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MESSAGE

The National Aquifer Mapping and Management Programme (NAQUIM) has been one of
the most transformative scientific initiatives undertaken for sustainable groundwater
management in India. NAQUIM 2.0 under the Annual Action Plan 2024-25, the programme
enters a new and more focused phase - one that seeks to bring greater precision, deeper insight,
and stronger impact to groundwater governance.

NAQUIM 2.0 builds upon the vast scientific foundation created during the earlier phase, but
takes it further by focusing on finer-scale mapping in priority type areas identified through
scientific and management criteria. This new phase aims to provide information at higher
granularity, supported by an expanded network for dynamic data collection on groundwater
levels and quality. Such enriched datasets will enable a more nuanced understanding of aquifer
systems and facilitate informed decision-making for resource planning and management.

Beyond mapping, NAQUIM 2.0 places strong emphasis on implementable management
strategies—ensuring that scientific recommendations translate into actionable interventions at
the local level. The initiative seeks to strengthen collaboration with State Governments,
District Administrations, and other stakeholders for effective utilization of aquifer
information in water resource planning, demand management, and sustainability initiatives.

[ extend my appreciation to all officers, scientists, and technical teams of the Board whose
dedicated efforts and field-based innovations continue to drive the success of NAQUIM.
Together, we are not only mapping India’s aquifers but also charting the course toward a
sustainable and water-secure future.

(Dr. Sunil Kumar Ambast)

Bhujal Bhawan, NH-IV, Faridabad-121001 (Haryana) Tel : 0129-2477101, 0129-2477104
E-mail : chmn-cgwb@nic.in | Fax 0129-2477200
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MESSAGE

The NAQUIM 2.0 study carried out for the Mumbai Urban Agglomeration is a significant step towards
developing a comprehensive and scientific understanding of the Mumbai’s groundwater resources.
Covering an area of about 603 sq. km across Mumbai City and Suburban areas, this study addresses the
challenges of groundwater management in one of the most densely populated and highly urbanized
coastal regions of the country.

Through systematic hydrogeological, geophysical and water quality investigations, the study has
generated a robust aquifer-wise database that captures the complexity of basaltic aquifers, shallow and
deeper groundwater systems, and their interaction with surface water bodies, creeks and the Arabian
Sea. The assessment highlights that, while the overall groundwater development stage remains within
safe limits, issues such as declining water levels, localized GW quality issues and vulnerability to
seawater intrusion along coastal and creek areas require focused attention.

The NAQUIM 2.0 outputs, including aquifer geometry, groundwater quality status, resource estimation
and vulnerability mapping, provide a strong scientific foundation for evidence-based decision-making.
These findings clearly indicate the need for prudent groundwater abstraction, protection of freshwater
aquifers from saline ingress, and enhancement of recharge through rainwater harvesting, especially in
areas with deeper post-monsoon water levels. In saline and coastal tracts, non-conventional measures
such as rooftop rainwater harvesting and demand-side management assume greater importance.

The Mumbai NAQUIM 2.0 study has immense potential for a robust implementation plan by integrating
its recommendations with urban planning, water supply augmentation projects and climate-resilient
strategies. Effective use of this aquifer information by line departments, urban local bodies and other
stakeholders will help ensure sustainable groundwater management, safeguard potable water
resources, and support the long-term water security of Mumbai.

TF 4R
(N.Varadaraj)

Faridabad

Bhujal Bhawan, CGO Complex, NH-1V, Faridabad-121001
Tel.: 0129-2477117,0129-2477116, E-mail- meng-cgwb@gov.in
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PREFACE
The NAQUIM 2.0 study for the Mumbai Urban Agglomeration represents a major advancement in
building a scientific and integrated understandin
approximately 603 sg. km across Mumbai City and its suburban areas, the study responds to the
pressing challenges of groundwater management i n

intensely urbanized coastal regions.

Comprehensive hydrogeological, geophysical, and groundwater quality assessments have resulted

in a detailed, aquifer-wi se database. This database captures t
basaltic formations, including shallow and deeper aquifers, and their hydraulic connectivity with

surface water bodies, tidal creeks, and the Arabian Sea. While the overall stage of groundwater
development remains within safe limits, the study identifies emerging concerns such as falling water

levels in certain pockets, localized groundwater quality deterioration, and susceptibility to seawater

intrusion along coastal and creek-adjacent zones.

Key NAQUIM 2.0 outputsd such as aquifer delineation, groundwater quality appraisal, resource
guantification, and vulnerability mappingd offer a strong scientific basis for informed and evidence-
driven water management decisions. The findings underscore the importance of regulated
groundwater extraction, safeguarding freshwater aquifers from saline ingress, and enhancing
recharge through measures like rainwater harvesting, particularly in areas exhibiting deeper post-
monsoon water levels. In coastal and saline-prone regions, greater emphasis is required on non-
conventional interventions, including rooftop rainwater harvesting and demand management
strategies.

Overall, the NAQUIM 2.0 study for Mumbai provides a valuable framework for developing an
effective and sustainable groundwater management strategy. Integrating its recommendations with
urban planning initiatives, water supply augmentation schemes, and climate-resilient approaches
can significantly strengthen long-term water security. Proactive utilization of this aquifer information
by urban local bodies, line departments, and other stakeholders will be critical in protecting potable
groundwater resourcesand ensuring Mumbai 6s future water sust

25T

Dr. Umesh S. Balpande
Regional Director
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EXECUTIVE SUMMARY

Mumbai and Mumbai Suburban districts were covered under the NAQUIM 2.0 (National Aquifer
Mapping and Management Programme) study, encompassing an area of approximately 603
kmz2 across four taluksd Mumbai City, Kurla, Andheri, and Borivali. The study area falls within
Survey of India Toposheets 47A/ 9711t9AA1AMNA/N1 4
72AW2NM59N] E longitude, and has been categ
area. Physio-graphically, the region is characterized by predominantly flat coastal terrain,
flanked by northi south trending hill ranges, with the Powaii Kanheri hills forming a prominent
elevated zone in the northeastern part. These hills serve as the recharge and feeder zones for
Powai, Vihar, and Tulsi lakes. The area is dissected by several tidal creeks, notably Thane
Creek, and drained by the Mithi, Mahim, Dahisar, and Oshiwara rivers. Geologically, the area is
underlain by Deccan Trap basaltic lava flows of Upper Cretaceous to Lower Eocene age,
overlain locally by alluvium. The region receives high monsoonal rainfall ranging from 1,800 to
2,400 mm annually.

Hydrogeological investigations indicate that the principal aquifers are Basalt and Alluvium, with
groundwater occurrence controlled by weathered zones, fractures, joints, and vesicular basalt
horizons. Water level data show predominantly shallow groundwater conditions, with more than
801 85% of monitoring wells recording water levels <5 m bgl during both pre- and post-monsoon
periods (2023i 2024). Seasonal fluctuations indicate a net rising trend in the majority of wells,
while long-term trend analysis reveals a declining groundwater trend in Mumbai City and a
generally rising trend in Mumbai Suburban districts, except in isolated pockets.

Geophysical investigations using Vertical Electrical Sounding (VES) delineate subsurface layers
comprising topsoil, weathered basalt, fractured basalt, and massive basalt up to depths of about
80 m bgl. Groundwater exploration data indicate fracture zones predominantly between 607 172
m bgl, with well yields ranging from <1 to 12 Ips and transmissivity values of 961 141 m#/day.
However, saline groundwater zones have been encountered at several locations, particularly in
Fort, Shivaji Park (Dadar), Mulund East, and Mahim, at variable depths, indicating vulnerability
to seawater intrusion.

Groundwater quality assessment shows that groundwater is predominantly of Cai Mgi HCOFf
type, generally meeting BIS drinking water standards, except for localized nitrate contamination
and elevated electrical conductivity in select coastal and urban pockets. GALDIT vulnerability
modeling indicates that coastal aquifers are moderately to highly vulnerable to seawater
intrusion, particularly during pre-monsoon periods.

As per the 2025 Groundwater Resources Assessment, the Stage of Groundwater Extraction is
46% in Mumbai City and 25.74% in Mumbai Suburban, categorizing all four assessment units

,atdaxtue

or i

as 6Safed. Groundwat er use i s pr edo mies,aniht | vy

negligible irrigation demand.

The study recommends strengthening groundwater recharge through rainwater harvesting,
recharge wells, and conversion of unused dug wells, particularly in identified recharge-feasible
zones. Groundwater abstraction should be regulated in saline-prone areas, with extraction
depths restricted and continuous guality monitoring enforced. Although Mumbai is not presently
water-scarce due to adequate surface water supply, systematic groundwater recharge and
protection are essential to mitigate seawater intrusion risks and ensure long-term aquifer
sustainability in this coastal urban agglomeration.
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DISTRICT AT A GLANCE

MUMBAI CITY & MUMBAI SUBURBAN DISTRICTS

1 GENERAL INFORMATION
Geographical Area
Administrative Divisions
Co-ordinates
Toposheet
Taluks
Municipal Corporation
Administrative Wards

Population (Census
2011)
Water Supply

Source for Water Supply

Normal rainfall

Long term rainfall Trend
(1901-2023)

2 GEOMORPHOLOGY AND DRAINAGE
Major Physiographic unit

Major Drainage
3 LAND USE

603 sq. km.

Mumbai City and Mumbai Suburban District
N18A5306 & 19A196 and E
A7AI9, 47TA/16, 47A/15

Taluka- 4; Mumbai City, Andheri, Kurla, Borivali
1, Brihanmumbai Municipal Corporation (BMC)

3, City Ward, Eastern ward & Western Ward
93,56,962, Projected Population (2024)-1.30 Cr

3975 MLD

7, Vihar and Tulsi within Mumbai and Tansa,
Modak Sagar, Upper Vaitarna, Middle Vaitarna
and Bhatasa

2111 mm to 2420 mm

Rising trend

3, Bombay Island Salsette Island and Trombay
Island.
4, Mahim, Mithi, Dahisar and Polsar

Brihanmumbai Municipal Corporation is Planning Authority for about 434.55 sq.m
(91.24%) excluding the area comlng under various Special Planning Authority (SPA)

4 SOILTYPE

SOIL INFILTRATION

The predominant soil types in Mumbai are sandy in
the city region and alluvial/loamy in the suburban
areas.

Infiltration Rate (cm/hr): 1.5 to 45.6

5  GROUND WATER MONITORING WELLS (As on May-2025)
Dug wells 23
Key Observation Wells 37

6 GEOLOGY
Recent Alluvium

Upper Cretaceous to
Lower Eocene
GEOPHYSICAL SURVEY

HYDROGEOLOGY

Major Water Bearing
Formation

Basalt (Deccan Trap), Rhyolite and Trachyte

33 VES

1. Hard Rock:

Deccan Traps Basalt- Weathered/Fractured/
Jointed massive or Amygdaloidal Basalt.

2. Soft Rock:



Alluvium - beach Sand

Depth to water level in Shallow Aquifer

Pre-monsoon Depth to

Water Level (May-2024)
Post-monsoon Depth to

Water Level (Nov -2024)

Water level Trend (2014 -2023)

Pre- monsoon Water
Level Trend (2014-2023)

Post-monsoon Water
Level Trend (2014-2023)
9 GROUND WATER EXPLORATION (2025)
Major Aquifer
Wells Drilled (CGWB)

Depth Range
SWL
Discharge
10 GROUND WATER QUALITY

Constituents

pH
ECat250C (e S/ ¢ m)
TDS

Chloride
Sulphate
Nitrate (mg/l)
Fluoride (mg/l)
Calcium
Magnesium
Total Hardness
Sodium
Potassium

Iron (mg/l)

11 DYNAMIC GROUND WATER RESOURCES (2025)

Annual Extractable
Ground Water Resources
(MCM)

Total Extraction (MCM)

Net Ground Water
Availability for future use
(MCM)

0.3 mbgl to 12.81 mbgl

0.00 mbgl to 8.00 mbgl

Rise: 0. 0.146 m/year

Fall: 0.00 to 0.07 m/year
Rise: 0. 00 to 0. .48 m/year
Fall: 0. 00 to 0.63 m/year

Basalt

6 EWs+10W+2PZ

drilled

37.90 to 202.60 mbgl
1.08 to 37.27 mbgl

<1lpsto 13 Ips

Pre-Monsoon -2023

Min
6.86

136
87

11
0
1
0.16
12
4.86
70
4
0
0

Max
7.9

4558
2917

1375
92
84

1.12

491
182
1530
529
34
283

Pre-Monsoon -2024

Min
3.4

123
0

10.65
0

0
0.02
14
2.4
45

Max
8.73

6842
4378

905.25
214

58

2

614

68
1820
595.4
30

0.1

14.77 MCM (Mumbai) & 72.63 MCM (Mumbai

Suburban)

6.80 MCM (Mumbai) & 18.70 MCM (Mumbai

Suburban)

7.97 MCM (Mumbai) & 53.93 MCM (Mumbai

Suburban)



Stage of Ground Water 46.03% (Mumbai) & 25.74% (Mumbai Suburban)
Development
Category Safe

12 ' MAJOR GROUND WATER PROBLEMS AND ISSUES

Due to urban agglomeration the major challenge is sustainable management of water
resources. Urbanization results in an extensive change in land use land cover. This may
include loss of vegetation, increase in percentage of impervious surfaces (paved area)
and changes in natural flow of storm water runoff directly to stream channels. All these
processes result in greater proportion of precipitation going as surface runoff causing low
infiltration to the aquifer and poor recharge in the area. The extensive built-up area
causes water logging during monsoon season. Ground water quality is also affected due
to effluent discharges and anthropogenic activities. There is an additional risk of saline
water intrusion along the coastline due to over extraction of Ground water.
13  GROUNDWATER MANAGEMENT

For GW management and sustainable use, Rainwater harvesting may be implemented
at places with deeper water levels of more than 5 mbgl is observed during post monsoon
season. RWH in/and around areas such as Khandoba Mandir, Harmos Ji St, Sion and
Mazgaon in Mumbai city, Ranicha Bagh, Borspada, Borivali East, Chandiwali, Sonapur
and Vile Parle West in Mumbai Suburban districts can be constructed to enhance GW
scenario. Dry or abundant dug wells may be converted into recharge wells with
precautions. Further, Integrated Water Management Plan (Plan) with supply and demand
side measures, Augmentation of GW and Conjunctive use is planned for efficient
management of Water resources

The city of Mumbai is an area surrounded by saline water originating from the Arabian
Sea and creeks, and saline aquifers are located between the freshwater aquifers, so
there is a possibility of saline water rising when groundwater is pumped out of the dug
wells and bore wells. it was recommended to take precautionary measures to prevent
excessive pumping of groundwater which may lead to saline water rising. Here too, the
pumps must be optimally used to prevent the fresh aquifer from being salinized through
possible saline water upcoming all along the coast.



