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MURALI KOCHUKRISHNAN, Environmental Expert cum Hydrogeologist,
State Mission Management Unit, AMRUT

Introduction:

Water is “Elixir of life” and all developmental and conservation activities
enhance the demand and supply of water, whether it is agriculture or
industry or for domestic usages. The ever-increasing population also
results in the increase towards domestic demand. The water resources are
available either as surface water or groundwater and the principal source
for both the resources is precipitation. The erratic nature of precipitation
and near utilization of surface water resources has turned the onus on
groundwater. The groundwater occurrence and movement vary spatially
and temporally and it is also not uniform in nature. Thus, the strategy for
sustainable development and management becomes a challenging task.
India is the largest user of groundwater in the world. India
accounts for 16-17% per cent of the world’s population living in
less than 5 per cent of the global area, and has just 4 per cent
of the global water resources. Groundwater has been the prime
source of fresh water sustaining life and livelihood in most states of India.
Groundwater is one of the most important freshwater resources in the
country that caters for more than 63% irrigation water and more than
80% of Rural & Urban water supplies. The dependency on groundwater
for irrigation water needs has increased many folds since the green revolu-
tion. This has led to situation wherein the groundwater withdrawal is
more than natural recharge resulting declining in groundwater level,
desaturation of shallow aquifers, increased energy consumption for lifting
water from progressively deeper levels, quality deterioration, issues like
reduction in groundwater flow to rivers, contamination and no flow in
rivers. These scenarios not only have adverse devastating effects on the
environment but have also led to subdued economic growth of the
country. This has necessitated for a paradigm shift from “Groundwater
development” to “Groundwater management “The Share of groundwater
in irrigation has increased from 61% in 2007-08 to 64% in 2016-17 as per
the data of Directorate of Economics & Statistics Ministry of Agriculture &
Farmers Welfare. Dependence on ground water is increasing day by day as
groundwater accounts for most of the increase in net irrigated area in the
country. This hasn’t come without a price. As per the latest assessment of
Dynamic Ground Water Resources (2023), out of the total 7084
assessment units (Blocks/Taluks/Mandals/Districts/Firkas/Valleys),
1006 (14.2%) have been categorized as ‘Over-exploited’, 260 (4%) as
‘Critical’, 885 (12.4%) as ‘Semi-critical’. About 4933 (69%) units as
SAFE ZONE categorization.
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Alongside over-exploitation there
are also areas where existing
groundwater resources have not
been tapped properly. Further,
there are well documented issues
of ground water contamination al-
so. Climate change is likely to bring
in more challenges in terms of de-
creasing availability, increasing
demand for irrigation (because of
increase in atmospheric tempera-
ture) and increase in coastal salini-
ty (because of rise in sea level). The
Govt. of India, the various State
Governments and many other
agencies are doing their best to
augment and manage ground water
resources. However, understanding
of the aquifers is the first prerequi-
site to prepare effective manage-
ment interventions. ‘Sustainable
Ground Water Management aspect
promoted by the Government has
highlighted the need for compre-
hensive mapping of India’s aqui-
fers, on priority, that would form
the cornerstone of developing any
groundwater management pro-
gramme. In this backdrop, Central
Ground Water Board (CGWB), un-
der the Ground Water Management
and Regulation Plan Scheme (XII
plan) initiated the National Aqui-
fer Mapping and Management
(NAQUIM) programme in the year
2012, which is one of the largest
endeavours of its kind in the World
and the detailed aquifer mapping
has been happening at block levels
over every state in India recently.

Participatory Aquifer Manage-
ment Study Objective:
¢ Our focused study objective

should provide detailed infor-
mation to support groundwater
management decisions at micro
ULB/ Panchayat level. Since the
issues are different in different
areas, the studies under the pro-
posed “Participatory Aquifer
Management” are to be issue
specific and should be undertak-
en in prioritized focus areas ini-
tially and other micro levels in
due course of time.

¢ Understanding the Aquifer dy-
namics and analyzing the aqui-
fer’s hydrology, including re-
charge rates, seasonal fluctua-
tions, and long-term sustaina-
bility. Also, its effective man-
agement requires understand-
ing the aquifer's capacity,
groundwater flow, and interac-
tions with surface water sys-
tems to avoid over-extraction.
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Fig:1 Schematic Sketch Towards Aquifer Management

¢ Broadly Priority areas shall be
identified based on ground water
related issues and the present
study should focus with specific
priority areas like effects of ur-
banization and industrializa-
tion on ground water system
in the study area, Ground wa-
ter Overexploited and critical
regions, problematic areas on
water quality and index.

¢ Water budgeting along with
source sustainability measures
specifically for each ward /village
as micro level assessment.

¢ Change detection in LULC (land
use land cover) over a period
of time and its effect on
Ground Water scenario and its
improvements.

¢ Improvising issue based scien-
tific inputs for groundwater
management up to ward/ vil-
lage level.

¢ Developing Site -specific Aqui-
fer Management Interventions
and scope for Managed Aquifer
Recharge. (MAR) in both Urban
and Rural areas

¢ Providing digital/ printed maps
to the users and easy under-
standing of the groundwater re-
gime at various stake holder’s
levels.

¢ Estimation of grey water produc-
tion of Industrial and Domestic
sector. Recommend ETP/STP
based proper treated water
reuse for utilization of the
same for Irrigation, industries
along green belt and other util-
ity to ensure the water circu-
larity aspects are dealt appro-
priately reducing the fresh
groundwater utilization loads.

¢ Finding location specific micro
level remedial measures/ solu-
tions to enhance Quantity and
Quality of the groundwater re-
sources and its regime.

¢ Collaborating with local gov-
ernments to develop groundwa-
ter usage regulations and en-

forcement mechanisms. Apt
Policy frameworks are essen-
tial for controlling over-
extraction, encouraging sus-

tainable practices, and ensur-
ing equitable access to ground-
water resources.

¢ Implementing participatory
approaches for resolving con-
flicts over groundwater use,
particularly in regions with
competing demands
(agriculture, industry, domes-
tic use). A transparent, inclu-
sive conflict resolution mecha-
nism should be ensured that all
voices are heard, and compet-
ing interests are balanced,
leading to long-term sustaina-
bility.

These objectives collectively ad-

dress the technical, social, and

regulatory aspects of managing

Aquifers




HYDRO-GEOLOGICAL FORMATION AND AQUIFER
SYSTEM OF INDIA
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Fig: 2 Hydrogeology Provenance Map of India
Source: CGWB.

Aquifer System in India
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Fig: 3 Aquifer System Map of India.
Source : CGWB

Based on the hydrogeological characteristics, the entire
country has been classified into 14 principal aquifer
systems and 42 major aquifers. Alluvium is the ma-
jor aquifer system which covers maximum area of
around 31 per cent of the entire country and is avail-
able in Uttar Pradesh, Bihar, West Bengal, Assam, Od-
isha and Rajasthan. The sandstone aquifer covers
around 8 per cent area in the country and is availa-
ble in Chhattisgarh, Andhra Pradesh, Madhya Pra-
desh, Gujarat, Karnataka and Rajasthan. The rest of
the country is covered with the other formations that
cover around 60 per cent of the area. Among these,
basalt aquifer covers maximum of around 17 per
cent area of the country and is available mostly in
Chhattisgarh, Andhra Pradesh, Madhya Pradesh, Raja-
sthan and in the north eastern states as well as in the
Himalayan terrain. Limestone aquifer covers a very
small area of around 2 per cent in the country and
is mainly available in the states of Chhattisgarh, An-
dhra Pradesh, Karnataka and Gujarat and in the Him-
alayan states. Around 20 per cent of the area of the
country is covered by banded gneissic complex
(BGC) and gneiss aquifers which are available al-
most in all the peninsular states as well as the Him-
alayan states. The rest 15 per cent of the entire
area is covered by aquifers namely; schist, granite,
quartzite, charnocktite, khondalite, laterites and
intrusive.

The detailing of the Various Hydrogeological sys-
tem which are classified as Hard rocks, soft rock
aquifers, Hills and Islands aquifers are as follows:

Hard rock aquifers:

The common rock types categorized under crystalline
aquifers are granites, gneisses, charnockites,
khondalites, quartzites, schist and associated phyl-
lite, slate, etc. These rocks possess negligible primary
porosity but are rendered porous and permeable due to
weathering and due to the presence of fractures and
joints. The crystalline aquifers cover major parts of
the States of Andhra Pradesh, Chhattisgarh, Karna-
taka, Kerala, Odisha, Tamilnadu, Telangana and
Jharkhand. The upper weathered part and the frac-
tured zone below form the aquifers. The fracture zones
are connected along some alignments (lineaments) and
when they are well-connected with the top weathered
zone form potential aquifers (Saha et al. 2013). Poten-
tial aquifers are restricted mostly up to a depth of 150
m. Transmissivity of these aquifers remain mostly
within 100 m2/day, though occasional values up to
600 m2/day has also been reported.

