.8 24 8.2 17.0
Nov 6.9 25 83.6 24 7.8 50.0
Dec 6.3 30 83.6 4.6 74 20.0
Jan 6.6 21 741 3.8 7.6 25.0
Feb 7.5 29 97.5 3.6 7.5 13.0
Mar 7.5 35 108.2 34 7.6 13.0

Source: hitp://www.mpcb.gov.in/envtdata/envtwater.php

Step 2: Calculating the sub index for each of the selected parameters

The below mentioned table is referred to calculate the sub index for each of the parameters.
Depending on the monthly value observed for the parameter, the corresponding equation is
used for calculating the sub index.
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Table No. 2-11: Sub index equations for water quality parameters (NSF WQI)*

Water Range Applicable Equation
Quality
Parameters
DO 0-40% saturation IDO =0.18+0.66 x (% Saturation DO)
(Precent
saturation 40-100% saturation DO = -13.55+1.17 x (% Saturation DO)
100-140% saturation IDO =163.34-0.62 x (% Saturation DO)
B.O.D.(mg/1) 0-10 IBOD = 96.67-7 (BOD)
10-30 IBOD = 38.9-1.23 (BOD)
> 30 IBOD =2
pH 25 IpH =16.1+7.35x (pH)
5-7.3 IpH =-142.67+33.5 x (pH)
7.3-10 IpH =316.96-29.85x (pH)
10-12 IpH =96.17-8.0 x(pH)
<2,>12 IpH=0
Fecal Coliform 1_103 IFC =97.2-26.6 x log(FC)
S:)/Ifi\tls/loo ml) 1 03_1 05 IFC =42.33-7.75 x log(FC)
>105 IFC =2

Source: Abbasi, 2002. Abbreviations:

Example: For the month of April, 2012, the DO value observed was 7.0 mg/l and the DO
saturation value was 89.4%.

Hence, IDO =-13.55+1.17 x (% Saturation DO) equation shallbe considered for calculation.

IDO =-13.55+1.17 x (89.4)

=91.0

Similarly, sub index for other parameters was calculated using the corresponding equations in (Table

No. 2-12).

Table No. 2-12: Sub index for water quality parameter

Month DO (%) BOD (mg/) pH FC (MPN /100m1l)
Sub index for water quality parameter
Apr 91.0 75.7 72.2 56.1
May 92.0 72.9 75.2 56.1
Jun 76.5 54.7 93.1 60.0
Jul 67.5 75.7 98.5 56.1
Aug 432 56.1 75.2 56.1
Sep 98.5 81.3 84.1 60.0
Oct 85.7 79.9 72.2 64.5
Nov 84.3 79.9 84.1 52.0
Dec 84.2 64.5 96.1 62.6
Jan 73.1 70.1 90.1 60.0
111



Environmental Status Report of MMR

Month DO (%) BOD (mg/) pH FC (MPN /100ml)
Feb 100.5 715 93.1 67.6
Mar 96.2 729 90.1 67.6

Source: hitp://www.mpcb.gov.in/envtdata/envtwater.php

Step 3: Assigning a weight to each of the selected parameters

Each of the parameters is then assigned with a weight for calculating the WQI. The CPCB modified

weights (Table No. 2-13) are considered for the same.

Table No. 2-13: Original & modified weights for the computation of NSF WQI based on DO, Fecal
Coliforms, pH and BOD*

Water Quality

Original Weights

Modified Weights by CPCB

parameters from NSF WQI

DO 0.17 0.31
FC 0.15 0.28
pH 0.12 0.22
BOD 0.1 0.19
Total 0.54 1.00

Source: CPCB, 2001

Example: For the month of April, 2012, the DO sub index was 96.6. This sub index is
multiplied with the CPCB modified weights and the summation of sub index for all the 4

parameters gives the WQI for that particular month (Table No. 2-14).

Table No. 2-14: Monthly water quality index

Month DO (%) BOD (mg/l) pH FC WOQI
(MPN/100m1)
Apr 299 21.2 159 10.7 777
May 30.5 204 16.5 10.7 78.1
Jun 28.2 15.3 20.5 11.4 754
Jul 27.0 212 21.7 10.7 80.6
Aug 17.0 15.7 16.5 10.7 59.9
Sep 28.5 22.8 18.5 11.4 81.1
Oct 299 224 15.9 12.2 80.4
Nov 30.2 224 18.5 9.9 81.0
Dec 31.0 18.1 21.1 119 82.0
Jan 31.1 19.6 19.8 114 82.0
Feb 28.5 20.0 20.5 12.8 81.8
Mar 28.5 204 19.8 12.8 81.5

Source: hitp://www.mpch.gov.in/envtdata/enviwater.php
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Further, to calculate the annual WQI, the average of all the monthly WQI was taken. Thus for
WQM station no. 2712, the annual WQI was calculated to 78.5 (Figure No. 2-13).

Averaged annual WQI along Vaitarna river WQMS no. 2712
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Month
2712 Vaitarna River near Road Bridge

Colour code | WQI Quality classification | Remarks
63 - 100 Good to Excellent Non Polluted
50-63 Medium to Good Non Polluted
38-50 Bad Polluted
38 and less Bad to Very Bad Heavily Polluted

Figure No. 2-13: WQI of WQM station no. 2712

Source: http://[www.mpcb.gov.inlenvtdatalenvtw ater.php

Owerall water quality of Vaitarna River

The water quality assessment of Vaitarna river indicated that it meets the MPCB water
quality standards of A-II for best designated usage, except for the fact that the BOD and pH
at WQM station no. 2712 exceeded the limit (7 mg/l and 8.6 ) for the year 2008-09 and 2010-
11 respectively. The possible reason for the exceedance may be due to domestic waste
discharge from Wada block of Thane district and agricultural runoff. The WQI index of the
river along with its tributaries also indicated the water quality to be in ‘Good to Excellent’
category.

Conclusion and recommendations

Vaitarna River is one of the most significant river basins of Mumbai hydrometric area. It is
important from resource point of view as there are three important dams supplying water to
MMR which include ModakSagar dam ( 450 MLD), Upper Vaitarna dam (630 MLD) and
Tansa tributary (445 MLD) . The Susari tributary (200 MLD) and Middle Vaitarna dam (477
MLD) are considered for augmentation of water resources for Mumbai city.
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Given the significance of the river, it is critical to examine the quality of the river on regular
basis. Also it was observed that the Vaitarna River is monitored only at the upstream region
and there are no monitoring stations on the downstream part of the river. Further, out of 4
tributaries, only two tributaries are monitored, which clearly highlights the infrastructural
gap in terms of number of monitoring stations. Thus the following two recommendations
are given at policy and implementation level:

Specific recommendations

e Asper the CPCB guidelines, every river should be monitored upstream and
downstream to identify any potential source of pollution. However, the current
sampling locations are only located in the upstream region, thus introducing a
bias in the overall assessment of all the necessary parameters. Given that it is

the longest river and also supplies 28% of the total water supplied to the
region, monthly monitoring of the entire course of the river including its
tributaries is recommended. It would be ideal to set up real time monitoring
stations along significant locations of the river with immediate effect.

The existing water quality monitoring stations do not record data for all the
parameters as per the recommended standards. Hence uniformity in recording the
data should also be practised.
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2.4.1.2 Ulhas River

General information

Ulhas River is an important westbound river flowing mainly
through Thane district of Maharashtra. It rises in the ravines of
Sahyadari ranges to the north of Tungarli hills near Lonavala
(400mts above sea level). After a north-west course for about 122
km, it meets the Arabian Sea.

As seen in, the river enters Thane district at the southern border
near Vangani railway station. In Thane district the river has a
northerly course skirting the Matheran ridge initially through
Ulhasnagar taluka until near Kalyan and then it is joined by
combined flow of Kalu and Bhatsa and the river bifurcates into two
branches, one turns west to enter through a gap to the north of
Parsik range into the Thane creek and the other branch with the

Water Resources

Approximately
60% of the total
water supplied to
the region is met
through Ulhas
River. It is the
second longest
(122km) river in
the region.

bulk flow turns to the north of Salsette island and broadens into an estuary which falls into
the sea near Vasai®. The important tributaries of the Ulhas River are Pej, Barvi, Bhivapuri,
Murbari, Kalu, Shari, Bhasta, Salpe, Poshir and Shilar. The Kalu and Bhasta are the major

right bank tributaries which together
accounts for 55.7% of the total catchment
area of Ulhas.

The other details about the river are
tabulated below in Table No. 2-15.

Picture No. 2-2: Ulhas River at Kalyan near KDMC
dumping ground.

Photo credit: TERI
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Map No. 2-6: Spatial representation of Ulhas River
Source: MRSAC, ESR and MPCB
Table No. 2-15: General information of Ulhas River
Ulhas River
Origin Ravines of Sahyadari ranges to the north of
Tungarli hills near Lonavala
Length of the river from origin 122 km
Average rainfall in the basin 2943 mm
Catchment area (sq.km) 3205
Gross storage capacity of the reservoir 6194 MCM
Water application Drinking/water supply
D i the ri
am/reservoir on the river Near Raw water pump house of MIDC Jambhul
the river meets Barvi Dam & the discharge water
also called as Barvi River.

Source:

http:llkgbocwc.ap.nic.in/ About%20Basins [West% 20Flowing% 20Rivers%20Basin% 20 Write% 20 -
2008-09.pdf
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Water Resources

Water quality information and assessment

Along the course of the Ulhas River, there are 7 river WQMS and 7 creek WQMS as
tabulated in Map No. 2-7: Land use pattern around water quality monitoring stations on
Ulhas River.

Explanation

Water Quality Index Il Ulhas river A ceTP B
Agricultural Land &

. Good to Excellent wuy b it Up- (Urban & Rural) STP
O Medium to Good MM Built Up- Industrial

I Forest
@ Bad [ Wastelands

I Waterbodies

I Wetlands

Map No. 2-7: Land use pattern around water quality monitoring stations on Ulhas River

Source: MRSAC and MPCB

(Legend: 11- Motagaon STP; 12: Aadharwadi STP; 14: ACMA CETP Co-operative society limited;
15: Additional ambernath CETP; 16: Badlapur CETP association; 17: Chikholi- Morivali effluent
treatment plant; 18: Dombivali better environment system association; 19: Dombivali CETP)

Table No. 2-16: WQMS details on Ulhas River

Station Location River/Tributar
code/program y

River water quality monitoring stations

1461 /NWMP Bhatsa river at D/s of Pise Dam Bhatsa river
1093 Ulhas river at U/s of NRC Bund; Ulhas river
1094 Ulhas river at U/s of Badlapur water works Ulhas river
1092 /SWMP Kalu river at Atale village Kalu river
2162 Ulhas River at Jambhul water works Ulhas river
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Station Location River/Tributar
code/program y

2653 /SWMP Bhatsa river at D/s of Liberty Oil Mills Bhatsa river
2654 /SWMP Bhatsa river at U/s of Liberty Oil Mills Bhatsa river

Creek water quality monitoring stations

2791

Ulhas Creek at Reti Bunder, D/s of Kalyan-Bhiwandi

Bridge
2792 Ulhas Creek at Mumbra Reti Bunder
2794 Ulhas Creek at Kolshet Reti Bunder Ulhas creek
2795 Ulhas Creek at Gaimukh at Nagla Bunder on Ghod Bunder
Road
2796 Ulhas Creek at Versova Bridge
2797 Bhayander Creek at D/s. of Railway Bridge at Jasal Park | Bhayander
Choupathy Creek
1316 Bassein creek at Vasai Fort, Thane Bassein creek
Source: http://mpcb.gov.in/envtdata/envtwater.php
Explanation
. Il Uihas River and Tributaries Agricultural Land A CETP
Assessment of WQMS with respect to w.mf S I s G g S
their surrounding land use pattern: -~ — ‘y:"am ® soid waste dumping ste
River WQMS: o= i

As seen in Map No. 2-8, on the Ulhas River
there are 3 WQM stations (1094, 2162 and
1093 station), which are located relatively at
the upstream region of the river near
Ulhasnagar area. The Badlapur CETP
Effluent Plant)
(Kulgaon Badlapur Municipal Council) is
located close to the WQMS no. 1094.
Morever, when the ‘Statistical Report” of
MPCB for the year 2011-12 was assessed it
revealed that the CETP exceeded the
permissible CPCB standards for COD and
BOD parameters (838 and 349 mg/I]
respectively). The major land use pattern
around these WQM stations is agricultural
land and built up area of the municipal

(Common Treatment

council.

On the other hand, out of the 10 important
tributaries of Ulhas River, only Kalu and
Bhatsa are monitored by MPCB for their
water quality parameters. On Kalu
tributary, there is one WQMS (1092 station)

Map No. 2-8: Spatial representation of
WQMS on Ulhas River

Source: MRSAC and MPCB

(Legend: 12: Aadharwadi STP;,  14: ACMA
CETP Co-operative society limited; 15:
Additional ambernath CETP; 16: Badlapur

ICETP association; 17: Chikholi- Morivali
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and on Bhatsa tributary there are 3 WQMS (2654, 2653 and 1461 station). And the major land
use pattern around these WQM stations is agricultural and waste land with small patches of
built up area (urban & rural).

Creek WQMS: .
Explanation
The Ulhas creek is also monitored by MPCB. 88 uhes gver and Tributaries  Agricutral Land A cer
Water Quality Index I Built Up- (Urban & Rural)
Altogether, there are 7 creek WQM stations, out @) secdto ecetient o ¥ st

of which, five WQM stations (2791, 2792, 2794, Qedumiocoos 5 assanes RCSEei
2795 and 2796 station) are on the course of the O: \ i
Ulhas creek, one WQMS (2797 station) on the ' A
Bhayander creek and one WQMS (1316 station)

on the Bassein creek.

At the upstream of the WQMS no. 2791, there is
Aadharwadi STP (16 MLD treatment capacity)
and two solid waste dumping grounds of
Kalyan Dombivali Municipal Corporation and
Ulhasnagar Municipal Corporation each. Also
the Additional Ambernath CETP, Chikhloli- Map No. 2-9: Spatial representation of
Morivali Effluent Treatment plant and ACMA WQMS no. 2791

CETP are located in the vicinity of the station Source: MRSAC and MPCB

and thus influence the water quality of the creek (Legend: 12: Aadharwadi STP; ~ 14: ACMA
(Yellow dot in Map No. 2-9). The statistical report CETP Co-operative society limited; 15: Additional
of MPCB for the year 2011-12 revealed that BOD ambernath CETP; 17: Chikholi- Morivali effluent
and SS values (26 and 38 mg/l respectively) treatment plant; 18: Dombivali better environment
observed at the above mentioned STP exceeded
the permissible limit of MPCB.Also, all the three
CETPs exceeded the permissible CPCB standards
for COD and BOD as seen in Figure No. 2-14. But, it is to be noted that the BOD value at
ACMA CETP met the CPCB standards.

1000 /.= 80

system association; 19: Dombivali CETP )

Fé;‘ 800 = | 75 i 201213 - Average of
E —— BOD
= 600 x
o = 70
S 400 ./ —— = 201213 - Average of
3] — — CoD
@ 200 — ———
......... == 2012-13 - Average of
0 60 e

ACMA - CETP-Co-operative Additional Ambernath CETP  Chikhloli-Morivali Effluent
Society Ltd Treatment

Figure No. 2-14: CETP performance for the year 2011-12

Source: MPCB
(Maximum permissible CPCB limits: BOD- 100 mg/l, COD- 250mg/l and pH between 5.5and 9)
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As seen in Map No. 2-10, at the
upstream of the WQMS no. 2792,
Motagaon STP (14 MILD treatment
capacity), Dombivali CETP and
Dombivali better environment system
association’s CETP are located. The
Motagaon STP’s, waste water quality
report of MPCB for the year 2011-12
revealed that all the parameters (pH,
COD, BOD, TAN, O&G and SS) were
within the permissible standards of
MPCB. However, the CETPs exceeded
the CPCB standards for COD and BOD
parameter as seen in Figure No. 2-14.

Water Quality Index

. Good to Excellent
O Medium to Good
O

Il Ulhas River and Tributaries

Explanation

Agricultural Land A
B Built Up- (Urban & Rural)
B Built Up- Industrial *
B Forest
I wastelands
Waterbodies
B wetlands

CETP
STP
. Solid waste dumping site

system association;

Map No. 2-10: Spatial representation of WQMS no. 2792

Source: MRSAC and MPCB

(Legend: 11- Motagaon STP;
19: Dombivali CETP )

18: Dombivali better environment

1000
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600 -\

BOD / COD (mgliit)

T

400

200

Asscciation

Dombivli Better Environment System  Dombivli CETP (Chemical) (Phase-I1)

- 75

6.5

pH

s 2012413 - Average
of BOD

—— 2012-13 - Average
of COD

—8— 2012-13 - Average
of pH

Figure No. 2-15: CETP performance for the year 2011-12

Source: MPCB

(Maximum permissible CPCB limits: BOD- 100 mg/l, COD- 250mg/l and pH between 5.5 and 9)

As seen in Map No. 2-11, the WQMS nos. 2794 and 2795 are located in Thane Municipal
Corporation area and the major land use pattern around these WQMS is built up area (urban
& rural) with patches of agricultural & forest land. In Thane, about 17% of the TMC notified
area is covered by underground sewage network. The remaining sewage (216 MLD) is
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treated through septic tank and collected by nallhas running across the city and finally
drained into the creek.

The WQMS nos. 2796 & 2797 are located in
Mira Bhayander Municipal Corporation
(MBMC) area and the land use pattern
around these stations is wetlands, agricultural
land, forest land and built up area (urban &
rural) . In MBMC, only 16% of waste water
generated is treated whereas the rest of the
sewage (57 MLD) ¥is released into the creek

after providing a primary treatment in the
septic tank. Lastly, the WQMS no. 1316 is
located near the wetland — Bassein creek.

Map No. 2-11: Spatial representation of
WQMS on Ulhas creek

Source: MPCB, MRSAC

Parameter 1: pH

Permissible MPCB standard:

River water: between 6 and 8.5 Creek water: between 6.5 and 8.5

Observation:

River water:

It was observed that at all the WQMS of Ulhas River the pH was within the permissible limit
of MPCB as seen in Figure No. 2-16.

95 pH reading along Ulhas river course

b7 7L L8 177l 74 8 1476 %) 7818 71909
NEX 1INES ”'%gv “leli . \EA N NS
NN B R INEEE RER BB | NEE
NEE NS NS N=& NEES N REE
o NE NSNS NS = INE
REA N=2 N=2 TEWREE FREE T E TREE HIIREE

1094 2162 1093 | 1092 | 2654 2653 1461

Ulhas river Tributary (Kalu Tributary (Bhatsa River)
river)
. Rivgr wa}er . .
WQM station numberalong with the location

et 200809 1 200910 w2 2010-11 201112 =memem 201213 Permissble limit = = = Desirable limit

Figure No. 2-16: pH value at the WQMS of Ulhas River (river water)

Source: http://www.mpcb.gov.in/envtdata/envtwater.php
Note: The data was not available for WQMS nos. 2654 and 2653 for the year 2009-10

30 CSP of TMC, 2011
31 ESR and CSP of MBMC, April 2011
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Creek water:

To assess the water quality of the creek, MPCB has provided Water Quality Standards for
Coastal Waters?. As per the standards, the SW- II category is meant for water used for
Bathing, Contact Water Sports and Commercial fishing. Hence, this category was considered
for carrying out the assessment for the years 2008 to 2013. From the parameters mentioned
below (Table No. 2-17). MPCB monitors only four parameters namely pH, Dissolved oxygen
(DO), Biochemical Oxygen Demand (BOD) and Fecal Coliform (FC). Hence only these
parameters were analyzed and compared with the MPCB standards to assess the overall
quality of the creek water.

Table No. 2-17: Primary Water Quality Criteria for Class SW-II Waters (For Bathing, Contact Water
Sports and Commercial Fishing)

Sr.no. | Parameter Standards Rationale/Remarks

1 pH range 6.5-8.5 Range does not cause skin or
eye irritation and is also
conducive for propagation of
aquatic life

2 Dissolved Oxygen 40 mg/l or 50 [ Notlessthan3.5mg/l atany
percent time of the year for protection
saturation value, of aquatic lives.
which ever is higher.

3 Colour and Odour No noticeable colour | Specially caused by chemical
or offensive odour. compounds like creosols,

phenols, naptha, pyridine,
benzene, toluene etc. causing
visible colouration of salt
crystal and tainting of fish

flesh.
4 Floating Matters Nothing obnoxious | None in concentration that
or detrimental for | would impair usages specially
use purpose. assigned to this class.
5 Turbidity 30 NTU (Nephelo Measured at 0.9 depths.
Tur- bidity Unit)
6 Fecal Coliform 100/100 ml (MPN) The average value not

exceeding 200/100 ml. in 20
percent of samples in the year
and in 3 consecutive samples

in monsoon months.

7 Biochemical 3mg/1 Restricted for bathing
Oxygen Demand (Aesthetic quality of water).
(BOD) (3 days at Also prescribed by 15:2296
27°C) 1974..

Source: http://mpcb.gov.inlimages/pdfiCoastalw aterStandards.pdf

32 http:/ /mpcb.gov.in/envtdata/envtwater.php
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As seen in Figure No. 2-17, the pH value at all the WQMS of Ulhas creek was also observed
to be within the permissible limits of SW-II category of MPCB, except in the year 2008-09
where the pH value was 6.3 at WQMS no. 2791 (Kalyan Bhiwandi bridge). The possible
reason for the creek water to be acidic may be due to discharge of untreated sewage,
inefficiency of the Aadharwadi STP and industrial effluent discharged from Additional
Ambernath CETP, Chikhloli-Morivali effluent treatment plant and ACMA CETP.

pH reading along Ulhas river course
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Figure No. 2-17: pH value at the WQMS of Ulhas creek (Creek water)

Source: http://fwww.mpcb.¢ov.in/envtdata/envtwater.php

Note: The data was not available for WQMS no. 2791 for the year 2009-10.

Parameter 2: Dissolved Oxygen (DO)

Desirable MPCB standard: 4 mg/1 (minimum desirable standard) for river as well as creek
water

Observation:

River water:

As seen in Figure No. 2-18, it was observed that at all the river WQMS the DO was above the
minimum desirable MPCB standards, except at WQMS no. 1092 which was around 3.2 mg/1
in the year 2010-11. Even the BOD at this particular station in the same year was recorded to
be the highest (11.5 mg/1) and high levels of BOD cause the DO content of the water to drop.
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DO reading along Ulhas river course
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Figure No. 2-18: DO values at the WQMS of Ulhas River
Source: http.//www.mpcb.gov.infenvtdata/envtwater.php

Note: The data was not available for WQMS no. 2654 for the year 2009-10.

Creek water:

For creek water, the DO value at WQMS no. 2791 (Kalyan-Bhiwandi bridge) was below the
minimum desirable standard ie 2.5 and 3.6 mg/l in the year 2010-11 and 2012-13
respectively and also at WQMS no. 2796 (Versova bridge) the DO value was 3.9 mg/I in the
year 2009-10 as seen in figure no 2-15.

The possible reasons for low DO at certain locations along the creek may be due to the
increase in the organic waste and run-off from surrounding agricultural fields containing
phosphates and nitrates (the ingredients in fertilizers) and higher BOD value. The land use
pattern around these WQM stations is majorly wetlands, agricultural &forest land and built
up area of KDMC.

(Nitrates and phosphates can contribute to high BOD levels in the water body. Nitrates and
phosphates are plant nutrients, causing plant life and algae to grow quickly. When plants grow
quickly, they also die rapidly. This contributes to the organic waste in the water body, which is then
decomposed by bacteria. The decomposition process requires lot of oxygen.)
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DO reading along Ulhas creek
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Figure No. 2-19: DO values at the WQMS of Ulhas creek
Source: http://www.mpcb.gov.in/envtdata/envtwater.php
Note: The data was not available for WQMS no. 2791 for the year 2009-10.
Y
Parameter 3: Biochemical Oxygen Demand (BOD)
Y8
Permissible MPCB standard: River water: 5 mg/1 Creek water: 3mg/1
g g
Observation:
River water:

As seen in Figure No. 2-20, it was observed that the BOD values for most (5 out of 7) of the
stations were within permissible limits. However, BOD values at only two stations WQMS
nos. 1092 (Atale village) on Kalu tributary and WQMS no. 1461 (Pise dam) exceeded the
permissible limit of MPCB. Therefore, the monthly data pertaining to these two stations was
critically assessed as explained below.