CHAPTER 1
INTRODUCTION

The National Aquifer Mapping and Management Programme (NAQUIM) was launched in 2012 by
the Central Ground Water Board (CGWB) as per the recommendations of the report of the Steering
Committee on Water Resources and Sanitation in the Twelfth Five Year Plan (2012-2017) of the
Planning Commission. NAQUIM (later renamed as NAQUIM 1.0) was launched to delineate and
characterize the aquifers and prepare an aquifer management plan at district and block levels. As
a follow-up project to NAQUIM, NAQUIM 2.0 was launched in April 2023. NAQUIM 2.0 is designed
to provide detailed information to support groundwater management decisions at ground level.
Since the issues pertaining to Ground water are area specific, 11 Priority areas were identified
based on ground water related issues such as Water Stressed Areas; Urban Agglomerate; Coastal
Areas, Industrial Clusters and Mining Areas, Areas with Springs as the principal source, Areas with
Deeper Aquifers, Ground Water Contamination, Auto flow zones, Canal Command Areas, Areas
with poor ground water quality, Other specific Issues. The present study deals with specific priority
area i .e. under fAUrban Aggl omerateod where emphas
ground water system in the study area.

1.1 STUDY AREA

Mumbai and Mumbai suburban districts have been taken-up for NAQUIM 2.0 studies covering an

area of 603 sq.km containing 4 taluks namely Mumbai city, Kurla, Andheri and Borivali, where total

area of Mumbai City is 69 sg. km and Mumbai Suburb is 534 sq. km. The area falls in the
Toposheet of 47A/9,47A/ 16, 47 A/ 15. bet ween N18A536 & 19A19
population as per the Census 2011 is 93,56,962. The present study deals with specific priority area

i . e. under fAUr ban mMpbagi$ istmeerpladeccon thevdiferts ef urlkanization on

ground water system in the study area. Administrative map of the study area is given in Fig 1.1

and The Salient features of the study area are given in Table 1.1.

Mumbai is one of the biggest metropolitan city in India in terms of population size and economy.
Located on the western coast facing the Arabian Sea, the city was once made up of seven small
islands, which over the centuries got connected through natural and man-made land reclamations.
Today, it is a narrow strip of island that abuts the coastal belt of Konkan. (City Profile, BMC
DRMMP).

A major part of Mumbai sits on the old island of Salsette which lies at the mouth of Ulhas River.
Usually, Mumbai is referred to as three different geographic entities: Mumbai City, Greater Mumbai,
and Mumbai Metropolitan Region. Mumbai City is the core of the old port city of Mumbai during the
colonial period. Since then, its territory has expanded northward to cover the suburbs and extended
suburbs. The Mumbai Island City and the Mumbai Suburban District comprise the Greater Mumbai.
The Mumbai Metropolitan Region was formed to create the urban agglomeration consisting of 7
Municipal Corporations and 13 Municipal Councils. In addition to MCGM, it includes the Municipal
Corporations of Navi Mumbai, Mira-Bhayandar, Thane, Kalyan-Dombivali, Bhiwandi-Nizampur and
Ulhasnagar. (City Profile, BMC DRMMP).
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Fig 1.1: Administrative map of Mumbai City & Mumbai Suburban District

Table 1. 1 The Salient features of the study area are given below:

S.No. Salient Features Mumbai City and Mumbai suburban District

1. Location North latitude-1 8 A536 & 19A196
Longitude-72 A476 & 72A59506

2. Geographical Area 603 sg. km. (Mumbai City- 69 sq. km.; Mumbai
Suburb- 534 sq. km)

3. Population (2011) 93,56,962
13060781 (13.06 Billion) in 2024 (BMC)

4. Normal Annual Rainfall 2111 mm to 2420 mm

5. Major Drainage Mahim, Mithi, Dahisar and Polsar

6. Geology Basalt and Alluvium

1.2 DEMOGRAPHY AND POPULATION

Mumbai is one of the densely populated cities. This positions Mumbai as the second most populous
city in India, following Delhi. In Mumbai the estimated population of Mumbai is 13.06 million (year
2024) as per data received from Health Department of Brihan Mumbai Municipal Corporation. The
population density of 27,029 person per sq.km. This consistent growth underscores Mumbai's
significance as a major urban centre in India. Mumbai, India's financial and entertainment capital,
is a densely populated and culturally diverse metropolis. There are three Main Administrative
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Wards; City Ward, Eastern Ward and Western Ward and population of each is given in the table
1.2

Table 1.2: The ward -wise area and population of Mumbaiis  shown in table:

Ward-wise area and population of Mumbai (2023 & 2024)

Administrative Areain Population Administrative Area Population
Ward Sg.km Ward in
Sqg.km
2023 2024 2023 2024
A 11.2 193527 194210 P/S 25.19 484833 486544
B 2.65 133147 133616 P/N 46.7 984680 988154
C 1.91 173807 174419 R/S 18.31 723033 725585
D 8.3 362826 364106 R/C 47.95 588028 590102
E 7.27 411382 412833 R/N 14.17 451217 452808
FI/S 9.87 377581 378913  Western Ward | 232.55 5781335 5801729
F/N 12.85 553376 555328 L 15.62 943738 947067
G/S 9.74 395130 396524  MI/E 38.19 844885 847865
G/N 8.31 626602 628812 M/W 17.62 430846 432365
City Ward 72.1 3227378 3238160 N 29.68 651512 653810
H/E 12.4 582879 584934 S 32.55 778006 780751
H/W 18.65 321734 322869 T 44.91 357174 358434
K/E 24 861794 864834 Eastern Ward 178.57 ' 4006161 4020292
KIW 25.18 783137 785899 BMC 483.22 | 13014874 13060781

Source: Development- Planning and Health Depts of Brihanmumbai Municipal Corporation

Administrative Ward-wi se popul ati on i ndi chas maximumlpaptulation®f/ Nor t |
9,88,154 persons whereas' Bvard has minimum population of 1,33,616 persons.

Ward -wise Population, 2024, Mumbai

1200000
1000000
800000

600000

Population

400000

200000
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Fig 1.2: Ward -wise Population, 2024, Mumbai
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Year | Population %

in Million Growth Population Growth in Mumbai 1901 to 2011

1901 0.93 - H

z2
1911 1.15 23.7 5 12
1921 1.38 20 s

=z
1931 1.4 115 .
1941 1.8 28.6 s °
1951 2.99 66.1 g 6
1961 4.15 38.8 o,

<
1971 5.97 438 3
1981 8.22 38.0 <
1991 9.92 21.1 0

1901 1911 1921 1931 1941 1951 1961 1971 1981 1991 2001 2011

2001 11.97 20.6

YEAR
2011 12.64 3.8

Source: Census Department of India
Fig 1.3: Population Growth in Mumbai 1901 to 2011

In Mumbai the Growth of Population and rate Increases during year 1901-2 011 and di st
population grew from 0.93 million in 1901 to 12.64 million in the year 2011. Mumbai's demographic

profile underscores its status as a vibrant, diverse, and dynamic city, reflecting a blend of cultures,
languages, and traditions.

1.3 WATER RESOURCES AVAILABILITY AND DISTRIBUTION IN THE STUDY AREA

Historical records indicate that the district originally relied on dug wells, lakes, and tanks as sources

of water supply. With rapid urbanization and population growth, water demand increased
significantly, necessitating the development of a surface wateri based piped distribution system by

the municipal corporation.At present, the cityb6s water distribu
comprising a network of transmission mains and service pipelines that cover the entire urban area.

The water supply infrastructure of Greater Mumbai is more than a century old, with the first piped
water supply commi ssioned in 1860. Currently, t
surface water reservoirs (lakes). In Mumbai, Ground water is not used for drinking purposes. In

order to reduce the illness prevalence in the city, Brihanmumbai Municipal Corporation (BMC) and
Government of Maharashtra (GoM) have been discouraged the use of water from wells and ponds.

As result, the dug well based water supply was not encouraged. 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, ground water-based supply as a supplementary source of supply has been used

for all purposes other than drinking. Ground water is quite vulnerable to contamination from sewage

disposal and other human activities. The over pumping may also lead to sea water intrusion.

1.3.1 Status of Water Supply and Demand

Mumbai receives water from seven impounded water resources viz. Vihar and Tulsi within Mumbai
and Tansa, Modak Sagar, Upper Vaitarna, Middle Vaitarna and Bhatasa located at a distance of
about 100 to 175 Kms from Mumbai. Water available from these sources is conveyed with
transmission system ranging from 2235 mm to 5500 mm diameter pipelines and tunnels to the
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state-of-the-art water treatment facilities at Bhandup Complex (2500 MLD) and Panjrapur (1365
MLD). Water Treatment facilities for Tulsi (14 MLD) and Vihar (100 MLD) are located near to these
sources (Table 1.3). At these treatment plants, water is treated with processes such as coagulation,
flocculation, settling, rapid sand filtration and post-Chlorination and quality of the effluent water is
maintained in accordance with 1S 10500: 2012 - Drinking Water Specifications.

Table 1.3: Source of water Supply
Source of Water Supply

S.No. Source Yield in MLD Distance from City Treatment Plant
1 Tulsi 14 City Limit Tulsi
2 Vihar 100 City Limit Vihar
3 Tansa 448 100 km from City Bhandup Complex
4 Modak Sagar 1769 100 km from City Bhandup Complex
5 Upper Vaitarna Middle 173 km from City Bhandup Complex
Vaitarna
6 Bhatsa 2039 100 km from City Bhandup Complex and
Panjarapur
Subtotal 4370 - -
Enroute + Losses -395 - -
Total Supply to City 3975 - -

Source: Hydraulic Engg Dept, BMC, Mumbai

The treated water is stored in the Master Balancing Reservoirs (MBR) located near the treatment
plants at Bhandup Complex (within Mumbai) and Yewai (Outside Mumbai). It is further distributed
to 27 service reservoirs located throughout Mumbai City with water supply network of about 450
Kms this conveyance system remains charged for 24 hours and eliminates the chances of water
contamination because of intrusion of ground water/sewage etc. There is 3975 MLD water supply
to Mumbai.

1.3.2 Population Projection, Demand and Augmentation of Water Supply

The population growth trend of Mumbai is rising and the projected population of Mumbai is
anticipated to be 17.24 million by the year 2041. The projected water demand for 2041 is 6535
MLD (including enroute supply and transmission losses). The process of developing Government
allotted Gargai (440 MLD), Pinjal (865 MLD) and Damanganga-Pinjal River Link Project (1586
MLD) water supply sources to meet the future water demand. On completion of these projects, the
water supply will be augmented by 2891 MLD.

1.4. OBJECTIVES OF THE PRESENT STUDY

The NAQUIM 2.0 study Mumbai City and Mumbai Suburban District area has been taken up under the
theme 'Urban Agglomerations' and as per the NAQUIM 2.0 Toolkit (CGWB 2024), it was a
multidisciplinary study with inputs from the fields of hydrogeology, groundwater geophysics,
hydrochemistry and hydrometeorology carried out by a group of scientific collaborators and officials
under Annual Action Plan (AAP) 2023-24 and extended to 2024-25. The main objective of the present
study is to assess the potential of Groundwater Resources in Mumbai City & Suburban District.

To meet the objective, the following activities were carried out:

1. Data gap analysis: The data available regarding the exploratory wells, Geophysical Survey
(VES), Ground water level and Ground water quality were compiled and analysed for adequacy
of the same in Mumbai city and Mumbai Suburban district.
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2. Establishment of 60 KOW and monitored in May (Pre-monsoon), August, November (Post
monsoon) and January for the years 2023-24 to 2024-2025. Depth to water level maps has
been prepared based on water level data collected from KOW for all four seasons.

3. Collection of GW samples and Chemical Analysis  : 96 sample pre monsoon 2023. Out of
which 60 shallow aquifers and 36 are from deeper aquifers and 96 for Pre-monsoon 2024 and
post monsoon 2024 and analyzed for 15 parameters and Heavy metals. Ground water quality
maps for EC, ClI, F, NOs has been prepared for both shallow and deeper aquifers.

4. Geophysical Investigation: 33 VES carried out in the study area and data has been
interpreted for subsurface lithology.

5. GW Exploration Under GW exploration 6 EWs, 1 OW and 2 Pz has been constructed at 8
sites for deciphering aquifer parameters.

6. Soil Infiltration test:  Soil infiltration studies were carried out at 4 sites in the Mumbai City and
Mumbai Suburban area using Double ring infiltrometer. The infiltration tests were conducted
for 60 to 80 minutes.

7. Ground water resources estimation: GWRE has been carried out in association with GSDA
for Mumbai City and Mumbai Sub urban district for the assessment year 2024 and 2025.