A .
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Though of limited potential, these aquifers occur widely
and act as the principal source of freshwater in the
country. The Precambrian sedimentary rocks are
encountered mostly in parts of Andhra Pradesh,
Chhattisgarh, Madhya Pradesh and Rajasthan. Ma-
jor rock formations include sandstones and shale.
Usually, the Precambrian sandstones are highly
silicified and the shales are compact (Ray et al. 2017).
Both sandstones and shale have very limited aquifer
potential with specific yield value of around 0.0038
(Ray et al. 2014). Basaltic aquifers occupy most part of
Maharashtra and large geographical areas in Gujarat
and Madhya Pradesh. They comprise multiple flows
(traps). Each flow is marked by a potential vesicular
zone at the top and a massive rock unit at the bottom
(Saha and Agrawal 2006). The weathered part of the
top flow and the vesicular zone of the successive flows
below and the inter-trappeans form aquifers. The
weathered zone mostly remains within 15 m though in
some parts of Karnataka and Gujarat 40 m thick
weathered zones have also been reported (CGWB
2012). Transmissivity of these aquifers remain mostly
within 70 m2/day. Patches of basaltic aquifers are also
reported from other parts of India like Chhattisgarh,
Rajmahal Traps in Eastern parts of Jharkhand etc.
Carbonates ranging in age from Precambrian (as in
Chhattisgarh State) to Tertiary (as in Rajasthan) make
potential aquifers owing to various degrees of karst-
ification. Most prominent carbonate aquifers are in the
central part of Chhattisgarh. These carbonate units
belong to the Precambrian Chhattisgarh Group of
rocks (Mukherjee et al. 2014). Dar et al. (2014) provide
a review of the karst (carbonate) aquifers in India. Po-
tential water bearing zones in these carbonate aquifers
are mostly restricted to 80 m below ground level. Usu-
ally, degree of karstification and consequent ground-
water potential decrease with depth. Rainfall Infiltra-
tion factor and specific yield of the carbonate aquifers
in Chhattisgarh has been estimated to be 4.5% (Ray
91 et al. 2017) and 3.7% (Ray et al. 2014) respectively.

Soft Rock Aquifers:

Soft rock aquifers can be further subdivided into un-
consolidated sediments and semi-consolidated sedi-
mentaries. The unconsolidated sediments in turn can
be grouped into three broad categories: (i) alluvial de-
posits in Indo-Ganga-Bramhaputra Plains and along
tracts of major rives, (ii) Coastal deposits, most promi-
nent along the East-coast and (iii) aeolian deposits in
the NorthWestern part. The Indo-Ganga-Brahmaputra
plains hold one of the most potential soft rock aquifers
in the world. The unconfined aquifers occurring at the
top sometimes extend down to 125 m bgl. Deeper aqui-
fers are mostly leaky-confined/confined (Saha et al.
2007; Saha et al.2011; Saha et al. 2013). The uncon-
fined aquifers generally show storage coefficients be-
tween 5% and 25% (Saha et al. 2009). Transmissivity
values vary widely from 1000 to 5000 m2/day (CGWB
2012). Transmissivity values of deeper aquifers may go
up to 12,000 m2/day (Saha et al. 2010). These aqui-
fers may yield as high as 70 litres per second. The
potential of alluvial aquifers along the peninsular riv-
ers are rather moderate with yield up to 14 litres per
second. But the alluvial deposits (~100 m thick) of Nar-
mada, Tapi, Purna basins may yield up to 28 litres per
second. The alluvial sequences in deltas of major rivers
on the eastern coast and in Gujarat estuarine tracts
have their hydrogeological potential limited by salinity
hazards. The aeolian deposits occurring in West Raja-
sthan, Gujarat, Haryana, Delhi and Punjab are well
sorted and permeable and have moderate to high yield
potentials. However, natural recharge is poor because
of scanty rainfall in the area and water table is deep.
The semi-consolidated formations mainly comprise
shales, sandstones and lime-stones. The sedimentary
deposits belonging to Gondwana and Tertiary for-
mations are included under this category. The sand-
stones form potential aquifers locally, particularly in
Peninsular India, but at places they have only moder-
ate potential.
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Under favourable situations, these sediments give rise
to artesian conditions as in parts of Godavari Valley,
Cambay Basin and parts of West Coast, Puducherry,
Neyveli in Tamil Nadu and Tertiary belt in Tripura.
Potential aquifers particularl those belonging to Gond-
wanas and Tertiaries have transmissivity values from
100 to 2300 m2/day (CGWB 2012)

Hills and islands aquifer system:

Hills and Islands Hydrogeological units in the Himala-
yan terrain are complex and have not yet been ex-
plored properly. The aquifers are discontinuous. Infor-
mation about extent of the aquifers, their hydraulic
properties, recharge areas, recharge mechanism, path-
ways of recharge etc. are scanty. The Himalayas occu-
py nearly 500,000 square km covering major parts of
the States of Jammu and Kashmir, Uttarakhand, Hi-
machal Pradesh, Sikkim and the northeastern States.
Valleys within the hilly terrain are the areas with
significant groundwater potential. Because of highly
undulating terrain and structurally complex nature
owing to tectonic disturbances, groundwater often ooz-
es out in the form of springs. These springs form po-
tential sources of freshwater in this terrain. Islands
have unique hydrogeological characteristics, where
fresh groundwater floats as a lens over saline water
within the aquifers. Fresh groundwater lenses of small
islands, in particular, are more vulnerable to external
factors than continental coastal aquifers, and require
additional attention (White and Falkland 2010; Ketab-
chi and Ataie-Ashtiani 2015). Two major islands in
India are the Andaman and Nicobar Islands and the
Lakshadweep Islands. Weathered and fractured ophio-
lites, calcareous marl and shell-coralline limestone are
the major water baring formations in the Andaman
and Nicobar Islands (CGWB 2012b). Coral sand and
coral limestone are the main water bearing formations
in Lakshadweep Islands (Najeeb and Vinaychandran
2011). In addition to the above two groups of islands
(Archipelago), groundwater also forms the major
source of fresh water in the islands in other parts of
India such as those in Andhra Pradesh, Assam,
Daman and Diu, Goa, Gujarat, Karnataka, Kerala, Ma-
harashtra, Odisha, Puducherry and West Bengal.
Categorization of Groundwater:

The periodic estimation of groundwater resources is
being carried out by the concerned State Groundwater
Department jointly with the Central Groundwater
Board. The Groundwater Resource computations and
its categorization are worked as follows In the States
having predominantly hard rocks, the assessment unit
is the watershed whereas in the States covered pre-
dominantly with alluvium and/ or soft rocks, adminis-
trative blocks are chosen as assessment units. These
assessment units are categorized for ground water de-
velopment based on stage of ground water extraction.
There are four categories, namely - 'Safe' areas which
have ground water potential for development; 'Semi-
critical' areas where cautious groundwater develop-
ment is recommended; 'Critical' Areas; and 'Over-
exploited' areas, where there should be intensive
monitoring and evaluation and future ground develop-
ment be linked with water conservation measures. The
criteria for categorisation of assessment units are
listed below:

Categorization of Groundwater Development Status:

Pre- mon- Post
soon monsoon
<=70% No No Safe
>70%and No No safe
<=90% Yes/No No/Yes Semi criti-
cal
>90% and Yes/No No/Yes Semi criti-
<=100% cal
Yes yes Critical
>100% Yes/No No/Yes Over ex-
ploited
Yes yes Over ex-
ploited.
A
0 500 1,000

kilometers

LEGEND

SAFE
I SEMI CRITICAL

"~ CRITICAL
I OVER EXPLOITED
[ SALINE

Fig:4 Ground water Categorization Map of India.
Source: CGWB

CGWA for regulation of ground water development and
management. Accordingly, in “notified areas”, ab-
straction of ground water is not permissible for any
purpose other than drinking and domestic use. The
Blocks /Talukas/Mandals/areas, other than those
notified by CGWA for regulation of ground water devel-
opment and management are “non-notified areas”. In
these areas, CGWA issues NOC to industrial/ infra-
structural / mining projects for ground water with-
drawal.
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Challenges of Groundwater Man-
agement in India.