40 . . 38.3
35 BOD reading along Ulhas river course
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Ulhas river Tributary (Kalu Tributary (Bhatsa River)

river)
WQM station numberalong with the location
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Figure No. 2-20: BOD value at the WQMS of Ulhas River

Source: http://www.mpch.gov.infenvtdata/envtwater php

Note: The data was not available for WQMS no. 2653 for the year 2009-10.
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At WQMS no0.1092 the BOD values were not monitored regularly across the study period.
For instance, in the year 2010-11, only two readings corresponding to months of January and
March were recorded. Hence given that BOD is an important parameter, MPCB averaged
out the values to get annual readings. This inappropriate method tends to give incorrect
inferences. Also as seen in Figure No. 221, in the year 2009-10 the readings were taken
quarterly and BOD value exceeded the permissible limit only once i.e.in the quarter of
April,2009 where it was 14 mg/1 but for the rest of the quarters it was between 4 and 5 mg/ 1
(within the permissible limit). However, when it was averaged out for the annual BOD
reading, the value was 6.7 mg/1 which indicated violation of MPCB standards.

30 1

BOD value of Kalu River at Atale village (1092) P
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Figure No. 2-21: Monthly BOD value at Kalu River at Atale village station (WQMS no. 1092)

Source: http://www.mpcb.¢ov.in/envtdata/envtwater.php

Furthermore, as the monthly readings were available for the same station only for the year
2012-13, this data was considered for further assessment. It was observed that, higher BOD
values were recorded in the non-monsoon season ranging from 6 to 28 mg/1. The possible
reason for the exceedance may be due to discharge of organic matter from nearby villages of
Titwala area of Kalyan Dombivali Municipal Corporation and run-off from surrounding
agricultural fields containing phosphates and nitrates.

The WQMS no. 1461 is located at the Bhatsa River and downstream of Pise dam. There are
no monthly readings available for this station and hence MPCB has averaged out quarterly
readings for the year 2008-09. Further, the reading value of 143 mg/1, taken in the month of
July was found to be much higher than the normal recorded trend at the station and hence
regarded as an outlier (Figure No. 2-22). Therefore no further investigation was carried out
for this station. Whereas, for the rest of the years (2009-13) the BOD values were within the
permissible limit as seen in Figure No. 2-20.
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Figure No. 2-22: Monthly BOD value at Bhatsa river at downstream of Pise dam (WQMS no. 1461)

Source: http:/[www.mpcb.gov.inlenvtdatale nvtw ater.php

Creek water:

For the creek water assessment, it was observed that at all the WQMS the value exceeded the
permissible limit of 3mg/1as seen in Figure No. 2-23. The BOD values ranged between 6.8 to
18.3 mg/1. The possible reason for the exceedance could be untreated sewage discharge from
Thane district and the inefficiency of the STPs present near the Ulhas creek (higher BOD {65
& 60 mg/1} and SS values {104 & 64 mg/1} were observed at the Motagaon and Aadharwadi
STP respectively). Hence the entire downstream region of the Ulhas River was observed to
be highly polluted with the organic waste.

BOD reading along Ulhas creek
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Figure No. 2-23: BOD value at the WQMS of Ulhas creek

Source: hitp://www.mpch.gov.in/envtdata/envtwater.php

Note: The data was not available for WQMS no. 2791 for the year 2009-10.
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Parameter 4 & 5: Fecal Coliform (FC) and Total Coliform (TC)

Permissible MPCB standard:
River water: 5000 /100 ml (MPN) Creek water: 100/100 ml (MPN)

Observation:

River water:

It was observed that fecal & total coliform for the river water was within the permissible

limit of MPCB standards, as seen in Figure No. 2-24, indicating permissible presence of
human or animal waste.

Fecal Coliformreading along Ulhas river course
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Figure No. 2-24: FC value at the WQMS of Ulhas River
Source: hitp://www.mpcb.gov.infenvidata/enviwater.php
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Figure No. 2-25: TC value at the WQMS of Ulhas River

Source: http://www.mpcb.gov.in/envtdata/envtwater.php

Note: The fecal & total coliform data was not available for WQMS nos. 2654 & 2653 for the years
2008 to 2010 and 2010-11 data for WQMS no. 1461.
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Creek water:

As per the SW-II category of MPCB, only FC parameter is considered for creek water
analysis. Hence the assessment was done only for recorded FC values. It was observed that
fecal coliform at creek WQMS was above the permissible limit of 100/100 ml (MPN), it
ranged between 112 to 1800 /100 ml (MPN) as seen in Figure No. 2-26. The possible reason
for the exceedance may be untreated sewage discharge from Thane district and the
inefficiency of the STPs located near the Ulhas River.

Fecal Coliform reading along Ulhas creek
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Figure No. 2-26: FC value at the WQMS of Ulhas creek

Source: hitp://www.mpcb.gov.in/envtdata/enviwater.php

Note: The FC data for WQMS no. 2791 for the year 2008-10 was not available for assessment.

Parameter 6 & 7: Ammonia and Nitrate

Permissible MPCB standard: Ammonia: - 1.5 mg/1 Nitrate: - 45 mg/1 for river water
Observation: River water:
It was observed that ammonia value at WQMS no. 2162 was 9.6 mg/1 in the year 2010-11

and at WQMS no. 1092 it was3.5 and 3.3 mg/1 for the year 2009-10 and 2010-11 respectively,
which clearly indicated violation of the standards.
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6 % 96 Ammonia reading along Ulhas river course
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Figure No. 2-27: Ammonia value at the WQMS of Ulhas River

Source: http://www.mpcb.gov.in/envtdata/envtwater.php

Note: The data for WQMS no. 2654 & 2653 for theyear 2009-10 was not available for assessment.
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Figure No. 2-28: Ammonia value atthe WQMS of Ulhas River at Jambhul (2162)

Source: hitp://www.mpch.gov.in/envtdata/enviwater.php

The observations revealed that the ammonia reading taken in the month of February, 2011
was 76mg/1, which is an outlier as seen in Figure No. 2-28. The monthly readings were not
taken consistently and were averaged out for annual ammonia reading, thus giving an
incorrect inference. Hence it was not considered for any further assessment.

The higher ammonia readings at WQMS no. 1092 may be due to the agricultural runoff from
the surrounding fields and untreated sewage discharge from Titwala area of Kalyan
Dombivali Municipal Corporation area.
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Nitrate reading along Ulhas river course
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Figure No. 2-29: Nitrate value at the water quality monitoring stations

Source: http://www.mpcb.gov.in/envtdata/envtwater .php

Note: The data for WQMS no. 2654 & 2653 for theyear 2009-10 was not available for assessment.

For SW-II category, ammonia and nitrate are not monitored by MPCB for creek water
quality analysis. Hence the assessment is not presented in the report.
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Figure No. 2-30: WQI of Ulhas river and creek

Source: hitp://www.mpcb.gov.in/envtdata/enviwater.php
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Water Quality Index

As clearly seen in Figure No. 2-30, the WQI of Ulhas
River along with its tributaries, ranged from 60 to 79,
indicating ‘Good to Excellent” water quality. Except at
Kalu tributary where it was in ‘Medium to good’
water quality category. Whereas, the creek WQI
ranged from 52 to 58, indicating ‘Medium to Good’
water quality.

Overall water quality of Ulhas River

The water quality of Ulhas River meets the MPCB
water quality standards of A-II for best designated
usage, except the following parameter at WQMS no.
1092 on Kalu tributary.

e DO value (3.2 mg/]) for the year 2010-11

e BOD value (9.2 mg/]) for the year 2012-13

e Ammonia (3.5 and 3.3 mg/]) for the year 2009-
11.

The possible reason for the exceedance may be due to
tields
containing phosphates and nitrates and discharge of

run-off from surrounding agricultural
organic matter from nearby villages of Titwala area
within Kalyan Dombivali Municipal Corporation

limit.

[
Ulhas River meets the MPCB

water quality standards of A-
II for best designated usage,
except the BOD, DO &
ammonia at WQMS no. 1092
for the year2010-11, 2012-13
& 2009-11 respectively. The
possible reason for the
exceedance may be due to
agricultural runoff & organic
discharge from Titwala area.
Whereas, for the creek water,
BOD & FC exceeds the
permissible standards of SW-
II category at all the 7 WQMS
due to untreated sewage
discharge from Thane district
& inefficiency of the STPs
present near the WQM
stations. Overall, the river
water quality indicated ‘Good
to Excellent’ quality, whereas,
the creek water indicated
‘Moderately good to good’
quality.

For creek water quality, BOD and FC value exceed the

permissible limits of MPCB water quality standards of e
SW-II category for best designated usage at all the7 WQM stations. The BOD values ranged
from 6.8 to 18.3 mg/l, whereas the FC values were in the range of 112 to 1800/100 ml
(MPN). The possible reason for the exceedance for both the parameters may be due to
untreated sewage discharge from Thane district and the inefficiency of the STPs present near

the Ulhas creek.

Further, at WQMS no. 2791 in the year 2008-09, the pH was 6.3 due to sewage & effluent
discharge from Ulhasnagar area. Similarly, DO readings at WQMS no. 2791 was 2.5 and 3.6
mg/l in the year 2010-11 and 2012-13 respectively and at WQMS no. 2796 (Versova Bridge)
the DO value was 3.9 mg/1 in the year 2009-10. The exceedance of the permissible limits may
be due to run-off from surrounding agricultural fields containing phosphates and nitrates
and higher BOD values at the WQM stations.

v Aeri



Water Resources

Furthermore, for the year 2012-13 the WQI was calculated which indicated that the water
quality of the river and its tributaries was within the range of 63-100. Therefore, as per
CPCB'’s description it falls in the ‘Good to Excellent” water quality category. Except at Kalu
tributary where it was in ‘Medium to good” water quality category. Also, the WQI of the
creek water was within the range of 50-63 indicating a ‘Moderately good to good” water
quality as per CPCB as shown in Figure No. 2-31.

0 WQl along Ulhas river and its tributaries
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Figure No. 2-31 Overall WQI of Ulhas river

Conclusion and recommendations

Ulhas River, supplies 1850 MLD from Bhatsa, 600 MLD from Barvi and 800 MLD of water
from Ulhas River to Greater Mumbai and rest of MMR. Whereas the Kalu tributary (1140
MLD) and Poshir tributary (720 MLD) are considered for augmentation of water resources
for MMR#.

Given the significance of the river, it is critical to examine the quality of the river on regular
basis. Also it was observed that the Ulhas River is monitored only towards the downstream
region and there are no monitoring stations at the extreme upstream region of the river.
Further, out of 10 tributaries, only two tributaries are monitored, which clearly highlights
the infrastructural gap. Therefore the following recommendations are given to * overcome
the issue.

3 MMRDA
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Critical observations

Specific recommendations

1. On Ulhas river, there are only 3 WQMS and out
of 10 tributaries only 2 are monintored. Further, in
the vicinity of the river there are 4 CETPs.

2.Badlapur CETP is close to the WQMS no. 1094
and for the year 2011-12 it was observed that the
CETP exceeded the permissible standards for
COD and BOD parameters (838 and 349 mg/1
respectively).

3. At the upstream of the creek WQMS no. 2791,
there is Aadharwadi STP, 2 solid waste dumping
grounds of KDMC and UMC each and 3 CETPs in
the vicinity of the station. The BOD and SS values
(26 & 38 mg/l respectively) exceeded the

permissible limits, whereas the CETPs also
exceeded the CPCB standards for COD and BOD.

4. The two creek WQMS (2794 and 2795) located
in Thane Municipal area revealed bad water
quality due to discharge of untreated sewage from
the thane area. (In Thane, about 17% of the TMC
notified area is covered by underground sewage
network).

5. Further, the two creek WQMS located in Mira
Bhayander Municipal area revealed bad water
quality due to discharge of primary treated waste
water. (In MBMC only 16% waste water generated is
treated whereas the remaining sewage is treated to
primary level with the help of septic tanks.)

2.4.1.3 Dabhisar River

General information®

Dahisar River is a westbound river flowing
through Mumbai Suburban district of
Maharashtra.

It originates at the spillway of the Tulsi Lake
in the Sanjay Gandhi National Park located
in the northern region of the city, flows
roughly to North-West for a total of 12 km
through the localities of the National Park

1. Need to introduce more WQMS along the
stretch of the river espically at critical
locations.

2. The Badlapur CETP should treat the
industrial effluent to tertiary level before
releasing it into the river or its tributary.

3. The creek water quality is deteriorated due
to the presence of STP, Solid waste dumping
grounds and CETPs in the close vicinity of the
river course. Hence it is recommended to
allocate these plants at a desirable distance
and to ensure that from these plants at least
tertiary treated water is released into the
river/creek.

4. Industries/CETPs violating the CPCB
standards should be heavily penalized under
the Water (Prevention and Control of
Pollution) Act, 1974.

Picture No. 2-3: Dahisar River

Source:
http://www.mumbai77.com/scripts/common/pictures/picture
s_read_rss.php?album=13

34 http://www.mmreis.org.in /uploadeddocuments /1203141429 Stage%203%20Report.pdf

http://en.wikipedia.org /wiki/Dahisar River
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and Dahisar Gaothan before meeting the Arabian Sea via the Manori Creek.

About 60% of the land along the river is under forest, as major part of the river passes
through SGNP, followed by residential use which is about 13%. About 7.42% of land is
under roads as the river has roads running parallel to it. Towards the mouth of the river
there is luxuriant growth of mangroves (6.22%). As the intensity of development slowly
decreases towards the end of the river the occurrences of open areas are more (6%). Various
patches of slums along the river cover about 4.34% of the land. There are many outfalls
which bring in sewage into the river. The number of outlets and solid waste dumping is
high in the stretch where ever there are slums along the river.3

Table No. 2-18: General information of Dahisar River

Dahisar River

Origin Spillway of the Tulsi Lake in the Sanjay
Gandhi National Park

Length of the river from origin 12 km

Catchment area (sq.km) 34.88

Water application None, Highly polluted. Serves as a drain.

Dam/reservoir on the river

Source: http:/len.wikipedia.org/wiki/Dahisar River and Inventory of environmental features,
Greater Mumbai, Prepared by HCP Design and Project Management Pvt. Ltd.

&
<
W

Map No. 2-12: Spatial representation of Dahisar river

Source: MRSAC, Google Earth

Water quality information and assessment

On Dabhisar River there are no water quality monitoring stations.

3 Inventory of environmental features, Greater Mumbai, Prepared by HCP Design and Project Management Pvt.
Ltd.
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2.4.1.4 Poisar River

General information3

Poisar River is a river in Mumbai, India. It
begins in the Sanjay Gandhi National Park
and empties into the Marve Creek and
finally into the Arabian Sea. The river is
nothing more than a mere stream when it
begins and is contaminated with industrial
effluents and sewage.

About 22% of the land along the river is
under slums. Large patches of slums can be
observed in the beginning and the middle
stretches of river course. This is followed by

Picture No. 2-4: Poisar River

Source: http://indian-eagle.blogspot.in/2010/10/our-

open areas (14.58%). About 10.23% of land rivers-contempt-and-compassion.htm

on the right bank near the mouth of the

river is under mangroves. About 10 % of the land is under
residential use followed by commercial (7%), public/semi
public (5.41%) and industrial (3.67) use. The river appears
extremely polluted, as large amount of solid waste is seen in
the river. There are numerous out falls which bring sewage
into the river.%

Table No. 2-19: General information of Poisar River

Poisar River

Origin Sanjay Gandhi National Park

Length of the river from origin  11.5 km

Water application None, Highly polluted. Serves as a
drain.
Dam/reservoir on the river

Source: Inventory of environmental features, Greater Mumbai,
Prepared by HCP Design and Project Management Pvt. Ltd.

Originating in the
Sanjay Gandhi National
Park, the 11.5 km long
river is highly polluted
and presently serves as a
drain for the region.
Further, there are no
WQMS on the river.

36 http://www.mmreis.org.in/uploadeddocuments /1203141429 Stage%203%20Report.pdf

http:/ /en.wikipedia.org /wiki/Poisar _River

37 Inventory of environmental features, Greater Mumbai, Prepared by HCP Design and Project Management Pvt.

Ltd.
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Map No. 2-13: Spatial representation of Poisar river
Source: MRSAC, Google Earth
Water quality information and assessment

On Poisar River there are no water quality monitoring stations.

2.4.1.5 Malad River

General information

Malad River is a westbound river flowing through Mumbai Suburban
district of Maharashtra. Located west of Malad, the Oshiwara River
drains into it.

Table No. 2-20: General information of Malad River

Malad River

Length of the river from 11km
origin
Water application None, Highly polluted. Serves as a drain.

Dam/reservoir on the river

Source: http://en.wikipedia.org/wiki/Malad Creek

Water quality information and assessment

On Malad River there are no water quality monitoring stations.
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The 11 km long
river is highly
polluted and
presently serves
as a drain for the
region. Further,
there are no
WQMS on the
river.
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24.1.6 QOshiwara River

General information3

Oshiwara River is a westbound river flowing through Mumbai

Suburban district of Maharashtra. The river flows through the

The 9.63 km long
Goregaon hills and Andheri, before emptying into the Malad Creek.

river is highly

About 23% of the land along the river is under wild vegetation. A~ Polluted and
presently serves as a
drain for the region,
There are no WQMS

) o on the river.
both edges. The central part of the river and the subsidiary streams T e ———

has about 18% of the land under commercial and industrial uses.

part of the main river and one of its subsidiary streams flows
through the Aarey Milk colony. This stretch of the main river and
the subsidiary stream has its riparian zone with wild vegetation on

About 9% land is under roads, another 9% under = e T T Ll
residential use. Slums cover about 6% of the land ; il £ " TS
along the river.®

Table No. 2-21: General information of Oshiwara River

Oshiwara River e

Length of the river from | 9.63 km

origin
Catchment area (sq.km) 2938 == .,.
et None, Highly Picture No. 2-5: Oshiwara river

polluted.

Dam/reservoir on the river Source:

http://en.wikipedia.org/wiki/Oshiwara_River

Source: Inventory of environmental features, Greater
Mumbai, Prepared by HCP Design and Project Management Pvt. Ltd.

Water quality information and assessment

On Oshiwara River there are no water quality monitoring stations.

Conclusion and recommendations for Dahisar, Poisar, Malad and Oshiwara River

The rivers presently serve as a drain and are highly polluted. Further, there is no water
quality monitoring stations on the entire river course. Hence, it is recommended to clean the
river and monitor it regularly.

3 http://www.mmreis.org.in/uploadeddocuments/1203141429_Stage%203%20Report.pdf

http:/ /en.wikipedia.org /wiki/Oshiwara_River

39 Inventory of environmental features, Greater Mumbai, Prepared by HCP Design and Project Management Pvt.
Ltd
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Water
Rivers application/signi Critical observations
ficance

Specific
recommendations

Dahisar 1. The banks of the rivers

should be protected and
The banks of the river are there should be no
encroached by slums and development zone for at
the untreated sewage is least30 meters.
directly discharged in

Poisar

Malad
Highly polluted

these rivers. Also, there 2. De-siltation and
and presently

are no WQMS on the debris/solid waste

river to comment on the removal should be done

water quality. However, on aregular basis.

Oshiwara visually the water looks

eutrophicated. 3. Few WQMS should
also be introduced to
keep a quality check.

serves as a drain
for the region

2.4.1.7 Mithi River

General information#

Mithi River is a westbound river flowing through Mumbai Suburban district of
Maharashtra.

It originates at the confluence of tail water discharges of Powai and Vihar Lake. Flows
towards south from SGNP for about 15 km, changes the course and flows towards west
from the point where Vakola Nala meets the river, and finally empties into Mahim Bay.

Picture No. 2-6: Mithi River

Source:

Map No. 2-14: Spatial representation of
http://en.wikipedia.org/wiki/Mithi_River

Mithi River

- Aeri



Environmental Status Report of MMR

About 18.34% of the land along /in the river near its mouth is under mangroves followed by
15.37% of the area as open which is largely due to the buffer left along the river in Bandra
Kurla Complex and certain other patches along the river. Transportation/roads take up
about 14.52% of the land, which is due to the large area under CSI airport abutting the river.
Almost 9.52% of land is under forest followed by slums which covers about 8.96% of land.
About 12.42 % of land is under commercial and industrial use which is due to the industrial
estates and the scrap market between Jogeshwari Vikhroli Link Road to Air India Road.
Land under residential use only constitutes about 5.28% of the land along the river.#

Table No. 2-22: General information of Mithi River

Mithi River

Origin At confluence of tail water discharges of Powai
and Vihar lake

Length of the river from origin 17.8 km

Water application Washing of vessels, animals & oily drums.

Dam/reservoir on the river )

Source: Inventory of environmental features, Greater Mumbai, Prepared by HCP Design and
Project Management Pvt. Ltd.

Water quality information and assessment

On Mithi River there is 1 WQMS towards the downstream part of the river which was
installed under the SWMP programme. The major land use pattern around the WQMS is

built up area (urban & rural) as seen in Map No. 2-15.

Explanation

W Mithi river Agricultural Land *Sn,
Water Quality Index Bl Built Up- (Urban & Rural)
W Built Up- Industrial

Map No. 2-15: Spatial representation of WQMS on Mithi River
Source: MPCB, MRSAC

4! Inventory of environmental features, Greater Mumbai, Prepared by HCP Design and Project Management Pvt.
Ltd.
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Parameter 1: pH
Permissible MPCB standard: Between 6 and 8.5.

Observation: As seen in Figure No. 2-32, it was observed that the pH value was within the
permissible limit of MPCB. Thus, indicating a good water quality for aquatic life.

pH reading along Mithi river course
st 2008-09 i 2009-10 2R 2010-11 — 201112
R 201213 Permissble limit = = = Desirable limit
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Figure No. 2-32: pH value at the WQMS of Mithi River

Source: http://www.mpcb.gov.in/envtdata/envtwater.php

Parameter 2: Dissolved Oxygen (DO)

Desirable MPCB standard: 4 mg/1 (minimum desirable standard)

Observation: As seen in Figure No. 2-33, the DO values were observed in the range of 1.5 to
3.4 mg/1, which is below the desirable MPCB standard. The possible reason for showing a
trend of low DO value could be due to excessive algae growth caused by phosphorus and
nitrogen which is sourced through discharge of untreated municipal waste water in the river
and also due to higher organic content in the river, which is evident from the higher BOD
values observed during these 5 years.

DO reading along Mithi river course
i 2008-09 1 2009-10 aRagsE 2010-11 — 201112 R 201213 Permissble limit
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Figure No. 2-33: DO values at the WQMS of Mithi River

Source: http://www.mpcb.gov.in/envtdata/envtwater.php
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Parameter 3: Biochemical Oxygen Demand (BOD)

Permissible MPCB standard: 5 mg/1

Observation: As seen in Figure No. 2-34, it was observed that BOD exceeded the permissible
limit of MPCB and was in the range of 28.5 to 100.3 mg/l. The possible reason for the
exceedance of BOD may be due to discharge of untreated waste from industries. And since
the river passes through slum areas, human activities also may account for higher BOD
value.

BOD reading along Mithi river course
i 2008-09 1 2009-10 W 2010-11 —2011-12 = 2012413 Permissble limit
120
100 846
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2 4 - 328 285 33.7
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O o T e T e T T,
River water
Year

Figure No. 2-34: BOD value at the WQMS of Mithi River

Source: hitp://www.mpchb.gov.in/envtdata/enviwater.php

Parameter 4 & 5: Fecal Coliform (FC) and Total Coliform (TC)

Permissible MPCB standard: 5000 /100 ml (MPN)

Observation: It was observed that fecal coliform and total coliform were within the
permissible limit of MPCB, hence indicating acceptable presence of human or animal waste
in the river water.
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Fecal Coliform reading along Mithi Total Coliform reading along Mithi
river course river course
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Figure No. 2-35: FC & TC value at the WQMS of Mithi River

Source: hitp://www.mpch.gov.in/envtdata/enviwater.php

Parameter 6 & 7: Ammonia and Nitrate

Permissible MPCB standard: Ammonia: - 1.5 mg/1 Nitrate: - 45 mg/1
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Observation: It was observed that ammonia value ranged between 1.62 to 8.91 mg/1, thus
exceeding the permissible limits of MPCB. Possible reason for high ammonia may be due to
discharge of untreated waste from industrial area and the domestic & organic disposal from
the slum areas. Whereas, nitrate values were within the permissible MPCB standard at the

WQMS.
Ammonia reading along Mithi river Nitrate reading along Mithi river
course course
s 2008-09 i 2009-10 s 008-09 i 2009-10
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Figure No. 2-36: Ammonia & nitrate value at the WQMS of Mithi River

Source: hitp://www.mpch.gov.in/envtdata/enviwater.php

Water quality index

As clearly seen in Figure No. 2-37 the WQI of Mithi River, ranged between 38 to 50,

indicating ‘Bad” water quality.