The following are the deliverables for the study

1. Potential of groundwater extraction in the study area

Supply and demand gap calculation

3. Demarcation of areas which are highly prone to ground water quality issues due to urbanization
and industrialization

4. Demarcation of areas where water level is very shallow (less than 2 mbgl) and suggest
conjunctive use of surface water and ground water in systematic and planned way.

5. Possibility of Recycle/Reuse of Grey Water and cost-benefit ratio estimation of installation of
artificial recharge structure and treatment of grey water.

6. Vulnerability to seawater ingress.

7. Potential for use of storm runoff for artificial recharge.

N

1.5 MAJOR CHALLENGES IN THE STUDY AREA

Due to urban agglomeration the major challenge is sustainable management of water resources.
Urbanization results in an extensive change in land use land cover. This may include loss of
vegetation, increase in percentage of impervious surfaces (paved area) and changes in natural
flow of storm water runoff directly to stream channels. All these processes result in greater
proportion of precipitation going as surface runoff causing low infiltration to the aquifer and poor
recharge in the area. The extensive built-up area causes water logging during monsoon season.
Ground water quality is also affected due to effluent discharges and anthropogenic activities. There
is an additional risk of saline water intrusion along the coastline due to over extraction of Ground
water.

1.6 PREVIOUS STUDIES
There are limited number of scientific studies that have been carried out in the Mumbai area
previously, details are given below table 1.4.

Table 1.4 Previous Studies
S.No. Report Year
1 Systematic Hydrogeological Survey for Greater Mumbai carried 1989-90
out by Dr. P. K. Naik, Sc-B
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Reappraisal Hydrogeological Studies in Mumbai suburban area 1999-2000
by Shri. A.B Kawade, Sc-D

District Groundwater Information Brochure, Mumbai district by 2013

Shri. Sourabh Gupta, Sc-D

Groundwater potential of greater Bombay Area, by R.M. Agashe, 1993
Director
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CHAPTER 2
PHYSIOGRAPHY, LAND USE & SOIL TYPE

2.1 PHYSIOGRAPHY

The Mumbai City and Mumbai Suburban Districts lie within in the western coast of India and the
narrow coastal Konkan tract of Maharashtra sandwiched between Thane District on North and
Raigad District on South. Most part of Mumbai area is at sea level and the average elevation ranges
from 10 to 15 meters. The northern part of Mumbai is hilly with maximum elevation of 445 m above
mean sea level (m amsl) at some of the peaks of hill ranges (Fig 2.1). The main physiographic
feature of the study area is broad and flat terrain flanked by north i south trending hill ranges. The
landforms of each of the islands have been classified into three physiographic terrains namely.
Bombay Island Salsette Island and Trombay Island.

1 Bombay island is divided into six sectors such as 1. Western Ridge comprising of Malabar,
Cumballa and Worli Hills, 2. Western coastal low tract,3. The central flat terrain of the island
the central including the initial lowlands between the original seven island of Bombay, 4.
Eastern ridge comprising of Colaba,5. Dockyard, Cotton green, Sewree, Koliwada and Sion
Hills,6. Eastern coastal marshy low lands including the harbour area adjoining Thane Creek
which separates Bombay from the main land.

1 Salsette island is relatively more complex. Its physiography has been divided into seven
sectors, viz: a) Outer Western Ridge comprising of Madh, Aksa, Manori, Gorai and Uttan
Hills, b) Western Coastal low-lying tract, ¢) Inner Western Ridge comprising of of Pali,
Gilbert and Bondivili hills situated at Bandra, Andheri, and Jogeshwari respectively, d) Flat
marshy land between inner and outer western ridge. ) Central hill complex occupying the
large tracts of the central, northern and eastern Salsette island. f) Flat land between the
western ridge and the central hill complex, g) Amphitheatre type low lands surrounded by
hills within the western ridge and the central hill complex. The Powai i Kanheri hills form
the largest hilly terrain in the central part of the Salsette island and are the feeder zone for
the three lakes viz., Powai, Vihar and Tulsi

1 Trombay Island is divided into two sectors, Hilly Tract and Low marshy lands surrounding
hills. Trombay island has north i south running hills with maximum elevation of 300 m above
man sea level (m amsl). Malabar, Colaba, Worli and Pali hills are the isolated small ridges
trending north 7 south in the western part of the district. The hill ranges form almost parallel
ridges in the eastern and western part of the area. The Powai i Kanheri hill ranges are the
other hill extending in the eastern and central part running NNE i SSW. There are a number
of creeks, dissecting the area. Among them, Thane is the longest creek. Other major creeks
are Manori, Malad and Mahim which protrudes in the main land and give rise to mud flanges
and swamps.

2.2 DRAINAGE

The area is drained by Mahim, Mithi, Dahisar and Polsar rivers. These small rivers near the coast,
form small rivulets which inter mingle with each other resulting in swamps and mud flats in the low-
lying area (Fig 2.2). The drainage pattern of the three islands is described as follows:

Bombay Islands: Formerly Bombay Island was a group of seven islands, which were separated
by low marshlands. These marshy tracts were later reclaimed and the islands were joined together
artificially as one big island which was separated from the other islands in the north and northeast
by Mahim River and the Chembur marshlands. Thus, at present, the original features of land
surface except for a few hills, are totally lost. No permanent major features of drainage have been
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retained in Bombay city except for the main sluice outlets in the form of streams draining westwards
into the sea at the northern and southern ends of Worli hill. All the drainages from the hills have
been channelized into artificial drains which are connected to the underground sluice system.

ELEVATION MAP OF MUMBAI CITY AND SUBURBAN AREA
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Fig 2.1: Elevation Map Mumbai city and Mumbai Suburban District

Salsette Island: The drainage pattern of the salsette Island is complex. The stream flows occurs
in Westward and Eastward direction. Westward direction may be considered as the main direction
as there are many more streams in this group. They ultimately constitute three major estuarine
river systems, from north to south, i.e 1) Dahisar River 11) Poisar River and iii) Mahim River. The
creeks on the eastern coast are in the form of wide water tracts in the coastal marshland, that worth
mentioning are situated east of Vikhroli, Kanjur, and Bhandup. All these drains into Thane creek,
the southwest flowing arm of Ulhas River.

Trombay Island: The drainage of the Central hill mass of Trombay Island is somewhat radial in
pattern. Most of the streams emerge from several spurs of the hills on the northern side and drain
into the streams emerging from the eastern flank of the hill complex of Salsette Island, merge into
a broad estuarine channel which drains into Thane creek. The, streams emerging from the eastern
and western land of the main ridge of Trombay are very short, and drain directly into the marshy
tract at the foot of the slope.
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Fig 2.2: Drainage Map of Mumbai
2.3 GEOMORPHOLOGY

The major geomorphological features occurring in the study area includes Linear ridges, Residual
Hills, Alluvial Fans, Fluvial Plains, Wetlands and Mudflats and beaches (Fig.2.3). Description is
given in the Table 2.1

Table 2.1: Major geomorphological features occurring in the study area

S.No. Geomorphological Description
Feature
1 Linear ridges, residual In Borivali National Park, Pali Hills, Cumbala Hills, Malabar

hill, cuesta and mesa Hills and Mumbrai Belapur Hill ranges comprises of Linear
ridges, residual hill, cuesta and mesa are resistant
landforms and groundwater prospect in these geomorphic

units is poor.
2 Alluvial fans Occurs near the foot hills
3 Fluvial plains Fluvial plains are pediments developed when running

water deposits material in valleys. Two types of pediments:
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4

Wetlands/mudflats

Salt pans
Beach

shallow (foothills of the Borivali Hills) and buried pediments
(occur between the shallow pediment and creek)

Marshy or swampy areas that are mainly made up of fine
sand and silt and are covered by salt water either
permanently or temporarily. Seen beside the creeks.
Thane is the longest creek. other major creeks are Manori,
Malad and Mahim which protrudes in the main land and
give rise to mud flangs and swamps.

Observed in some of these wetlands

In the study area, sand and rocky beaches are present
along the western coast. Sediment thicknesses in these
beaches are not very high.
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2.4 LAND USE

Major part of the Mumbai city and Suburban District is under urbanization or built-up area other
than that Forest area as Sanjay Gandhi National Park, open area as Mangroves/ lakes areas are
also prevalent (Fig 2.4).
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Fig 2.4: Land use pattern in Study Area

2.5 SOIL TYPE

The soil cover in the study area is predominantly sandy due to its proximity to the sea. In the
suburbs, the soil cover is largely alluvial and loamy. The underlying rock of the region is composed
of black Deccan basalt flows, and their acidic and basic variants dating back to the late Cretaceous
and early Eocene eras. Two types of soils have been observed in the district viz., medium to deep
black and reddish colored soil. To get a detailed understanding of the soil type, soil infiltration
studies were taken up under NAQUIM 2.0 in the study area. The details are given below.
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2.6 SOIL INFILTRATION STUDIES

Infiltration in general, may be defined as the phenomenon of movement of water into the soil
through the soil surface. The understanding of the phenomenon enables us to estimate more
effectively the amount of run-off originating from precipitation and the results thereof can be applied
more confidently to resolve various problems. During the present study, soil infiltration studies were
carried out at 4 sites in the Mumbai City and Suburban areas using Double ring infiltrometer. The
diameter of Inner ring is 30cm and that for the Outer ring is 60cm. The infiltration tests were
conducted for 60 to 80 minutes. Summary of the test and results is given in table 2.2.

A perusal of the table shows that the test has been conducted both Park, Open spaces and open
land as well. Mumbai is an urban agglomerate and hence finding an open or barren unused land
is very difficult. The analysis show that in most places the soil infiltration rates were high indicating
the loose well assorted soil that may have been ploughed and/or transported from other places.
Fig 2.5,2.6,2.7,2.8

Table 2.2: Summary of soil infiltration test

S.No | Site Name Taluka Latitude Longitude Land Infiltratio Soil type
Use n Rate
(cm/hr)
1 Agarwadi- Mumbai = 19.0466468 72.046468 Park 5.6 Loose, well
Govandi East = City assorted soll
2 St. George Mumbai = 18.941355 @ 72.837473 Park 135 Loose, well
Hospital City assorted soll
3 CTIRC Borivali = 19.233641 @ 72.867782 Barren 15 Loam
Training land
Centre, Kaju
pada
4 Film City, Andheri = 19.161241 @ 72.885765 Barren 45.6 Loose, well
Goregaon near assorted soll
construct
ion area

22



16

14

12

10

Infiltration Rate {cm/hr)
o]

Infiltration Rate (cm/hr)

Soil Infiltration
Test- Agarwadi,Kurla

0 10 20 30

Cummulative Time (Min)

Infiltration Rate (cm/Hr.)

Fig 2.5: Soil Infiltration Test - Agarwadi, Kurla

Soil Infiltration
Test- CTIRC, Borivali

14

0 10 20 30

Infiltration rate
= 5.6 cm/hr (Loam)
40 50 60 70 80
—o— Cumulative infiltration (cm)
Infiltration rate
= 1.5cm/hr, Clayey Soil, Compact
18
1.6
14 E,
(=}
12 8
m
1 £
=
E
08 2
=
06 =
E
0.4 5
&
0.2
0

40 50 60

Cummulative Time (Min)

—~O—Infiltration Rate (¢cm/Hr.)

—&— Cumulative infiltration (cm)

Fig 2.7: Soil Infiltration Test - CTIRC, Borivali

70

23

Soil Infiltration Infiltration rate
Test- St.George Hospital, Mumbai City = 13.5cm/hr, well
assorted soil

70 30
60 25
£ 50
T 20
s
¥ 40
& 15
530
H
5 10
u_g 20
10 5
0 0
0 20 40 60 80 100 120 140

Cummulative Time (Min)
Infiltration Rate (cm/Hr.) —&—Cumulative infiltration (cm)

Fig 2.6: Soil Infiltration Test - St. George Hospital, Mumbai City

. . . . Infiltration rate
Soil Infiltration Test- Fllm City, = 45.6cm/hr, Well assorted
Goregaon, Andheri .
soil
140 50
45
120 4

= 40
=

‘E 100 35
=

T 80 30

& 25
s

g w0 15

= 10

20
J 5
0 0
] 10 20 30 40 50 60 70 80
Cummulative Time (Min)
—o— Infiltration Rate (cm/Hr.) —&— Cumulative infiltration (cm)

Fig 2.8: Soil Infiltration Test - Film City, Goregaon, Andheri



CHAPTER 3
CLIMATE AND RAINFALL

Geographically, the Mumbai Coast lies within the tropical belt facing the full impact of south-west
monsoon with western Ghats to its east. The climate of the area has greatly been influenced, owing
to its proximity by the Arabian Sea. The climate of the Mumbai City and Mumbai Suburban districts
is characterized by an oppressive summer, dampness in the atmosphere nearly throughout the
year and heavy south i west monsoon rainfall from June to September. The climate is tropical, hot
all year round, with a long, sunny season from early or mid-October to early June and a rainy
season from June to September or early October. The latter is due to the south-west monsoon and
is characterized by stuffy weather, cloud cover and frequent rains, which occur almost every day
and are sometimes torrential.