¢ Lowering of the water table.

¢ Reduction of water flow/base
flow in streams and bathymetric
levels in lakes.

¢ Land subsidence’s are caused by
lack of groundwater limits/
regulatory wherein the biodiver-
sity is affected by dangerous
sinkholes resulted from depleted
aquifers.

¢ Increased costs for the user due
to energy requirements for
pumping groundwater from deep-
er fracture zones.

¢ Deterioration of water quality.

¢ Saltwater intrusion and contami-
nation may occur along the
coastal aquifers.

¢ Crop production decrease from
lack of water availability.

¢ Groundwater depletion inter-
rupts the ‘natural’ water cycle
putting disproportionately more
water into the sea.

¢ As large aquifers are depleted,
food supply and people will suf-
fer. Also, the domestic and drink-
ing water and irrigation water
from groundwater and other
source of water will be depleting.

¢ Inability to conserve the surplus
run-off available water during the
monsoons, due to topographic
characteristics and destruction of
traditional water storage struc-
tures such as ponds, tanks and
wet lands.

¢ Rapid urbanization resulting in
increased water consumption
and reduced water conservation
and ground water recharge.

¢ Recent changes in land use and
cropping pattern, resulting in
conversion of land from agricul-
tural to non-agricultural uses
and consequent reduction in wa-
ter conservation and ground wa-
ter recharge measures.

¢ Challenges related to manage-
ment of water-related extremes
like flood and drought, source
sustainability, and to improve
the quantity and quality of usa-
ble water availability are the
major challenges envisaged.

SWOT Analysis Towards Aquifer Management in India:
Table :2

Strength:

*

Many of the re-
quired Data has al-
ready been collated
up to some extent
under the NAQUIM
( National Aquifer
Management Man-
agement) report of
various states.

GIS technology has

Weakness:
¢ Unavailability of maps at 1:10,000 scale

useful to develop aquifer management
strategies at micro level in Urban and ru-
ral areas.

Over-exploitation of Groundwater
Water logging condition

Gap in availability of a standard location
specific approach for aquifer management
in Urban areas and rural areas.

Specific roles and responsibilities need to
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already been imple-
mented and is pres-
ently at completion
level by NAQUIM/
CGWB

Methodology of Aq-
uifer mapping has
already been devel-
oped for many a
block/district by
NAQUIM/CGWB
Capacity develop-
ment of state agen-
cies in terms of Aq-
uifer management is
done through vari-
ous schemes

Both Rural and Ur-
ban population is
aware of the deple-
tion of groundwater
Willingness for im-
provements in
groundwater is cur-
rently present with-
in the community
Both Urban/ Rural
areas have strong
and resourceful
community groups
to promptly imple-
ment the strategies.

be assigned at ULB/Panchayat level for
aquifer management at Micro levels.

Most of the proposed Interventions in are-
as are driven by availability of space and
further based on demand of water.

Urban areas lack integration of surface
water and groundwater but in rural con-
text the integration is possible.

Weak institutional linkages amongst water
-based line departments which leads to
lack of an integrated approaches towards
water in both rural and urban scenario.
Lack of identification and assessment of
GW recharge areas

No guidelines, enforcement or monitoring
for dried up wells/ recharge aspect of de-
funct bore wells etc in both rural and ur-
ban scenario.

Lack of groundwater experts at ULB and
state level.

Administrative overlaps amongst stake-
holders

Lack of coordination and communication
amongst stakeholders

Financial constraints

Inadequate staff for implementation of
activities

Lack of technical know-how for M&E
framework development and implementa-
tion

Efforts of Government in Securing Water Resources and Management:

Government of India is implementing Jal Shakti Abhiyan (JSA) in the
country. First JSA was launched in 2019 in water stressed blocks of 256
districts which continued during the years 2021 and 2022 also (across en-
tire country both rural and urban areas) The Catch the Rain” (JSA:CTR)
- 2022 campaign with the primary aim to cover all the blocks of all dis-
tricts (rural as well as urban areas) across the country. The focused inter-
ventions of the campaign include (1) water conservation and rainwater har-
vesting (2) enumerating, geo-tagging & making inventory of all water bod-
ies; preparation of scientific plans for water conservation based on it (3)
Setting up of Jal Shakti Kendra’s in all districts (4) intensive afforestation
and (5) awareness generation. JSA for the year 2023 have been launched
by Hon'ble President of India on 04 Mar 2023 with the theme “Source Sus-
tainability for Drinking Water”. Hon’ble Prime Minister has launched
Amrit Sarovar Mission on 24th April 2022. The Mission is aimed at de-
veloping and rejuvenating 75 water bodies in each district of the country as
a part of celebration of Azadi ka Amrit Mahotsav.




SWOT Analysis Towards Aquifer Management in India:

Table :2

Opportunity:

L

L

Aquifer mapping at micro level scale can be
done at both Rural and Urban areas.

In due concern as per Amrut 2.0 guide-
lines, all 500 class 1 cities are mandated to
recycle used water by catering to 20% of
city water demand and 40% industrial de-
mand at state level by following all statute
measures. Hence, there is an opportunity
to recharge the aquifers by injecting recycle
used water into the aquifer in compliance
with the water quality prescribed by CPCB
guidelines. Such a groundwater strategy
shall create a circularity of water. Likewise,
from the perspective of rural sector can be
worked out.

Identifying and delineate the different aqui-
fers, nature of the aquifers, yield potential
of different aquifers and their vertical inter-
connectivity Spatial behaviour of water lev-
el in different seasons and understand the
long-term water level trend, Annual replen-
ishable resource, availability in the deeper
aquifers Recharge mechanism and poten-
tial of different aquifers

Identifying areas suitable for rainwater har-
vesting and artificial recharge, Identifying
treated wastewater as a resource.

Change in consumer behaviours, Main-
stream protection and sustainability of
ground water/surface water resources in
the urban / rural planning process

Provide a step-by-step approach to identify,
prioritize, and prepare a management plan
for sustainability of groundwater resources
and water bodies in both urban and rural
areas.

To create an iterative database for adapting
time to time changes.

Water saving agricultural practices by drip/
sprinkler irrigation,

Change in cropping pattern at less ground-
water available regime.

Threat:

Establishment of
Aquifer characteris-
tics and GW assess-
ment of densely pop-
ulated areas shall be
a difficult task.
Inadequate assess-
ment for impact of
transboundary aqui-
fers.

The urban density of
activities /land use
categories increases
likelihood and fre-
quency of contami-
nation incidents
compared to peri-
urban and rural are-
as.

Over exploitation of
groundwater re-
sources for irrigation
purposes is a big
threat.

Over use of fertiliz-
ers and manures
also will be a threat
to groundwater re-
courses.

Food — Water- Ener-
gy nexus needs to be
thoroughly studied
and provisioning of
free electricity
should be curtailed
to avoid over utiliza-
tion of groundwater
recourses.

CGWB is implementing National
Aquifer Mapping Program
(NAQUIM) in the country and an
area of 25.15 lakh sq km (the avail-
able mappable area) has been cov-
ered under the NAQUIM studies.
The NAQUIM study report along-
with management plans are shared
with States/UTs for suitable inter-
ventions.

NAQUIM, with an aim to support
effective management of ground
water resources in the country, the
NAQUIM programme was taken up
with the following objectives:

¢ Delineation of aquifers in terms
of their horizontal and vertical
extent.

¢ Characterization of aquifers in
terms of their hydrogeological
properties.

¢ Resource availability and quality
¢ Preparation of aquifer maps.

¢ Identification and quantification
of issues

¢ Developing management strate-
gies to ensure sustainability of
ground water resources

A multidisciplinary approach in-
cluding geological, geophysical,
hydrogeological, hydrological and
water quality studies is being fol-
lowed for preparation of aquifer
maps and management plans. Four
major sets of activities being un-
dertaken for the purpose are: (i)
data compilation & data gap
analysis (ii) Generation and inte-
gration of data (iii) Preparation
of aquifer maps and (iv) Formula-
tion of aquifer management
plans. Data available in the do-
main of ground water is collected
from various sources. The data are
screened so that they can be used
as per the objective of the study.

The Central Government is implementing Atal Bhujal Yojana with an out-
lay of Rs. 6,000 crores, in collaboration with States, in certain water
stressed areas of Gujarat, Haryana, Karnataka, Madhya Pradesh, Maha-
rashtra, Rajasthan and Uttar Pradesh. The primary aim of the scheme is
demanding side management through scientific means involving the local
communities at village levels leading to sustainable groundwater manage-
ment in the targeted areas.