2168

-~ Apr -~ May . Jun Jul

Color | Category of
code | Foundation Water Quality Index

Range

Good to Excellent

63-100

Moderately good to good

50-63

Bad to Moderately good

38-50

Very bad to Bad

38&less

Figure No. 2-37: WQI of Mithi River

Source: MPCB
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Owerall water quality of Mithi River Mithi River meets the

MPCB water quality
standards of A-II for best
designated usage, except
the BOD, DO & ammonia
for the past 5 years. The
possible reason for the
exceedance may be due to
untreated waste discharge
from industrial area and
domestic discharge from

the nearby slum area.
|

The water quality of Mithi River meets the MPCB
water quality standards of A-II for best designated
usage, except the DO, BOD and ammonia for past 5
years. The possible reason for the exceedance may be
due to discharge of untreated waste from industries
and since the river passes through the slum areas,
domestic discharge could also account for such water
quality. Further, for the year 2012-13 the WQI was
calculated which indicated that the water quality of
the river was within the range of 38-50. Therefore, as
per CPCB’s description it falls in the ‘Bad to
moderately good” water quality category.

Conclusion and recommendations

WQMS at Mithi River showed a very low WQI i.e. 40.1. Further, there is only 1 WQMS on
the entire stretch of the river (17.78 km). Drawing inferences from a single sampling point is
not justifiable. Hence it is recommended to have more WQM stations on the entire course of
the river so as to precisely assess the water quality of the river. The river being a natural
drainage channel which carry excess water during monsoon, it becomes utmost important to
maintain and monitor it. Thus the following recommendations are given.

Sr. Ri Water
No tver application/significance

Critical observations Specific recommendations

Washing of vessels, animals
& oily drums.

There is illegal reclamation
along the bank of the river.
Thus making the water

1. The repair, rehabilitation
and renovation of the river
should be done

1

Mithi

quality of the river very bad
due to  discharge of
untreated sewage; solid
waste and debris dumping.
Also there is only 1 WQMS
on the river.

145

immediately.

2. Periodical cleaning of the
river to ensure its
carrying capacity is
maintained.

3. Given the significance of
the river asbuffer zone, it
is recommended to
introduce more WQMS to
cover the entire stretch of
the river.

4. Monthly monitoring of
the entire course of the
river (both upstream &
downstream region) and
recording data for all the
parameters as per the
standards.
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2.4.1.8 Mahul River

General information#

Mahul River originates at confluence of Nehru
Nagar Nala and Pratiksha Nagar Nala. Flows in
southern direction amidst mangroves and meets
Thane Creek.

About 36.35% of the land is under the mangroves.
This attracts large number of migratory birds and
is also roosting site for various water birds. About
22% of the land is laying vacant and 12% land is
under industrial sector. This is followed by
transportation /roads which are about 9.37% and
about 5% 1is used for salt production. The

Picture No. 2-7: Mahul River

Source: http://mumbai-
eyed.blogspot.in/2007_06_01_archive.html

river /creek edge is accessible in most part except wherever industrial estates abut the river.#

y

o

Map No. 2-16: Spatial representation of Mahul River
Source: MRSAC

Originating at the
confluence of Nehru
Nagar nala and
Pratiksha Nagar
nala, the 5.74 km
river is highly
polluted and serves
as a drain. Further,
there are no WQMS

on the river.
|

4 http://www.mmreis.org.in /uploadeddocuments /1203141429 Stage%203%20Report.pdf

4 Inventory of environmental features, Greater Mumbai, Prepared by HCP Design and Project Management Pvt.

Ltd.
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Table No. 2-23: General information of Mahul River

Mahul River

Origin Confluence of Nehru Nagar Nala and Pratiksha
Nagar Nala

Length of the river from origin 5.74 km

Water application Water appears very polluted and black
throughout the stretch. Hence not used.

Dam/reservoir on the river )

Source: Inventory of environmental features, Greater Mumbai, Prepared by HCP Design and
Project Management Pvt. Ltd.

Water quality information and assessment

There is no water quality monitoring station on Mahul River.

Conclusion and recommendations

Water application/ Specific

Critical observations X
significance recommendations

Water appears very Theriver servesasadrain. Also 1.The river should be
polluted and black in there is no WQMS on the river. cleaned regularly.
color throughout the 2.The LULC along the
stretch. Hence not used. river should be studied
and relocated if
required.
3.Based on the resource
potential, the river
should be monitored as
per the applicable
standards by installing
WQMS.
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2.4.1.9 Panvel / Kalundre River

General information

Kalundre River is a westbound
river flowing through Panvel
taluka in Raigad district of
Maharashtra.

Originates from Chotta Morbe
Dam in North of Panvel. Flows
in south-west direction amidst
mangroves and meets Thane
Creek#. Picture No. 2-8: Kalundre River

Source: http:/Imw?2.google.com/mw-

panoramiolphotos/medium/43720250.jpg
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Map No. 2-17: Spatial representation of Kalundre river
Source: MRSAC

4 Google Earth
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Table No. 2-24: General information of Kalundre River

Kalundre River

Origin

Chotta Morbe Dam in North of Panvel

Length of the river from origin

30

km

Tributaries

Taloje, Navde, Lendi and Gadhe

Water application

None.

Dam/reservoir on the river

Chotta Morbe Dam

Source: MRSAC and google earth

Water quality information and assessment

There is no water quality monitoring station on Kalundre River.

Conclusion and recommendations

On Kalundre River, no monitoring of water quality parameters is done. Hence, regular

cleaning and monitoring is recommended.

Water
application/

Rivers

Tributary

significance

Critical observations Specific

Recommendations

360 MLD of water
is supplied to
NMMC from
Morbe dam

. There was very little

. There were no MPCB

149

1. A comprehensive
study should be
carried out.

. Given the
significance of the
river, it is
recommended to
introduce WQMS
to cover the entire
stretch of the river
(both upstream
and down
stream).

information available
about the river.

WQMS on the river.
However, the
municipal corporation
monitors the major
water bodies in their
area.
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2.4.1.10 Amba River

General information

Amba River originates in the Borghat hill of
the Sahyadri ranges near Khopoli-khandala
road (554 mts above sea level) and flows in
the South direction and then turns further
into the North west direction till it joins the
Arabian Sea in Dharmatar creek near village

Revas%.

Picture No. 2-9: Amba River

Source: http://wikimapia.org/1032311/O1d-Bridge-
On-Amba-River

“pentvicy

L ]

Shrigaon dam

Legend 2651

Water Quality Index Roha Amba river

. Good to Excellent
O Medium to Good
. Bad

Riverbodies
Il Amba River & Tributaries

Map No. 2-18: Spatial representation of Amba River
Source: MPCB, MRSAC

4 http:/ /india-wris.nrsc.gov.in/wrpinfo /index.php?title=Amba



Water Resources

Table No. 2-25: General information of Amba River

Amba River

Origin Borghat hill of the Sahyadri
ranges near Khopoli-khandala
road

Length of the river 76km

from origin

Catchment area 420

(sq:km)

Gross storage 403 MCM

capacity  of  the

reservoir

Water application Drinking & swimming by

tourists
Dam/reservoir on the

river

Source: http://www.kgbo-

The third longest
river (76 km) of the
region, originates in
the Borghat hill of
the Sahyadri ranges.
168 MLD of water is
supplied to rest of
the MMR region.
Even though, there is
only one WQMS on
the entire river
course.

cwc.ap.nic.in/About%?20Basins/West%?20Flowing%20Rivers%20Basin%20Write %20-2008-09.pdf

Water quality information and assessment

On Amba river there is only one WQMS at the upstream region of the river which was
initiated under the SWMP progrmme. The major land use pattern around the WQMS is

agricultural land and a small patch of built up area.

Explanation
Il Amba river Agricultural Land
Water Quality Index Ml Built Up- (Urban & Rural)

I Built Up- Industrial
. Good to Excellent s

vy

I Forest
O Medium to Good ™™ Wastelands

0 Waterbodies
@ Bad B Wetlands

> C 7 = \‘;‘\'

4
/

Map No. 2-19: Spatial representation of WQMS on Amba River

Source: MPCB, MRSAC
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Parameter 1: pH

Permissible MPCB standard:
Between 6 and 8.5

Observation: It was observed that the pH was within the permissible limit of MPCB as seen
in Figure No. 2-38. Thus, indicating a good water quality for aquatic life.

pH reading of Amba river
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Figure No. 2-38: pH value at the WQMS of Amba River

Source: http://www.mpcb.gov.in/envtdata/envtwater.php
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Parameter 2: Dissolved Oxygen (DO)

Desirable MPCB standard:

Water Resources

4 mg/l (minimum desirable
standard) . .
DO reading of Amba river
Observation: It was observed that | ##2008-09 1 2009-10 AR 2010-11
—2011-12 = 2012-13 —— Permissble limit
the
DO was above the minimum 10 4
desirable 8 - 7.5 7.9 80 7.7
MPCB standards as seen in Figure \ == Lz
No. 2-39. ER \ = 9
Thus, indicating good water o 4 - =40
a = T
quality for \ — m
aquatic life. 2 1 \§ — m
0 Year
Figure No. 2-39: DO value at the WQMS of Amba River
Source: http://www.mpcb.gov.infenvidata/envtwater php
Parameter 3: Biochemical Oxygen Demand (BOD)
BOD reading of Amba river o
7777777 Permissible MPCB standard: 5
i 2008-09 1nn2009-10 saageR 2010-11 mg/l
— 201112 F5: 2012413 Permissble limit
6 -
50 | Observation: It was observed that
5 the BOD at the WQMS met the
=4 38 33 35 34 MPCB standards as seen in Figure
§:3 i X A No. 240. Thus, indicating
3 | \ ——— m acceptable content of organic matter
\ == i in the river.
- \=
\ == Figure No. 2-40: BOD value at the
0 Year WQMS of Amba River

Parameter 4 & 5: Fecal Coliform (FC) and Total Coliform (TC)

Permissible MPCB standard: 5000 /100 ml (MPN)
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Observation: It was observed that fecal coliform and total coliform values were within the

permissible MPCB standards as seen in Figure No. 2-41. Thus, indicating allowable content
of human or animal waste.

Fecal Coliform reading of Amba Total Coliform reading on Amba river
i 9008-09 rver i 2009-10 woeee 200809 tn 200910 s 201011
3 2010-11 = 2011-12
R 2012413 Permissble limit = 201112 e 2012413 Permissble limit
5000 5000 5000
5000
4000 -
€ 4000 -
S 3000 - E
= S 3000 -
& 2000 - =
0 2000 -
1000 - 2
187 .
b 9 TR B I
0 : 0L sy
Year Year

Figure No. 2-41: FC & TC value at the WQMS of Amba River

Source: hitp://www.mpch.gov.in/envtdata/enviwater.php

Parameter 6 & 7: Ammonia and Nitrate
Permissible MPCB standard: Ammonia: - 1.5 mg/1 Nitrate: - 45 mg/1

Observation: 1t was observed that ammonia and nitrate values at the water quality
monitoring station was within the permissible MPCB standards as seen in Figure No. 2-42.
Thus, indicating good water quality for aquatic life.

Ammonia reading of Amba river Nitrate reading of Amba river
ki 2008-09 i 2009-10 ki 2008-09 i 2009-10
W 2010-11 —2011-12 R 2010-11 — 2011-12
== 2012413 — Permissble limit e 2012-13 — Permissble limit
15 45.0
=15 =40
£ [=]
= 1.0 £
= £ 2
é 05 025 02 4 015 £ 046
. : =
< LN == s 0B 9% 5 e o
0.0 0
Year Year

Figure No. 2-42: Ammonia & nitrate value at the WQMS of Amba River

Source: hitp://www.mpcb.¢ov.in/envtdata/envtwater.php
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Water quality index

As seen in Figure No. 2-43, the WQI of Amba River, ranged from 63 to 100, indicating ‘Good
to Excellent” water quality.

waQl along Amba river
100

Color | Category of National Sanitati Range
code | Foundation Water Quality Index

Good to Excellent 63-100

Moderately good to good 50-63

Bad to Moderately good 38-50

2651

. . . - Very bad to Bad 38&l|
Apr - May - Jun  -Jul e -

Figure No. 2-43: WQI of Amba River.
Source: MPCB

(o) 11 wat lit Amba Ri .
verall water quality of Amba River Amba River meets the MPCB

water quality standards of A-II
for best designated usage.
However, there is only single point
sampling done on the entire river
Conclusion and recommendations stretch of 76km. Hence the
interpretations drawn may not be
appropriate.

The water quality of Amba River meets the
MPCB water quality standards of A-II for best
designated usage and the WQI indicates ‘Good
to Excellent” water quality.

WQMS at Amba River showed 775 WQI
indicating its quality ‘Good to Excellent” as per
CPCB. However, only one station monitors the
quality for a 76km long river. Hence it is
recommended having more water quality

monitoring stations on the entire course of the river so as to precisely assess the water
quality of the river. A single sampling point gives an incorrect conclusion. The river also
supplies 168 MLD of water to MMR, hence it becomes utmost important to maintain and
monitor the water quality regularly at various critical locations.
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2.4.1.11 Bhogeshwari River

General information#

Bhogeshwari River rises in the
Western Ghats near village
Bhogeshwari, District- Raighad
at an altitude of about 228.6 m
above the sea level.

Flows in the west direction
through the Taluka- Pen and
merges in the Dharmtar creek
near village Antora.

Picture No. 2-10: Bhogeshwari River

. Bhogeshwari River
s “ | flowing in the west
\ | direction through

“1 the Taluka- Pen,
merges in the
Dharmtar creek.
The river is 40 km
long; however there
are no WQMS on
the river.

73°15'E

Legend
Major reservoir
Other reservoir
B Major river e
I Tributaries/ Riverlets i,

Map No. 2-20: Spatial representation of Bhogeshwari River
Source: MPCB, MRSAC

46 http: / /india-wris.nrsc.gov.in/wrpinfo /index.php?title=Bhogeshwari
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Table No. 2-26: General information of Bhogeshwari River

Bhogeshwari River

Origin Western ghats near village Bhogeshwari
Length of the river from origin 40 km

Catchment area (sq.km) 125

Water application None.

Dam/reservoir on the river Hetvane Dam

Source:http://[www.kgbocwc.ap .nic.inf/About%20Basins/West% 20Flowing% 20Rivers%20Basin%20W

rite%20-2008-09.pdf

Water quality information and assessment

There is no water quality monitoring station on Bhogeshwari River.

Conclusion and recommendations

The quantitative and qualitative information about Bhogeshwari River is not available.
Hence it is recommended to carry out a comprehensive study addressing these aspects.

2.4.1.12 Patalganga River

General information

Patalganga River rises in the steep

western scarps of the Matheran
uplands, where it branches off from the
main ridge near Khopoli and maintains
a general westward flow till it joins the
Dharamtar Creek with a wide estuary.

Picture No. 2-11: Patalganga River

Source: hitp://blessingsonthenet.com/travel-
indialdestinationlid/264/patal

v Aeri
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1462
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Map No. 2-21: Spatial representation of Patalganga River

Source: MPCB, MRSAC

Table No. 2-27: General information of Patalganga River

Patalganga river

Origin Western  scarps of the
Matheran uplands

Length of the river from | 41 km

origin

Catchment area (sq.km) 328

Gross storage capacity of | 712MCM

the reservoir

Water application Drinking

Dam/reservoir on the
river

Morbe dam is being built
over the Dhawri tributary of
Patalganga river.

Source: http://en.wikipedia.org/wiki/Patalganga River
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The 41 km long
Patalganga River rises
in the steep western
scarps of the Matheran
uplands and maintains
a westward flow until it
joins Dharamtar creek.
The river water (510
MLD) is supplied to the
region and there are 7
WQMS on the river.
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Water quality information and assessment

On Patalganga River, there are 7 WQMS as tabulated in Table No. 2-28. The WQM stations
are well distributed along the course of the river as seen in Map No. 2-22.

Table No. 2-28: WQMS details on Patalganga River

Station code/program | Location River/Tributary
1151/ NWMP Patalganga River at Shilphata Bridge Patalganga river
2685/SWMP Patalganga River at D/s. of Kharpada Bridge Patalganga river
2686 /SWMP Patalganga River at Vyal pump house Patalganga river
2687 /SWMP Patalganga River at Khalapur pumping house | Patalganga river
2688 /SWMP Patalganga River at Savroli Bridge Patalganga river
2689 /SWMP Patalganga River at Gagangiri Maharaj Temple | Patalganga river
1462 /NWMP Patalganga near intake of MIDC water works | Patalganga river
(Turade w/w)

Source: http://mpcb.gov.inlenvtdatalenvtwater.ph

Explanation
Il Patalganga River & Tributaries Agricultural Land
Water Quality Index I Built Up- (Urban & Rural) |
‘ I Built Up- Industrial
Good to Excellent B Forest

O Medium to Good 0 Wastelands

[ Waterbodies
@ Bad I Wetlands

A

Map No. 2-22: Land use pattern around WQMS on Patalganaga River

Source: MPCB, MRSAC

The WQMS nos. 2689 and 1151 are located in the Khopoli Municipal Council area, whereas
WQMS nos. 2688, 2687 and 2686 are located in the Khalapur area. A mixed land use pattern
of built up area, agriculture and wasteland is observed around these WQM stations. At the
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upstream region of the WQMS no. 1462, PRIA CETP is located. The effluent treated water
quality reports for the year 2011-12, revealed that the BOD and COD (149 and 354 mg/1
respectively) exceeded the permissible CPCB standards. The WQMS no. 2685 is located in
Panvel area and the immediate land use pattern around the WQMSis agricultural land.

Parameter 1: pH

Permissible MPCB standard: Between 6 and 8.5.

Observation: pH at all the WQMS was between the prescribed standard of MPCB. Thus,

indicating good water quality for aquatic life.

pH reading along Patalganga river course
st 2008-09 i 2009-10 waesaes 2010-11 = 2011-12
AAAAA woanenan 2012413 Permissble limit = = = Desirable limit
g -
8 - 7776 741.67.4 75 737574 _ 74717579 747573 85
=12 7374742204 757373573 573730001 790473 _57.2 737474209 19737079
T 7 =72 SIREE HNNESE YIREE SI8Es Sl8E= =268
"o INE2 - NE-NE - NEe-HRE N5 - s
5 = R=% V== = ||IN=E= M=EH FINEE SI§EE
Gagangiri Shilphata | Savroli Bridge| Khalapur Viyalpump | near intake of D/s. of
Maharaj Bridge pumping hous house MIDC wiw Kharpada
Temple (Turade wiw) Bridge
2689 1151 | 2688 | 2687 | 2686 | 1462 | 2685
Patalganga River
River water
WQM station number along with the location

Figure No. 2-44: pH value at the WQMS of Patalganga River

Source: http://www.mpcb.gov.in/envtdata/envtwater.php

Parameter 2: Dissolved Oxygen (DO)

Desirable MPCB standard: 4 mg/1 (minimum desirable standard)

Observation: - DO at all the WQM stations were above desirable standard of MPCB. Thus,

indicating good water quality for aquatic life.
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Figure No. 2-45: DO value at the WQMS of Patalganga River

Source: hitp://www.mpcb.¢ov.in/envtdata/enviwater.php

Parameter 3: Biochemical Oxygen Demand (BOD)

Permissible MPCB standard: 5 mg/1

Observation: BOD values at all the monitoring stations were within the permissible

standard of MPCB, except at WQMS nos. 2686 and 2685 for the 2012-13 as seen in

Figure No. 2-46.
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Figure No. 2-46: BOD value at the WQMS of Patalganga river

Source: hitp://www.mpcb.¢ov.in/envtdata/envtwater.php
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At WQMS no. 2686 at Vyal pump house, the BOD values for the year 2008-13 were always
below 5 mg/l1 (in the range of 3.2 to 3.8 mg/l), except in the month of August 2012 were it
was 350 mg/l, which is an outlier value as seen in Figure No. 2-47. Hence no further
investigation was done.

Further, at WQMS no. 2685 the BOD values observed were 5.8, 6.2 and 394 mg/I for the
year 2008-09, 2009-10 and 2012-13 respectively, indicating violation of the permissible limits
as seen in Figure No. 248. The possible reason for the exceedance may be due to higher
organic content and effluent discharge from HOC limited, HIL, MIDC patalganga area.

BOD value of Patalganga River at Vyal pump house (2686)

400 -
350
350 A

300 -
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Month and Year Patalganga River at Vyal pump house

Figure No. 2-47: BOD value of Patalganga river at Vyal pump house (2686)

Source: http://fwww.mpch.gov.in/envtdata/envtwater.php
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Figure No. 2-48: BOD value of Patalganga river at Kharpada (2685)

Source: http://www.mpcb.gov.in/envtdata/envtwater.php

Parameter 4 & 5: Fecal Coliform (FC)
Permissible MPCB standard: 5000 /100 ml (MPN)

Observation: FC & TC value at all the WQMS meet the permissible standard of MPCB. Thus,
indicating acceptable content of human or animal waste in the water.

Fecal Coliform reading along Patalganga river course
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Figure No. 2-49: FC value atthe WQMS of Patalganga river

Source: http://www.mpcb.gov.in/envtdata/envtwater.php
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Total Coliform reading along Patalganga river course
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Figure No. 2-50: TC value at the WQMS of Patalganga river

Source: http://www.mpcb.gov.in/envtdata/envtwater.php

Parameter 6 & 7: Ammonia and Nitrate

Permissible MPCB standard: Ammonia: - 1.5 mg/1 Nitrate: - 45 mg/1

Observation: It was observed that ammonia exceeded the permissible standard at 2685
station for the year 2009-12. The values recorded were 3.53, 3.36 and 4.74 mg/1 respectively.
The possible reason for the exceedance may be due to agricultural runoff, organic and
sewage discharge from the surrounding areas.

Ammonia reading along Patalganga river course
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Figure No. 2-51: Ammonia value at the WQMS of Patalganga river

Source: hitp://www.mpcb.gov.in/envtdata/enviwater.php
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Further, the nitrate value at all the WQMS were observed to be within the permissible limit

of MPCB as seen in Figure No. 2-52.

Nitrate reading along Patalganga river course
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Figure No. 2-52: Nitrate reading at the WQMS of Patalganga river

Source: hitp://www.mpcb.gov.in/envtdata/enviwater.php
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Water quality index

WQl along Patalganga river
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Flgure No. 2-53:WQI along Patalganga rver Color | Category of National Sanitation | Range
Source: MPCB code | Foundation Water Quality Index
Good to Excellent 63-100
Moderately good to good 50-63
As seen in Figure No. 2-53, the WQI of daditaModeratl good 38:50
Patalganga River, ranged between 63 to 100,
Very bad to Bad 38 & less

indicating ‘Good to Excellent” water quality.

However at WQMS no. 2685, the water
quality was ‘Moderately good to good’.
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Owerall water quality of Patalganga River

The water quality of Patalganga River meets the MPCB
water quality standards of A-II for best designated
usage, except the BOD value at WQMS no. 2685. The
BOD values recorded were 5.8, 6.2 and 39.4 mg/1 for the
year 2008-09, 2009-10 and 2012-13 respectively. Further,
the ammonia value (3.53, 3.36 and 4.74 mg/1 for the year
2009-10,2010-11 and 2011-12 respectively), exceeded the
permissible limit of MPCB. The possible reason for the
exceedance may be due to domestic discharge from
nearby villages & effluent discharge from HOC Ltd,
HIL, MIDC patalganga area and so on.