During the pre-monsoon period, from March to May, the heat becomes intense, in fact, the
temperature can sometimes reach 38-40 °C; this partly happens also in the period after the
monsoon, in October and November, when it can reach 36-38 °C. (Fig 3.1). The normal rainfall for
Mumbai city and Mumbai suburban is 2111 mm and 2420 mm respectively. The rainfall normally
occurs during the months of June, July, August, September and October. The maximum rainfall is
between June and October and remaining part during the months from November to May is almost
dry. The Isohyet Map for the study area has been prepared from 1980 to 2020 for IMD rain gauge
stations (Fig 3.2)

AVERAGE MONTHLY MIN AND MAX. TEMPERATURES IN MUMBAI
(STUDY AREA) FROM (2015 TO 2023)

MAX M IN

40.0
35.0
30.0
25.0
20.0
15.0
10.0

5.0

TEMPERATUREY)

JanuarFebrualvIarCh April | May June July August Septe Octob Nove Decem
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Fig 3.1: Average Monthly Minimum and Maximum Temperatures in Mumbai City & Suburban area

The normal annual rainfall over the districts is 2111 mm to about 2420 mm for Mumbai City and
Mumbai Suburban District respectively. The Monthly variation of rainfall during the last 120 years
for Mumbai City and Mumbai Suburban district is shown in (Fig 3.3a & b). Throughout these years,
Rainfall shows a rising trend. This data is used for the Yearly, Monthly and Seasonal Rainfall-
Probability analysis.
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Fig 3.3a: Year wise variation of Seasonal Rainfall during the last 100 years in Mumbai City area
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Fig 3.3b: Year wise variation of Seasonal Rainfall during the last 100 years in Mumbai Suburban

Rainfall is the most important natural hydrologic event and is a unique phenomenon varying both
in space and time. In the area, basic knowledge of rainfall distribution during individual months,
seasons and year is of vital importance for optimum development of water resources and for
planning of agriculture operation. Rainfall data of all the rain gauge stations of the area have been
collected from available sources and are subjected to various types of analysis to understand the
characteristics of the rainfall.

3.1 RAINFALL -PROBABILITY ANALYSIS

The methodology adopted in this study is Rainfall Statistics (Table 3.1), Probability analysis using
plotting position and probabilistic methods (Table 3.1). The annual rainfall data is analyzed and the
variation in distribution over the area is studied with the statistical parameters i.e Arithmetic Mean.
In general, there are various plotting positions and Probabilistic Methods used for analysis (Table).
In this study two methods are used for Rainfall probability analysis. One is Weibull Method and
second is Chegodayev Method.

1. Weibull Method is a continuous probability distribution type where in rainfall amounts are
assigned with a rank and the corresponding probabilities are found out using probability
density function P(X):

Which is,
P (X) =m/(N+1)
Where,
O6mdé i s the Rank of the Dat a

O6N6 is equal to Length of the Sample (No.
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Table 3.1: Plotting position and Probabilistic methods

S. No. Plotting position methods Probabilistic methods
1. California = m/N Normal Distribution
2. Hazen(m0. 5) / ? Log-Normal Distribution
3. Weibull=m /(N + 1) Pearson Type-lll Distribution
4. Beard =(m -0.31) /(N + 0.38) Log-Pearson Type-Ill Distribution
5. Chegodayev=(m -0.3)/(N+ 0.4) Extreme Value Type-I Distribution
6. Blom (m-3/8)(N+1/4)
7. Tukey = (3m-1)/(3N+1)
8. Gringorten = (m - 0.44) / (N + 0.12)
9. Cunnane =(m-0.4)/ (N +0.2)

=
©

Adamowski = (m - 1/4) / (N + 1/2)
where, m is rank of the data and N = length of the sample (no. of years)

The rainfall data are ranked in descending order and Weibull method is utilized to derive the
probability of the return period. After arranging the total rainfall in descending order and numbering
them from 1 to 24, now we need to find the probability for each rainfall, P= m/ (n+1), n =24,
Returning Period (T) = 1/P.

For Example (Table 1, s.no 1):

Total Rainfall = 3393.6 mm, m=1
P= 1/ (24+1), T=1/P
=0.04, T=25

That means the chance to rainfall a 3393.6 mm in one year is once each 25 years. The Tables
given below show the return periods calculated for both Mumbai city and Mumbai Suburban District
for a period of 2 years. Based on the calculated return value period (T), A Return period Curve is
prepared shown in fig 3.4 and 3.5

Table 3.2: Frequency and probability Analysis for Rainfall in Mumbai City District (2000 -2023,
24 years)
S.No. Year Annual Rainfall in Rank Probability (P) Return
(mm) Period (T)

1. 2010 3393.6 1 0.04 25
2. 2019 3378.11 2 0.08 125
3. 2011 3121.8 3 0.12 8.33
4, 2020 2953.73 4 0.16 6.25
5. 2006 2825.7 5 0.2 5
6. 2017 2815.92 6 0.24 417
7. 2021 2803.19 7 0.28 3.57
8. 2016 2781.03 8 0.32 3.13
9. 2005 2769.8 9 0.36 2.78
10. 2023 2762.2 10 0.4 2.5
11. 2013 2681.64 11 0.44 2.27
12. 2000 2532.4 12 0.48 2.08
13. 2022 2528.96 13 0.52 1.92
14. 2007 2488.9 14 0.56 1.79
15. 2008 24554 15 0.6 1.67
16. 2014 2266.36 16 0.64 1.56
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Fig 3.4: Return period curve for Mumbai City District
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Table 3.3: Frequency and probability Analysis for Rainfall in Mumbai Suburban District

(2000-2023, 24 years)

S. No

© 0N OAWNE

NNNRPRPRPRRRERRERERPRPRPR
NP O®Oo~NO~»WNREO

Year

2019
2021
2017
2010
2011
2020
2022
2006
2023
2013
2016
2007
2005
2008
2003
2018
2000
2014
2004
2001
2012
2009

Annual Rainfall in
(mm)
4338.72
3473.05
3404.65
3295.4
3250.48
3159.22
3093.56
3089.67
3065.39
3062.34
2945.15
2873.52
2860.04
2834.56
2698.72
2599.48
2543.35
2504.73
2324.01
2301.93
2274.84
2165.36
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Fig .3.5: Return period curve for Mumbai Suburban District

2. Chegodayevdés Method
Occurrence of rainfall for different probability percentages is worked out for all rain gauge stations
by using fiChegodayevds formul ao. |t has been w
descending order and assigning ranks. The probability percentage has been calculated by using
following equation
P = (m-0.3/n+0.4) x100
Where,

P = Probability in percentage
m = Rank of variant
n = Total number of variant

From this it can be seen that the first variant has the least probability of occurrence and in the case
of last variant the probability of occurrence is the highest. Based on the method, probability
percentage (P) has been computed for two rain gauge stations using the rainfall data from 2014 to
2023. Probability curves are drawn by plotting the variants in descending order against probability
percentage (P) and are shown in Fig 3.6 a & 3.6 b. From the curves, occurrence of rainfall at
particular percentage probability (10, 20...90) are obtained and are given in Table 3.4. From the
above Table-3.4, it is revealed that 2400 mm in the Mumbai city and 2700 mm in the Mumbai
Suburban district rainfall can be expected to occur in 70% and dependable rainfall for the area can
be calculated with the help of probability analysis for the construction of Rainwater Harvesting
Structures and recharge structure in the area.
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Table 3.4: Probability Analysis of Occurrence of Annual Rainfall

S. No. Probability Rain gauge Station i Rainfall in mm
(%) Mumbai city Mumbai Sub -Urban
1 10 3200 3850
2 20 3100 3700
3 30 2950 3550
4 40 2800 3300
5 50 2700 3100
6 60 2550 2950
7 70 2400 2700
8 80 2250 2550
9 90 2100 2500
10 100 2000 2150
Probability analysis  of Rainfall in Mumbai City
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Fig- 3.6a. Probability analysis of Rainfallin ~ Mumbai City
Probability analysis  of Rainfall in Mumbai Suburban
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Fig- 3.6b. Probability analysis of Rainfallin ~ Mumbai Suburban
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CHAPTER 4
GEOLOGY

4.1 GEOLOGY OF MUMBAI CITY

Mumbai, Gateway to Asia and financial capital of the country, is the capital of Maharashtra is the

leading port on the west coast of India. Mumbai is built on group of islands, lying off the Konkan

coast. On the western side of the city is the broad sweep of the harbour. In land, the city is formed

by the backdrop of the Western Ghat mountain chains. Mumbai city has an area of about 69 sq.

kms and falls within latitudes 18e5606 to 19el176
India Toposheet nos.47 A and B, F. The city is surrounded by Arabian sea to the west and Thane

district to the east and north. The city lies on low, flat land a quarter of which is below the sea level.

On the either side are low hills. The eastern hills end in the Nariman point. At the end of the western

hild!l i s Malabar hill whi ch, at only 55 metres a
reclamation schemes have brought development of the foreshore, but marshes particularly the

Thane creek still covers large area.

Geologically, the entire land is occupied by Deccan Basaltic flows and the associated pyroclastic
and the plutonic rocks of upper cretaceous to Palaeogene age. The Deccan basalt of Mumbai Island
is considered to be the youngest basalt of Eocene age. Overall, the geology around Mumbai
indicates presence of ultrabasic, basics and acid differentiate with intertrappean beds,
agglomerates and tuffs. The ultrabasic differentiates are of limited occurrence. Acid rocks include
Rhyolite and Quartz Trachyte. The agglomerate and tuff include reworked material as indicated by
current bedding and graded bedding. The basalt flows of the area have been grouped into
compound flows (i.e. pahoehoe type), simple flows and flows which do not fall in the above
categories and hence termed as unclassified flows. The basaltic flows are typically of quartz and
hypersthene normative with the minor amount of olivine Theolites. The lava pile of Mumbai is
intruded by columnar joined medium grained dolerite dykes.

The Deccan Trap basalt has been classified as Sahyadri Group which has been divided into three
formations viz. the lower most Upper Ratangarh Formations followed by Elephanta Formation and

topmost Borivali Formation. The upper Ratangarh Formation is restricted to two patches, one from

Kurla to Mulund and the other at SE of Kurla. Th
The middle formation i.e. Elephanta formation comprising of simple and compound flows occur as

small isolated patches in the SE corner of the city near Thane creek and covers very negligible

area. The rest of the area is covered by rocks of Borivali Formation where it is not occupied by

alluvium. Normally, alluvium is restricted to the western half of the area. Laterite occurs as small

isolated patches in the area north and east of the Mulund. Bauxite occurs within the laterite in

irregular shape and is not of any economic importance.

4.2 GEOLOGY OF MUMBAI SUBURBAN

Mumbai Suburban District has an aerial coverage of 386.56 sg. km area and is extended between
l ongitudes 72¢ 456 to 73e N and | atitudes 18 e58¢
sheet no. 47A and 47 F & B. It is bounded by Thane district in North and East, Mumbai City district
in the South and Arabian Sea in the West. The district headquarter is in Bandra. Other important
localities are Trombay, Kurla, Veswa, Malad, Gorai and Manori. The National Highway no.8 and a
broad-gauge line of Western Railway connecting Mumbai and Ahmadabad passes through the area

The area has two distinct physiographic domains viz. (i) coastal plain in the West and (ii) a lower
elevated landform in the East. The coastline, trending NNW-SSE, is heavily indented, with a number
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of creeks, prominent amongst them are Manori, Malad and Thana. The coastline is either rocky or
has sandy beaches. Mud flats and saltpans are also present at places. The coastal plain extends
as a narrow strip with an average width of 10 km and elevation difference of about 50 m. The
highest elevation of the area is 391 m above msl at Mulund while the lowest elevation is 0 m i.e.
sea level. The Mithi River is the main river flowing in the district. The river originates from the
overflow of Vihar Lake and also receives the overflows from the Powai Lake about 2 Km later. It
flows for a total 18 km before it meets the Arabian Sea at Mahim Creek. Many important places
have adorned the beauty of this district, including Mount Mary Church, Jogeshwari Caves, Mahakali
Caves, Essel World Water Kingdom, Marve Beach, Aksa Beach, Madh Island, Malwani, Sanjay
Gandhi National Park, Aarey Colony, Kanheri Caves, Film City, Tulsi Lake, Vihar Lake and Powai
Lake.

Geologically, the major part of the district is occupied by the basaltic flows of Elephanta and Borivali
formations of the Sahyadri Group, Deccan Trap Supergroup belonging to Upper Cretaceous to
Palaeocene age, Laterite of Cenozoic age and alluvium of Quaternary age are also found at places.
An arcuate fault originating from Mahim in the North up to Mumbai City in South passes through
the district and separates two distinct basaltic flow sequences. The basaltic flows to the North and
East of the fault is a sequence mainly of pahoehoe flows. On the basis of marker horizons,
lithological characters and geomorphic breaks, the basaltic lava pile to the east of the arcuate
Bombay fault has been divided into five different formations viz Salher Formation, Lower Ratangarh
Formation, Upper Ratangarh Formation, Karla Formation and Elephanta Formation. The basaltic
lava flows exposed to the south and west of the fault have different flow morphologies and
associated volcanic and plutonic rocks that have been grouped under Karla and Borivali
Formations. The part of district falling towards east of the fault exposes the flow sequences
represented by two aa lava flows of Elephanta formation. They are fine grained, very hard and
compact. A number of N-S, NNE-SSW and NW-SW trending basalt and dolerite dyke intrude the
basalt flows. They range in width from few centimetres to 50 m, and extend for a few km in length,
and the part of the district to the west of the arcuate Bombay fault exposes basaltic flows that are
interbedded with tuffs, agglomerate and various volcanic and plutonic rocks of Borivali formation.