Central Ground Water Authority (CGWA) has been constituted under
Section 3(3) of the "Environment (Protection) Act, 1986" for the purpose of
regulation and control of ground water by industries, mining projects, in-
frastructure projects etc in the country. The latest guideline in this regard
with pan-India applicability was notified by the Ministry on 24 September
2020. CGWA and States issue No Objection Certificate (NOC) for extraction
of groundwater to various industries/project proponents as per their juris-
diction and as per the extant guidelines.

On the basis of that, the gap in
availability of data is estimated.
Various type of data is generated
on the type of aquifers, their physi-
cal properties, geophysical proper-
ties, hydraulic properties, chemical
quality etc. Then the useful data
from existing sources and data
generated are integrated for further
processing. The physical dimen-
sions of aquifers are delineated.
The water level behaviour, ground
water resource availability, well
sustainability, chemical quality,
inter-aquifer interaction, yield of
the aquifer etc. are ascertained.
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Government of India has launched AMRUT 2.0 on 1st October, 2021,
covering all the statutory towns of the country to ensure universal cover-
age of water supply & make cities ‘water secure’. It envisages rejuvenation
of water bodies, urban aquifer management, promote recycle & reuse and
rainwater harvesting to augment freshwater resources. The Aquifer Man-
agement Plan will also be prepared to focus on maintaining positive
groundwater balance in urban aquifer systems.

The Bureau of Water Use Efficiency (BWUE) has been set up for promo-
tion, regulation and control of efficient use of water in irrigation, industrial
and domestic sector. The Bureau will be a facilitator for promotion of im-
proving water use efficiency across various sectors namely irrigation,
drinking water supply, power generation, industries, etc. in the country.
“Sahi Fasal” campaign was launched to nudge farmers in the water
stressed areas to grow crops which are not water intensive, but use water
very efficiently; and are economically remunerative; are healthy and nutri-
tious; suited to the agro-climatic-hydro characteristics of the area; and are
environmentally friendly.

Ministry of Housing & Urban Affairs (MoHUA) has formulated Model
Building Bye Laws (MBBL), 2016 for the States/UTs, wherein adequate
focus has been given on requirement of rainwater harvesting and water
conservation measures. As per MBBL, all buildings having a plot size of
100 Sq.m. or, more shall mandatorily include the complete proposal of
rainwater harvesting. 35 States/ UTs, including Karnataka, have adopted
the features of the Bye Laws.

AMRUT 2.0 (Atal Mission for Rejuvenation and Urban Transfor-
mation) : is an extension of the AMRUT program, focused on urban water
body rejuvenation and aquifer management. The goal is to enhance water
security and sustainability in Indian cities through various initiatives like:
Water Body Rejuvenation: Revival of urban lakes, ponds, and other water
bodies to restore their ecological balance.

Aquifer Recharge: Promoting techniques like rainwater harvesting and
percolation ponds to recharge groundwater.

Sustainable Water Management: Focus on reducing water loss, improv-
ing water use efficiency, and promoting recycling and reuse.

Catchment Area Treatment: Addressing pollution sources and improving
natural drainage systems to enhance water quality.

Capacity Building: Training local governments and communities in water
conservation techniques.

Technology Integration: Use of GIS mapping, [oT, and smart sensors for
real-time monitoring of water bodies and groundwater levels.

Community Participation: Encouraging local communities to engage in
water conservation and restoration efforts.

Pollution Control: Reducing contamination from untreated sewage and
industrial waste through infrastructure improvements.

Urban Planning: Incorporating water body rejuvenation and aquifer re-
charge into city development plans.

Green Spaces: Enhancing vegetation around water bodies for improved
microclimates and biodiversity.

Financial Support: Offering funds to cities and towns for project imple-
mentation.

Inter-departmental Coordination: Facilitating cooperation between mu-
nicipal bodies, water authorities, and environmental agencies.

Public Awareness: Campaigns to educate citizens about the importance of
water conservation.

Policy Framework: Developing guidelines and policies for sustainable wa-
ter management.

Monitoring and Evaluation: Regular audits to assess the impact of water
body rejuvenation and aquifer management efforts.

AMRUT 2.0 basically aims to make urban water management sustaina-
ble by leveraging both modern technology and traditional conserva-
tion practices

Methodology and Approaches to
be followed:

The major priority areas to be in-
cluded for the study are i) Water
Stressed Areas (Over exploited and
Critical areas) ii) Coastal Areas iii)
Urban Agglomerates 1iv) Spring
sheds v) Industrial/Mining Areas
Command Areas vi) Deep-seated
Aquifers vii) Auto-flow Areas viii)
Poor Ground Water Quality Areas
etc. The deliverables should be
different for location specific priori-
ty areas, it should be planned to
develop priority area specific out-
puts. Further, it should be planned
to design the outputs and the
knowledge products depending on
specific requirements of the vari-
ous different user groups at large.

Multi-disciplinary approach in-
cluding: Geological, Geophysical,
Hydro-geological, Hydrological and
water quality studies are to be fol-
lowed for preparation of aquifer
maps and management plans.
Four major sets of activities shall
be undertaken for the purpose are:
(i) data compilation & data gap
analysis (ii) Generation and inte-
gration of data (iii) Preparation of
aquifer maps and (iv) Formulation
of aquifer management plans. Data
available in the domain of ground
water is collected from various
sources. The data should be
screened so that they can be used
as per the objective of the study.
On the basis of that, the gap in
availability of data is to estimated.
Various type of data shall be gen-
erated on the type of aquifers, their
physical properties, geophysical
properties, hydraulic properties,
chemical quality etc. Then the use-
ful data from existing sources and
data generated are integrated for
further processing. The physical
dimensions of aquifers shall be
delineated. The water level behav-
iour, ground water resource availa-
bility, well sustainability, chemical
quality, inter-aquifer interaction,
yield of the aquifer etc. are to be
ascertained perfectly.

Preparation of aquifer maps and
(iv) Formulation of aquifer manage-
ment plans. Data available in the
domain of ground water is collect-
ed from various sources. The data
should be screened so that they
can be used as per the objective of
the study.
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On the basis of that, the gap in
availability of data is to estimated.
Various type of data shall be gener-
ated on the type of aquifers, their
physical properties, geophysical
properties, hydraulic properties,
chemical quality etc. Then the use-
ful data from existing sources and Monitoring
data generated are integrated for

further processing. The physical groundwater
dimensions of aquifers shall be sources
delineated. The water level behav-
iour, ground water resource availa-
bility, well sustainability, chemical CoIIatinginformation
quality, inter-aquifer interaction, : ‘
yield of the aquifer etc. are to be fmm communlty Dfl||el'|085

ascertained perfectly. members

Lithological samples from
drilling of a groundwater
source

Geological
observations in field

Setting up a Regular water level data
monitoring network collection

Aquifer mapping is an attempt to
combine Geological, geophysical,

hydrologic, and chemical fields llingi i
to adopt a sustainable approach Conceptual Compihngmformatlon

for groundwater management‘ Map Of AQUifef fl'Om ﬂa"atiVES aﬂd
Field level analyses are to be ap- Systems water level

plied to characterize groundwater's
quantity, quality, and stability in

Deriving a conceptual map of
aquifer systems

aquifers. The essential objectives
of aquifer mapping are to delineate
aquifer’s lateral and vertical dis-
placement and their characteristics
generally at a scale of 1: 50,000
and further delineation up to a

scale of 1:10,000.