The WQI for the year 2012-13 indicated that the water
quality of the river was within the range of 63-100.
Therefore, as per CPCB’s description it falls in the ‘Good
to Excellent” water quality category except at station
2685 (downstream of Kharpada bridge) where it was
‘Moderately good to good” as seen in Figure No. 2-53.

Conclusion and recommendations

Water Resources

Patalganga River meets the
MPCB water quality
standards of A-II for best
designated usage, except
the BOD value at station
2685 for the year 2012-13
and ammonia for the year
2008-12. The possible
reason for the exceedance
may be due to domestic
discharge from nearby
villages & effluent
discharge from HOC Ltd,
HIL and MIDC patalganga
area.

WOQMS at Patalganga River showed good water quality as per CPCB. The tributaries of the
river namely Dhavari and Hetwane are not at all monitored for its quality parameter. Hence

it is recommended to have more water quality monitoring stations on the entire course of

the river including its tributaries so as to assess the overall water quality of the river. The

river supplies 510 MLD of water to MMR, hence it becomes utmost important to maintain

and monitor the water quality regularly.
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2.4.1.13 Balganga River

General information

Balganga River is a tributary
stream of the Patalganga.

Flows  almost  parallel to
Patalganga, though in a hillier Picture No. 2-12: Balgangariver

region, and jomns the Patalganga Source: http://endowedwithmetis.wordpress.com/2010/10/25/mumbai-

only in the Dharamtar creek. mondays-1-bal-ganga-river/
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Dorfavt dam and lake
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B Major river
I Tributaries/ Riverlets

Map No. 2-23: Spatial representation of Balganga river
Source: MRSAC
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Table No. 2-29: General information of Balganga River I
Balganga River . .
The 27 km long river is a
Length of the river from | 27 km .
origin tributary stream of
Water application Drinking .Patalganga' Balganga dam
Dam/reservoir on the . IS pl’OpOSQd to be
Balganga dam under construction
river . completed by 2014; on
& is expected to be complete by ..
2014. Once completed shall completlon it shall Supply
supply 350 MLD to Navi Mumbai. 350 MLD to Navi
Mumbai. At present there
Source: MRSAC and Google earth are no WQMS on the

Water quality information and assessment river.

There is no water quality monitoring station on I
Balganga River.

Conclusion and recommendations

Balganga River is identified as a prospective water resource for Navi Mumbai.
Approximately 350 MLD is the potential yield. Given that there are no water quality
monitoring stations on the river, it is strongly recommended to install WQM stations and
monitor the water quality regularly.

2.4.1.14 Summary of recommendations for rivers in MMR

General recommendations applicable to all the rivers in MMR are enlisted and
elaborated below.

Recommendation 1: Detailed assessment of following parameters for all the rivers in
MMR should be carried out on urgent basis.

1. Stakeholder mapping: The local communities like fishing & agrarian, industries and
urban areas demand water for their various needs. To strike a balance between
demand and supply and also equitable distribution, a detailed stakeholder mapping

should be carried out.

2. Resource potential: Assessing the resource potential in terms of environmental
significance, economic benefit, centralized or decentralized water supply potential
and so on should be critically assessed.

3. Land use land cover: A critical assessment of the major land use pattern along the
river course should be done using GIS. It is also important to document and record
the status of the riparian zone along the river. The riparian zone assessment may be
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done using the Pen and Scott foreshore assessment technique#” and spatial maps
(Picture No. 2-13) can be prepared for further analysis.

Background: The Pen and Scott foreshore assessment technique classifies the foreshore
condition of streams and rivers into A, B, C or D grade, each of which is outlined below:

i. A- pristine — healthy riparian vegetation with no weeds or evidence of
impacts caused by human activities

ii. B- slightly disturbed — where the riparian vegetation has been invaded by
weed species

iti. C- disturbed — riparian zone supports only over storey and pasture or only
pasture

iv. D- drain—where the stream is little more than an eroding drain

Picture No. 2-13: The foreshore condition of the Collier River and Butler’s
creek in Australia (Blue- A, Green-B, Red- C and Brown- D)

Recommendation 2: Water quality assessment depending on the resource potential.

As per CPCB recommendation, every river should be monitored upstream and downstream
for any potential source of pollution. However, the current sampling locations on the river
are located either upstream or downstream, thus not providing comprehensive information
which may lead to an inappropriate trend analysis. Without this analysis, the dilution
capacity or the carrying capacity of the surface water body cannot be assessed. Hence,

1. Monthly monitoring of the entire course of the river and specifically at critical
locations is recommended.
2. Itshould be an ongoing study for the entire region.

3. Itwould be ideal to set up real time monitoring stations along significant locations of
the river with immediate effect.

47 http: / /www.water.wa.gov.au/PublicationStore /first /84334.pdf
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Documenting and recording of the data should be as per nationally accepted format

for all the recommended parameters as specified in the Annex:-2: Water quality

standards for best desienated usages

Recommendation 3: Components which pose a serious threat to the river ecosystem

should be closely monitored and mapped on the river management/development

plan with the help of GIS application.

Sand mining/dredging: When sand, the medium in which coastal fauna and flora
thrive, is removed, the entire ecosystem is inevitably and irreversibly destroyed. This
would have an effect on every type of flora and fauna, the coastal & terrestrial life
including migratory birds, turtles and almost every species which make up coastal
biodiversity. 4 Sand mining, apart from impacting biodiversity, also impacts
traditional livelihoods, especially of fishing and agrarian communities dependent on
the habitats and life forms which thrive in sand. Hence it is strongly recommended to
conduct ground truthing and map all the sand mining points on the development

plan with the help of GPS (Global Positioning System) to assign geo coordinates and

accordingly erect boundary pillars so as to avoid illegal unscientific mining.

Further, in spite of International trade of sand between countries, no International
protocol governs the extraction of sand or any other aspect of sand mining including
biodiversity, water security, land security etc. The scenario is no different in MMR
region, hence there is an urgent need to address this issue of sand mining and carry
out scientific studies through participatory planning for better policy making.

Background: Government should allow construction industry to use Manufactured sand (M-
Sand) which is mass-produced from rocks and is considered a good alternative to river/sea
sand. Extracting sand from the sea could also lead to future erosion and hence it should be
completely avoided but the use of aggregate rock to make M-Sand may be a viable option. This
material is extensively used in Kerala, Tamil Nadu and Andhra Pradesh. 49

Land use pattern along the river course: In MMR at many instances it was observed
that major land use pattern is right adjoining the river course, leading to misuse and
degradation of the resource. Given below are few examples to highlight the fact that
at least 15-30 meters in width along the river course should be dedicated as no
development zone. These LULC should be differently marked on the development

plan so as to take the necessary action at policy and implementation level.

48 https: / /www.cbd.int/doc/emerging-issues /emergingissue-2013-10-Awaaz-Foundation-Bombay-NHS-

en.docx.

49 http: / /www.business-standard.com /article /economy-policy /moef-to-lift-ban-on-sand-mining-in-non-

coastal-zones-111041600016_1.html
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i. Cow shed along the Ulhas river- The waste water from
the cow shed is directly released in the river. (Picture A)

ii. Slums along Dahisar and Mithi river- Sewage and solid
waste are dumped in these rivers. (Picture B)

iii. Kalyan Dombivali Municipal Corporations’ solid
waste dumping ground along the Ulhas river- The
leachate from the solid waste dumping ground may
pollute the river as well as the ground table. (Picture C)
However there is no buffere zone and no monitoring
station to assess the impact of pollution.

Background: As per USDA Forest Service there should be 3
zones. Zone one of the model begins at the normal water level or
at the edge of the active channel and extends a minimum of 15
feet along a line perpendicular to the watercourse. Dominant
vegetation consists of existing or planted woody vegetation
suitable for the site and intended purpose. This zone should
remain undisturbed; therefore, tree removal is generally not
permitted. Zone two begins at the edge of zone one and extends
a minimum of 60 feet perpendicular to the watercourse. While
vegetation in zone two should be similar to zone one, removal of  picture No. 2-14 Major LULC

tree and shrub products is permitted on a regular basis provided  along the river course

the tree and shrubs are replaced. The third zone begins at the

outer edge of zone two and has a minimum width of 20 feet. Vegetation in this zone can be grazed or
un-grazed grass or other plant communities as long as it facilitates sediment filtering, nutrient
uptake, and the conversion of concentrated flow to uniform, shallow, sheet flow through the use of

structural practices such as level spreaders (Lowrance et al., 1995).50

50 http://ec.europa.eu/environment/water/pdf/WFED _brochure en.pdf
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Recommendation 4: River Biodiversity Index should be calculated for all the major
rivers in MMR

River Biodiversity Index describes the species diversity (number of species) and abundance
(number of specimens of each species) in a given area. The index should be calculated for
major sections of river. Indices of different species cannot be compared. Rather, it is possible
to compare the status of a single species in different environments, or in one environment at
different times, but it could give a fair idea of the diversity in the ecosystem. Hence it is
strongly recommended to calculate the River Biodiversity Index for all the major rivers in
MMR and revalidate the index at an interval of 3 to 5 years to compare the status of the
biodiversity of the river. A sample outcome of the biodiversity index calculated for Rideau
River located in Canada is shown in Picture No. 2-15.
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Picture No. 2-15: Biodiversity index of Rideau River, Canada

Source: http: / /nature.ca/rideau/e/elef-e.html

Recommendation 5: Riparian zone restoration managemet:°’

Riparian buffers are vegetated areas next to water resources that protect water resources
from nonpoint source pollution and provide bank stabilization and aquatic & wildlife
habitat. Given the significance of the buffer zone it is recommended that the
government/planning authority should integrate buffer restoration into state basin plans
and watershed plans. Also intergovernmental funding mechanism that link buffer
acquisition to water quality benefits, coordinates land acquisition efforts with private and
non-profit organizations should be established. Further, plantation in the barren and eroded
land should be done on large scale by government in collaboration with the local

SThttp: / /w.ipublishing.co.in/ijesarticles /twelve /articles /volthree /EIJES31064.pdf
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communities, whereas dirty pathways along or within buffer zones should be replaced with
grasses so as to revitalize the riparian zone.

Recommendation 6: Specific species to be grown in the riparian buffer??

Species that are particularly valued by the local community and has multiple uses and

functions can be selected. There are native trees in all localities suitable for the riparian

zones and capable of yielding useful products. Some of the multiple functions and products
to look for in a tree are wind resistance, erosion control, soil fertility and improvement,
nitrogen fixation, shade, wildlife habitat, mulch or green manure, pest control, animal
fodder, living fences, fuel wood, food (fruit, vegetables, root, shoot, oil), medicinal uses,
tannin, dyes, soaps, cosmetics, bee forage for honey, crafts, carving, and timber.

Recommendation 7: Program of measures to be included in the river basin
management plans

Along with the following mentioned components, the river basin management plans must
also include a programme of measures, that details which measures will be undertaken,
where, and by when.

» A description of the river basin district, including maps

> A summary of the main significant pressures and environmental impacts of human
activities

A map of specially protected areas (e.g. natural habitats)

A map of monitoring networks, and results of the monitoring

A list of environmental objectives or targets

A summary of the programme of measures to maintain or improve water status

A summary of public consultations and their influence

YVV YV VYV

A list of competent authorities and contacts.

Recommendation 8: River water quality monitoring stations should be increased to
cover the entire course of the river

The WQMS on the rivers should be significantly increased as per the CPCB norms. As seen
in Table No. 2-30, at present 8 rivers (out of 13) and 17 tributaries (out of 21) are not at all
monitored. This infrastructure gap needs to be addressed on a priority basis.

52 http: / /www.agroforestry.net/the-overstory/105-overstory-167-riparian-buffer-zone-restoration-for-food-

security
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Table No. 2-30: Number of monitoring stations on the river

Water Resources

Sr. Name of the river Tributaries No. of monitoring stations
G (Length of the river
from originin Km)
1 Patalganga (41) Hetvane and Dhavri 7 (on the river)
2 Ulhas (122) Varna, Kamvadi, Kumbhari, 7 (3 on river & 4 on tributary)
Bhatsa, Shai, Kalu, Murbadi,
Barvi, Poshir, Shillarand Pej
3 Vaitarana (154) Susari, Pinjal, Gargai and Tansa 5 (1 on the river and 4 on
tributary)
4 Amba (76) 1 (on the river)
5 Mithi (17.8) 1 (on the river)
6 Dahisar (14.5) 0
7 Poisar (11.5) 0
8 Malad (11) 0
9 Oshiwara (9.63) 0
10 Mahul (5.74) 0
11 Panvel (30) Taloje, Navde, Lendi and Gadhe 0
12 Bhogeshwari (40) 0
13 Balganga (27) 0
Total 21

1 WOMS per 43.03 km of river length

Bold and highlighted rivers & tributaries are monitored by MPCB.
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242 Lakes/Ponds/Wetlands/Water Bodies

There is no specific definition for Lakes in India. The
word “Lake” is used loosely to describe many types of
water bodies viz natural, manmade and ephemeral
including wetlands®. Lakes are important part of urban
ecosystem. Though it’s relatively small in size, they
perform significant environmental, social and economic
functions like recharging groundwater, being a source
of drinking water, acting as sponges to control
flooding,

livelihoods.

supporting biodiversity and providing

At present in MMR, lakes and wetlands are in
extremely bad shape and in varying degrees of
environmental degradation. The water bodies are
illegally encroached, full of sewage and garbage, in
spite of their significance. The disappearance or the bad
condition of these sponges of the city may result in
floods, as experienced by Mumbai city in the year 2005.
Although there is a plethora of policies and acts for the
protection and restoration of urban lakes and wetlands,
still the water bodies are in extremely poor condition.

In MMR, there are 107
water bodies in Greater
Mumbai and around 324
in rest of MMR. In all
there are approximately
431 waterbodies in the
region.

|
|
In the Development Plan
(DP) of 1991, out of 107
water bodies present in
Greater Mumbai, only 10
water bodies are marked

as either ‘tank’ or ‘lake’.
Rest of the water bodies do

not have any specific DP
classification.

53 http://www.worldlakes.org /uploads/Management_of_lakes_in_India_10Mar04.pdf
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As per the secondary data, it was estimated that there are around 431 water bodies within
the jurisdiction of various ULBs in MMR (Map No. 2-24Table No. 2-25). However this
number may increase upon having a detailed inventorisation of water bodies for rural and

peri urban areas of MMR.

72°45'E

—
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,
}

19°30'N

Legend

W

5 [27] Talukas in MMR

LandUse LandCover

Il Waterbodies-Lakes/ponds-Perennial

Il Waterbodies-Reservoir/Tanks-Dry-Kharif extent
Il Waterbodies-Reservoir/Tanks-Dry-Rabi extent
>3 [ Waterbodies-Reservoir/Tanks-Dry-Zaid extent
Il Waterbodies-Reservoir/Tanks-Perennial

I Waterbodies-River/Stream-Perennial

20 km

Map No. 2-24: Waterbody map of MMR
Source: MRSAC
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2421 Greater Mumbai

In the year 2012, Mumbai Metropolitan Region-
Environment Improvement Society (MMR EIS), had
entrusted M/s Adarkar Associates of Mumbai with
the task of inventorising and documenting all the
water bodies existing in Greater Mumbai. This is the
first time ever that such a comprehensive study of
environmental features has been undertaken. As per
the study, there are 107 water bodies in Greater
Mumbai (Annex4) and are classified in 4 categories
namely

small, medium, large and very large

depending on their size as seen in Figure No. 2-54.

Further, out of the 107 water bodies, only 10 water
bodies are mentioned in the Development Plan (DP) of
1991 as “tank” or ‘lake’. That

either means

In Greater Mumbai, there
are 6 very large water
bodies, followed by 15
large sized water bodies,
37 medium sized water
bodies and the highest
count of the small water
bodies i.e. 49.

approximately 97 water bodies existing on ground do not have any specific DP classification
to indicate their status as a water body. Some have classifications like RG (Recreational
Ground), PG (Play Ground), and so on. While some of the water bodies are on other
reservations. Hence it is strongly recommended to document all the existing water bodies in
the entire MMR and mention it in the DP under a specific category and sub category as

required.

S

————————
f————¥

S —————

No. oflakes in Greater Mumbai

B Small (less than1 acre)
%\1 6 M Medium (between 1to 3
B Large (between 3 to 6 acres)

Very Large (more than 6 acre)

acres)

Figure No. 2-54: Classification of lakes of Greater Mumbai

Source: Inventorisation of open spaces & water bodies in Greater Mumbai for MMR-EIS, 2012
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In Greater Mumbai, there are maximum small water bodies (49 nos.) followed by medium
water bodies (37 nos) and then large water bodies (15 nos.). Further, there are 6 very large
water bodies in the city. The detail of these water bodies is mentiond Table No. 2-31.

The observations of the comprehensive study conducted by M /s Adarkar Associates has
been presented in the following section

Table No. 2-31: General information about very large water bodies of Greater Mumbai

Sr. Name of the

No. water body Description Photograph
(area in acres)

1 Bandra Talao, | The water body also known as
Bandra- (743 | the lotus tank is a major
acres) landmark of Bandra. There was

no vegetation cover within the
catchment area, only a few
scattered trees within
surrounding zones. Rain water
and surrounding road water
enters into the lake. Based on the
visual assessment of the lake
carried out by M/s Adarkar
Associates, the water was found
to be mesotrophic in nature. Also
there existed issues such as
siltation,

eutrophication,  solid  waste
dumping and evaporation losses.

2 Lake- Pawan | The lake is located in the heart of
Hans, Juhu | the suburbs in
(52.97 acres) Juhu. Due to the proximity to the

sea, it has water throughout the
year. There was overall sparse
vegetation within the catchment

area and has no major feeder
channels. Rainwater and
surrounding surface water enters
the lake. Garbage dumping,
defecation, eutrophication,
sewage water discharge,
evaporation lossess, siltation,

heavy growth of aquatic weeds
and  concretization in  the
catchment were some of the
issues that existed in and around
the lake. Hence the lake water
was not visually very clean, as

per the assessment carried out by
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Sr.

Name of the
water body
(area in acres)

Description

Photograph

M/s Adarkar Associates.

Chandivali
Lake, Powai-
(8.67 acres)

The lake is situated very close to
the Powai lake at a height of 35 m
above MSL. It slopes towards the
south west side into a nallah
which ultimately drains into the
Mithi river. Water is retained
throughout the year. However,
no distict feeder channels were
seen during the visits conducted
by M/s Adarkar Associates.
Garbage dumping, encroachment,
eutrophication and algal growth
were few of the major issues. The
water was slightly greenish
brown and turbid in color.

Powai Lake,
Powai % -
(445.91 acres)

Powai Lake is an artificial lake,
situated in Mumbai, in the Powai
valley, where a Powai village
with a cluster of huts existed. The
city suburb called Powai shares
its name with the lake. The estate
where the lake is now located was
leased to Mr. Framaji Kavasiji,
then the vice-president of the
Agricultural and Horticultural
Society of Western India after
whom the lake was named when
it was built in 18915%. Earlier, the
lake used to supply drinking
water to the city of Mumbai, but
presently lake water has been
declared unfit to drink. Grow th of
water hyacinth indicates
eutrophication in the lake as seen
in the picture.

54 http://redgannet.blogspot.in/2012/03/mugger -at-powai-lake-mumbai-march-2012.html

55 http:/ /en.wikipedia.org /wiki/Powai Lake
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Name of the
water body

Sr.

(area in acres)

Description

Photograph

5 Vihar Lake,
Borivali-
(1195.73acres)

Vihar Lake is located near Vihar
village on the Mithi River within
the precincts of the Borivali
National Park, also called the
Sanjay Gandhi National Park, in
North Mumbai. It is hemmed
between the Tulsi Lake and the
Powai Lake. It is the largest fresh
water lake in Mumbai and the
Vihar reservoir was the first
piped water supply scheme of
Mumbai%. The lake was built in
1860 and the catchment area is
approximatel y18.96 sq.km.
Presently, it supplies 60 MLD of
water to South Mumbai.

6 Tulsi Lake,
Borivali-
(264.34 acres)

Tulsi Lake was built by damming
the River Tasso, and redirecting
the flow to the nearby Vihar Lake.
Rain water from the catchment
area of 676 hectares of Powai-
Kanheri hill ranges drains into
the lake. During the rainy season
the flood flows out into the Powai
Lake and further down into the
Mithi River. Tulsi Lake is a fresh
water lake in northern Mumbai
and is stated to be the second
largest lake in Mumbai % .
Presently, it supplies 15 MLD of
water to northern Mumbai.

Source: Inventorization of open spaces & water bodies in greater Mumbai by M/s. Adarkar

Associates

% http:/ /en.wikipedia.org /wiki/Vihar_Lake
57 http:/ /en.wikipedia.org/wiki/Tulsi_Lake
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Usage pattern of water bodies

It is observed that many water bodies in the city are
developed as recreational sites. Hence the maximum
usage of the water bodies is for recreational purpose as
seen in Figure No. 2-55. Further, a majority of water
bodies are in the gaothan areas like Manori, Gorai and
Uttan and are not within the vicinity of residential areas.
Hence the next dominating usage pattern is domestic.
Out of 107 water bodies; 19 were used majorly for
domestic purposes like washing clothes, utensils and
also for cattle. Given that water has a central place in the
practices and beliefs of many religions, in Greater
Mumbai, 18 water bodies are used for religious activities.

Further, there are around 16 water bodies belonging to
the Textile mills, which are mainly used for fire-fighting
when the mills are operational. The other important
usage of water bodies is for drinking purpose which
includes Tulsi and Vihar Lake and 4 reserviours of
MCGM. Followed by defecation (9 water bodies), fishing
(6 water bodies) and boating (5 water bodies). The
detailed list is tabulated in Annex-5.

In Greater Mumbai, the
water bodies are mainly used
for recreational, domestic
and religious activities
depending on their location.
6 water bodies are used for
drinking purpose as well.

In Greater Mumbai, 50% of
the water bodies are
accessible to public and the
remaining 50% of the water
bodies have restricted entry
or are accessible after
buying a ticket.

Usage ofthe water bodies
. 25 - 2 o
220 - 18
° 16 "
215 -
g 9
g 10 - . 6
° 5
o 5 1
=
0 |
g £ < 2 5 & &8 § @£
3 3 2 3 g
o .% [
2
Type of use

Figure No. 2-55: Usage pattern of lakes of Greater Mumbai

Source: Inventorisation of open spaces & water bodies in Greater Mumbai for MMR-EIS, 2012
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Accessibility to the water bodies

As seen in Figure No. 2-56, out of the 107 water
bodies, 53 water bodies (50%) are accessible to the
public, 49 have restricted entry, 4 are accessible after  In Greater Mumbai, 80%

buying a ticket, and 1 is not accessible to the public  of the water bodies have

at all. On an average 200 to 500 people visit these  jssues of algal bloom which
accessible water bodies daily and at select locations .. o1 ¢ the trophic state of

the footfall was observed by M/s Adarkar associates the water bodies as either

mesotrophic or eutrophic.

tobe in the range of 1000 to 2500 people per day.

Further, the Ganga Bawdi, near Madh Island is the

only water body which was not accessible during
the survey carried out by M/s Adarkar associates.

As the name suggests it is a large reservoir and not a lake/pond which is located very close
to the Harba Devi Talao, and was surrounded by slums all around. It is bounded by a
compound wall on all sides and hence not easily accessible to the outside public.

Accessibility to the water bodies
60 -
53
49

50 -
3
5 40 -
o
-
£ 30 -
=
o
o 20
=

10 - 4

1
0 |
Accessible Accessible (Ticket Restricted entry Not accessible
required)
ccessibility status

Figure No. 2-56: Accessibility to the water bodies

Source: Inventorisation of open spaces & water bodies in Greater Mumbai for MMR-EIS, 2012
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Visual status of the water bodies

As seen in Figure No. 2-57, out of 107 water bodies, 58 have mesotrophic water condition, 28
have eutrophicated condition and 6 are oligotrophic in nature. The trophic state of the water
body is explained in box no. 2% and the observations of the visual status as reported by M/s
Adarkar Associates are tabulated in Annex-6. The study did not include water quality
analysis of these water bodies, hence not included in this report.