Laterite has very limited development in the area and it occurs as small residual capping over the
Deccan basalt. Laterite capping near Mulund area contains horizons of bauxite. The predominates
soil cover in Mumbai city is sandy, whereas in the suburban district, the soil cover is alluvial and
loamy. The tidal rivers of the area carry shallow marine sediments and deposit them on river banks
forming vast tidal swamps. The stratigraphic sequence in Mumbai city and Suburban districts is
given in Table 4.1. The Geological Map of the Mumbai City and Mumbai Suburban districts are
shown in the Fig 4.1. The ground water in the area is confined to inter-trappean sediments. The
interbedding planes, joints, vesicles, fissures and weathered mantle facilitate the circulation of
ground water.
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Table 4.1: Stratigraphic Sequence in Mumbai City and Suburban District

Age Supergroup Group
Quaternary
Cenozoic
Upper Deccan Trap Sahyadri
Cretaceous to | Supergroup Group
Palaeogene

Formation

Borivali
Formation

Elephanta
Formation
Upper

Ratangarh
Formation
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Lithology

Alluvium

Laterite

Quartz Reef
Gabbro

Trachyte

Calc Tuff

Agglomerate Tuff

Basalt Flow

Basalt flow

Mainly
Compound Flows

Description

Thick Patches of fine and loamy
sand along the River Banks,
Loose fine sand along the
beaches, Thick Black Colored
Mud Flats along the creeks.

Occurs as
cappings over
Basalt

small

residual

the Deccan

Coarse Grained, Holocrystalline
and has equal proportions o
feldspar and Pyroxene. It shows
Pepper
Plagioclase and Dark Pyroxene

6Salt &

Grains.

The acidic rocks occur as sills or

interbedded flow within
fine

basic rocks,

leucocratic in nature.

Red to brown

the

grained,

color, il
developed graded bedding with
angular fragments of basalt
varying in size from 1 cmto 5
cm. The angular fragments are

in a fine-grained
groundmass.
Shows varied

clayey

flow

morphologies. They are dense,
dark, grey, fined grained and

non-porphyritic.
The two

ar e

aacd

grained, very hard and compact
Occur as two patched as dense,
dark grey, fined grained and
non-porphyritic, compact, hard

rock
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CHAPTER 5
DATA GAP ANALYSIS AND DATA GENERATION

5.1. DATA GAP ANALYSIS

Data gap analysis was carried out for an area of 600 Sg.kms covering Mumbai city and Mumbai
Suburban district. This area covers Toposheet namely 47A/15, 47A/16 and 47B/13 in full or partial
coveringl14 quadrants altogether.
In the context of aquifer mapping, Data Gap Analysis (DGA) has the following major objectives.
1 Identification of gaps in the existing data on various aspects of the aquifer being mapped.
1 Optimization of additional data requirements for a realistic depiction of the aquifer system
and management of its groundwater resources.

Required and Existing Data The data available regarding the exploratory wells, Geophysical
Survey (VES), Ground water level and Ground water quality were compiled and analysed for
adequacy of the same in Mumbai city and Mumbai Suburban district. The data gap analysis was
carried out for each of the quadrant of the Toposheet covering the area of Mumbai city and Mumbai
Suburban district. The data pertaining to exploratory wells drilled in the area under Ground Water
Exploration programme of CGWB (Toposheet/ quadrant wise). After taking in to consideration the
available data of Ground Water exploration, Ground water monitoring, Ground water quality and
Geophysical survey the data adequacy is compiled. After analysis of all existing data (Toposheet
/quadrant wise) existing data gap is compiled. Considering the existing exploratory wells, Ground
water Monitoring, Groundwater Quality and Geophysical survey the data gap i.e. required data is
shown in the Table-5.1 and generated data is furnished in Table 5.2.

Table 5.1: Details of Required, existing and data gap of exploratory wells, Geophysical,
Ground Water monitoring and Ground water quality stations.

Exploratory Data Geophysical Data GW Monitoring Data GW Quiality Data

Req. Exist.  Gap @ Req Exist. Gap Req. Exist. Gap Req. Exist. Gap

9 0 9 33 0 33 60 23 37 60 23 37

5.2. DATA GENERATION

The existing data was plotted on the Toposheet map of the study area to identify suitable locations
for data generation (Fig 5.1). During the course of the study, location of new key observation wells
(37 KOW,), EW sites and sites for VES were identified with the help of Brihanmumbai Municipal
Corporation (BMC). The water quality data was analysed in Chemical Laboratory at Central Ground
Water Board, Central Region, Nagpur. The summary of data generated is given in Table 5.2. The
generated data has been utilized to understand aquifer geometry, Aquifer parameters of the deep
aquifers in the area and for long term ground water level and quality monitoring for better ground
water management.
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NATIONAL AQUIFERV MAPPING
DATA GAP ANALYSIS-MUMBAI CITY & MUMBAI SUBURBAN DISTRICTS
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Fig 5.1: Data Gap Analysis and Data Generation in Study Area

Table 5.2: Data Gap Analysis and Data Generation in Study Area

Data Data Data
Requirement  Availability Generated
1 Exploration data 9 0 6 EWs+10W+2
Pz
drilled
2 GW Monitoring Data Water Level 60 23 37 (DW)

(No. of key wells
established)

3 GW Quality Data Water Quality 60 23 37 (DW) &
(No. of samples analysed) 36 (BW)
4 Geophysical VES 33 0 33 VES
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5.3 GEOPHYSICAL INVESTIGATION

During NAQUIM 2.0, a total of 33 Vertical Electrical Sounding (VES) surveys were conducted in
study area. This survey aimed to delineate subsurface lithological variations and identify potential
groundwater-bearing zones in the region. Location of Geophysical Investigation studies is shown
in fig 5.2 and List of VES study sites are given in Table 5.3:

Location of Geophysical Survey (VES) on HESLE SilETe LT g
‘loposheet Map of Mumbai City & Mumbai Suburban [District 1 Play Ground 19.0339 72,9515
s s s TEIE s 2 Mankhurd campus IT 19.0471 729262
3 Play Ground 19.0150 728868
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= = = 5 Ground 19.0691 72.8981
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i PIHE O e 10 Telecom Colony, Powai 191237 72.9144
u et 7 1 Godrej Vikroli 19.1052 72.9320
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13 Aksa cricket ground 191770 727989
ey A - # 14 All India Radio 19.1852 72.8088
A1 A 4TAT6_S
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. a4 5 18 Jijamata udyan 18.9779 72.8345
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“ s ) awasc
Az i 20 FSl 18.9092 728225
o3
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{ = 22 Kasturba Rane 19.2156 72.8414
] e ,;) 23 Shivaji park, Dadar 19.0267 728393
/ ;" 24 Bhakti Park 19.0236 72.8805
B I:'/ -\\. A — ! 25 C'\lllrn;mt?f‘,tG?regalont 19.1619 72,8929
T =-,.J 26 ater litration piant, 19.1631 72.9271

4 L4 s Bhandup
1 7 e 27 BMC ground, Mulund 19.1683 729643
- ‘/”J ) 28 CTIRC, Borivalli 19.2340 T2.8677
A 5 29 Malad 19.1668 728017

731324 47R1R 7 B13.2C Legend BMC ground, Mahim
P — 30 West 19.0284 72.8380
{VFS Na.) :
£] = = = Tawka HQ _g 31 Oval ground, Churchgate ~ 18.9282 72.8283
e | B 32 Goregaon Road side 19.1607 72.8644
e oy Mumbai University.
arase: rshen e v s 33 ’ 19.0732 72 8552
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Fig 5.2: Location of Geophysical Investigation studies Table 5.3 List of VES study sites

The surveys employed the Schlumberger electrode configuration, a widely adopted resistivity
method using SSR-MP-ATS, IGIS, India geophysical equipment to investigate the geo-electrical
characteristics of the subsurface across varying depths, influenced by local terrain and
hydrogeological conditions. The acquired data were interpreted manually and using automated
inversion algorithms available in the IPI2W in software. The data acquired provide critical insights
into lithological layering, weathering profiles, and groundwater potential, by interpreting variations
in electrical resistivity. Through careful interpretation of the VES curves, subsurface formations
were classified into distinct geo-electrical layers such as topsoil, weathered/fractured zones,
moderately weathered formations, and massive bedrock. Low-resistivity zones were given special
attention, as they often signify saturated or clay-rich layers, which could serve as potential aquifers.
|l mportantl y, aastaldopatiohlthmYES iddiasalso served as a tool to identify zones
potentially affected by seawater intrusion. This is typically indicated by very low resistivity values,
especially in shallow to intermediate depths, which may reflect saline water intrusion into freshwater
aquifers. Recognizing these zones is essential for planning protective and remedial groundwater
management strategies.
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The Geophysi cal investigation plays a pivotal rol e
hydrogeological framework and contributes significantly to the identification of viable zones for
groundwater development, recharge structures, and aquifer protection, in alignmentwithNA QU I Mo s
broader vision of ensuring long-term groundwater sustainability and water security.

5.4 RESULTS AND DISCUSSION

1. The interpreted VES results indicate that the top geoelectric layer exhibits resistivity values
ranging from 0.4831 to 394 Ohm m, corresponding to topsoil, varying based on its composition
and degree of saturation. The thickness of this layer ranges from 1 to 5.818 meters.

2. The second geoelectric layer shows resistivity values between 0.487- and 3188-Ohm m,
typically indicating weathered formations. Notably, 14 VES locations revealed very low
resistivity values (less than 6 Ohm m), suggesting saline water ingress or highly weathered
zones. These zones are predominantly located in the northwestern and northeastern coastal
regions of the study area. The thickness of this layer varies between 1 and 25 meters.

3. The third geoelectric layer displays a wider resistivity range of 0.0567 to 18,324 Ohm m. Within
this layer:

1 Seven VES points exhibit resistivity values between 18 and 82 Ohm m, indicating
fractured/fresh rock formations. The thickness at these points ranges from 8.41 to 37.4
meters, with fracture depths generally between 3.44 and 40.8 meters, particularly in the
eastern parts of the area.

1 Eight VES locations detected saline or weathered layers, with resistivity values less than
7 Ohm m and thicknesses ranging from 6.7 to 33.32 meters, extending to depths of up
to 40.9 meters, mainly in the northwestern and eastern coastal zones.

1 Massive basaltic formations were also interpreted within this layer, with high resistivity
values ranging from 78.9 to 18,324 Ohm m.

4. The fourth geoelectric layer has resistivity values ranging from 0.932 to 2984 Ohm m and
thicknesses between 7.194 and 87.8 meters. In this layer:

1 Three VES locations revealed saline water ingress at depths between 15 and 23
meters.

91 Fractured/fresh zones were identified at two locations, with resistivity values around
20 to 22 Ohm m, located in mid-eastern and northwestern isolated pockets.

5. The fifth geoelectric layer was delineated at 10 locations across the study area. Of these:

9 Five sites indicate massive rock formations with high resistivity values ranging from
98 to 3596 Ohm m.

1 Three sites show fractured/fresh formations, with resistivity values between 30- and
35-Ohm m.

5.5 CONCLUSION

The Vertical Electrical Sounding (VES) survey conducted at 33 locations across Mumbai under the
National Aquifer Mapping and Management Programme (NAQUIM) upto a depth of 88 mbgl has
provided valuable insights into the subsurface lithology and groundwater potential zones of the
region. The geo-electrical interpretation has delineated multiple subsurface layers comprising
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topsoil, weathered and fractured formations, massive basaltic rock, and zones influenced by
seawater ingress. The resistivity variations observed in the survey suggest the presence of potential
aquifer zones, particularly in 7 nos of locations within the weathered and fractured basalt layers.
These zones, characterized by the resistivity values of 20 to 30 Ohm m which is the indicative of
promising groundwater prospects, especially in the North eastern and midland regions of the study
area. However, the occurrence of low resistivity zones (<6 Ohm m) in multiple VES points,
particularly along the northwestern and eastern coastal belts, points toward the presence of saline
water intrusion. This is likely due to proximity to the Arabian Sea. The saline ingress poses a
potential risk to the quality and sustainability of groundwater resources in these areas. Table 5.4

Overall, the VES study underscores the dual reality of groundwater availability and vulnerability in
Mumbai. While promising aquifers exist, especially within the basaltic terrain, careful monitoring
and management are essential to prevent further seawater intrusion and ensure the long-term
viability of groundwater resources. The VES Curve Diagrams for Geophysical Investigation Studies
carried out in Study Area are shown in Fig 5.3 and details are given in Annexure |I.

Table 5.4 Inferred Lithology, Resistivity and thickness ranges of Mumbai and Mumbai Sub -
urban districts:

Resistivity Ranges Inferred litho Units Thickness Ranges
(Ohm m) (m)

From To From To
0.4831 394 Top Sall 1 5.81
9.18 59.1 Weathered/Moderately Weathered 1 48

10 37 Weathered/Fractures with fresh 2.52 18.91
0.0567 7 Saline Water Ingress 1 33
58 18324 Massive 2.62 88
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CHAPTER 6
HYDROGEOLOGY

The major aquifers in the study area comprises of Basalt and Alluvium. The &éPahoehoed f
the district consists of highly vesicular bottom layer having closely spaced horizontal joints but the
thickness is generally less. The vesicles are generally filled with secondary minerals and green
earths. In such cases, they do not serve as aquifer. However, such vesicular zones are weathered
in most part of the area, thus, making them moderately permeable. But if, vesicles are not filled,

they act as highly per meabl e aqui fers. The simple and compol
basal vesicular zone, middle relatively massive portion followed by a vesicular top. The vesicles of
APahoehoeodo flows are generally not i ntéerholdngnect e

capacity from the base to the top of the flow. The ground water exists in fractures, joints, vesicles
and in weathered zone of Basalt. The occurrence and circulation of ground water is controlled by
vesicular unit of lava flows and through secondary porosity and permeability developed due to
weathering, jointing, fracturing etc. of Basalt. River Alluvium patches along the course of rivers
and Marine Alluvium in the coastal area, are highly potential aquifer but with limited areal extent.
The ground water occurs under water table condition in sandy / gritty layers. The alluvial fill of low
lying areas underlain by weathered basalt has relatively better ground water potential. The major
aquifers in the study area comprises of Basalt and Alluvium.