The following activities are being taken up towards the aquifer manage-
ment study.
¢ To define aquifer geometry, aquifer type, groundwater behaviors,
hydraulic properties, and geochemistry of multi-layered aquifer sys-
tems at 1:10,000 scale.
¢ Establishing the intervention and utility of new geophysical tech-
niques and capacity
¢ The adaptability of aquifer management techniques in different hy-
drogeological conditions.
¢ Finalize policy and methodology for effective implementation of
the National Aquifer Mapping Program initially in the selected
states of concern and further replicating the same.
Central Ground Water Board (CGWB) has undertaken the National Aqui-
fer Mapping and Management Program (NAQUIM), mapping major aqui-
fers, characterization, and formulation of aquifer management plans to
ensure resource sustainability. Currently, aquifer management plans are
almost completed to maximum district levels of India. In addition, Atal
Bhujal Yojana has also been implemented to improve groundwater man-
agement in identified water-stressed areas in seven states Emphasis on
demand management and participatory groundwater management. In the
last decade, many other initiatives have been taken, focusing on rainwater
harvesting measures in urban, hilly, and coastal areas.
Macro-level (district-level) investigations and assessments for aquifers in
India have been carried out in the past under the National Project on
Aquifer Management (NAQUIM) program. Therefore, as a next step
urban aquifer management is to be undertaken under the Atal Mis-
sion for Rejuvenation and Urban Transformation (AMRUT) 2.0 to en-
hance sustainable freshwater supply. All urban-level bodies (ULBs)
shall be taken up as urban watershed management plans under the AM-
RUT 2.0 mission. And panchayat body at rural levels through JJM or
Atal bhujal Yogna. The experiences gained can be used to scale up activ-
ities for micro-level aquifer mapping in the Urban and rural scenario
for apt local governance-oriented planning and groundwater categori-
zation.
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Detailed Study plan:
The detailed studies are to be planned to cover following topics:

*® & & O O o o

* & & o o o

Aquifer Dispositions in the area

Aquifer-wise Ground water levels.

Delineation of Recharge Areas.

Estimation/Refinement of parameters used for resource assessment.
Assessment of ground water resources.

Ground Water Quality issue and remedial measures.

Ground Water Quality Management Interventions including demarca-
tion of safer aquifer zones

Artificial Recharge Plan

Identification of potential aquifers for drinking water supply

A plan for drinking water source sustainability

Plan for Conjunctive use of surface water and ground water.
Recommendations for tackling water logging and saline condition.
Demand driven studies like- Source Finding, Development of new cities,
Waste disposal sites, liquid waste management scenario.

Precise assessment of functional wells for agriculture, industries, drink-
ing water purposes (modified well census as village wise by public par-
ticipation to be translated into aquifer wise & then administrative unit)
Identification of Clusters of Aquifers (layers)

Vertical-horizontal flow of recharged water from source - rainfall, canal,
applied irrigation etc. Formation of Aquifer
(clustering of villages & depth units),

Management Unit

Detailed Preparation of Aquifer Management Plans for sustainable
groundwater management.

The AMPs need to be prepared in a simplified manner so that they are
easily understood and implementable by the stakeholders at Micro
ULB/Panchayat levels and ensuring wider acceptability.

Studies towards Ensuring Sustainability necessarily means the reliabil-
ity, resilience and the vulnerability of the resources. Reliability is the
ability of system to meet demands; resilience is the measure of the abil-
ity of the system to recover from failure and vulnerability is the meas-
ure of loss/damage incurred because of failure are to be studied and
detailed thoroughly.
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Fig: 6 Groundwater Management strategy
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Institutional Linkages and Co-
herence Required:

CGWB, MOHUA, CPCB, CWC,
NDMA, NAQUIM, SOI, GSI, NA-
TIONAL BUREAU OF SOIL,
NRSC, AGRICULTURAL DEPART-
MENT, WATER RESOURCES DE-
PARTMENT,

SGWB, SPCB, ULB, PANCHAYAT,
STATE WATER RESOURSES
DEPT, AGRICULTURAL DEPT,
IRRIGATION DEPT, INDUSTRIES
DEPT, MSME, STATE REMOTE
SENSING AGENCY...ETC..

Private agencies, Government
Technical and Research institu-
tions and organizations, drilling
contractors, farmers union, etc...
GIS mapping agencies, NABET
accredited labs for water quality
assessment.

Multitude Ecosystem Services
Associated with Groundwater:

Groundwater plays a critical role in
providing a multitude of ecosystem
services at a landscape scale, bene-
fiting both natural ecosystems and
human societies. These services
can be broadly categorized into
four types: provisioning, regulating,
supporting, and cultural services.
Below is an overview of these ser-
vices associated with groundwater.
In a river basin or wetland ecosys-
tem, groundwater provides a wide
range of interconnected services, In
agriculture, groundwater supports
irrigation, ensuring food produc-
tion during dry seasons. For aquat-
ic ecosystems, groundwater main-
tains baseflows in rivers, preserv-
ing habitats for fish and other spe-
cies. In wetlands, groundwater sus-
tains biodiversity and acts as a
natural water purification system.
For local communities, groundwa-
ter-fed springs and lakes offer
drinking water, cultural signifi-
cance, and tourism opportunities.
At the landscape scale, groundwa-
ter helps regulate climate by influ-
encing local vegetation and ecosys-
tem processes. At the landscape
scale, groundwater provides diverse
and critical ecosystem services that
support human well-being, biodi-
versity, and environmental health.
Proper groundwater management
is essential to maintaining these
services, particularly as challenges
such as over-extraction, pollution,
and climate change increasingly
threaten groundwater resources.




1. Provisioning Services
Groundwater provides direct re-
sources that are essential for hu-
man survival and economic activi-
ties:

Freshwater Supply: Groundwater
is a vital source of drinking water
for rural and urban populations,
particularly in arid and semi-arid
regions.

Irrigation for Agriculture: It sup-
ports agricultural productivity by
providing reliable irrigation, espe-
cially in dry seasons or areas with
scarce surface water.

Industrial and Commercial Use:
Groundwater is used in various
industries (e.g., food processing,
pharmaceuticals, manufacturing)
for production processes and cool-
ing systems.

Livestock and Wildlife Watering:
Groundwater sustains watering
points for livestock and wildlife,
especially in ecosystems where sur-
face water is limited or seasonal.

2. Regulating Services
Groundwater helps maintain eco-
logical balance and regulates var-
ious environmental processes:
Flood Mitigation: Groundwater
systems can reduce surface runoff
by absorbing excess water during
heavy rains, reducing the risk of
floods and protecting downstream
ecosystems.

Drought Resilience: During dry
periods, groundwater provides a
buffer by maintaining river flows
and wetlands, helping ecosystems
and human activities withstand
droughts.

Water Purification: As groundwa-
ter moves through soil and aqui-
fers, it naturally filters out contam-
inants, improving water quality
before it reaches springs, rivers,
and lakes.

Climate Regulation: Groundwater
contributes to regulating microcli-
mates, especially through its con-
nection to evapotranspiration pro-
cesses in groundwater-dependent
ecosystems (GDEs), which influ-
ence local and regional climate pat-
terns.

3. Supporting Services
Groundwater provides fundamen-
tal services that support other
ecosystem functions and pro-
cesses:

Sustaining Baseflow for Rivers and Lakes: Groundwater feeds rivers,
lakes, and wetlands during dry periods, maintaining baseflows that are
essential for aquatic habitats and biodiversity.

Wetland and Riparian Habitat Support: Many wetlands and riparian eco-
systems are sustained by groundwater flows, supporting diverse flora and
fauna, including migratory birds, fish, and amphibians.

Soil Moisture Recharge: Groundwater recharge helps maintain soil mois-
ture, which is critical for vegetation growth, forest ecosystems, and agri-
culture.

Nutrient Cycling: Groundwater plays a role in transporting nutrients
through the landscape, supporting soil health and plant growth in various
ecosystems.

4. Cultural Services

Groundwater contributes to cultural, spiritual, and recreational values in
different landscapes:

Cultural and Spiritual Significance: In many regions, groundwater
sources such as springs, rivers, and lakes have deep cultural or spiritual
meaning for local communities, often considered sacred or symbolic.
Recreation and Tourism: Groundwater-fed lakes, rivers, and wetlands
provide recreational opportunities, including boating, fishing, and ecotour-
ism, which contribute to local economies and cultural identities.

Aesthetic and Scenic Value: Groundwater contributes to maintaining
landscapes that are aesthetically pleasing, such as lush wetlands, flowing
rivers, and vibrant riparian zones, which are valued for their beauty and
tranquility.
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Groundwater Sustainability Assessment:

Groundwater sustainability assessment involves evaluating various indica-
tors and components across three key dimensions: Environmental, Eco-
nomic, and Socio-political factors. Each dimension plays a critical role in
ensuring long-term groundwater viability. Below is a representation of
these indicators and components:
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1. Environmental Factors
Groundwater Quantity:

Indicator: Recharge rates vs. ex-
traction rates (groundwater bal-
ance).

Component: Ensures the replen-
ishment of groundwater through
natural or artificial means.

Groundwater Quality:

Indicator: Contaminant levels
(nitrates, arsenic, salinity).
Component: Monitors pollution

sources and water quality stand-
ards to prevent degradation.

Aquifer Health:

Indicator: Aquifer recharge and
depletion trends.