Trophic status of Lakes in MMR

No. of lakes

Mesotrophic Eutrophic Oligotrophic Not known/applicable
Trophic status

Figure No. 2-57: Trophic status of lakes in MMR

Source: Inventorisation of open spaces & water bodies in Greater Mumbai for MMR-EIS, 2012

% http:/ /rmbel.info /lake-trophic-states-2/
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Box no: 2 Trophic state of a lake

Trophic states (mesotrophic, eutrophic and oligotrophic) are based on lake fertility. The root
“trophy” means nutrients; therefore, lakes are classified based on the amount of available
nutrients (Phosphorus and Nitrogen) for organisms. More fertile lakes have more nutrients
and therefore more plants and algae. In the newly formed lakes, the edges and bottom are
exposed rock, which doesn’t erode very quickly, meaning there are not many nutrients
available. As a lake ages, sediment from the watershed is washed in, filling in the bottom of
the lake. This sediment is rich in nutrients, and therefore also increases the fertility of the
lake.

little nutrients (Phosphorus and Nitrogen). In oligotrophic
lakes, oxygen is found at high levels throughout the water | ) £
column. In addition, low algal concentration allows deeper
light penetration and less decomposition. When algae, , 7,
zooplankton and fish die, they sink to the bottom and are rock sheets
decomposed by  microbes and  invertebrates.  This |
decomposition process uses up oxygen. Since oligotrophic
lakes are less fertile and have less algae and other organisms,
there is less decomposition and the oxygen doesn’t get used

up.

“Oligo” means very little; therefore, oligotrophic means very % OLIGOTROPHIC LAKE %‘

cTear blue water

100-

Depth in fest

Meso” means middle or mid; therefore, mesotrophic

means a medium amount of nutrients. Mesotrophic

% WESQTROPHIC LAKE .| lakes behave differently than oligotrophic lakes in that
deciduous 23

A they stratify, meaning they separate into layers in the
CFm©CS A K / YA summerhttp:/frmbel.info/stratification-and-mixing/.

I U {4
o\ : 7 The top layer of water becomes warm from the sun and

contains algae. Since the by-product of photosynthesis

-/ shallow | . . . .
= ~/ plants | is oxygen, oxygen concentration remains high at the
5% surface of the lake. The bottom layer remains cooler and
thermacline . . .

40- . can become anoxic in mid-summer. This change occurs
because as all the algae and other organisms die and are

i decomposed at the bottom of the lake, oxygen gets used
up. Since this bottom layer of water does not mix with

i the top layer of water in the summer, oxygen cannot be
o buidup replenished. The implications of anoxia are that no fish

or other organisms can live where there is no oxygen;
Depth in feet therefore, in Ilate summer, fish move shallower where
there is still oxygen available.
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“Eu” means true; therefore, eutrophic literally means
true nutrients or truly nutrient rich. Eutrophic lakes are
very fertile due to the nutrients carried into the lake
from the surrounding landscape. These nutrients
support high densities of algae, fish and other aquatic
organisms. Since eutrophic lakes have so much biomass,
there is a lot of decomposition occurring at the bottom.
This decomposition uses up oxygen, causing the bottom
of the lake to become anoxic in the summer. In very
shallow lakes, the whole lake can become anoxic, causing
a fish kill.

\_

EUTROPHIC LAKE
prairie

:‘“\‘,;,  shallow, murky water

buildup

100

Depth in feet

J

Common issues identified and recommendations
Residential area

Water bodies located in the vicinity of residential
areas had problems like garbage dumping, debris
dumping and sewage flow. Concretization of the
catchment area of the water body, minimal
vegetation and lost riparian zone are few other
identified issues.

Slum area

The main issues for the water bodies near the slums
were of excessive garbage dumping, sewage flow

The major issues identified

in and around the water
bodies are mainly

encroachment, dumping of
solid waste & construction

debris, embankment of
edges and deteriorating
water quality.

and of deterioration of edges due to encroaching on the water body itself.

Gaothan area/peri urban area/outskirt of the city

Water bodies in the gaothan areas are predominantly used for domestic purposes like
washing clothes, utensils and also cattle. Hence the deteriorating water quality is a major

area of concern.
To summarize, the major issues are as follows:

e Debris dumping
e Deteriorating water quality
e Embankment of edges
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e Encroachment
e Solid waste dumping
e Evaporation losses due to loss of green cover

In order to prioritize and categorize the lakes on the
basis of the threats as stated above, each of these
aspects was assigned a value based on its
understanding and analysis carried out during the
study by M/s Adarkar Associates. The values
assigned were 1, 2, or 3 depending upon the extent of
the particular threat to the water body. A score of 3
was given to a particular water body if the threat
observed was “alarming” or severe. Whereas if the
threat was currently of moderate intensity, but can
become severe if not attended to, a value of 2 was
assigned. Low intensity threat was given a value of 1.
The summation of all such values evolved one score
(out of 15) which decided the priority level for that
lake. Higher the total, higher should be the priority
given to that lake and lower the summation; the lower
it is on the priority level. Out of 107, 36 water bodies
need immediate attention of the respective ULBs and
MMRDA for its conservation and restoration (Annex
7) as per the grading.

2422 Restof MMR

As per the available secondary data, there are 324
water bodies in rest of MMR. 36 water bodies (24 lakes
and 12 holding ponds) in Navi Mumbai, 150 water
bodies in CIDCO area, 25 lakes in Thane, 9 lakes in
Kalyan Dombivali, 90 lakes in Vasai Virar, 8 in Panvel
and 3 lakes each in Bhiwandi Nizampur and Mira
Bhayander®.

Navi Mumbai

As per the ESR 2011-12, in Navi Mumbai Municipal
Corporation (NMMC) limit, there are 24 lakes and 12
holding ponds as shown in Table No. 2-32 and Table
No. 2-33. These 24 lakes cover an area of 2, 23,661 sq
m, which is approximately 0.13% of the total land use
pattern in NMMC limits.

%9 ESR and CSP
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As per the secondary data
available, there are 324
water bodies within the
jurisdiction of various
ULBSs. This number may
increase upon having a
detailed inventorisation of
waterbodies for rural and

periurban areas of MMR.
|

In Navi Mumbai, there are
24 lakes and 12 holding
ponds. These water bodies
are regularly monitored by
NMMC. The water quality
assessment for the year
2011-12 revealed that the
pH and DO were within
the permissible limit.
However the BOD at
maximum water sampling
locations was higher than
the standards (in the range
of 13 to 316). The possible
reason for the exceedance
may be organic and

religious waste disposal.
|
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Table No. 2-32: Lakes in Navi Mumbai

Sr. No Lakes Area (Sq.mts)
1 Gothivali Khdan 32635
2 Karave 23506
3 Belapur 17905
4 KhokadDighi 17842
5 Khairane 13870
6 Shirvane 13686
7 Agroli 12693
8 Ghansoli Talvpali 11590
9 Vashigaon 10620
10 Kopari 10000
11 Nerul 9894
12 Turbhe 8482
13 Rable 7823
14 Savligaon 6060
15 Darave 5724
16 Airoli 3988
17 Gunali,Ghansolj 3596
18 Killa 2650
19 Sanpada 2500
20 Koparkhaime 2231
21 Diva 2042
22 BorolDigha 1500
23 Juhugaon 1486
24 Mahape 1338

Table No. 2-33: Holding ponds in Navi Mumbai

Sr. Holding ponds Location Area (Sq.mts)
No
1 Vashi- Sanpada Behind Rly. Station 77
2 Vashi Sector-11&12 24
3 Sanpada Sector-18, 19&20 22
4 Airoli Sector-18 16
5 Vashi Sector-10A 15
6 Airoli Sector-19 14
7 | Belapur Sector-15A 13.85
8 Bonkode Sector-14 9
9 Belapur Sector-12 8.5
10 | Koper Khairane Sector-19 3.2
11 | Vashi Sector-8 2.3
12 | Vashi Sector-30 1.93
Source: NMMC ESR 2011-12
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Lake water quality assessment

NMMC takes regular samples of lake water and compares it with the drinking water
standards. In the year 2011-12, it was found that quality of water in these lakes was
improved due the initiatives taken by the municipal corporation especially the Lake vision
project. The results of the water quality assessment are presented below in table:
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Holding pond water quality assessment

The pH readings for the holding ponds were within the permissible limit of MPCB,
however DO value at Belapur and the BOD value at all the locations exceeded the
permissible-limits.

Vashi BehlInd Railway Statlon I""""I Desirablelimit-3
Vashi BehInd Railway Statlon """"” 49

vashi sector 30 [ITHITTHIINIINE
vosn secor1 12 IIIITHITINNNONOY vasni sectorso - [||{IHNFNFNNNIENIENNANR2 8
Vashi Sector 10A -IIIIIIIIIIIIIIII\ Vashi Sector 11& 12 | |Nil
vashi secor s ||| {I11111]
Nerutpaimgeach (I[NNI
Belapur Sector 12 -||||||||||||||

Vashi Sector 10A I""""""I 6.4

Vashi Sector8 || Nil

i i i ' Nerul Palm Beach
6 65 7 75 8 85 9 erutpeimeeach I 3.8
i Belapur Sector 12 0.9
¥ :g T T T T T T T 1
€ . Q 0246 8101214
3 pH value of Holding pond: g
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© €
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(] o
a

DO (mg/l1) value of lakes/ponds
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Figure No. 2-59: pH, DO and BOD value of
Vashi Sector 30 I """"""""" 163 holding ponds in Navi Mumbai
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Common issues identified

* Idol immersions during festivals.
*  Washing of clothes in lake water.
* Presence of invasive species of plants like Water Hyacinth and Ipomoea.

» Disposal of organic waste in the lake by local residents and visitors.
+ Disposal of medicinal waste in lake water.

Picture No. 2-16: Common issues associated with lakes and ponds

Photo credit: TERI

Initiatives taken by the corporation

Out of 24, 18 water bodies were restored and renovated under the lake vision project of
NMMC.

e et 2 -

Picture No. 2-17: Impact of Lake Vision project in NMMC
Photo credit: NMMC

City and Industrial Development Corporation of Maharashtra (CIDCO) area

In City and Industrial Development Corporation of Maharashtra Ltd (CIDCO) area, there
are more than 150 water bodies. However there are no research studies which prove the
same. Hence it is recommended to conduct a comprehensive study about to document the
existing water resources of the region.
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Thane

As per the Environmental Status Report (ESR) 2010-11, in thane there are 25 lakes as tabulated in
Table No. 2-34. Most of the lakes are rain fed & are not used for supplying drinking water to the city.
However they have significant ecological & economic features. Many of the lakes are not only major
revenue generators for the city fisherman but also the hub of economic activity, providing an indirect
source of livelihood for many citizens.

Table No. 2-34: Lakes in Thane

Sr. | Name of the lake | Sr. Name of the lake Sr. Name of the lake
No. No. No.
1 Jail 10 | Owla 19 Kasar wad vali
2 Rewale 11 | Masunda 20 Rayaladevi
3 Makhmali 12 | Brahmala 21 Kglshet
4 Diva 13 | Upvan 22 Khidakali
5 Dativali 14 | Kachrali 23 Kharegaon
6 Shil 15 | Kausa 24 Ambeghosale
7 | Phadakepada 16 | Kolbad 25 Gokulnagar
8 Desai 17 | Shiddheshvar
9 Shivajinagar 18 | Hariyali

Source: TMC ESR 2010-11

Lake water quality assessment

The pH and ammonical nitrogen values were well with the desirable limits of MPCB. But the
BOD at 14 locations and DO at Diva monitoring station exceeded the permissible limits. The
possible reason for the exceedance may be disposal of organic waste and release of
untreated sewage. (Only 20% of sewage generated is treated & released in the creek.)
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Water
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Figure No. 2-60: pH, DO, BOD, Ammonical N> value of lakes in Thane

Source: TMC ESR 2010-11
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Common issues identified

Eutrophication causing Foul smell/odour etc
making the water quality unfit for drinking,
bathing, washing or even recreational activity.
Excessive growth of weeds & hyacinths

Siltation & sedimentation

Breeding of mosquitoes

The other major problem is the decline in the carrying
capacity and the receding lake area due to heavy siltation

& sedimentation resulting in one meter effective depth

difference in some cases.

Initiatives taken by the corporation®

Revival of Kacharali Lake in the year 2000, under
the lake conservation programme.

9 lakes sanctioned for conservation under the
National Lake Conservation Plan (NLCP), IX year
plan, in December, 2002.

10 more lakes for conservation in the year 2004
under TMC initiative.

In Thane, there are 25
lakes, which are regularly
monitored by TMC. Given
that only 20% of the
sewage generated in the
city is treated and the rest
is allowed to be released in
the nallhas after giving a
primary treatment with
the help of septic tanks.
This practise has affected
the lake water quality,
which is evident by the
observed BOD values
ranging between 10.2 to
35.8 mg/l.

Bioremediation of Ambeghosale Lake with support from MMR Environment

Improvement Society.

Kalyan Dombivali

As seen in Table No. 2-35, there are 9 lakes which accounts to 1.63% of the total land use
pattemn in Kalyan Dombivali region. KDMC monitors lake water quality; however the
details are not published in their annual ESR. Therefore, TERI had conducted site visits to
two of the major water bodies of the city to understand their status as of date.

Table No. 2-35: Lakes in Kalyan Dombivali

Sr. Lakes Location Area (sq.mts)
No.
Kala talav lake Kalyan 96757
Umbarde lake On Bhiwandi Murbad Kalyan 29915
Byepass road, Village
Umbarde, Kalyan.
3 Gauripada Lake Behind birla college, Milin 22915
nagar road, Gauripada,
Kalyan.

60 Source: http://www.pib.nic.in /newsite /erelease.aspx?relid=16404

Sengupta, M. and Dalwani, R. (2008) Proceedings of Taal2007: The 12th World Lake Conference: 1628-1634
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Sr. Lakes Location Area (sq.mts)
No.
4 Rahatale lake Near Bhiwandi Murbad 16683

Kalyan bypass road,
Wadeghar village, Kalyan.

5 Sapad lake Near  Bhiwandi  Murbad 12415
Kalyan bypass road, Sapad
village, Kalyan.

6 Adharwadi Lake Near  Bhiwandi  Murbad 10165
Kalyan bypass road,
Adharwadi Jail, Kalyan.
7 Bhatale lake Near Durgadi fort, Reti 9325
Bunder Road, Kalyan.
Chole lake Village chole, Dombivali 3230
Titwala lake Near Siddhivinayak Mandir, ND

Titwala, Kalyan.

Source: KDMC ESR 2011-12

Site visit conducted by TERI within Kalyan Dombivali Municipal Corporation

Kala talav lake, Kalyan:

Kala talav admeasures approximately 23.91 acres. It
is the largest water body in the city. The periphery of
the lake has been concretized. No solid waste or
sewage waste was seen around the lake during the
visit, hence visually it appreared clean. Further, the
lake is used for recreational purposes by joggers,
students and senior citizens. Lake's authority under
KDMC garden department operates the paddle
boating service. Hence, overall the lake was well

maintained. IPicture No. 2-18 Kala talav lake

Photo credit: TERI

Gauripada Lake, Kalyan:

The lake is the third largest lake in the city measuring approximately 5.66 acres. Along the
periphery of the lake was a Hindu temple. Hence it was highly polluted due to religious
activities; sewage and open solid waste dumping. A lot of debris and floating material was
seen in the lake during the visit.
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Picture No. 2-19: Gauripada lake with a temple at its bank.

Photo credit: TERI

Common issues identified

*  Unplanned development around the lakes and use of lake water for non-domestic
application like washing.
* Eutrophication and rampant growth of water hyacinth.

Initiatives taken by the corporation

Lake system has been analysed and a proposal for conservation & beautification of the lakes
has been prepared by the corporation.

C__________________
Bhiwandi Nizampur®

In BNMC, there are 3
lakes and the common
issues identified are

mushrooming of slums and
Varhala Lake: It is a major water body in thecity; it Jisturbance/concretization

spans approximately 50 hectares, with an average of the catchment area
depth of 3.25 meters. This lake fills up with Initiatives have been

rainwater and has no natural springs. Further, the undertaken by BNMC to

improve the overall lake
water quality.

In Bhiwandi Nizampur, there are 3 lakes namely
Varhala, Bhadwad & Narpoli Lake.

lake has been put to various uses like washing,
bathing, recreational facilities, idol immersion & as
a supplementary source of water supply. The lake
is monitored by BNMC for its water quality since 2
MLD of water is drawn from the lake for municipal

supply.

61 BNMC ESR 2011-12
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+ Issues identified: Unplanned development, mushrooming of slums, and rampant

quarrying of the lake catchment.

+ Initiatives taken by corporation: Comprehensive study was conducted. With the

assistance from Ministry of Environment and Forest (MoEF), Gol, under NLCP,
bioremediation has been taken place. Physical removal of water hyacinth & dredging
for removal of silt & other sediment has also been carried out. A 1200 meters long
canal has been constructed to gather and enable clean rainwater to flow into the lake.

Bhadwad & Narpoli Lake: Both these lakes are located at a strategic location, hence been

converted into a recreational area.

+ Issuesidentified: Water quality of both the lakes is quite poor.

+ Initiatives taken by corporation: The locations of both these places make them

attractive recreational areas. Hence remediation of both these lakes has been taken

up. INR 2.5 cr has been spent on bioremediation and now there is improvement in

the lake water quality.

Vasai Virar

As per the 2011-12 ESR, it was observed that there are
90 lakes in Vasai- Virar region, which was the highest
among all the municipal corporations in MMR.
However no further information about them was
available in the ESR report. Therefore TERI decided to
conduct few site visits to these locations, to understand
this phenomenon. The list of lakes which were visited
was as follows.

Netaji Lake, Juchandra, Vasai

Pelhar Lake and Dam, Virar

Shirgaon Lake, Virar

Nirmal Lake, Vasai

Chakreshwar Lake, Nalasopara

Wagholi Lakes (2), Nalasopara

SN S i

Netaji Lake is situated in Wakipada village in

In VVMUC, there are 90
water bodies. However no
further information was
published in the latest
ESR. Since, VVCM had
the highest number of
water bodies as compared
to other ULBs, TERI
decided to conduct ground
truthing for few of these
locations.

Juchandra. It was a very beautiful lake with no inhabitants around the water front as seen in

Picture No. 2-22. Hence the lake is visibly clean. Several birds were also identified near the

lake. Communities were witnessed at a distance of approximately 50 meters from the lake.
The communities used the lake water for domestic as well as drinking purpose.
Additionally, the lake also recharged the nearby underground aquifers. Water tankers from

the village as well as nearby areas drew water from borewell (Picture No. 2-20) to supply

water to construction sites. There is no regulatory mechanism to monitor the amount of

water drawn from these borewell. Further, there is an overhead water tank located near the

lake; however no filtration system was observed (Picture No. 2-23). The lake was

administered by Minor Irrigation Department, Vasai Sub Division, Thane District.
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Picture No. 2-20: Tanker refilling water
from the borewell

Photo credit: TERI

Picture No. 2-22: Netaji Lake
Picture No. 2-21: Overhead water tank near

Netaji Lake

Pelhar Lake is one of the major lakes in this area and a dam was constructed on it to supply
water to the region as seen in Picture No. 2-24 . This was a major source of water for the
region, before the formation of Vasai Virar Municipal Corporation. Recently, when the
corporation was formed, Surya dam was one of the major sources of water for this region.
The dam was accessible and water looked visibly clean with no pollution immediately
around the lake. According to the manning officers near the dam, a flocculent was added to
the water near the dam’s first outlet and then filtered in a water tank near the dam using
alum (Picture No. 2-24). The water in the dam was visibly clean with no pollution or waste
thrown in the lake.



Water Resources

Picture No. 2-23: Overhead water filtration Picture No. 2-24: Pelhar Lake and dam

tank Photo credit: TERI

Photo credit: TERI

Shirgaon Lake is located in Virar region close to the National Highway 8. It is also another
beautiful lake with serene surroundings and no visible pollution observed (Picture No.
2-26). Similar to Netaji Lake, no inhabitants are observed near the waterfront. Some
arrangements are made in one section of lake indicating fishing activity carried out as seen

in Picture No. 2-25. The water is only used for domestic purpose by nearby villagers.

Picture No. 2-25: : Shirgaon Lake Picture No. 2-26: Arrangements for fishing in

Photo credit: TERI Shirgaon Lake

Photo credit: TERI

Nirmal Lake was one of the biggest lakes in Vasai Nalasopara region. It is also one of the
most polluted lakes in the entire region. A large part of the lake is eutrophicated and laden
with water hyacinth as seen in Picture No. 2-27. A road divides the lake into two, thus
indicating changes in the physiology of the lake in the past. The lake was used by the locals
for washing clothes as seen in Picture No. 2-28. No filtration systems or cleaning of the lake
was observed.

“’9 Aeri
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Picture No. 2-27 : Nirmal Lake

Photo credit: TERI

Other than these, Chakreshwar Lake (Picture No. 2-29) and lakes near Wagholi Naka
(Picture No. 2-29) and Wagholi Zilla Parishad (ZP) School in Nalasopara were also visited.
These were smaller than the above mentioned lakes. Chakreshwar Lake was located in an
urbanized area surrounded by buildings and used only for recreational purposes. Along the
lake, paved blocks have been placed and landscaping was done to enhance the beauty and
aesthetics of the lake. Residents of this region come to the lake for morning and evening
walk. The other lakes in Wagholi area were small lakes. One of it was located in the interiors
of the area and was alongside a main road and hence was conserved and visibly clean.
While the other one was highly polluted, with waste thrown by commuters as it was located

adjacent to the main road.

Picture No. 2-28: Lady washing clothes in the
lake and the garbage strewn outside the lake

Photo credit: TERI

Pl
e

icture No. 2-29: Chakreshwar Lake

hoto credit: TERI

Picture No. 2-30: Lake near Wagholi Naka

hoto credit: TERI
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Picture No. 2-31: Lake near Wagholi ZP School
Photo credit: TERI

The conclusions that can be drawn from these site visits are:

e Lakes which are notified (Pelhar Lake) and with minimal human interference
(Netaji, Shirgaon and lake near Wagholi Naka) were well preserved.

e Also lakes (Chakreshwar Lake) which are developed for recreational purposes and
having arrangements for disposal of waste generated by the residents visiting the
lake, were well maintained and preserved.

e Lakes (Nirmal and lake near Wagholi ZP School) which were adjacent to the roads
were primarily used for dumping of waste by commuters. Hence very polluted.

Hence it can be inferred that visitors/ residents should be given limited access to such water
bodies. They are best preserved when they have minimum or restricted human interaction
and anthropogenic impacts.

O
Mira Bhayander

As per the City Sanitation Plan, 2012, in MBMC there In MBMC, there are 3
are3 major lakes namely: lakes and the common

*  Murdha Ram Mandir Lake 1Ssues lden'flfled are

«  Uttan Moh Lake mushrooming of. slums and
rampant quarrying of the
catchment area. Initiatives

* Raani Ram Mandir lake

The lakes have been put to various uses like have been undertaken by
washing, bathing, recreational facilities, idol MBMC to mprove the
immersion & as a supplementary source of water overall lake water quality.
supply.

Common issues identified: Unplanned

development, mushrooming of slums, rampant
quarrying of the lake catchment. Deteriorating water quality of Murdha Ram Mandir &
Uttan Moh Lake.
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Initiatives taken by corporation: Comprehensive study was conducted to assess the

current status of the lake in terms of its quality, morphometric, hydrology, biodiversity &
land use pattern. Since the lakes are attractive recreational areas, bioremediation has been
carried out.

An estimate of INR 5 crores was calculated for beautification and protection of the lakes. The
investment plan as mentioned in the CSP, says that funds could be procured from
Government of Maharashtra (0.4 cr every year) as well as Government of India (0.5 cr every
year) to the tune of 4.5 crores over a period of 5 years. Similarly, MBMC shall make a
provision of 0.5 crores over a period of 5 years for the cause.

Panvel L

In Panvel, there are 8 lakes as shown in Table No.