GW Exploration studies have been carried out in the study area during AAP 2024-2025. A total of
09 wells has been drilled ranging in depth from 37.90 m bgl to 202.60m bgl. The depth of weathering
ranges from 11.50 to 23.50 m whereas the static water level ranges from 1.08 to 37.27 m bgl. Most
of the fractures are in general encountered at the depths of 60m to 172m in Fractured/Vesicular
Basalt. Discharge of these wells ranges from <1 Ips to as high as 13 Ips (drilling). As per the result
of preliminary yield test of Exploratory well and observation well drilled at Film City Goregaon, a
high discharge of 5.94 Ips was observed with a drawdown of 2.73 m, transmissivity (T) at EW and
OW is 96.02 m2/day and 141.45m2/day, specific capacity is 130.54 Ipm/m/dd. Other wells with
high discharge is drilled at Sambhaji Raje Park, Mulund East with a yield of 13 Ips at first Zone
encountered at 18-19.5 mbgl, and a high salinity zone was encountered at 131-132.40 mbgl. At
Ismail Yusuf College, Andheri, the well has been drilled upto the depth of 200m (EW) and water
zones were demarcated at various depths. The high yielding Aquifer zone was encountered at 167 -
169 mbgl, with the yield of 5.94 Ips. The ground water in the area is fresh and potable.
Hydrogeologically, the ground water flow direction is towards the sea and is driven by the slope of
water table and hydraulic head following the topography of the area.

6.1 GROUNDWATER EXPLORATION IN THE STUDY AREA

Ground Water Exploration by Central Ground Water Board was initiated for the first time in the
Mumbai city and Mumbai Suburban districts during AAP-2024-25. The data gap analysis was
carried out for each of the quadrant of the Toposheet covering the area of Mumbai city and Mumbai
Suburban district. The data pertaining to exploratory wells drilled in the area under Ground Water
Exploration program of CGWB (Toposheet/ quadrant wise) has been generated through in-house
activity. The data generated in the study area is shown in Table 6.1 (Annexure II)

Table 6.1: Data Generated under Ground Water Exploration activity NAQUIM

S.No. Themes Data Data Data
Requirement Availability Generated
1 Exploration data 9 0 6 EWs+10W+2PZ
drilled
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The Ground water exploration studies has been taken to decipher the availability and extent of
aquifers in the different geological formations; depth wise availability and geometry of the deep-
seated aquifers in different geological formations; aquifer parameters of primary and secondary
porosity of the aquifer system; the quality of ground water stored in moderately deep aquifers;
sustainability of the aquifer water keeping in view the future development and management plan.

Details of wells in drilled in the area is presented in Details of exploratory wells drilled in the Mumbai
city and Mumbai Suburban district are presented in Table 6.2 and Location of exploratory wells is
shown in Fig 6.1.

Table 6.2: Salient Hydrogeological Data of Exploratory Wells drilled In the Mumbai city and Mumbai
Suburban district

S. No | Site |[Latitud |Longit | Well | Depth i i Specific | Forma-
e ude | type | drilled tapped/ down | missivit |capacity
i fractures
encountered

1

Film 19.161 72.886 EW 200 23.50 60to62; 105 Driling: 1St 3590 2.73 @ 96.02 130.54
City, | 480 020 to 107; 169to 12.90 Ips Zone:
Goreg 172 m bgl 720
aon PYT:5.94 3

Ips Zone:

853

Film 19.161 72.886. OW | 178.20 23.50 61 to 62; Driling; = 1%t 37.27 3.45 141.45 43.47
City, | 480 020 84to 86; 820
Goreg 168t0 169 m 9.86Ips 2"
aon bgl 820

PYT

:2.5Ips
CTIRC 19.234 72.868 EW 200 17.50 14 m bgl 0.0371 - 9.75 - - -
Trainin | 134 124
¢}
Centre,
Gover
nment
of
Mahar
ashtra,
Kajupa
da
Water 119.163/72.925 EW 200 11.50 43to44mbgl 0.0371 1st 22.50 - - -
Treatm 217 = 956 Zone:
ent 450
Plant
Bhand
up
Compl
ex
SirJ. 118.944 72.833 EW | 202.60 17.50 72to74mbgl 0.209 6.38 - - -
J.Scho| 813 | 075 Saline
ol of
Arts,
Dhobi
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Site |Latitud |Longit Depth
drilled

(m) i fractures
encountered

Talao,
Fort

6 SirJ. 118.944 72.833 Pz 62.30 20.50 15.0t019.0 0.037
J.Scho | g13 075

ol of
Arts,
Dhobi
Talao,
Fort
7 Sambh 19.168 72.964 EW = 1415 215 18-19.5; 13lps 1620 1.08 - - - Basalt
aji 540 | 120 131-132.40
Raje (saline)
Park,
Mulun
d East
8  Shivaji 19.028 72.837 PZ 37.9 11.0 = 18.50-19.0; 0.431lps 1337 7.19 - - - Basalt
ParkD 184 = 803 36-37 m byl
adar (saline) 5.941ps | 19k
9  |Ismail |19.132/72.852 EW | 200.0 15 13.0-14.0; 0.037lps; 568; 7.0 - - - Basalt
Yusuf | 229 | 372
00299 102.0-104.0; 3.17Ips; 676;
Andhe

167.0-169.0 5.94Ips 788
m bgl

n
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EXPLORATION WELL LOCATIONS,
MUMBAI CITY & MUMBAI SUBURBAN DISTRICTS,MAHARASHTRA
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Fig 6.1: Location of Exploratory Wells in Study Area

623-D HYDROGEOLOGI CAL MODEL AND CROSS SECTI ONS

On the basis of the data generated from Ground water exploration and Geophysical Studies in the
Study area, 2D and 3D models have been prepared to depict different Aquifers present in the area
using Rockworks 14. These models can be utilized to determine the aquifer disposition in the sub
surface which can be further used for planning and construction of artificial recharge structures.
The 3D models and sections prepared for the study area are given in fig 6.2 & 6.3. The illustrative
diagrams depicts that the major rock types underlying the study area are Basalt. Massive basalt
lies deeper beneath the subsurface and overlain by Vesicular and Weathered basalt and followed
by Top soil. The Ground water occurs in the fractured massive/ vesicular basalt and /or weathered
basalt. At places, Saline water has been identified at relatively shallow depth of 70 m in Colaba
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Fort Area, towards the southern part of Mumbai City area, at Sambhaji Raje Park, Mulund east and
Shivaji Park, Dadar where high salinity zones have been encountered. Perusal of the 2- cross
section NW-SE ~27 kms reveals weathering at shallow depths all along the section with avg.
thickness of approx. 8m and ground water occurs in Fractured and vesicular basalt. Deep fractures
are encountered at the depth of 90 m at Vikhroli. (Fig 6.4) Along the section Section NE-SW (~27
kms) also shallow weathering is observed all along the section with avg. thickness of approx. 10-
20m and ground water occurs in Fractured and vesicular basalt and fractures are encountered at
the depth of 25-75 m along the section (fig 6.5)
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6.3 AQUIFER CHARACTERISTICS

Based on geophysical investigation and exploration studies, the Aqufier systems in the study area
can be delineated into two; Shallow and Deeper Aquifers. Table 6.3

Table: 6.3 Aquifer Wise Characteristics

Aquifer Depth
Group Range (m
bgl)

Aquifer | 01 30

Aquifer Il 301 172

Lithology

Basalt (weathered &
shallow fractured)

Basalt (fractured &
jointed)

Aquifer Type

Unconfined to
semi-confined

Semi-confined to
confined

46

Zones Tapped /

Fractures Encountered

(m bgl)

131 14; 14; 151 19; 181 19.5

361 37; 431 44; 60i 62; 721
74; 841 86; 1021 107; 1311
132; 1671172

Discharge
Range (LPS)

0.0377 0.43

0.217 13.0



Maps depicting depth of occurrence, fractured/granular rock thickness and aquifer-wise yield
potential maps are shown in Figure 6.6 a and 6.6b
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6.4 GROUND WATER LEVEL SCENARIO

Ground water level data is a critical component in understanding and managing ground water
resources, offering valuable information about depth and variability of water table in an aquifer.
Monitoring changes in ground water levels over a period of time provides insights into the aquifer
system and this helps decisions making on sustainable water usage.

The Ground water level data is essential for assessing aquifer recharge and depletion. The
fluctuations in ground water levels can be useful in identification of patterns related to natural
recharge from precipitation and potential stressors leading to depletion, such as excessive pumping
or prolonged droughts. This understanding is crucial for implementing effective ground water
management strategies to maintain aquifer sustainability. Ground water level data is also
instrumental in delineating ground water flow patterns. By analyzing variations in water table
elevations across different locations, the direction and rate of ground water movement within an
aquifer can be inferred. This information aids in development of conceptual models for subsurface,
contributing to more accurate predictions of ground water behavior and facilitating sustainable
water resource planning. The geological structures play a major role in the groundwater flow and
quality-related problems. The geologic structures like dykes, lineaments, and fractures act as both
carriers as well as barriers for groundwater flow.

For the present study, Central Ground Water Board established 37 Key observation wells in the
study area in addition to existing 23 National Hydrograph Stations (NHS). These observation wells
(60 nos) were monitored four times a year i.e. January, May (Pre monsoon), August and November
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(Post monsoon). The location of Monitoring stations and key observation points for the study area
is shown in fig 6.7. The water table contour map was prepared to identify the ground water flow
direction. The hydrogeological map is shown in fig 6.8. Based on the map, it can be concurred
that the Ground water flow direction is towards the sea and is driven by the slope of water table
and hydraulic head following the topography of the area. Based on the water level data collected
from the key observation wells, various depth to water level and ground water level fluctuations
maps were prepared. The range wise data for ground water is given in table 6.4.

6.5 ANALYSIS OF DATA COLLECTED ON WATER LEVELS
6.5.1 Depth to Water Level i Pre monsoon (May -2023)

The pre monsoon depth to water levels monitored during May 2023 ranges between 0.4 m bgl at
Jawaharnagar and 11.7 m bgl at A.M.C. Colony, Borivali. The depth to water levels during pre-
monsoon has been depicted in Fig: 6.9. The shallow water levels between 0 and 6 m bgl are
observed in most part of the study area and deeper water levels ranging from 7-12 mbgl are seen
in isolated patches in Central, Northern and Western part of the study area. (Fig 6.9)

6.5.2 Depth to Water Level 1 August i 2023

The depth to water levels during August 2023 ranges between 0.1 m bgl at Film city-Habale Pada
to deepest Water level at 8.5 m bgl at Sion Ayurvedic Mahavidyalaya. Spatial variation in post-
monsoon depth to water level is shown in Figure-6.10. The water levels in major part of the district
range between 0 and 6 m bgl. Deeper water levels of 7 to 10 m bgl are observed in northern and
southern part of the study area in isolated patches. (Fig 6.10)

6.5.3 Depth to Water Levels - Post-Monsoon Season (November, 2023)

The depth to water levels during November 2023 ranges between 0.21 m bgl at Kalina and
Jawaharnagar to deepest Water level at 10.64 m bgl at Mazgaon, Mumbai city. The water levels in
major part of the district (88%) range between 0 and 5 m bgl. Deeper water levels of 5 to 10 m bgl
are observed in many part of the study area in isolated patches. (Fig 6.11)

6.5.4 Depth to Water Levels - January, 202 4

The depth to water levels during January 2024 ranges between 0.20 m bgl at Kalina and to deepest
Water level at 8.62m bgl at Sion Ayurvedic College. The water levels in major part of the district
(92%) range between 0 and 5 m bgl. Deeper water levels of 5 to 10 m bgl are observed in 8 % of
the well. (Fig 6.12)

6.5.5 Depth to Water Level T Pre monsoon (May -2024)

The pre monsoon depth to water levels monitored during May 2024 ranges between 0.3 m bgl at
Jawaharnagar to deepest water level of 12.81 mbgl at Mazgaon. Deeper water levels are observed
at A.M.C. Colony, Borivali (11.61 m bgl) and at Sion Ayurvedic Mahavidyalaya water levels is at
9.71mbgl. In general, the Depth to water levels during pre-monsoon, 2024 are observed between
the ranges 0-5 mbgl in about 75% of observation wells deeper water levels ranging from 5-10 and
>10 mbgl are seen in isolated patches in Central, southern part of the study area. (Fig 6.13)

6.5.6 Depth to Water Level T Augusti2024

A major part of the study area shows depth to water levels in the range 0-5 mbgl during August
2024 monitoring. With the shallow water level of 0-0.3 mbgl at Oshivara, Kalina and Jawaharnagar
to deepest water level of 7.25 mbgl at Sion Ayurvedic Mahavidyalaya. Spatial variation in post-
monsoon depth to water level is shown in (Fig 6.14).
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6.5.7 Depth to Water Levels - Post-Monsoon Season (November, 2024)

The depth to water levels during November 2024 ranges between 0 (Ground level) m bgl at
Goregaon, Kalina and Jawaharnagar to deepest Water level of >8m bgl at Rani cha Bagh and Sion
Ayurvedic Mahavidyalaya. The water levels in major part of the district (88%) range between 0 and
5 m bgl. Deeper water levels of 5 to 10 m bgl are observed in many part of the study area in isolated
patches. (Fig 6.15)

6.5.8 Depth to Water Levels - January, 2025
The depth to water levels during January 2025 ranges between 0 m bgl at Kalina to deepest Water
level at 12.28 m bgl at AMC Colony. The water levels in major part of the district (80%) ranges

between 0 and 5 m bgl. Deeper water levels of 5 to 10 m bgl are observed in 11 % of the well. (Fig
6.16)

Table 6.4: Data Range of Depth to Water Level for Study Area

Range of Total No. of Oto2 % 2to5 % 5to 10 % >10 %
DTWL (m bgl) wells

May-23 60 23 38.33 23 38.33 11 18.3 3 5
Aug-23 60 32 53.33 23 38.33 5 8.3 0 0
Nov-23 60 21 35 32 53.33 6 10.0 1 1.67
Jan-24 60 23 38.33 27 45 9 15.0 1 1.67
May-24 60 15 25 30 50 13 21.7 2 3.33
Aug-24 60 37 61.67 19 31.67 4 6.7 0 0
Nov-24 60 20 33.33 32 53.33 8 13.3 0 0
Jan-25 60 21 35 27 45 11 18.3 1 1.67

6.6 WATER LEVEL FLUCTUATIONS

Fluctuation of ground water levels in an area is due to variations in recharge and discharge
components in groundwater regime. Recharge components are precipitation; water applied for
irrigation and percolation from surface water bodies. Discharge is mainly due to withdrawal of
ground water for irrigation, domestic and industrial uses, effluent seepage into drainage courses &
evapotranspiration. Fluctuation is also affected by topographic configuration and geological setup
of in an area. Seasonal changes are observed because of monsoon rainfall received over an area.