Component: Assesses aquifer stor-
age, subsidence, and ecosystem
impacts.

Ecosystem Services:

Indicator: Wetland and river flow
dependency on groundwater.

Component: Protects groundwater
-dependent ecosystems (GDEs).

2. Economic Factors
Cost of Groundwater Extraction:

Indicator: Energy costs (electricity
or diesel) for pumping groundwa-
ter.

Component: Higher energy re-
quirements make groundwater use
less economically viable in the long
term.

Agricultural Productivity:

Indicator: Yield per unit of

groundwater used.

Component: Measures how effi-
ciently groundwater is used in agri-
cultural practices.

Economic Value of Groundwater:

Indicator: Market pricing or subsi-
dies for groundwater.

Component: Reflects the value
placed on groundwater resources
in different sectors (agriculture,
industry).

Infrastructure Investment:

Indicator: Spending on groundwa-
ter recharge structures, monitoring
technologies.

Component: Ensures the availabil-
ity of funds to develop sustainable
groundwater practices.
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Groundwater

Sustainability

Fig: 7.A representation of indicators and components of groundwater
sustainability assessment in India

3. Socio-Political Factors
Access and Equity:
Indicator: Proportion of households with reliable groundwater access.

Component: Assesses equitable distribution and access, especially for
marginalized communities.

Institutional Frameworks:
Indicator: Strength of groundwater governance policies and regulations.

Component: Effective regulations and policies at national, state, and local
levels.

Community Participation:

Indicator: Community involvement in groundwater management (e.g., Wa-
ter User Associations).

Component: Promotes bottom-up approaches, ensuring local stakeholders
are involved in decision-making.

Political Will:
Indicator: Government prioritization of groundwater issues.

Component: Reflects the extent of governmental efforts and policies to ad-
dress groundwater sustainability.

Representation of Groundwater Sustainability Assessment:

This framework integrates key environmental, economic, and socio-
political indicators to comprehensively assess groundwater sustainability.
A balanced approach ensures groundwater resources are managed effec-
tively for future generations while supporting current needs.

Groundwater Management and Adaptation strategies:

Groundwater management in India involves a combination of approaches
aimed at balancing supply and demand while ensuring sustainability.
These approaches can be classified into six broad categories:




1. Command and Control system:

Regulatory Frameworks: Enforc-
ing strict groundwater extraction
limits, especially in over-exploited
regions, with penalties for viola-
tions.

Permitting Systems: Requiring
permits for large-scale groundwater
use, mainly for agriculture and in-
dustry, ensuring controlled extrac-
tion.

Bans and Restrictions: Prohibiting
groundwater extraction in critical
areas through zoning laws and des-
ignated no-extraction zones.

2. Community Management

Participatory Groundwater Man-
agement: Empowering local com-
munities to monitor and manage
their own groundwater resources
through collective decision-making.

Water User Associations (WUA):
Forming local groups that ensure
equitable distribution and sustain-
able usage of groundwater among
farmers and households.

Education and Awareness Cam-
paigns: Informing communities
about groundwater conservation
techniques and the importance of
sustainable use.

3. Market Instruments

Water Pricing: Introducing tariffs
on groundwater extraction to dis-
courage wasteful usage and en-
courage water conservation practic-
es.

Tradable Water Rights: Establish-
ing markets for groundwater rights
where users can trade the rights to
extract groundwater, promoting
efficient allocation.

Subsidies and Incentives: Provid-
ing financial incentives for adopting
water-saving technologies such as
drip irrigation or low-water-use
crops.

4. Supply Augmentation

Rainwater Harvesting: Encourag-
ing the construction of recharge
structures like percolation ponds,
check dams, and recharge wells to
augment groundwater levels.

Artificial Groundwater Recharge:
Diverting surplus surface water
into aquifers through engineered
methods like injection wells and
spreading basins.

Recycled Water: Promoting the reuse of treated wastewater for agriculture
and industrial purposes to reduce reliance on fresh groundwater.

5. Demand Management

Water-Efficient Technologies: Promoting the use of drip and sprinkler
irrigation systems to reduce water consumption in agriculture, which is
the largest groundwater user in India.

Crop Diversification: Encouraging farmers to switch from water-intensive
crops (e.g., rice, sugarcane) to less water-demanding crops.

Leakage Reduction: Improving water distribution infrastructure to mini-
mize losses and optimize usage.

6. Indirect Approaches

Land Use Planning: Managing land use in recharge zones to prevent over-
development and ensure aquifer replenishment.

Climate-Resilient Agriculture: Promoting practices that align with
changing rainfall patterns, reducing over-dependence on groundwater dur-
ing droughts.

Sustainable Urban Planning: Integrating groundwater management in
urban development plans, reducing over-extraction in cities through better
planning and infrastructure.

These approaches together form a comprehensive strategy for addressing
groundwater depletion while promoting adaptation and resilience in the
face of growing water stress in India.

1. Command
and Control

6. Indirect
Approaches

2. Community
Management

Management
and Adaptation

Strategies

5. Demand
Management

3. Market
Instruments

4. Supply
Augmentation

Fig:8, Groundwater management and adaptation strategies.

Way Forward Towards Participatory Water Resources and aquifer Man-

agement

¢ Provision of adequate safe water for drinking, cooking, and other do-
mestic basic requirements and for irrigation and industrial require-
ments on a sustainable basis, at all times and in all situations.

¢ Design and execution of a number of interventions at the basin/micro
catchment levels that fall under the panchayat domain / or ward-
wise domain to conserve, protect, enhance, and manage surface and
groundwater resources in a sustainable way, including both quantity
and quality.

¢ Formulation of Aquifer Management Plan to quantify water availa-
bility and water quality in various aquifers for facilitating sustaina-
ble management of ground water resources at regional and local lev-
el through participatory management approach.
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Capacity building of functionaries of PRIs, local community and
grass root workers.

It is of utmost importance to map the local aquifers in the study
area to determine the quantity and quality of groundwater re-
sources, both replenishable and non-replenishable, at the micro
level. This should be done through a participatory approach involving
the local communities and all the stakeholders. The data should be
periodically updated on a common data entry platform.

It is crucial to use water judiciously for domestic, irrigation, com-
mercial/institutional, and industrial purposes by adhering to all
water-saving protocols based on location-specific conditions and
requirements.

Stakeholders should be made aware of various aspects of sustainable
water resource management and capacity building should be provided.
In all the above objectives, community participation and involve-
ment are essential factors that should be prioritized, putting peo-
ple first in all development measures.

To ensure sustainable water security plans, appropriate water bal-
ance studies and aquifer management studies should be conduct-
ed following all technical and social protocols. This can be achieved
through various community-friendly development measures.

We need to implement the concept of water security at the village
level and extend it to the ward level or micro-level to understand
the exact water resources spread and ensure its effective and sus-
tainable management through community/PRI-centric demand-
driven models on a participatory basis. This approach should be
practiced from micro to macro level in a bottom-up manner.

To ensure accountability, there should be a focus on PRI (Public-
Related Institutions) with a decentralization approach based on
subsidiarity principles and equality.

In order to bring about institutional change, the government's role
should shift from being a provider to being a policy maker, regula-
tor, and facilitator. Responsibility should be decentralized to local
agencies, including the private sector.

It is important to prioritize Technical and Financial sustainability,
which can be achieved through the use of appropriate hardware that is
maintained and managed by community-driven decentralized delivery
models. This will ensure improved cost recovery processes, and proper
procedures must be established to make it happen.

Climate change is already causing increased risks to water
sources, which is a fundamental issue that the sector must address.
To do so, appropriate convergence and action plans must be mutually
charted out by various line departments.
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¢ For better understanding and
appreciation of the groundwater
regime at micro levels, a par-
ticipatory aquifer
(groundwater) monitoring sys-
tem and water balance must be
developed. Management strate-
gies must also be worked out in a
simplistic way, keeping in mind
the micro-levels, in order to effec-
tively manage the groundwater
regime over time.

¢ It is crucial to conduct commu-
nity-based water quality sur-
veillance and monitoring to
understand the quality of
groundwater and surface water
for various purposes, with a
particular focus on drinking
water. The water quality
should be periodically tested at
NABL accredited and other
government laboratories, and
bacteriological tests and sur-
veillance should be carried out
using a community-centric ap-
proach. The system should also
consider inclusion, equity, trans-
parency, and gender dimensions
of water security in terms of both
water quality and quantity. It is
essential to conduct these tests
both before and after the mon-
soon season to ensure that the
water quality is constantly moni-
tored.