2-36: . These lakes formed important public open In PMC, there are 8 water
spaces, where unregulated development made open  bodies. However, very
spaces scarce. Panvel in particular may be considered little information is

a temple town, given its flourishing temples (and available on the status of

other religious places) and their proximity to water these lakes and their water
bodies. Wadale Talav, the largest in Panvel, is home to qua]ity. Further, CIDCO

about 100 species of birds. & TERI has developed the
Khandeshwar Lake as a
Table No. 2-36: Lakes in Panvel sustainable model for
Sr. Name of the lake wetland preservation &
No revenue generation. This
1 | Wadale model has potential for
2 | Krishnale replication at different
3 | Devale locations across the region.
4 Lendale
5 Israel |
6 Dundale
7 Khandeshwar
8 Dhakta Khanda

The information on Wadale and Dhakta Khanda was not available. Hence it is not mentioned below.

Krishnale Lake¢ is roughly a semi-circular lake in the commercial heart of Panvel,
surrounded by vehicular streets on all sides. It is seen in association with Krishneshwar

Mahadev Mandir, a temple in Peshwahi style built by the influential family of the Bapats,
with a huge Banyan tree just outside the temple. The poet saint Tukaram is said to have sold
chillies near the tree. From its northern edge, it affords a view of the hills beyond. It is
approached from the temples side with steps leading to the water. The lake is in a poor state

62 The Urban Talav - a catalyst for public participation: Strategies for conserving man-made water bodies in Navi

Mumbai by Smita Dalvi and Mustansir Dalvi
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of preservation. Further, the future projections in the developemental plan failed to realize
the potential of the Talav as a recreational and visual focus.

Picture No. 2-32: Krushnale Lake in Panvel

Devale Lake forms an impressive foreground to the Karamali Shah Dargah, one of the
oldest monuments in Panvel. Together they form an important landmark in the heart of the
town, facing the municipal council building. The condition of this lake is relatively much
better with water fairly clean. However, activities like washing of clothes on the steps
hamper the overall condition. The periphery of the lake is maintained clean. Also, the bund
wall though is in good condition, but is incongruous in design.

Picture No. 2-33: Devale Lake in Panvel

Lendale Lake® situated in the heart of Patel Mohalla, this rectangular Talav together with
the ancient Jami Mosque forms a local landmark of the Mohalla (area). It is located close to
the Gadhi River. The quality of lake water was poor and was largely covered with harmful

63 & 52 The Urban Talav - a catalyst for public participation: Strategies for conserving man-made water bodies in
Navi Mumbai by Smita Dalvi and Mustansir Dalvi
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plants and floating garbage. Even though, it is ideally located in the area, where it can
become a cultural and recreational focus, the potential remains unrealized.

Picture No. 2-34: Lendale lake in Panvel

Israel Lakessis a manmade lake, rectangular in shape, not having any specific bund wall.
The lake when constructed was not intended to be an integral part of any religious structure.
It was little later that it got symbolically linked to the Jewish community of Panvel when
Sheth Karamshi Hansraj donated a piece of adjoining land to that community for their burial
ground. The water quality of the lake is extremely poor and needs immediate attention of
the municipality and the community.

Al

Picture No. 2-35: Israel Lake in Panvel

Khandeshwar Lake¢ derives its name from the Khandeshwar Mahadeo Temple situated on
its bank. This 125-year old temple, said to be built in 1884-85, attracts large numbers of
devotees throughout the year. The site, including the lake, the nursery, the temple and the

8 The Urban Talav - a catalyst for public participation: Strategies for conserving man-made water bodies in Navi
Mumbai by Smita Dalvi and Mustansir Dalvi
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CIDCO Guest House, covers a total area of 4.2 hectares, and is very conveniently located
along the Mumbai-Pune Highway (NH 4). The major threats to the lake included:

* Idol immersions during festivals

*  Washing of clothes in lake water

* Presence of invasive exotic species of plants like Water Hyacinth and Ipomoea

+ Disposal of organic waste from the temple

* Indiscriminate disposal of waste by local residents and visitors

Khandeshwar Lake: TERI had conceptualized the theme of a sustainable revenue generation
model for the lake preservation and executed the project in collaboration with CIDCO. The
salient features of consultancy included site survey, providing conceptual and working
drawings, landscape designs, layout for services, BOQ (Bill of Quantities), site supervision,
coordination with contractor and implementing agency. Even after 4 years of handing over
of the project site to the government, the lake and the sustainable complex are very well
maintained. The renovated complex is now ranked among the top three landmarks of Navi-
Mumbai®’.

Picture No. 2-36: Khandeshwar Lake in Panvel

2.4.2.3 Summary of recommendations for Lakes in Greater Mumbai

Overall it can be concluded that the lakes and water bodies are in bad state and in varying
degrees of environmental degradation. The bad state of the water bodies may be because the
citizens have an easy access to water as a commodity that is supplied by the Urban Local
Bodies (ULBs) and also they are unaware about the significance of these lakes. Hence it is
important to create awareness & encouragement among the citizens for conservation and
sustainable utilization of water bodies. Further, strict implementation of prevailing

67 http:/ /m.mumbaimirror.com /index.aspx?Page=article&sectname=CITY %20-
%20Briefs&sectid=35&contentid=2011111120111111120430659853b834a
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policies/laws to protect lakes and water bodies should be practiced to retain the existing
land use pattern and to avoid encroachment of the water bodies. In addition, it is
recommended to conduct an inventory of existing water bodies in MMR since this
information is not available at the regional level.

Recommendation 1: Demarcating all the water bodies on the Development Plan
(DP).

In the DP of 1991, out of 107 water bodies of Greater Mumbai, only 10 water bodies have
been marked as “Tanks’ or as ‘Lakes’. Therefore, it is utmost important to mark all the water

bodies on the DP and reserved only as ‘Water bodies’. This will ensure that they are
protected and the land use pattern is not changed in the future.

Recommendation 2: Stringent regulations must be formulated to have sustainable
developmentin the vicinity of the water body like

a. Minimum 8-10 meters around the water body should be declared as a no
development zone.

b. Riparian zone along the water body should be created. In the case where it is
present, measures should be taken to protect it.

c. Since the catchment area around the existing water bodies have been
disturbed to a large extent, at least limitation on the impervious surface/hard
surfaces should be in place.

d. Concretization of the edges of the water body should be completely avoided.

e. The feeder channels of the water body should be well maintained to ensure
supply of water to the water body.

Recommendation 3: Water bodies within the mill or industrial compounds should be
acquired by MCGM and handed over to the relevant department for its restoration
and maintenance.

Recommendation 4: Water bodies within gaothan area should have alternate
arrangements for washing of clothes and cattle as shown in Picture No. 2-37.

206 m
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Picture No. 2-37: Water body having an alternate arrangement for
washing of clothes. (Initiative of NMMC)

Recommendation 5: Water bodies, where idol immersion practises are followed,
Municipal Corporation can build an artificial tank near the main water body or
construct a baffle wall as seen in Picture No. 2-38 .

Picture No. 2-38: Idol immersion in artificial lakes (Initiative of TMC)

Recommendation 6: Regular cleaning of the water bodies should be carried out.

Recommendation 7: Root zone treatment plant should be proposed where religious
activities are associated with the water bodies.

Recommendation 8: The water quality analysis should also be carried out periodically
as per the standard procedure of operation and necessary remedial actions should be
taken to overcome the quality issue.

Recommendation 9: Awareness programmes/campaigns should be conducted to
sensitize the stakeholders.
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2.4.3 Reservoirs/dammed reservoirs

-
2.4.3.1 General information & status
A reservoir is a natural or artificial lake, storage pond or In MMR, there are 22
impoundment from a dam which is used to store water. dammed reservoirs, out of
Reservoirs may be created in river valleys by the which 6 are used for water
construction of a dam or may be built by excavation in supply and 14 for
the ground or by conventional construction techniques irrigation purpose.
such as brickwork or cast concrete. The term reservoir
may also be used to describe naturally occurring e —

underground reservoirs such as water well.¢8

In MMR jurisdiction, there are 22 dammed reservoirs. Konkan Irrigation Development
Corporation (KIDC) is responsible for survey, planning, design, construction and
management of some major, medium and minor irrigation projects in Konkan Region. The
detailed listing of dams is presented inTable No. 2-37 .

Table No. 2-37: Details of the dams of MMR

NAME oF Dam BHATSA BARVI HETWANE KaLu
Nearest city Shahapur Ulhasnagar Pen Parner
District Thane Thane Raigad Ahmadnagar
River Name Bhatsa and choma Barvi Bhogeshwari Kalu
Basin West flowing rivers Tapi to Tadri Godavari
Type of Dam Earthen Earthen Earthen Earthen +Masonry
Purpose of Dam Irrigation,Hydroelectr Drinking Irrigation,Drinking Irrigation

ic,Drinking /Water Water Supply and

Supply Hydroelectricity

Year of Completion 1983 1978 2000 -
Catchment Area (Th 38.8 16.6 7.045 18.884
ha)
Length of Dam (m) 969 746 675 2350
Max Height above 88.5 48.78 52.2 40.08
foundation (m)
Max water Level(m) 143.59 68.6 90 669
Full Reservoir 142.07 65.9 86.1 667.4
Level(m)
Min Draw Down 792 41.15 51.05 -
Level (MDDL)(m)
Gross storage 976.1 178.58 147.49 14.858
Capacity (MCM)
Live storage Capacity 942.1 176.94 144.98 11.75
(MCM)

Source: http:/lindia-wris.nrsc.gov.in

68 http:/ /en.wikipedia.org /wiki/Reservoir

69 http://india-wris.nrsc.gov.in
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Name of Dam Dolkhamb Chotta Velholi Jamdhurde Bhoj Ransai Usgaon Jambhe
Morbe

Nearest city Shahapur Panvel Shahapur Murbad Ulasnagar Uran Bhiband Shahapur

District Thane Raygad Thane Thane Thane Raygad Thane Thane

River Name Local Nallah Ulhas Vidhane Nalla Local Nallah

Basin West flowing rivers Tapi to Tadri

Type of Dam Earthen Masonry Earthen Earthen Earthen Earthen Earthen Masonry

Purpose of Dam Irrigation irrigation Irrigation Irrigation Irrigation Drinking /water Irrigation Irrigation

Supply

Year of Completion 1972 1975 1978 1984 1932 1970 1977 1972

Catchment Area (Th ha) - - - - - 1.502 - -

Length of Dam (m) 270 276 319 400 419 292 634 306

Maximum Height above 20.3 224 24.53 25 22.25 2591 19.57 17.07

foundation (m)

Max water Level(m) - - - - - 37.2 - -

Full Reservoir Level(m) - - - - - 34 - -

Minimum Draw Down - - - - - - - -

Level (MDDL)(m)

Gross storage Capacity 4.09 3.6 3.25 3.06 2.52 10 5.16 518

MCM)

Live storage Capacity 3.8 3.12 3 3 2.3 8.55

MCM)
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Name of Dam Kharade Adivali Murbadi Morbe Pelhar Manivali

Nearest city Shahapur Shahapur Murbadi Khalapur Vasai Murbad

District Thane Raigad Thane

River Name Local Nallah Murbadi Dhavari Tr. Of Amba Local Nallah

Basin West flowing rivers Tapi to Tadri

Type of Dam Earthen Earthen Earthen + Masonry Masonry Earthen Earthen

Purpose of Dam Irrigation Irrigation Drinking /water Supply Drinking/water Irrigation Irrigation
Supply

Year of Completion 1985 1980 1982 2006 1975 1980

Catchment Area (Th ha) - - 1.592 - - -

Length of Dam (m) 303 386 650 3420 7.1 643

Maximum Height above 23.77 25.52 17.5 59.1 26 18.4

foundation (m)

Maximum water Level(m) - - - - - -

Full Reservoir Level (m) - - - - - -

Minimum Draw Down - - - - - -

Level (MDDL)(m)

Gross storage Capacity 232 222 1.6 19.089 - 481

MCM)

Live storage Capacity 2.3 2 1.1 0.16001 - 4.7

MCM)

Data for Wanjale, Thakurwadi, Jambhivali and Owe dam was not available. Hence it is not presented in the report.

Source: http://india-wris.nrsc.gov.in
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2.4.3.2 Current issue & recommendations

Dams under construction and proposed for Mumbai
Metropolitan Region are set to displace more than 30000
tribals and submerge more than 14000 hectares of
primarily tribal land, including 6062 hectares forest land
in global biodiversity hotspot of Western Ghats?.

* Around 3,800 acres covering 11 villages and 4,000
families will be affected because of the Balganga
dam in Pen. Land acquisition is going on, but so

The under construction or
proposed dams would
displace more than 30000

tribals and submerge more

far there is no rehabilitation package," said

Surekha Dalvi of the Shramik Kranti Sanghtana, a

local NGO fighting on behalf of the affected

villages.

than 14000 hectares of
land, including 6062
hectares of forest land.

Projects planned and Under construction: Dams around Mumbai

MName of District

the Dam
Kalu

Shai

Middle
Vaitarna
Balganga

Gargai
Pinjal
Barvi

Susari

Lendi/Kha
rgihill
Kondhane
Poshir

Shilar
Gadgadi

Total

Thane

Thane

Thane

Raigad

Thane
Thane
Thane

Thane,
Dahanu

Thane

Raigad

Live Storage
Capacity (MCM)

407 99

348

172

127.76

180
425
3535.84

67.7

420

191

2678.29

Total Submergence
Area (ha)

2100

3040

3473

1240

200
1900
444203

971

1558

400

14929.03

Forest Area
(ha)
999

494 (43000 trees to be cut)

760 [Owver one lakh trees cut)

265

765
1188
513 66 [ only for the current stage)

144

734

200

6062.66

Source: Praineeta Dandekar, South Asia Network on Dams, Rivers and People

Population Affected

3169

5124

Eight villages (minimum
1600 people)

8000

5825

13 Adivasi Padas of 3
villages (minimum
affected population:
S000
10 villages 1484 peaple

2000

32202

* In case of dams like Kalu, Balganga and Kondhane, work on the dams already
started even before a formal Forest Clearance (FC) is in place.

* Balganga Dam (Forest submergence 360 hectares) is 90% complete without host of
permissions in place, including FC. (Apart from several other illegalities)

* Gargai Dam will submerge 765 hectares of forest land inside Tansa wildlife

sanctuary.

* Middle Vaitarna has already submerged parts of the sanctuary.

70 Praineeta Dandekar, South Asia Network on Dams, Rivers and People
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Hence, there is an urgent need for a detailed study on the subject, to conserve the remaining
forests and tribal communities in Western Ghats of Maharashtra.

2.4.4 Coastal and marine ecosystem in MMR

MMR has a coastline of 256km, on which 160 thousand people (fishing community) are
completely depended for their livelihood. MMR has a large number of coastal and marine
ecosystems representing different habitats such as estuaries, salt marshes, bays, creeks,
sandy beaches, mud flats, marshes and mangrove forests that support a rich biodiversity.
The shoreline is thus dominated by rocky coastal habitats between the high and low tide
limits and estuarine habitats along the estuaries. Coral reefs and sea grasses are completely
absent. Mangroves have been an integral part of the landscape of Mumbai since its inception. The
halophytic trees and shrubs are mainly confined to areas around Thane Creek.”” The salt pans which
derive water from the coastline, contributes to more than 98% of the salt production of the
state of Maharashtra.

Parts of the coastal zone of MMR have also become increasingly susceptible to human
induced environmental stresses and economic damage by natural geophysical factors such
as erosion, siltation and coastal flooding. The waste generation and disposal pressures due
to domestic and industrial activities have further contributed to the deterioration of coastal
marine water quality and coastal fisheries. Although several attempts have been made by
local government to improve the coastal environment, this is hampered by uncontrolled
growth of population and economic activity of the region.

The main problems in MMR coastal region are land use pattern, residential and industrial
water supply and waste disposal, transportation-related air, soil and noise pollution, coastal
marine pollution, depletion of important coastal habitats like wetlands and mangroves. It is
necessary to assess the status of various sectors that are associated with these problems
before deciding appropriate strategies to address them through integrated coastal
management (IACM) measures.”

Despite the benefits offered by these ecosystems, they are highly vulnerable to reclamation,
urbanization, illegal dumping of waste and debris. Dumping sites at Mulund and
Kanjurmarg are located right in the mangrove belts and the aerated lagoons treating the
sewage at Ghatkopar and Bhandup are too located right in the mangrove areas.
Approximately, 40% of the region’s untreated sewage is discharged into the creeks, thus
deteriorating the creek water quality which is very much evident from the assessment of the
secondary creek water quality data (elaborated in the section below). Further, oil spillage
from freight movement and oil refineries is another major threat to these ecosystems.
Recently (November, 2013), it was reported that the oil spill off Mahul coast, destroyed 30
acres of mangroves. Thus, it becomes essential to conserve and protect these ecosystems for
the benefits they offer to nature as well as mankind.

24.4.1 Greater Mumbai

In Greater Mumbai, there are 46 coastal features like rocky outcrops, beaches, mangrove
stretch and developed coastal edges, as per an inventory prepared by HCP Design and

1 hitp://digilab2.let.uniromal.it/ojs/index.php/SECOA/article/download/140/129.

72 http:/ /www.academia.edu/6025934 /Integrated_coastal_management_of_Mumbai_metropolitan_region.
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Project Management Pvt. Ltd, Ahmedabad in February, 2012 for Mumbai Metropolitan
Region — Environment Improvement Society (MMR-EIS)3. These above mentioned coastal
features have been created due to the action of sea waves over a period of time.

Greater Mumbai has about 128 Km of coastline which is indented with large and small
creeks. The long coastline is intersected at two points by creeks viz Manori, Malad and has
two bays viz Mahim and Back Bay. So to identify the various coastline features, the entire
coastal stretch from Gorai (MCGM boundary to west) to MCGM Boundary (above Airoli
Bridge) was divided into 7 stretches, based on land form characteristics for ease of the study
conducted by HCP Design and Project Management Pvt. Ltd.

» Stretch 1: Gorai Rocky Outcrop to Gorai Village Boundary

= Stretch 2: Dahisar to Malavani

= Stretch 3: Mindspace to Bandra

» Stretch 4: Mahim to Girgaon Chow patty

= Stretch 5: Girgaon Chowpatty to Gateway of India

= Stretch 6: Gateway of India to Sewri Fort

= Stretch 7: Sewri Fort to MCGM Boundary (above Airoli Bridge)

The observations and findings of the study have been elaborated in the following section.

In Greater Mumbai, there are 17 rocky outcrops, 15 beaches, 7 mangrove stretches and 7
developed coastal edges. The stretch wise details are mentioned below.

Stretch 1: Gorai Rocky Outcrop to Gorai Village Boundary

The stretch 1 is located in Manori and Gorai area which is relatively at a distance from the
main city, and hence it is predominantly used as a tourist spot during weekends. The
different coastal features in this stretch are tabulated below in Table No. 2-38. Given that it
has limited access and has been designated as a no development zone, most of the stretch
has remained untouched by development. Therefore the major land use along these features
are wild vegetation (20%), water bodies (17%) and scrub lands (14%) and the built land uses
include various bungalows and other dwelling units outside the gaothans (10%),
recreational activities (6%) and commercial setups like resorts and restaurants (3%).

During the study, it was observed by HCP Design and Project Management Pvt. Ltd that in
this stretch, activities like sand and stone quarrying are quite common. Further, due to
inadequate numbers of dustbins in the stretch, locals and tourists throw their wastes on the
beaches and rocky outcrops. Also, lack of public toilets forces locals and tourists to use the
rocky outcrops for defecation. Thus, hampering the ecological balance as well as the scenic
beauty.

73 http:/ /www.mmreis.org.in/uploadeddocuments/1203141429_Stage%203%20Report.pdf
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Table No. 2-38: Coastal features in stretch 1 (Gorai Rocky Outcrop to Gorai Village Boundary)

Coastal features No. of Name of the feature Picture
features
Rocky outcrops 5 Gorai
Culvem
Sumlai Hillocks
Manori
Gagangiri
Beaches 4 Gorai Beach

Culvem Beach
Manori Beach
Manori Fishing Beach

Gorai beach

Mangroves 1 Manor-Gorai Mangroves
Manor-Gorai Mangroves
Coastal edges 0
with
development
Total 10

Source: Inventory of environmental features, Greater Mumbai, Prepared by HCP Design and
Project Management Pvt. Ltd.

Stretch 2: Dahisar to Malavani

The stretch begins at Dahisar near the MCGM boundary, moves southwest up to Air Force
Station Rocky Outcrops and takes a turn to the northeast abutting Madh Mangroves up to
the Malavani. It is about 35 Km long stretch and the coastal features in this stretch are
tabulated below in Table No. 2-39. It is also an important and popular recreational and
tourist area, which is easily accessible by road from the main city. Some properties on this
stretch belong to the defense, and hence are heavily guarded and inaccessible. Therefore, the
major land use along the features in this stretch is water bodies (25%), open areas (15%)
mudflats and scrub lands (11%). The built land uses include residences (13%), transportation
and slums (4% each). As observed by HCP Design and Project Management Pvt. Ltd, the
stretch was vulnerable to dumping of solid waste and open defecation on the rocky outcrops
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by the visitors. Some portions of Akse, Bhati and Madh beaches were inhabited and used by
local fishermen and their daily activities caused the beach to remain dirty and filled with
solid waste. At some places along the stretch, construction debris was also dumped,
damaging the coastline and the existing ecosystems.

Table No. 2-39: Coastal features in stretch 2 (Dahisar to Malavani)

Coastal features | No. of Name of the feature Picture
features
Rocky outcrops 6 Dana Pani
Erangal
Bhati
Lighthouse
Madh Dana Pani rocky outcrop
Air force Station
Beaches 6 Marve
Akse
Dana Pani
Erangal
Bhati
Madh Marve beach
Mangroves 2 Borivali Mangroves
Madh Mangroves
Borivali Mangroves
Coastal edges 0
with
development
Total 14

Source: Inventory of environmental features, Greater Mumbai, Prepared by HCP Design and
Project Management Pvt. Ltd.
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Stretch 3: Mindspace to Bandra

The stretch begins at Mindspace, moves southwest towards Versova Beach and turns
southward to end at Bandra Reclamation. It is about 20 Km long stretch and the coastal
features on this stretch are tabulated below in Table No. 2-40. Juhu Beach, which is a part of
this stretch, is an extremely important and popular recreational and tourist area of the city. It
is completely open to public and accessible by road. This whole part of the suburbs was once
marshy area which over decades have been reclaimed and developed upon, the latest being
the Bandra reclamation area. The mouth of Poisar, Oshiwara & Mithi Rivers and Piramal
Nagar, Mogra, Irla & SNDT Nalas open out into the sea along this stretch. The predominant
natural land use along the features in this stretch are open areas (34%) and water bodies
(26%) and the built land uses include residences of Juhu, Khar and Bandra (16%),
transportation (8%) and gaothans (4%). The northern portion of Versova Beach is inhabited
and used by local fishermen. Their daily activities cause the beach to remain dirty and filled
with solid waste. Due to lack of public services like, these features are prone to solid waste
dumping as reported by HCP Design and Project Management Pvt. Ltd.

Table No. 2-40: Coastal features in stretch 3 (Mindspace to Bandra)

Coastal features No. of | Name of the feature Picture
features
Rocky outcrops 2 Khar Bandra

Beaches 2 VersovaJuhu
Mangroves 1 Malad Mangroves
Coastal edges 1 Bandra reclamation
with

development
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Coastal features No. of | Name of the feature Picture
features
Total 6

Source: Inventory of environmental features, Greater Mumbai, Prepared by HCP Design and

Project Management Pvt. Ltd.

Stretch 4: Mahim to Girgaon Chowpatty

The stretch begins near Bandra Reclamation, moves along Mahim Bay, turns to the south up
to Girgaon Chowpatty. It is about 20 Km long stretch and the coastal features on this stretch
are tabulated below in Table No. 2-41. The stretch predominantly has residential areas of
Prabhadevi, Dadar, Cumballa hill and Malabar hill. The beach along the Mahim Bay as well
the Girgaon Chowpatty is an extremely important and popular recreational and tourist spot.
Some portion of stretch in Cumballa-Malabar Hill is heavily guarded and restricted as it is
occupied by the Governor’s residence and various other embassies. The mouth of Mithi
River, Love Grove and Cleveland Bunder open out into the sea along this stretch.