Fluctuations of water levels during post-monsoon season with respect to pre-monsoon season for
shallow aquifer for the year 2023 and 2024 have been prepared showing areas with seasonal
fluctuations.

During post-monsoon season in shallow aquifers, in ~76.56 % of area water levels have shown a
rise in the range of 0-2 m and the maximum rise (4-6 m) is observed in ~0.6% of the area in central
part of the study area. Rise within the range of 27 4 m is observed in 6.2 % of the area. Fall in
groundwater level in is observed in 15.57% of the area, water levels have shown a fall within the
range of 0-2m and maximum fall upto 6m is observed in 0.3 % of the area. (fig 6.17)

Fluctuations of water levels during post-monsoon season with respect to pre-monsoon season for
shallow aquifer for the year 2024 shows that in 81.13% of the area there is rise in ground water
levels within the range of 0-2 m. rise in the range of 2-4 m is observed in 6.6% of the area. Fall of
>4 m is observed in 1.62 % of the area. Mostly in the northern, central and southern part of the
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study area. Fall in water level is observed in 9.83 % of the area with in the range of 0-2 m, fall of 2-
>4 is observed in minor area 0.5% in isolated patches. (fig 6.1 8)

6.7 WATER LEVEL TREND IN THE STUDY AREA

Trend analysis for the last 10 years (2014-2023 has been carried out for 23 hydrograph stations of
CGWB. During pre-monsoon season, it is observed that 01 well shows rising trends (0.146 m/yr)
and in 3 wells, falling trends are observed (3 wells ranging from 0-0.07 m/yr) (fig 6.1 9). During post-
monsoon season, in 16 wells rising trends are observed (0.0- 0.48 m/yr) and in 6 wells, falling
trends ranging from 0-0.63 m/yr are observed. The fall is mostly observed in eastern and north-
western part in both seasons. (fig 6. 20)

6.7.1 HYDROGRAPH ANALYSIS

Variation in short and long-term water level trends, is due to variations in natural recharge, rainfall
and withdrawal for various uses and for these 5 hydrograph stations are studied in detail (Fig.6.21).
Rising limb, shows a natural recharge due to monsoon rainfall and recession limb, indicates
continuous increase in extraction. Out of the 6 hydrographs, 4 shows rising trends in both seasons
and only one (Mazgaon), shows failing trend in both seasons i.e., 0.25 m/yr during pre and 0.26
m/yr during post monsoon season.

Table 6.5.a: Trend of Water Le vel - From Year 2014 to Year 2023
DISTRICT: MUMBAI CITY

S. Location  Pre-Monsoon Post -Monsoon Annual
No.
Data Rise Fall Data Rise Fall Data Rise Fall
Point (m/year (mlyear Points (m/year) (m/yea @ Points (m/year)  (mlyea
s ) ) r r
1 Colaba 7 0.0725 9 0.0129 32 0.0455
(Dandi)
2 Bombay 8 0.0104 10 0.0950 37 0.0388
(Church
Gate)
3 Colaba- 5 7 0.0115 25 0.0309
Fort
4 Mazgaon 5 7 0.6352 25 0.7176
Varli 5 7 0.0571 24 0.0311
Naka
6 Mahim 8 0.0342 10 0.0046 37 0.0077

RODC, CGWB, CR
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Table 6.5b: Trend of Water Level - From Year 2014 to Year 2023
DISTRICT: MUMBAI SUBURBAN

S. Location Pre-Monsoon Post-Monsoon Annual
No.

Data Rise Fall Data Rise Fall Data Rise Fall
Point (m/lye (m/ye Point (m/year (m/yea Points (m/yea (ml/year)
S ar) ar) S ) r r

1 Rani cha 5 7 0.0222 25 0.0125
Bagh

2 Laxminagar 5 7 0.1848 25 0.0402
-Mahul

3 Trombay- 5 7 0.0888 25 0.0304
Koliwada

4 Agarwadi 5 7 0.0953 25 0.1255

5 Chembur 5 7 0.0156 25 0.0395
Gaothan

6 Khardanda 0 1 3

7 Vakola. 5 7 0.1422 25 0.0009

8 Vile Parle 4 7 0.1269 24 0.1252
West

9 Amboli 4 7 0.0191 24 0.1672
Sarota
Pada

10 A.M.C. 7 0.146 10 0.4895 36 0.4687
Colony 0

11 Varsowa 0 1 3

12 Madh 3 7 0.2842 23

13 Film City- 5 7 0.0178 25 0.0381
Habale
Pada

14 Mulund 4 7 0.0417 24 0.1011
East

15 Goregaon 5 7 0.0951 25 0.0408

16 Malwani 3 7 0.4215 23

17 Manori 5 5 20

18 Gorai 4 7 0.0247 24 0.1151
Beach

19 Dahisar-1 5 7 0.0942 25 0.2440

RODC, CGWB, CR
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1 BMC Ward A Ofice, on Mint Back road | 18.93564 | 72.836837
2 St George Hospital Garden 18.941648 | 72.837381
3 CSMT, Indraprastha Bhawan 18.943781 | 72.838596
4 Khandoba Mandir, Harmos Ji St 18.915818 | 72.828436
5 Ward E, BMC Dispensery 18.9736953 | 72.8270119
6 Nair Hospital, Mumbai Central 18.974191 | 72.822632
7 [Mumbai City|Jaffer Suleiman Masjid, Mazgoan 18.957292 | 72.841376
8 Mumbai City _[Mumbai City|Narayanwadi Mandir 18.955211 72.8238

9 Mumbai City  |Mumbai City|Lakshmi Autoworks shop, GS Ward 19.012312 | 72.831065
10 Mumbai Cit Mumbai City|GS Ward , Worli village 19.0170717 | 72.820241
11 Mumbai City i Shivaji Park, Dadar 19.0235439 | 72.8370434
12 Mumbai City |Mumbai City|Dadar East, Sant Gadge Maharaj Trust | 19.0138956 | 72.8412072

complex

13 Mumbai Cit Mumbai City|Sion Ayunedic Mahavidyalaya 19.0458556 | 72.8653381
14 Bombay (Church Gate) 18.931944 | 72.8311389
15 Colaba (Dandi) 18.896667 | 72.8111389
16 Mumbai City _[Mumbai city [Mahim 19.025000 | 72.8444722
17 Mumbai City _[Mumbai city|Varli_Naka 18.998333 | 72.8186389
18 Mumbai City _|Mumbai city[Mazgaon 18.969167 | 72.8439167
19 Mumbai City _[Mumbai city [Colaba-Fort 18.938056 | 72.8366944
20 Mumbai city _|Mumbai city [Rani cha Bagh 18.979167 | 72.8347500
21 Mumbai Suburban| Boneli_|Boraveli West (MCO office) 19.231948 | 72.855978
22 Mumbai Suburban| Boneli _|Rokadia (Cross Lane) 19.237290 | 72.856470
23 Mumbai Suburban| Boneli _[Borspada 19.214135 | 72.848407
24 Mumbai Suburban Boraweli East (Sub Way) 19.220395 | 72.856461
25 Mumbai Suburban Boraweli East (Kaju Pada) 19.236324 | 72.867430
26 Mumbai Suburban| Borivali _[Malwani 19.196111 | 72.8097500
27 Mumbai Suburban| Borivali _|Dahisar-1 19.251667 | 72.8641944
28 Mumbai Suburban Film City-Habale Pada 19.163056 | 72.8880833
29 Mumbai Suburban| Borivali_|A.M.C. Colon; 19.135278 | 72.8872500
30 Mumbai Suburban| Borivali_|Goregaon 19.165556 | 72.8575278
31 Mumbai Suburban| Borivali _|Gorai Beach 19.242778 | 72.7853056
32 Mumbai Suburban| Borivali _|Manori 19.214167 | 72.7850278
33 Mumbai Suburban’ Kurla Bail Bazar 19.0836 72.88095

34 Mumbai Suburban|  Kurla __|Mahul 19.014359 | 72.889981
35 Mumbai Suburban Kurla Chandiwali 19.115624 | 72.895931
36 Mumbai Suburban Kurla Powai 19.124755 | 72.919646
37 Mumbai Suburban Kurla Bhatwadi 19.096838 | 72.901919
38 Mumbai Suburban Kurla Vikhroli 19.10925 72.929677
39 Mumbai Suburban Kurla Bhandup 19.14109 72.927201
40 Mumbai Suburban’ Kurla Sonapur 19.161573 | 72.938935
41 Mumbai Suburban’ Kurla Bhaktimarg 19.179644 72.94978

42 Mumbai Suburban Kurla Kirol 19.082688 | 72.896661
43 Mumbai Suburban’ Kurla __|Mulund_East 19.163611 | 72.9541944
44 Mumbai Suburban’ Kurla__|Chembur_Gaothan 19.055000 | 72.8972500
45 Mumbai Suburban Kurla _|Laxminagar-Mahul 19.028056 | 72.8966944
46 Mumbai Suburban’ Kurla | Trombay-Koliwada 19.032500 | 72.9480833
47 Mumbai Suburban Kurla __|Agarwadi 19.039444 | 72.9261389
48 Mumbai Suburban| Andheri_[Oshivara 19.1439 72.8339

49 Mumbai Suburban| Andheri | Theosophical Society (Juhu vile Parle 19.0999 72.8261

50 Mumbai Suburban| Andheri _|Kondvita (Ganeshwadi) 19.1172 72.8694

51 Mumbai Suburban| Andheri _|Jogeshwari (E) Natwarnagar 19.1313 72.8517

52 Mumbai Suburban| Andheri _|Kalina 19.0744 72.8675

53 Mumbai Suburban| Andheri _[Jawaharnagar 19.0685 72.8440

54 Mumbai Suburban| Andheri _[Varsowa 19.139 72.8070

55 Mumbai Suburban| Andheri _|Bandra (W) 19.0529 72.8254

56 Mumbai Suburban| Andheri _|Khardanda 19.0748 72.8235

57 Mumbai Suburban| Andheri_[Vile Parle West 19.097500 | 72.8430833
58 Mumbai Suburban| Andheri _|Amboli_Sarota Pada 19.132500 | 72.8391944
59 Mumbai Suburban| Andheri _[Madh 19.141667 | 72.7897500
60 Mumbai Suburban Vakola 19.080556 | 72.8586389

Fig 6.7: Location of observation wells in the study area

52




19°20'0"N

19°15'0"N

19°10'0"N

19°5'0"N

19°0'0"N

18°55'0"N

72°45'0"E
1

72°50'0"E
1

72°55'0"E
1

73°0'0"E
1

of Mumbai City & Mumbai Suburban Districts,Maharashtra

Arabian Sea

Hydrogeology Map

7
4

i
Ao,

500

Legend

Rivers & Waterways

Lake & Waterbody
Fault

Mud

Water Level Contour
(magl)

EC (pS/cm)

Kilometers
6 12

Lithology

C] Alluvium
- Laterite
™\ Basic Dykes
I:I Pyroxene Megacryst Rock

:I Trachyte

Rhyolite,Hybridised Acid Lava
and Silicified Tuff

l:] Agglomerate & Tuff/Intertrappean

Basalt (Unclassified/"aa" Flow)

Basalt ("aa" Flow)
- Basalt (Compound & Simple Flow)
- Basalt (Mainly Compound Flow)