¢ To meet the integration require-
ments of all sectorial require-
ments, it's important to develop a
framework that all line depart-
ments and actors can rally
around for effective and efficient
Aquifer management plan at mi-
cro level.

¢ The plan should aim to improve
sustainability processes towards
ensuring water security at the
micro ward/village level by using
a bottom-up convergence frame-
work to develop, test, and
demonstrate an adaptive, holistic
model of water security plans at
the ward /village level.

¢ Grassroots capacities should be
built to operationalize the wa-
ter security framework and
ensure sustainable scaling up
of the model in various regions
of India




¢ Over-withdrawal,

Climate
change, and cultivation of wa-
ter-intensive crops with un-
planned means of irrigation or
over-irrigation are causing
problems. Therefore, it's essen-
tial to deal with the runoff from
rainfall by increasing water stor-
age in various forms, such as soil
moisture retention structures,
ponds, artificial recharge of
groundwater, and de-silting and
upkeep of small and large ponds
and tanks. These steps should be
taken every year to ensure appro-
priate filling of water in to the
structures and their recharge
capability.

The Panchayat/ ULB should be
encouraged to increase its wa-
ter storage capacity, including
the revival of traditional water
harvesting structures and water
bodies. This can be done by allo-
cating appropriate funds and
making them available.

To address declining groundwater
levels in over-extracted areas,
improved technologies for wa-
ter use should be introduced,
efficient water use should be
incentivized, and community-
based management of aquifers
should be encouraged. In addi-
tion, artificial recharging projects
should be undertaken where nec-
essary to ensure that the extrac-
tion is less than the recharge.
This will allow the aquifers to
provide base flows to the surface
system and maintain the river
flow ecology.

Working towards water conserva-
tion in irrigation through judi-
cious and scientific use is of par-
amount importance. Recycling
canal seepage water and using
conjunctive groundwater tech-
niques can also help in saving
water. A concurrent mechanism
involving users should be in place
to monitor the water usage pat-
tern to avoid unacceptable deple-
tion or building up of groundwa-
ters, salinity, alkalinity, or similar
quality problems.

To plan appropriate interven-
tions, strategic measures must be
taken to minimize the over-
drawal of groundwater by regulat-
ing the use of electricity for its
extraction. Considering separate
electric feeders for pumping
groundwater for agricultural use
can also be useful.

Groundwater is difficult to clean up, so quality conservation and
improvement are even more critical. It needs to be ensured that in-
dustrial effluents, local cesspools, residues of fertilizers and chemicals,
etc., do not reach the groundwater.

Industries in water-deficient regions may be allowed to withdraw
only the makeup water or should have an obligation to return treat-
ed effluent to a specified standard back to the hydrologic system.

Statutes need to be in place to prevent tendencies to unnecessarily use
more water within the industrial plant to avoid treatment or to pollute
groundwater.

In order to manage water resources efficiently, it is necessary to
develop appropriate institutional arrangements for each river basin
and micro watershed. This includes collecting data on a regular basis
regarding rainfall, river flows, area irrigated by crops, and utilization of
both surface and groundwater. Water accounts should be published
every year for each micro river basin or water shed, or even ward
level basin, with appropriate water budgets and accounts based on
hydrologic balances. Similarly, water budgeting and accounting
should be carried out for each aquifer.

At the micro basin level, appropriate institutional arrangements should
also be developed for monitoring water quality in both surface and
groundwater within the panchayat preview. The occurrence and move-
ment of groundwater is controlled by a complexity of factors, in-
cluding hydro-geological, hydrological, and climatological factors.

Assessing recharge and discharge levels accurately can be challeng-
ing, but a simple box model method can be employed for estimating
groundwater resources on a yearly basis. This estimation can be
based on factors such as rainfall, recharge aspects, usage of surface
and subsurface water, RWHS and artificial recharge plans and exe-
cutions, canal-based irrigation potential, and recharge and seepage
aspects. In some study areas, canal-based water utility systems for
irrigation and domestic use act as a lifeline for water resources up-
keep.

For evaluating the methods used to quantify discharge and recharge
from different sources and establishing the rainfall recharge coefficient,
the water balance approach, which is essentially a lumped model study,
is a viable method. To properly assess the potential, present use, and
additional exploitability of water resources, a water balance study is
necessary. This should be done by following the groundwater resource
estimation methodology recommended by the Groundwater Resource
Estimation Committee (2015 revised). Groundwater exploitation should
be done in such a way that it provides protection from depletion and
pollution, reduces negative ecological effects to a minimum, and attains
economic efficiency of exploitation. Hydrological investigations should
be used to determine exploitable resources. A mathematical model of
the groundwater system should be used for analyzing and solving prob-
lems. Accordingly, a study of water balance is a prerequisite for all
groundwater modelling, and village-wise or panchayat-wise water secu-
rity plans can be developed with perfection.

The panchayat should regularly de-silt existing check dams, ponds,
and tanks that are suggested for augmenting recharge to the phre-
atic aquifers. The canal system in the area needs to be improved and
repaired to ensure water distribution to the tail ends. This way, the on-
going irrigation draft from the deeper fracture system can be reduced,
and at the same time, groundwater recharge can be augmented.

There are certain agricultural practices like SRI (System of Rice in-
tensification) and changes in cropping patterns that are followed by
various water-conserving measures and technologies. These may
reduce the existing water demand and thereby reduce the utiliza-
tion of groundwater resources considerably.
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Optimum utilization of groundwater should be ensured through regula-
tion of pumping and incentives for switching over to low-water crops
and adoption of water-use efficient irrigation practices such as sprin-
kler and drip irrigation in plantations. Groundwater-sensitive and other
feasible regions can be put under advanced irrigation practices like
sprinkler or drip irrigation.

The existing open wells in the fields and at the household level can be
covered under rooftop rainwater harvesting and artificial recharge sys-
tems to enhance the groundwater regime.

There are many unused/defunct bore wells in the study areas which
can be used for artificial or induced recharging practices. These bore
wells can be utilized for rainwater harvesting and roof water can be di-
verted to them. Farmers should be encouraged to practice bore well
recharge and rainwater harvesting. Similarly, canal water can be divert-
ed to nearby ponds and tanks for increased groundwater recharge.

It is crucial to establish a participatory mechanism in which farmer
groups or associations control the irrigation draft and crop choices,
with support from the local administration for technical guidance, in-
centives, marketing, and setting base-level prices for products.

De-fluoridation and iron removal plants should be installed at sites
with high fluoride contamination in drinking water, with proper
backwash arrangements.

Adoption of Water Use Efficient (WUE) irrigation techniques, regula-
tion of groundwater draft, and irrigation conservation methods,
including drip irrigation and sprinkler irrigation, are highly recom-
mended, with government incentives.

More emphasis should be placed on integrated watershed develop-
ment with an integrated approach to conserve soil and moisture
and augment groundwater recharge methodologies by appropriate
RWHS. Settlement purposes encroach many surface water structures
like ponds, tanks, irrigation canal, and cultivable land, reducing natu-
ral recharge in project sites. Existing dug wells, ponds, tanks, streams,
canals, etc., should be desilted, cleaned, protected, and conserved to
augment groundwater and surface resources in the area.

Improving water sector governance is crucial for sustainable eco-
nomic growth and the welfare of various states. Unfortunately, in
many states water challenges are increasing at an alarming rate,
exacerbated by the impact of climate change. However, through
strategic planning, investment, scientific management, and con-
servation, the sector's sustainability can be improved.

The water crisis in many states of India is primarily a governance
crisis, and water governance is a critical overarching issue that re-
quires intensified efforts in the promotion of institutional frameworks
and inter-sectoral convergence in development plans at the local, state,
and national levels. The shift in approaches towards service delivery
includes moving towards demand-responsive approaches, a change pro-
cess focused on decentralized governance, a role change for govern-
ments (from provider to facilitator), and an emphasis on financial and
technical sustainability. Convergence is crucial to achieving and sus-
taining water security and safety.

Access to safe and potable water is a fundamental element of sustaina-
ble development because it ensures ongoing availability of the resource,
referred to as water security and appropriate water governance. Strate-
gic planning, investment, scientific management, and conservation are
all necessary elements to improve the water sector's performances shall
be the need of the hour.

Discouraging the water guzzling crops in water sensitive area towards
cultivation of sugarcanes, paddy etc...