Table No. 2-41: Coastal features in stretch 4 (Mahim to Girgaon Chowpatty)

Coastal features No. of Name of the feature Picture
features

Rocky outcrops 3 Worli Sea Face, Haji .

Ali Curve and

Cumballa-Malabar

Hill

Worli sea face rocky outcrop

Beaches 3 Mahim, Dadar-

Prabhadevi and

Girgaon

Mahim beach

Mangroves 0 ; -
Coastal edges 0 ) )
with development
Total 6 _ _

Source: Inventory of environmental features, Greater Mumbai, Prepared by HCP Design and

Project Management Pvt. Ltd.
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Stretch 5: Girgaon Chowpatty to Gateway of India

The stretch begins at Marine Drive, moves south to Navy Nagar, tumns to the northeast and
ends at the Gateway of India. It is about 18 Km long stretch and the coastal features on this
stretch are tabulated below in Table No. 242. Most of the stretch is completely developed up
to the edge and the sea is also not accessible. The stretch is considered to be the commercial
center of Mumbai, and houses the offices of the state government. Hence the land use along
the stretch included residential (20%), transportation (15%), recreational institutions (11%),
slums (10%), commercial buildings (approx 10%) and public/semi public institutions (8%).
The natural land use was quite minimal, and predominantly included parks and gardens
(6%) and open areas (5%). Many outfalls open out on to this edge and let out foul smell. Also
various slums have flourished along the edge and regularly dump solid wastes and
untreated sewage into the sea, as per the report prepared by HCP Design and Project
Management Pvt. Ltd.

Table No. 2-42: Coastal features in stretch 5 (Girgaon Chowpatty to Gateway of India)

Coastal features No. of Name of the Picture
features | feature

Rocky outcrops 1 Colaba Lighthouse
Colaba light house rocky outcrops
Beaches 0
Mangroves 0 _ }
Coastal edges with 5 Marine Drive
development Back Bay
Navy Nagar

Sassoon Docks

Colaba

Marine drive

Total 6

Source: Inventory of environmental features, Greater Mumbai, Prepared by HCP Design and
Project Management Pvt. Ltd.

Stretch 6: Gateway of India to Sewri fort

The stretch begins at Gateway of India and moves northwards up to Sewri Fort. It is about
15 Km long stretch and the coastal features on this stretch are tabulated below in Table No.
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2-43. It has a natural deep water harbour of 400 Sq Km, and hence has been reclaimed and
developed as dockyards and ports since 1750. Since it is occupied by the naval and port
authorities, the entire stretch is highly guarded and restricted. The major land use is
industrial (70%), as it consists of docks and allied usage. The other land uses include
public/semi public institutions (15%), transportation (10%) and slums (3%). Oil spills were
seen in these parts of the waters which come during boat repairs etc near the docks and the
ferry wharf. Similarly sewage and waste waters from the docks were also let out into the sea,
as reported by HCP Design and Project Management Pvt. Ltd.

Table No. 2-43: Coastal features in stretch 6 (Gateway of India to Sewri fort)

Coastal features No. of Name of the Picture
features feature
Rocky outcrops 0 ) )
Beaches 0 . }
Mangroves 0 ; )
Coastal edges with 1 Docks and Ports =
development -~

Docks and Ports

Total 1

Source: Inventory of environmental features, Greater Mumbai, Prepared by HCP Design and
Project Management Pvt. Ltd.

Stretch 7: Sewri fort to Airoli Bridge

The stretch begins from Sewri Fort, moves towards the north abutting the Mahul Creek,
BARC and Bhandup/Mulund Mangroves and ends at MCGM boundary above Airoli Road.
It is about 20 Km long stretch and the coastal features are tabulated below in Table No. 2-44.
The stretch is popular area for bird watchers. Some portion of the stretch in Trombay is
heavily guarded and restricted as it is occupied by Bhabha Atomic Research Center (BARC).
The entire stretch is not very accessible due to the presence of vast stretches of mangroves.
The natural land use included water bodies (34%) and scrub land (7%). Further, large tracts
of salt pans (26% of total land use) were observed in and around the mangroves by HCP
Design and Project Management Pvt. Ltd. The other built land use along the features is quite
minimal and include industries and transportation (5% each), public/semi public
institutions (3%) and slums (2%). Further, it was observed by HCP Design and Project
Management Pvt. Ltd that Mahul Creek receives a lot of organic sewage and effluents from
oil refineries and waste water from the Thermal Power Station. The debris from construction
activities carried to restore the Sewri Fort was also dumped in the nearby mangroves. Also
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various settlements and slums have sprawled all along the coast, dumping untreated
sewage and wastes directly into the mangroves and the sea.

Table No. 2-44: Coastal features in stretch 7 (Sewri fort to Airoli Bridge)

Coastal features No. of Name of the Picture
features feature

Rocky outcrops 0 ) )
Beaches 0 . }
Mangroves 3 Mahul Creek

Mangroves

BARC Mangroves

Bhandup /

Mulund

Mangroves

Mahul creek mangroves

Coastal edges with 0 : :
development
Total 3

Source: Inventory of environmental features, Greater Mumbai, Prepared by HCP Design and
Project Management Pvt. Ltd.
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For rest of MMR, a detailed inventory of coastal feature has not been carried out yet. Hence
it is strongly recommended to undertake a comprehensive study on the subject. Few of the
prominent features are listed below.

Sr. Name of the coastal feature Remark/description
No.

1 | Arnala beach The beach is located in the Virar region.
Source:
http:/ /www.mumbai77.com/city/9
39 /beaches/arnala-virar/

2 | Dharamtar creek * Located 2 km from Wadkhal village in Raigad
Source: and is at confluence of Amba river, Patalganga
http://en.wikipedia.org/wiki/Dhar river and Karanja creek
amtar + Itis used for services such as transportation of

containers etc.

3 | Bassein creek Bassein creek is located in the Bassein village of Vasai
Source: taluka in Thane district.

http:/ /travelingluck.com/Asia /Indi

a/India+%28general%29/ 1276745

Bassein+Creek.html#.U-
sxEKNLcoM
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Sr. Name of the coastal feature Remark/description
No.

4 | Bhayander creek *  Exactly below the Mumbai Western Railway
Source: Bridge between Naigaon & Bhayander lies the
http:/ /www.mumbai77.com/city /3 creek of Bhayander, well know as Bhayander
118 /information-about/bhayander- ki khadi.
creek/ * Famous for fishing & sand business

*  Widely used during Ganesh visarjan.

5 | Ulhas creek Ulhas creek extends from Kalyan-Bhiwandi bridge in
Source: Kalyan till Versova bridge.
http://en.wikipedia.org/wiki/Ulha
s River

6 | Thane creek * Lies between Ghobunder (section of Ulhas

Source:
http:/ /en.wikipedia.org/wiki/Than

e Creek

river flows through this region) and Gharapuri
island

It has been recognized as important bird area
by Bombay Natural History Society (BNHS)
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Sr. Name of the coastal feature Remark/description

*  Recent water quality analysis report has shown
increasing evidence of pollution.

7 | Uttan creek
Source: Google earth

It is located in Uttan village in Bhayender.

8 Vashi creek It is located from Vashi bridge to Gharapuri island,
Source: Google earth also a part of Thane creek.

2443 Creek/seawater quality information and assessment

In MMR, there are 23 creek WQM stations, under the NWMP (National Water Monitoring
Programme), initiated by CPCB or SWMP (State Water Monitoring Programme) initiated by
MPCB. The secondary water quality data of seafront and creeks was assessed for the years
2008-2013 and compared with the permissible standards stipulated by CPCB for SW-II
category for commercial fishing, contact recreation and bathing water. Further, the WQI was
also computed by TERI for the year 2012-13. The detailed assessment is presented below.

- Aeri







Environmental Status Report of MMR

Parameter 1: pH

Permissible CPCB standard:

Between 6.5 and 8.5

Observation: The pHreadings at all the creek WQM stations are within the permissible CPCB standards.
Note: The data for the WQM stations nos. 2810 and 2803 for the respective years 2008-11 and 2009-10 was not available for assessment.

pH reading of seafronts and creeks
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Chami Kalwa

Armala Uttan Sea Varsova | Juhu Shivaji | Mahim | Worli Haii ali Malabar | Road | Nariman | Gateway| Airoli Vashi | Panvel | Elephant Road

Sea Beach | Beach Park creek | Seaface I Hil |Choupath| Point | of India | Bridge | Bridge | Creek | alsland Bridge

y
2805 2806 2169 2812 2811 1318 2167 2810 2809 2166 2808 2165 2184 2185 2803 1317 2793
SealCreek water Sampling
s 2008-09 7.9 7.8 7.8 7.8 7.6 79 7.7 7.6 7.6 7.5 .7 7.7 7.4 7.3 7.6 7.3
mm 2009-10 8.0 8.0 7.9 8.1 8.0 7.7 7.8 8.0 7.8 7.9 7.9 7.9 7.7 7.8 7.6
w 2010-11 8.2 7.8 7.8 8.0 8.1 7.5 7.8 8.2 7.8 8.3 7.8 7.9 7.9 7.6 8.0

201112 7.9 8.0 79 7.8 7.8 7.7 7.7 7.5 7.8 7.7 7.7 7.7 7.6 7.7 7.3 7.7 74
ez 201213 7.9 79 7.8 7.8 7.7 7.5 7.7 7.7 .7 7.6 7.6 1.7 7.5 7.4 6.8 .7 7.4
Permissble limit| 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 85 8.5 8.5 85

= = =Desirable limit 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5

Figure No. 2-61: pH reading of seafronts and creeks.
Source: MPCB
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Parameter 2: Dissolved Oxygen (DO)

Permissible CPCB standard: 4 mg/1 (minimum desirable standard)

Note: The data for the WQM stations nos. 2810 and 2803 for the respective years 2008-11 and 2009-10 was not available for assessment.

Observation:

The DO readings were found to be below the minimum desirable CPCB standards at Uttan (3.9 mg/l in the year 2009-11), Shivaji park
(3.6mg/1 in the year 2009-10), Mahim creek (3.1, 3.5 and 3.4 mg/1 for the year 2008-09, 2009-10 and 2010-11 respectively), Malabar hill (3.3 mg/1
in the year 2009-10), Nariman point (3.8 mg/1 in the year 2009-10), Panvel creek (2.7 mg/1 in the year 2010-11) and Kalwa bridge (3.8 mg/1 in
the year 2009-10). The possible reason for the exceedance may be due to higher organic waste content.

DO reading of seafronts and creeks
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Amala Uttan Sea Varsova | Juhu Shivaji | Mahim Worli Hail ali Malabar | Road | Nariman | Gateway| Airoli Vashi | Panvel |Elephanta KR?:\;V:
Sea Beach | Beach Park creek | Seaface I Hil  [Choupath| Point | of India | Bridge | Bridge | Creek | Island Bridge
y
2805 2806 2169 2812 2811 1318 2167 2810 2809 2166 2808 2165 2184 2185 2803 1317 2793
SealCreek water Sampling
sz 2008-09 5.0 4.9 4.6 4.9 4.0 3.1 4.2 4.4 4.4 4.0 4.3 4.9 4.5 5.1 4.5 4.6
i 2009-10 4.0 39 4.5 4.3 3.6 35 4.6 3.3 4.5 338 4.2 4.5 4.4 4.0 3.8
www 2010-11 5.3 3.9 4.7 4.7 5.2 3.4 4.8 5.2 5.0 5.3 5.2 4.6 4.7 2.7 5.0 5.0
= 2011-12 5.0 5.2 45 4.6 438 4.2 4.5 46 4.9 4.6 4.8 4.4 4.1 4.8 47 4.8 4.0
#eiz 2012-13 5.1 5.1 4.1 4.4 4.5 4.6 47 4.5 4.3 4.5 45 4.5 47 4.9 4.4 4.7 3.3
—— Permissble limit| 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Figure No. 2-62: DO reading of seafronts and creeks.
Source: MPCB
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Parameter 3: Biochemical Oxygen Demand (BOD)

Permissible CPCB standard: 3 mg/1

Observation:

Note: The data for the WQM stations nos. 2810 and 2803 for the respective years 2008-11 and 2009-10 was not available for assessment.

Water Resources

The BOD readings at all the WQM stations exceeded the permissible CPCB standard. The possible reason for the exceedance may be untreated
sewage discharge and the inefficiency of the STPs present in the region.

BOD reading of seafronts and creeks
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Amala Uttan Sea Varsova | Juhu Shivaji | Mahim Worli Haii ali Malabar | Road | Nariman | Gateway | Airoli Vashi Panvel |Elephanta Road
Sea Beach | Beach Park creek | Seaface I Hil | Choupath| Point | of India | Bridge | Bridge | Creek Island Bridge
y
2805 2806 2169 2812 2811 1318 2167 2810 2809 2166 2808 2165 2184 2185 2803 1317 2793
Sea/Creek water Sampling
e 2008-09 9.2 9.3 10.3 10.5 16.2 24.2 17.3 14.8 15.8 10.6 15.4 7.4 8.8 7.0 9.6 14.4
nun 2009-10 14.2 14.8 1.5 13.0 15.3 10.0 12.1 15.4 13.2 14.8 12.8 10.8 12.3 1.3 10.7
e 2010-11 6.3 36.2 8.7 7.6 7.6 31.4 9.5 10.2 10.0 8.3 9.3 8.4 9.0 32.7 8.2 8.0
2011-12 1.8 1.1 13.0 13.1 1.2 13.1 12.0 9.8 10.6 12.7 12.5 12.5 27.4 10.2 9.3 12.0 14.7
ez 201213 10.6 1.0 12.6 12.3 1.4 12.9 1.1 1.1 12.9 11.9 1.7 1.3 10.2 10.0 271 121 2.0
Permissble limit| 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Figure No. 2-63: BOD reading of seafronts and creeks. Source: MPCB
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Parameter 4 & 5: Fecal Coliform (FC)
Permissible CPCB standard: 100/100 ml (MPN)

Observation:

The FC readings at almost all the WQM stations (except 2 WQMS) exceeded the permissible CPCB standard. The possible reason for the
exceedance may be untreated sewage discharge and the inefficiency of the STPs present in the region, indicating higher presence of human or
animal waste.

Fecal Coliform reading in Coastal Water
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Amala | Uttan | Varsova| Juhu Shivaji | Mahim | Worli Haii ali Malabar | Road | Nariman| Gateway| Airoli Vashi | Panvel | Elephant KR?)I\g/:
Sea Sea Beach | Beach Park creek | Seaface ! Hill |Choupath| Point | of India | Bridge | Bridge | Creek | alsland Bridge
y
2805 2806 2169 2812 2811 1318 2167 2810 2809 2166 2808 2165 2184 2185 2803 1317 2793
SealCreek water Sampling
s 2008-09 240 137 308 296 649 309 383 699 281 510 471 434 409 190 460
1 2009-10 138 96 118 223 400 520 301 341 505 278 478 151 227 61 325
W 2010-11 132 529 1070 1157 1285 1680 900 1075 485 906 758 425 438 250 1444 1145
2011-12 535 729 684 830 1033 535 941 1213 976 856 780 1093 431 391 31 827 414
e 201213 491 543 579 784 731 798 883 877 670 813 596 964 334 320 168 698 423
— Permissble limit| 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Figure No. 2-64: FC reading of seafronts and creeks
Source: MPCB
Note: The data for the WQM stations nos. 2810 and 2803 for the respective years 2008-11 and 2009-10 was not available for assessment.
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2444 Water quality index (WQI) & recommendations

The water quality index was calculated for 24 water sampling locations. As seen in Table
No. 2-45 and Map No. 0 25, the seafront/creek water quality during post monsoon was
found to be good quality except at a sampling location near Oshiwara River (WQMS 2169).
Whereas during pre monsoon, 21 WQMS (87% of the sampling locations) revealed bad water
quality due to higher BOD and FC content.

Hence, it is strongly recommended to implement strategies to ensure that the creek water
quality is in the acceptable range. The prevailing norms for improving and maintaining the
creek water quality should be strictly followed and executed. Also it is recommended to
have uniform distribution of WQMS to get an overview of the water quality of the entire

coastline.

Table No. 2-45 WQI for sea/creek water in MMR

WQI- WQI- | WQI-FC | WQI- WQI
DO BOD pH
Total number of river water quality monitoring station- 24 No.
Creek and Coastal water sampling
stations
Post monsoon period (June, 2012 to November, 2012)
Good to excellent (Green) 14 2 0 24 9
Medium to good (Yellow) 8 10 1 0 14
Bad (Orange) 2 12 3 0 1
Bad to very Bad(Red) 0 0 20 0 0
Pre monsoon period (December, 2012 to May 2013)
Good to excellent (Green) 0 0 0 24 0
Medium to good (Yellow) 5 0 0 0 3
Bad (Orange) 15 0 0 0 21
Bad to very Bad(Red) 4 24 24 0 0
Source: MPCB, MRSAC
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72245 E

LEGEND
Water Quality Index

Creek water monitoring
station of MPCB

(4) Subindex (1) Subindex l \
of pli of DO
(5) NSF-WQI o,

(3) Subindex (2) Subindex \
of Fecal Coliform of BOD

Colour code = WQI Quality classification

Good to Excellent | Non Polluted
Medium to Good | Non Polluted
Bad Polluted

Bad to Very Bad | Heavily Polluted

Riverbodies

B Course of Main Riverbody
I Tributaries and Riverlets
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Agricultural Land
1 Built Up
B Forest
[0 Wastelands
Waterbodies
I wetlands

Map No. 2-25 Creek water quality monitoring locations & its NSF-WQI for post monsoon period
from June, 2012 to November, 2012

Source: MPCB, MRSAC
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Map No. 2-26 Creek water quality monitoring locations & its NSF-WQI for pre monsoon period
from December, 2012 to May, 2013

Source: MPCB, MRSAC
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2.5 Groundwater resourcesin MMR

Groundwater is water that is found underground in

cracks and spaces in soil, sand and rocks. The area where

water fills these spaces is called the saturated zone. In MMR municipal limits
Groundwater also exists in cracks and fractures in  there are more than 5660
crystalline rocks such as granite or limestone. 74 dug wells, 7511 tube wells,
Groundwater accounts to 38.5 % of the total available 1906 bore wells and 3715
fresh water resources in India which plays a major role L4 pumps. The

in irrigation, rural water supply and even in meeting dependence of the region

on these resources is to the

A unit of rock or an unconsolidated deposit or water ~tune of 293.35 MLD.
O

industrial and drinking water needs.

bearing rocky formation is called an aquifer when it can

yield a usable quantity of water. Whereas, the depth at

which soil pore spaces or fractures and voids in rock become completely saturated with
water is called the water table. That means the water table is the top of the saturated zone.
The water beneath the water table is groundwater. The depth of water table varies according
to location, season and long term climate variation.

Recharging of groundwater:

Groundwater recharge is the inflow of water to the groundwater system from the surface.
Infiltration of precipitation and its movement to the water table is one form of natural
recharge.”” Groundwater is recharged naturally by rain and snow melt and to a smaller
extent by surface water (rivers and lakes). Groundwater recharge is an important process for
sustainable groundwater management.

Extraction of groundwater

The process, deliberate or inadvertent, of extracting groundwater from a source at a rate so
in excess of the replenishment that the groundwater level declines persistently, threatening
exhaustion of the supply or at least a decline of pumping levels to uneconomic depths is
called as groundwater extraction.”s Groundwater is open access common property natural
resource and anyone can bore a well and pump out the water without limit. Most water is
used for irrigation or drinking purposes. Groundwater is also extracted on large scale for
industrial use and construction activities.

The groundwater is mainly extracted by forming an excavated structure that is a well in the
ground. A well is an excavation or structure created in the ground by digging, driving,
boring, or drilling to access groundwater in underground aquifers. The well water is drawn

74 http:/ /www.oregongeology.org/sub/Water /groundwater.htm

75

http://www.water.gov.au/WaterAvailability /Whatisourtotalwaterresource /GroundwaterRecharge /index.aspx
Menu=lLevell 3 16

76 http:/ /www .eionet.europa.eu/gemet/en/concept/2417/
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by a pump, or using containers. There are different kinds of wells such as dug wells, bore
wells, tube wells and so on. Dug wells are open wells having comparatively bigger diameter
which generally vary from 5 m — 15 m with the depth generally less than 25 m. The dug
wells are constructed just beyond the water level. These wells are normally found in
weathered hard rocks and in alluvial formation. Bore wells are of shallow and deep types.
Shallow bore wells can be constructed where the water table exists at shallow depth in an
unconsolidated sandy aquifer whereas deep bore wells are constructed for several meters
and the depth may exceed more than 100 m. A tube well is a type of water well in which a
long 100-200 mm (5 to 8 inch) wide stainless steel tube or pipe is bored into an underground
deep aquifer. The lower end is fitted with a strainer. A pump fitted at the top lifts the water.
The required depth of the well depends on the depth of the water table.

Issues with groundwater

Earlier in Mumbai, rainwater was the main source of water supply and it was collected in
number of tanks like Mumba Devi, Manamala, Babula, Govalia, Gilder, Banganga, and so
on. These tanks, wells and lakes were the main sources of water in earlier years. After the

centralized water supply through pipe lines was regularized, these traditional water sources
got neglected and now those are been misused for activities like idol emersion and dumping
of solid waste.

According to Groundwater Survey & Development Agency (GSDA), the area occupied by
phreatic aquifers (porous rock layers transmitting undergroundwater) is limited between
the seacoast and hill ranges in Mumbai and scope for recharge from rainfall is limited.?” In
such cases a deep aquifers can yield water for meeting the growing demand and these can
artificially be recharged with rainwater. However, wherever there is heavy withdrawal of
bore well water, problem of seawater ingression is likely to arise and, hence, it is necessary
to recharge the wells from which water is drawn. Industrial effluents, open drains and open
defecation causes polluted water to seep into groundwater affecting its quality. Rainwater
recharge can improve the deteriorating water quality and reduce salinity.

Further, government has no direct control over the groundwater use by millions of private
well owners, both in rural and urban areas. In part, this is due to the absence of a systematic
registering of wells with attached user rights and metering. In an indirect way, groundwater
use is also sometimes limited through power shedding with limited hours of electricity
supply, especially in rural areas. But in general there is no regulation on extraction of
groundwater.

The following section elaborates on the groundwater sources in MMR, their types, average
daily supply, groundwater quality data generated at different monitoring stations, water
quality assessment, gaps and recommendations.

77 http://www.bcpt.org.in/webadmin /publications /pubimages /watersupply.pdf
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2.5.1 Status of groundwater resourcesin MMR

The major available groundwater sources are dug wells, bore wells and tube wells / hand
pumps. There are 5454 dug wells and 7511 tube wells in Greater Mumbai region (Figure No.
2-65). As per the Environmental Status Report of MCGM for the year 2011-12, total
extraction of groundwater from these 12,965 wells was 259 MLD for Greater Mumbai city.
Wheras in the rest of MMR, there are 3715 tube wells/hand pumps, 1960 bore wells and 206
dug wells from where 34.35 MLD of water is extracted daily. In all in the MMR region,
293.35 MLD of water is drawn from groundwater resources. At many places in coastal
tehsils of Thane district, dug wells are converted into tube wells or bore wells as the water
level has gone down. However, in coastal regions such activities may cause sea water
intrusion in groundwater wells degrading quality of groundwater.

Dugwell, 5454

Tubewell, 7511

Figure No. 2-65: Number of dug and tube wells in Greater Mumbai
Source: MJP & ESRs

Major issue is pollution of groundwater as well as surface water due to dumping of sewage
and industrial effluents. In addition to this various industrial effluents from oil refineries,
reactors, fertilizers have polluted the groundwater. As a result the concentration of heavy
metals in groundwater in the surrounding areas of creek has been observed beyond the
prescribed limits. Groundwater exploitation for commercial purpose like construction
purposes, hotel industry and for domestic purpose of the housing societies is carried out in
entire district and the water is extracted from existing dugwells and borewells, even new
borewells are also being drilled for this purpose.7s

8 http://cgwb.gov.in/District_Profile/Maharashtra/Greater%20Mumbai. pdf
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According to recent decision taken by MCGM, it has asked large bulk consumers such as
malls, multiplexes, five star hotels, the Mumbai Port Trust and the Railways to go in for
bore-wells to take care of their non-potable water consumption. The MCGM is also planning
to acquire nearly 1,000 private wells for supply of water to the city. Additionally MCGM has
set aside nearly INR 10 crore for taking up the new bore well digging work in its year’s fiscal
exercise. The MCGM will also be spending INR 60 crore towards repair and cleaning of the
188 existing bore wells. About 8-10 million litres water is expected to be generated on a daily
basis. This solution of MCGM to augment the supply of water would prove more
hazardous. This will worsen the situation of groundwater. Already there is no regulation
about extraction of groundwater and encouraging bulk users to access groundwater would
facilitate the saline ingress3."