@ Location of Key Observation Well

19°15'0"N

19°10'0"N

T
72°45'0"E

)
72°50'0"E

T
72°55'0"E

I
73°0'0"E

19°20'0"N

19°5'0"N

19°0'0"N

18°55'0"N

Fig 6.8: Hydrogeological Map of Study Area

53




UL 7500 0L AR TS TN 22EEEWE. AW R
DEPTH TO WATER LEVEL MAP, AQ-I, MAY 2023, DEPTH TO WATER LEVEL MAP, AQ-1, AUG 2023,
Mumbai City & Suburban Districts, Maharashtra Mumbai City & Suburban Districts, Maharashtra
&
w0 s z
2 Kilemeters 5 A 5
ES o 27 B8 " 5 =
Thame District Thame District
Hd -
Z L2 z Lz
2] H = S
3 Y
s z
i‘ Legend S £ Legend g
a TRl HO ol w Teluka =0
Haipud Districe so -/ :;::vx ::;:m!onwul Raigad Dienter so - _'/ :)‘l’:;';'; :1:’:;‘-'"'0" wel
s toieeat Topukn BoUrdary e’ Tabaka Boundary
>/ Rivers & Waservays ~ Yetlbo b tiacid -
= e Lace & Waterbzdy _g Z s Lshe & Walkabiody _?-?"
é‘ DTWL  Percentage of Arca £ 2' DYWL  Parcentage of Aren =
= [ Jozmbat 7705 [loomby  4ar0%
| EEIT TS Bl 2smbs  sason
[ Jstomen 1e00% [Istwreg za0s
B -omon  030%
e ey oy = e =y e sk asqu T
Fig 6.9: Depth to Water level Map May (Pre -Monsoon), 20 23 Fig 6.10: Depth to Water level Map Aug, 2023
TSN TESHOTR TSSO TNE TP4SOE TSR TSS0E TIUSE
DEPTH TO WATER LEVEL MAP, AQ-I, NOV 2023, DEPTH TO WATER LEVEL MAP, AQ-1, JAN 2024,
Mumbai City & Suburban Districts, Maharashtra Mumbai City & Suburban Districts, Maharashtra
: & | & |
i < ) s 3 -
2 Kilometers 3 = Kilometers S
g 55 1 = = 9 275 55 11
Thastrict Thane Distriet
4 LE £
z 7
z = £ LS
e4 2 = 2
£ = i
7 _: T _g
%’»‘ Legend z %' Legend :
B a  Telug HG 2 m  Taluks HQ
Ratgad Dissrice ® L:::"ﬂﬁj:;“""’“‘ Well ,__\_./ T;‘;’:a:ﬂﬁ"””‘”" Avex
* Tauka Boundary e Taluks Deundary
Rivars & Wateways . ~ Rivers & Watenways 2
z (3 Laskes & Wasiarbiudy |2 § e Lake & Waterbody ,;
%' DTWL  Percentage of Area g !g_-:- DTWL  Percentage of Ares | =
& ez nog  1are [Jo2meg  1025%
B nog ssss Bl 25y g1s3s
T lstomsg sz [lswomea arz%
Bl -omtg  002% Bl -omba 007 %
T340 E S — [ — TIROE 20aE0mE T2500E T20sE0nE TeeE

Fig 6.11: Depth to Water level Map, Nov (Post

54

-Monsoon), 2023

Fig 6.1 2: Depth to Water level Map Jan 2024
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Fig 6.1 6: Depth to Water level Map, Jan 2025
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Fig 6.19: Water Level Trend Map Pre -Monsoon (2014 - 2023, NHS wells)

(2014 to 2023, NHS wells)
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Fig 6.20: Water Level Trend Map Post -Monsoon
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CHAPTER 7
HYDROGEOCHEMISTRY

7.1 HYDROGEOCHEMISTRY OF THE STUDY AREA

Evaluation of ground water quality through concentration of its physical, chemical and biological
parameters is essential to determine its suitability for the intended use. It helps not only in finding
its suitability; it also helps in taking effective remedial measures for its improvement on scientific
lines. Central Ground Water Board monitors the ground water quality of the district through analysis
of water samples collected from its National Hydrograph Network Stations (NHNS) which represent
the shallow aquifer of the district with an objective to understand an overall picture of ground water
guality of the study area. During year 2023 and 2024, CGWB has carried out the ground water
guality monitoring at all the NHS and KOW. Out of the total 94 samples analyzed, 58 are from BW
and 36 are from Dugwells. Fig 7.1. The water samples have been analyzed for major cations (Ca,
Mg, Na, K) and anions (CO3, HCO3, CI, NO3, SO4) in addition to pH, EC, F, SiO2, PO4 and TH
as CaCO3 and heavy Metals in Regional Chemical Laboratory at CGWB, CR, Nagpur.
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7.2 CHARACTERIZATION OF GROUNDWATER QUALITY AND ITS SUITABILITY STUDY

Groundwater is a precious natural resource for several vital functions such as public, industries and
agricultural water supply. The quality of the water is equally essential to assess its suitability for
different purposes. The quality of the surface water and groundwater depends upon variation in
geological formation and soil types. It is impossible to control the dissolution of the constituents in
water after they enter the ground water. The analytical data have been considered to assess the
chemical quality of ground water and its suitability for drinking, domestic.The result of ground water
samples collected during Pre-monsoon 2023 & 2024 have been evaluated in accordance with the
standard (BIS (I1S-10500-2012)) for drinking purpose and is given in the Table-7.1 and details are
given in Annexure Il

Table: 7.1 Summary of Hydrochemistry in the study area vis -"a-vis BIS Guidelines on
Drinking Water (IS 10500:2012) (Pre -Monsoon 2023 & 2024)

Constit Pr-monsoon 2 Pr-emonsoon 2 IS 10500:
Mi n Ma x No . o Min Ma x No. o Accept Per mi s
sampl e sampl e I i mit I i mit
beyoni beyon:
per mi s: per mi s
I i mit I i mit
p H 6.8 7. ¢ Ni | 3.4 8. 7: 3 6.-&. 5 6.-&.5
EC at 2!'13€455 5 (>2 123 684z 2 (>2 - -
(eS/ ¢ m) EC) EC)
TDS 87 291 2 0 437¢ 500 2000
Chloride 11 137 1 10. 905. Ni | 250 1000
Sul phate¢ O 92 Ni | 0 214 Ni | 200 400
Nitrate 1 8 4 4 0 58 1 45 45
FluorideO. 11. 1 Ni | 0.0 1.0! Ni | 1 1.5
(mg/ 1)
Calcium 12 491 1 14 614 1 75 200
Magnesi 14.8 182 1 2.4 68 Ni | 30 100
Tot al 70 153 2 45 182« 2 200 600
Har dnes:¢
Sodi um 4 529 - 595. - -
Potassit O 34 - 30 - -
Il ron (m¢ O 283 Ni | 0 0.1 Ni | 1 -

7.3 RESULTS AND DISCUSSION

1. pH: The pH of water is an important indication of its quality and provides important piece of
information in many types of geochemical equilibrium or solubility calculations (Hem 1985).
The pH of the groundwater in the study area varies from 6.86 to 7.89 in Pre monsoon 2023
and from 7.05 to 8.73 in Pre monsoon 2024. It indicates that all the samples are within the
limits of the water quality standards for drinking specified as 6.5 to 8.5. (BIS 2012). Ph is
observed to be higher than permissible limit in samples collected from 2 sites during pre-
monsoon 2024, namely Mahul dw (Kurla) and Vikhroli (Kurla).

2. Electrical conductivity (EC):  The conductivity measurement provides an indication of ionic
concentrations. It depends upon temperature. The ground water is found to have low to very
high salt content as the EC of well water ran
e S/ amiLaxminagar. High EC with values above 2000 is observed at 4 locations i.e
Khardanda 2031 ¢S/ cm, Ma hul 2177 €S/ cm, Theos
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eS/ cm and Laxminagar 4558 €S/ cm. Al these
from BW. The salinity and Chloride maps for both DW and BW are shown in Fig 7.2 and
7.3

3. Uranium: The analysis for Uranium indicates very low concentration of Uranium in the
ground water ranging from BDL to 4.48 ppb at Laxminagar area of Mumbai. There is
presence of Uranium in the ground water but in very low concentration and within the
permissible limit of 30 ppb as prescribed by BIS and WHO.

4. Fluoride is found to be in low concentrations within the permissible limits of BIS. However,
fluoride above acceptable limit of 1mg/l (BIS) has been observed in both shallow and deeper
aquifers in Pre-Monsoon sample at Borspada, Borivali. Fig 7.4 Fluoride in aquifers such as
Basalt primarily originates from the natural weathering and leaching of fluoride-bearing
minerals in ground water.

5. Nitrate : Chemical analysis for Nitrate in the GW samples shows presence of NO3 above
the permissible limit prescribed by BIS i.e 45 mg/l in 3% of the samples. Fig 7.5. High values
of NO3 are observed at Rokadia DW (Cross Lane) 52 mg/l, Varsova GS Ward 70 mg/l and
Worli village 84 mg/l could be attributed to anthropogenic activities around the area. Fig 7.5.

6. Heavy metals 1115 acidified samples were collected during pre-monsoon period 2023 &
2024 for heavy metal analysis. The samples were analyzed for Copper, Lead, Zinc, Nickel,
Cadmium, Chromium, Manganese and Iron. The concentration of heavy metals like Copper,
Lead, Zinc, Cadmium was not detected (ND). As per the analysis heavy metal are either
below detectable limit and/or within permissible limits.

7.4 AQUIFER WISE GROUND WATER QUALITY

Groundwater quality in Mumbai exhibits distinct spatial and vertical variations between the shallow
and deeper basaltic aquifer systems. The city is underlain by two principal aquifers: a shallow
unconfined aquifer (Aquifer-1) and a deeper semi-confined to confined aquifer (Aquifer-Il) occurring
within jointed and fractured basalt between 30 and 172 m bgl. Aquifer-wise occurrece of major
parameters in GW is given in Table 7.2

Table 7.2: Aquifer -wise occurrence of major parameters in GW

S.No. | Depth/Chemical | Aquifer -I Aquifer -II
Parameter

Aquifer Shallow Deeper
disposition
2.  Depth range (m 0 to 30m bgl 30 tol172 mbgl
bgl)
3. | Aquifer type Unconfined, weathered = Semi-confined to Confined, Jointed/
basalt fractured basalt
4.  Electrical Between 221 to 1572 Between 136 to 4558 us/cm, (high EC
Conductivity ps/cm >2000 ps/cm reported at Theosophical

Society, Jogeshwari (E), Khardanda,
Laxminagar, Mahul

5. | Chloride Within permissible limit Mostly exceeding within limit (high Cl Values
above acceptable limits of BIS reported at
Theosophical Society, Jogeshwari (E),
Khardanda, Laxminagar, Mahul, Chinchwadi
& Agarwadi

60

S a



6. Nitrate Within permissible limit, = Within permissible limit, Localized
Localized Nitrate >45 Nitrate >45 mg/I: 01 (Varsova)
mg/l: 03 locations
(Rokadia, Varsova &

Worli)
7.  Salinity / Localized High along coastal Tracts (As per EW data
seawater High salinity is observed at JJ school of Arts,
ingress Sambhaji Raje Garden (Mulund) Shivaji

Park Dadar. High EC suggesting Saline
water Intrusion

Aquifer -I: EC values range from 221 to 1572 uS/cm, indicating predominantly fresh to slightly
mineralized groundwater. Chloride concentrations generally remain within permissible limits,
suggesting minimal influence of saline water. Nitrate concentrations are largely within acceptable
limits; however, localized nitrate contamination exceeding 45 mg/L has been observed at a few
locations such as Rokadia, Varsova, and Worli, indicating localized anthropogenic influences, such
as sewage infiltration. Salinity and seawater ingress in Aquifer-l are limited and occur only in
localized pockets.

Aquifer -1l : shows comparatively deteriorated groundwater quality. EC values display a wide range
from 136 to 4558 uS/cm, with several locations recording values exceeding 2000 uS/cm, notably
at Theosophical Society, Jogeshwari (East), Khardanda, Laxminagar, and Mahul. Elevated chloride
concentrations, frequently exceeding permissible limits, are reported from multiple locations
including Theosophical Society, Jogeshwari (East), Khardanda, Laxminagar, Mahul, Chinchwadi,
and Agarwadi, indicating significant saline water influence. Nitrate concentrations in the deeper
aquifer are generally within acceptable limits, with only isolated high value reported at Varsova.
High salinity observed along coastal tractsd such as at JJ School of Arts, Sambhaji Raje Garden
(Mulund), and Shivaji Park (Dadar)o along with high EC values, strongly suggests seawater
intrusion in deeper Aquifer.

Conclusion : Overall, the aquifer-wise assessment indicates that while the shallow aquifer in
Mumbai retains comparatively fresh groundwater with localized anthropogenic contamination, the
deeper aquifer is more vulnerable to sea water intrusion, particularly in coastal areas. The
occurrence of high EC and chloride concentrations in Aquifer-II highlights the impact of seawater
intrusion, likely exacerbated by groundwater extraction and movement of GW through fractured
basalt formations. This emphasizes the need for aquifer-specific groundwater management
strategies in Mumbai, with particular emphasis on controlling saline ingress in the deeper aquifer
system.

In general, the GW in the study area is suitable for drinking and domestic uses requiring
interventions at isolated places. The suitability of groundwater for irrigation purpose was not
assessed as the entire area is urban.

7.5 HYDROCHEMICAL FACIES CLASSIFICATION
7.5.1 PIPER DIAGRAM

The piper diagram describes the process responsible for the evolution of the hydro geochemical
parameters in Ground water. Based on the major cation and anion content in the water samples
and plotting them in the trilinear diagram, Hydrochemical facies could be identified. Hydrochemical
facies are very useful in investigating diagnostic chemical character of water in the hydrologic
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systems. Different types of facies within the same group formations are due to characteristic ground
water flow through the aquifer systems and effect of local recharge. The types of facies are
interlinked with the geology of the area and distribution of facies with the hydrogeological controls.
Hydrochemical facies are delineated by plotting percentage reacting value of major ions on trilinear
diagrams known as piper diagram. For demarcating the hydrochemical facies existing in the shallow
and deeper aquifer systems Piper Trilinear Diagram were prepared (Fig. 7.6 a & 7.6 b). Analysis
of the diagram indicates that 92% of groundwater samples from shallow aquifers fall in Ca-Mg-
Bi car bona which i gharacterized by recent origin of recharge water, which had little
interaction with the bedrock. 5% samples fall in the Mixed type category and 3% in Na-K-CI-SO4
type i

The samples collected from Deeper aquifers show that 75% of samples fall in the Ca-Mg-
Bicarbonate type water whereas 8% samples are in Mixed type category, 12% fall in Na-K-CI-SO4
type. And 5% fall in Ca-Mg-Cl-Sulphate type of water. Therefore, the Hydrochemical facies
classification in Study Area indicates that maximum groundwater samples belong to Ca-Mg-HCO3
type of water. Similar pattern is observed in Samples collected for Pre-Monsoon 2024 as well.
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Fig 7.4. Map showing occurrence of Fluoride
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