Groundwater level trend (1998 — 2007)

Trend of water levels for premonsoon and postmonsoon periods for last ten years (1998-
2007) have been computed for 4 National Hydrograph Network Stations (NHNS). Analysis
of long term water level trend data indicates fall in water levels in all the 4 NHNS and it
ranges between 0.11 (Church Gate) and 0.38 m/year (A.M.C. Colony). During postmonsoon
period rise in water level of 0.09 m/year has been recorded at only 1 NHNS located at
Mahroli (Chemur) while at 3 NHNS fall in water level have been recorded and it ranges
between 0.02 (Colaba (Dandi)) and 0.26 m/year (A.M.C. Colony). Thus in major parts of the
district, both during premonsoon.%

79 http:/ /www.mumbaidp24seven.in/reference/Mumbai_Water_supply(Review_Report).pdf
80 http://cgwb.gov.in/District_Profile /Maharashtra/Greater%20Mumbai.pdf
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Mira Bhayander, 115 Pen, 107
NaviMumbai, 132

Badlapur, 169

BUOBY i andi, 1600

Thane, 594

Kalyan Dombivali, 698

Figure No. 2-66: Number of Tube wells / hand pumps (3715) in rest of MMR Source: MMRDA
Source: MMRDA

As seen in Figure No. 2-66, Bhiwandi area has the maximum number of tube wells (1600
wells). Water scarcity in summers may have posed the increase in number of tube wells to
extract water from deeper aquifers in Bhiwandi. Further, Bhiwandi does not lie directly
along the coastline so the extraction of water from deeper aquifer is possible. Also the water
demand at Bhiwandi is high to support the large number of population (Population: 7,
11,000 and density per Sq.Km. 2371, as per 2011 census data). The water consumption in
litres per capita per day in Bhiwandi area is 100 Ipcd as against the standard of 135 Ipcd.
Hence to meet the water demand, the depandance on groundwater is observed. After
Bhiwandi, Kalyan-Dombivali has the maximum number of tube wells (698 wells). The city
has huge industrial as well as residential settlement. To support the increasing water
demand and having limited options of water supply the usage of groundwater is being
explored.
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Mira Borewells
Bhayander, 55
Alibag, 16
Pen, 66
Badlapur, 192
Thane, 664
Vasai Virar,
218
Khopoli, 244

Ulhasnagar, Amzesgah

250

Figure No. 2-67: Number of Bore wells (1960) in rest of MMR

Source: MMRDA

Dugwells

Alibag, 7
Badlapur, 14

Ambernath, 27

Vasai Virar, 158

Figure No. 2-68 Number of Dug wells (206) in MMR

Source: MMRDA

The groundwater quality is
monitored by CGWB, Gol
and MPCB. In all there
are 47 ground WQM
stations in MMR (44
WQMS installed by
CGWB and 3 by MPCB).
The assessment revealed
that 71% of the sampling
locations showed good
water quality whereas 9%
showed poor water quality
due to agricultural run-off,
old or badly designed
landfills, leakages from
septic tanks.(For the
remaining 20%, the
secondary data was not
available for assessment.)
Further, 43% of the
monitoring locations
exhibited decreasing trend
in the water level due to
over extraction, especially
the Vasai Virar and parts
of Raigad district.

As seen in Figure No. 2-67 and Figure No. 2-68, Vasai Virar is a prominent coastal belt of
Thane district having maximum number of dug wells. Being along the coastline the

geological conditions of this area do not allow deepening of wells. However, at some
locations some of the dug wells are converted into bore wells as the water table has lowered.
The intensive water demand for agriculture, floriculture and horticulture is another reason
for increasing dug wells. Also dug well is financially low profile technology to extract water.
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Another possible reason for higest dug wells could be the per capita availability of water
which is as low as 76.5 Ipcd in the city (second lowest Ipcd in the MMR).

2.5.2 Groundwater quality monitoring

Groundwater plays a key role in meeting the water needs of various user-sectors in India.
With growing awareness, the dependability on groundwater as a sustainable resource in
nation building reasserts the need for an organization like Central Groundwater Board
(CGWB) which is vested with the responsibilities of assessing and managing the
groundwater resources of the country through groundwater management studies,
exploration, evaluation and monitoring of groundwater regime.

But unfortunately it has been getting polluted day by day due to different anthropogenic
activities. So it is of paramount importance to conserve the water and prevent it from all
sorts of pollution. There should be proper water investigation and management. This could
be possible by continuous Water Quality Monitoring (WQM).é The following section
elaborates on the status of the groundwater quality in MMR.

In MMR, groundwater quality is monitored by Central Pollution Control Board (CPCB) &
CGWB and they have installed 44 WQMS which regularly monitor the water quality as per
the prescribed standards. In addition, MPCB also monitors the groundwater quality data
and has installed 3 WQMS in the region. However the data for all the parameters for these
MPCB WQMS was not available and hence the assessment could not be carried out. CGWB
periodically monitors 5 NHNS in the district, four times a year ie. January, May
(Premonsoon), August and November (Postmonsoon).

The details of the 44 water quality monitoring stations along with their geographic positions
(Latitudes and Longitudes), constant depth, surface elevation, and groundwater quality
rating has been tabulated in Table No. 2-46.

Table No. 2-46: WQMS installed by CPCB

Block Name ID Const | Surface | Latitude | Longitude | Groundwat

name _Dept _EL er rating
Mumbai AMC. C/BB-001 | 12.85 4521 19.1353° | 72.8872° Excellent
(Suburban) Colony
Mumbai Dahisar C/BB-003 8.83 19.29 19.2556° | 72.8714° Good
(Suburban)
Mumbai Mahroli C/BB-004 8.30 10.54 19.0389° | 72.8944° Good
(Suburban) (Chemur)
Mumbai Bombay C/BB-002 440 424 18.9319° [ 72.8311° Good

(Church
Gate)

Mumbai Colaba C/BB-005 5.04 421 18.8967° | 72.8111° Good

81 http://mpcb.gov.in/images/pdf/WQ_Report_hydalogy_dept.pdf
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Block Name ID Const | Surface | Latitude | Longitude | Groundwat
name _Dept _EL er rating
(Dandi)
Mumbai Mahim C/BB-006 | 5.80 2.04 19.0250° | 72.8444° Good
Alibag Bilji (Umta) | C/RG-012 | 6.10 6.31 18.5347° | 72.9833° Excellent
Alibag Nagaon C/RG-033 | 7.30 17.99 18.6117° | 72.9000° Good
Alibag Poynad C/RG-032 | 7.71 14.94 18.6917° | 72.9917° Good
Karjat Hudhre C/RG-010 | 6.70 47.34 18.9125° | 73.3194° Good
Budruk
(Karjat
Karjat Kadav C/RG-019 | 4.60 0.00 18.9667° | 73.4000 Not
Available
Karjat Neral C/RG-018 | 4.20 38.35 19.0292° | 73.3250 Excellent
Khalapur Kargaon C/RG-023 | 6.54 80.43 18.7264° | 73.2986 Excellent
Khalapur Khalapur C/RG-036 | 7.20 71.69 18.8278° | 73.2842 Excellent
Khalapur Khopoli C/RG-013 | 4.83 4.83 18.7833° | 73.3333 Excellent
Panvel Ajivali C/RG-038 | 5.20 12.14 18.9528° | 73.1500 Good
Panvel Chinchwad | C/RG-014 | 9.49 46.23 18.9250° | 73.1167 Excellent
Panvel Kone C/RG-002 | 849 18.24 18.9500° | 73.1500 Not
Available
Panvel Navade C/RG-031 | 5.30 0.00 19.0481° | 73.1017 Excellent
Panvel Sangurli C/RG-040 | 75.00 18.76 18.9375° | 73.1167 Not
Available
Pen Jite C/RG-020 | 7.80 1.66 18.8139° | 73.0875 Excellent
Pen Vadkhal C/RG-037 | 4.60 5.16 18.7333° | 73.0500 Poor
Pen Veshwi C/RG-001 | 9.82 13.09 18.7500° | 73.0333° Good
Pen Wadkhal C/RG-015 | 8.58 0.00 18.7333° | 73.0500° Not
Available
Bhiwandi Ambadi C/TN-029 | 7.30 23.70 19.4667° | 73.1000° Good
Bhiwandi Angaon C/TN-013 | 5.50 23.16 19.3667° | 73.0833° Poor
Bhiwandi Padghe C/TN-026 | 5.25 21.77 19.3625° | 73.1722° Good
Kalyan Kolimb C/TN-018 6.00 51.76 19.2833° 73.2667° Excellent
Kalyan Netivli C/TN-044 | 9.50 17.25 19.2208° | 73.1222° Not
Available
Thane Bindarpada | C/TN-001 | 6.80 3.89 19.2833° | 72.9500° Excellent
Thane Dahisar C/TN-028 | 6.50 19.01 19.1111° | 73.0639° Good
Thane Dahisar C/TN-055 | 7.95 19.29 19.2642° | 72.8783° Good
(New)
Thane Diga C/TN-034 | 225 0.00 19.1736° | 73.0014° Not
Available
Thane Shiravane | C/TN-031 [ 5.20 20.55 19.0444° | 73.0208° Good
Ulhasnagar [ Katolwadi | C/TN-039 | 7.00 61.63 19.1639° | 73.3028 Excellent
(Mulgaon)
Ulhasnagar Navali C/TN-056 | 6.82 0.00 19.1778° | 73.1528° Not
Available
Vasai Agashi C/TN-046 | 7.30 9.92 19.4667° | 72.7728° Good
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Block Name ID Const | Surface | Latitude | Longitude | Groundwat
name _Dept _EL er rating
Vasai Bramhanwa | C/TN-047 | 4.45 11.05 19.4250° | 72.7833° Poor
di
Vasai Giraj C/TN-048 | 7.40 721 19.3792° | 72.7917° Excellent
Vasai Khanivade C/TN-003 5.00 3.47 19.4833° 72.8500° Good
Vasai Sakwar C/TN-051 | 54.00 18.76 19.5375° | 72.9292° Not
Available
Vasai Sandor C/TN-045 5.10 9.97 19.3478° | 72.7861° Poor
Vasai Wafana C/TN-035 8.75 16.15 19.3583° | 72.8833° Not
Available
Vasai Waliv C/TN-041 8.20 16.80 19.4022° | 72.8517° Good

As seen in Figure No. 2-69, the result

reveals that out of 44 monitoring points, 34
% i.e. 15 wells showed normal trend; 43%
i.e. 19 wells exhibited decreasing trend and
the data for remaining 23 % that is 10 wells
was not available for assessment.

Normal frend )
34% .

The map generated using GIS (Map No.

2-27) shows that almost along the coastline, Sl
water level in the wells showed normal
trend. This could be because of the
geological limitations to extract water from
deeper aquifers, as beyond certain depth Figure No. 2-69: Status of groundwater quality in
one starts getting salty water. MMR

Vasai tehsil has maximum number of wells showing decreasing water level trend. The
reason could be over extraction of water for increasing demand for agriculture, floriculture,
horticulture and for increasing residential demands. Another reason could be that the
municipal water supply may not be sufficient and therefore farmers have to depend on the
groundwater. Decreasing trend of water level in Bhiwandi, Kalyan, Thane and Panvel may
also be because of over extraction of groundwater to meet the water demand of the region.

2.5.3 Groundwater quality index (WQI)

The Dynamic Groundwater Resource of the country has been jointly established by State
Groundwater Departments and Central Groundwater Board, based on the methodology
recommended by Groundwater Estimation Committee-1997 (GEC-97).

The available data has been analyzed for finding Water Quality Index. Water quality data at
groundwater locations being monitored under the network is evaluated against the water
quality criteria and the monitoring locations in exceedance with respect to one or more
parameters are identified as polluted, which requires action for restoration of water quality.
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The WQI takes the complex scientific information and synthesizes into a single number
between 0 and 100, by normalizing the observed values to subjective rating curves. Factors
to be included in WQI model could vary depending upon the designated water uses and
local preferences. Some of these factors include DO, pH, BOD, COD, total coliform bacteria,
temperature, and nutrients (nitrogen and phosphorus), and so on.&

Calculation of WQI: This calculation is performed by using following notations

i —no. of the parameter
W i —unit weightage of ith parameter
Si—highest permitted value for ith parameter
Qi —subindex of ith parameter
Oi—is the observed value of the ith parameter
Weightage of ith parameter is calculated by Wi=k/SI.....(1)
Where k is constant of proportionality.
The quality rating for each of the water quality parameters
Qi=0ix100/Si.....(2)

Then, the water quality index is calculated as #WI = Zf=1Q.-:'Wx'
In this particular case of groundwater CPCB has given the rating as follows:

Table No. 2-47: WQI and CPCB rating

WOl Rating

50 Excellent

50-100 Good

100-200 Foor

200-300 Very poor

<300 Not suitable for drinking

Source: CPCB

82 http://globalskope.com /ijesr /122011 /articles /ESR11010222.pdf
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As seen in Map No. 2-27 , 4 locations have been mapped where the status of water quality is
bad. This status in perspective of groundwater quality index (WQI) is defined as “poor”
quality and the WQI value is in between 100-200. At these locations, groundwater is not
suitable for drinking purposes as EC and TDS are exceeding maximum desirable limits and
also the data of last 4 years shows consistent increase in the values of EC and TDS at all 3 out
of 4 locations.

In order to reduce the illness prevalence in the city, Brihanmumbai Corporation (BMC) and
Government of Maharashtra (GoM) have discouraged the use of water from wells and
ponds for domestic purpose in this area. As result, the dug well based water supply was
completely neglected. However, being a financial capital of the country, the population
growth in the city is very high as compared to other part of country. The supply of water
from surface water sources fluctuates depending upon the rainfall during the year.
Therefore, there is always the gap between demand and supply. In order to meet the
shortfall in water supply, groundwater forms a supplementary source of supply for all
purposes other than domestic.

2.54 Summary of recommendations for groundwater resources

Recommendation 1: Improve data availability

Government appointed/established groundwater management agencies, monitor and
collect groundwater data. This data is very important for local, regional and state
management decisions. However at regional level, holistic information is not available.
Hence there is a clear need for collection of appropriate data and access to useful
information across various government departments. Further, this data should also be made
publicly available through the Department of Water Resources” (DWR). This shall encourage
transparency in the entire system and generate data & information for better understanding
of the groundwater resources in MMRDA and the state as a whole.

Recommendation 2: Mapping the groundwater resources and the water quality
monitoring stations

A comprehensive map should be generated highlighting the groundwater resources and
WQMS. Various subsequent maps like the water table level; watershed and so on should be
generated at a regional level. These maps shall help MMRDA in planning strategies for
increasing the water table levels and the required infrastructure.

Recommendation 3: Limit additional large scale pumping in areas where there is
decreasing water trend

The private large scale pumping of groundwater in areas that are adversely impacted should
be closely monitored by the authorities. In MMR, large quantum of groundwater is used for
construction activities as well. However, there is no accountability of it. Hence this
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information should be available with MMRDA and there should be some strict action to
limit over pumping of groundwater.

Recommendation 4: To improve the groundwater level by recharging the ground
through rainwater harvesting.

43% of the monitoring wells exhibited decreasing trend in the water level. Further, MMR is
highly depended on rainfall to generate source water; hence recharge should be accelerated
through extensive rainwater harvesting.

Recommendation 5: The ULBs should take strict legal action for unauthorized
digging of bore wells.

Recommendation 6: The ESRs should also document this data annually.

Recommendation 7: Authorities should tap other alternative sources rather than
increasing budgetary allotments for increasing extraction of groundwater to meet
the demands.
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Water supply, sewerage and
sanitation
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2.6 Water supply, sewerage and sanitation

It is an obligatory duty of the ULBs (Urban Local
Bodies) to provide water supply, sanitation and waste
water disposal facilities to the citizens of the region. In
India, 80% of the diseases are caused by water borne
pathogens. Hence proper and safe water supply and
sewage disposal is essential. In addition to health
problems, inadequate sewage disposal causes severe
environmental degradation. Recognising the growing
importance of improving efficiency in delivery of basic
services in cities, the Ministry of Urban Development
has now adopted National Benchmarks in four key
Supply, Sewerage, Solid Waste
Management and Storm Water Drainage.

sectors—Water

For all the sectors, emphasis has been laid on
performance related to reach and access to quality
service, and prevalence and effectiveness of the
systems to manage the water supply networks. As
sustainability is

financial critical for continued

In MMR, the water
demand is primarily met
through surface water
resources which include 4
major rivers namely
Vaitarna, Ulhas,
Patalganga, and Amba.
These river basins
constitute the Mumbai
hydrometric area and are
spread across a total
catchment area of 5756 sq.
km.

effectiveness in service delivery, performance is measured on this aspect too. In the
following sub section details about water supply, sewerage and sanitation are elaborated. A

quick tabulated summary of the service level benchmarks has been provided below in Table

No. 2-48 as per the latest data available.
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Table No. 2-48 Summary of service level benchmarks

Service level
benchmarks

Service Level Benchmark — Water supply services

Coverage of water
supply connections
(100%)

Per capita available of

(135 Ipcd)

Extent of metering of
water connections

water at consumer end o ‘
(100%) ‘

Extent of Non-
Revenue Water (20%) 28.4

Continuity of water
supply (24 hours)

Efficiency in redressal
of customer
complaints (80%)

Quality of water
supplied (100%)

Costrecovery in water
supply services (100%)

E

Efficiency in collection
of water supply : d ND
related charges (90%)

Coverage of WS
connections in slums
(100%)

Not available/No data |

Performance Legend:

wo e



Service level
benchmarks

Service Level Benchmark - Sewerage and sanitation

Coverage of Toilets
(100%)

ND

Coverage of wastewater
network services (100%)

Collection efficiency of
wastewater networks
(100%)

Adequacy of
wastewater treatment
capacity (100%)

ND

Extent of reuse and
recycling of treated
wastewater (20%)

Quality of wastewater
treatment (100%)

Efficiency in redressal of
customer complaints
(80%)

Extent of cost recovery
in wastewater
management (100%)

Efficiency in collection
of sewerage charges
(90%)

Coverage of individual
toilets in slums (100%)

Coverage of WW
network services in
slums (100%)

H
Z
>

Z
>

Water Resources

\

|

\

\
NA
NA
NA
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2.6.1 Water supply

The drinking water supply in MMR is primarily done using surface water which includes 4
major rivers. These four major rivers are Vaitarna, Ulhas, Patalganga, and Amba, which
constitute the Mumbai hydrometric area and are spread across a total catchment area of 5756
sq. km as shown in Table No. 2-49. The total water resources available for utilization in the
Bombay Hydraulic Area (BHA) are estimated as 7,869 MCM/year at 95% dependability and
10,439 MCM/year at 75% dependability. The water hamessed so far amounts to 2,969
MCM/year, while an additional amount of 292 MCM/year was planned to be utilized,
which sum up to 3,261 MCM/year. The Municipal Corporation of Greater Mumbai (MCGM)
has an installed capacity of water supply of 3,193 MLD. This comes from the lakes formed in
three major catchment areas northwards of the city. Of this 100 MLD is delivered to Thane,
leaving the balance 3,093 MLD for Mumbai. &

The region-wise source of water and the quantity of water that is supplied through various
sources is also mentioned in the Table No. 249, Table No. 2-50 and its spatial representation
mn.

Table No. 2-49: Basin-wise break-up of water availability

Sr. Name of Catchment Water Availability Irrigation Water
No. Basin Area 75% 95% requireme | available for
In Sq.km Dependabilit | Dependabilit nt as Domestic &
y y planned | Industrial Use
MCM) MCM)
1 2 3 4 5 6
(3-4)
1. Vaitarna 1858 3130 2416 714 2416
(6,620 MLD)
Pe Ulhas 3205 6194 4681 1513 4681
(12,825 MLD)
3. | Patalganga 328 712 489 223 489
(1340 MLD)
4. Amba 365 403 283 146 283
(775 MLD)
Total 5756 10439 7869 2596 7869
(21,560 MLD)

Source: MMRDA

83 http:/ /www.wesnetindia.org/fileadmin /newsletter_pdf/Dec06/Water_Resource_-_Mumbai.pdf
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Table No. 2-50: Existing water supply sources in MMR

Water Resources

Supply of water

Sub-Region Name of Dam / Source (MLD)

1. Tansa 445
2.Modak Sagar 450
3. Upper Vaitarna 630
4. Bhatsa 1850

I. GREATER MUMBAI
5. Vihar 60
6. Tulsi 15
Total 3450 MLD
TOTAL: Net Supply after giving 120
MLD to local villages. 3330 MLD
1. Barvi 600
2. Morbe 360
3. Hetawane 150
4. Dehrang 11
5. Amba (Nagothane) 168

1) REST OF MMR 6.Ulhas River (Bhivpura Tailrace 0
710+80+10)
7.Tansa River (Shirgaon Bandhara) 10
8. Usgaon 10
9. Pelhar 10
TOTAL 2119 MLD

Source: MMRDA
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2.6.1.1 Demand and supply gap

The current water demand for the entire MMR which
includes Greater Mumbai and rest of MMR is
estimated to be 6725 MLD. This includes demands
from domestic, industries, and irrigation sector. As
against the demand, the amount of water that is been
supplied is to the tune of 3330 MLD to Mumbai and
2119 MLD for rest of the MMR. This clearly indicates
a deficit of 1276 MILD. 8 To address this issue,
of Maharashtra
committees to estimate the future water requirement

Government appointed  two

Water Resources

The present demand of the
entire region is estimated to be
6725 MLD which includes
demand from domestic,
industries, and irrigation sector.
As against this demand, the
amount of water supplied is to a
tune of 5449 MLD indicating a
deficit of 1276 MLD.

upto 2031 and also to identify probable sources that e —

could cater to the growing demand of the region.
These region-wise water sources along with their yield are given in Table No. 2-51.

Table No. 2-51: Identified water resources for entire MMR

Sr. No. For Greater Mumbai For Rest of MMR
Water Source Estimated Yield Water Source Estimated Yield
(MLD) (MLD)
1 Middle Vaitarna- 477 Shai 940
2 Gargai 455 Kalu 1140
Pinjal* 697 Poshir 740
4 Damanganga 2000 Pinjal * 533
Balganga 300
Total 3629 Susari 200
Total 3853
* Pinjal source is considered partly for Mumbai and partly for Rest of MMR

Source: MMRDA

2.6.1.2 Projected water demand & proposed water resources for MMR

Based on 2011 census total population of entire MMR is 23.13 Million. The projected total
population for entire MMR by 2031 is estimated to be 34.07 Million. Consequently, the water
demand would increase to 10657 MLD. To meet this requirement, sources have been
identified and approximate cost has also been estimated. The details of the same are shown
in Table No. 2-52. The Government of Maharashtra has taken initiative to plan and develop
the water resources in such a way that the current deficit is reduced and future water
requirement is also met. For the Greater Mumbai region, Municipal Corporation of Greater
Mumbai (MCGM) has been allotted the work of planning and execution of the water works

8¢ MMRDA
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projects. For rest of the MMR, it was decided that MMRDA would plan and co-ordinate the
development activities of the allocated water supply sources including distribution network

for bulk supply of water to Urban Local Bodies (ULBs).

Table No. 2-52: Present water supply scenario and projected water demand for 2031

Sr. | Sub -Region | Present | Present | Deficit Total Identified Remarks
No. Demand | supply (MLD) water Water
(MLD) (MLD) required Resources
by 2031 | with probable
(MLD) yield (MLD)

1 Greater 4200 3330 870 6036 Mid.Vait - 477

Mumbai (20.71 Pinjal - 697
%)

2 Western 408 221 187 852 Surya - 303, Estimated
Sub-Region: (45.83%) Susri - 200, cost of
Mira- Pinj