As aquifers and other groundwater sources are depleted at a rate great-
er than the recharge rate, artificial recharge is needed to maintain a
lasting water supply to prevent complete withdrawal of groundwater in
the near future.
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¢ To combat over pumping of

groundwater and achieve sta-
bility in the water table, artifi-
cial recharge is another water
source that will help alleviate
the stress on groundwater
supply. For arid climates with
little precipitation, recharging
groundwater can be achieved
through using treated
wastewater after good treatment
processes, natural runoff, and
runoff from irrigation.

The primary challenge of de-
salination is its high cost and
energy consumption. Electric-
ity makes up 63 per cent of
the operational costs of sea-
water desalination plants. The
plants contribute to water se-
curity but add stresses to the
energy security.

Some of the other methods and
techniques for groundwater re-
charge as already mentioned
and are detailed here are:

e Roof Top Rain Water and
artificial recharge

* Runoff harvesting through
Recharge Pit

e Recharge Trenches, re-
charge through defunct
Tubewell / open wells.

e Rain Water Harvesting
through Gully Plug, Con-
tour Bund, Gabion Struc-
ture, Percolation tank,
Check Dam, Cement Plug,
Nala Bund, Recharge
shaft, Dug well Recharge
Ground Water Dams, Sub-
surface Dykes etc

-




¢ Restoration of ecosystem ser-
vices, flood plain zonation, vul-
nerability assessment, and adap-
tation of nature-based flood
management practices are neces-
sary steps to address flood-
related disasters.

¢ In recent years, there is stress on
implementing nature-based flood
protection measures or a hybrid
of nature-based and structural
measures for flood management
across the world as purely struc-
tural measures are found to be
inadequate.

¢ The nature-based measures
stress system scale perspectives,
including spatial scale, time
scale, integration with ecosystem
conservation and restoration,
adaptive management, and peo-
ple ‘s participation.

¢ Room for rivers and increasing
water holding capacity of the
catchments are some of the new
initiatives to be looked in to.

¢ Increasing sectoral water wuse
efficiency. There are two options
to increase water use efficiency
in agriculture, reduction of water
losses and increase of productivi-
ty per unit of water use.

¢ Reduction of water losses should
be attained through agronomic
practices, changing crop calen-
dar and irrigation management,
such as the use of precision irri-
gation and participatory irriga-
tion.

¢ The second option refers to in-
creasing crop productivity i.e.,
producing more crops or value
per volume of water used. Irriga-
tion of high value crops is im-
portant in this context. Besides,
there are several other measures
including use of technology to
increase water use efficiency.

¢ It is important to understand the
real potential of reducing water
losses to avoid devising costly
and ineffective demand manage-
ment strategies. A large propor-
tion of the water abstracted in
irrigation systems will return to
the system.
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¢ In this case, an improvement in irrigation efficiency, whereby a
smaller volume of water is abstracted and an even smaller volume
returned, will mean a better quality of water is available for the next
downstream user. If these systems are adopted, the pollution in the

downstream water bodies can be controlled.

o b

¢ Water being a state subject, steps for augmentation, conservation
and efficient management of water resources are primarily undertak-
en by the respective State Governments. In order to supplement the
efforts of the State Governments, Central Government provides technical
and financial assistance to them through various schemes and pro-
grammes.

¢ Resilience to Climate Change: With climate change leading to increased
weather variability, aquifer mapping assists cities in adapting to changing
precipitation patterns and water availability. It enables informed decision-
making to secure water resources in times of drought or extreme weather
events.

¢ Mitigation of Land Subsidence: Over-extraction of groundwater can lead
to land subsidence, causing infrastructure damage and flood susceptibil-
ity. Aquifer mapping helps in identifying areas at risk and implementing
measures to mitigate subsidence.

¢ Legal and Regulatory Compliance: Compliance with water resource
management laws and regulations is vital. Aquifer mapping provides data
and insights necessary for aligning city-level water management plans
with national and regional water policies.

¢ Urban Development Planning: Urban expansion can encroach upon re-
charge areas and overburden aquifers. Aquifer mapping informs land-use
planning, ensuring that new developments do not compromise groundwa-
ter resources.

¢ Community Engagement: Communities often play a significant role in
groundwater management. Aquifer mapping, when shared with local
communities, can enhance their awareness and active participation in
protecting and conserving groundwater.

¢ Data-Driven Decision-Making: Reliable aquifer data helps cities make
informed decisions on water resource allocation, conservation
measures, and infrastructure investments. It minimizes uncertainty and
improves the efficiency of urban water management.

¢ Long-Term Resilience: Aquifer mapping is essential for building resil-
ience in cities against water-related challenges. It allows cities to de-
velop long-term strategies to address water availability and quality con-
cerns, mitigating potential crises.

¢ The aquifer mapping is a critical component of sustainable urban water

management in Indian cities. It provides essential data and insights

needed to manage groundwater resources effectively, protect water quali-

ty, and adapt to the changing climate, ultimately ensuring a resilient and

water-secure future for urban and Rural areas.
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Conclusion:

India, host to 16% of total population of world, has only 4% of total freshwater resources of the world.
There is huge inequality in distribution of water resources within the country. Groundwater, which is the main
source of fresh water in the country, is unevenly distributed. While over-exploitation is a major issue in the coun-
try, there are also areas where enough scope exists for further groundwater development. Adding to the woes is
contamination of sources. Contaminants like arsenic, fluoride, nitrate, iron and salinity have been reported
from groundwater in many parts of the country. Further, climate change is feared to contribute towards in-
creased vagaries of monsoon affecting intra annual availabilities. Climate change induced sea level rise may in-
crease saline ingress and increase in salinity of coastal aquifers. Groundwater is very much susceptible to de-
terioration in terms of quantity and quality due to unplanned and uniformed anthropogenic interventions
and the results usually do not show until it is too late.

Artificial recharge, rainwater harvesting, treatment and recycling of wastewater are some of the supply
side interventions that can help in augmenting resources. Reducing demand of groundwater through in-
creasing water use efficiency, choosing less water intensive crops and regulating extractions are also effec-
tive management tools. Management interventions are a big challenge especially in view of the fact that more
than 25 million abstraction structures are in operation in the country and most of them are private owned. Water
is a ‘state subject’ in India and management interventions are implemented primarily by the respective
State Governments. The Union Government plays a supportive role. The National Water Policy of India recog-
nizes that water is a scarce natural resource and is fundamental to life, livelihood, food security and sustainable
development. It proposes a framework for creation of a system of laws and institutions and for a plan of action
with unified national perspective. The most important link in ensuring effective management is awareness and
community participation.

The prime focus will be on arresting the rate of decline of groundwater levels as well as water consumption in
terms of irrigation, industries and institutional usages. Leveraging schemes like Atal Bhujal Yojana which seeks
to strengthen the institutional framework and bring about behavioural changes at community level for sustaina-
ble groundwater resource management is vital. We need to have more community-led Water Security Plans
with absolute aquifer management plans, water budgeting etc. Thus, a need was felt for scientific manage-
ment of groundwater resources with all stakeholder’s participation. There should be a paradigm shift from
“Groundwater development” to “Groundwater management”. The importance of groundwater for national de-
velopment has deemed it necessary to be more specific; from the “Groundwater management” at Micro level
having “Aquifer Management” as the major criteria to ensure the Groundwater Regime and its sustainability.

The water is always Deeper than what it reflects. It’s a gift of God whereby We
always need to Protect it, respect it and save it.
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AMRUT1- CITY WISE PROGRESS AS ON 31.10.2024
Total Project | AS Accorded TS Issued Tendered | Work Awarded | Work Started | Work Not Started | Work Completed | Expenditure
Cost Amount Amount %
3615 39107 0 93.24%
269.93 28344 35 92.51%
15 2122 039 8203%
21476 216.3 0 9148%
2512 24388 0 99.65%
26345 20252 0 49.72%
Kochi 30878 13| 26869 - m3| 2991 w3 2991 M3 208 12 210.26 11482 212.55| 64.65%
Guruvayur 0310 3| 2378 ) 2378 3| 237 3 2308 33 2378 15256]  184.19| 90.69%
Alappuzha 200 221 M2 222( M2 23620 :2) 22362 | 2324 M| 2324 13811 20387 91.55%
Grand Total |~ 1111} 23507) 11 23869  1m| 23417 101 2330.6| 1105| 22781 1102 2274 414 972) 1363.5(1,967.86| 83.47%

City
Amount

3334
24372
1819
26134
10493
126.01

Amount
465
166.6
161.99
115.64
185.03
56.28

Nos.
m
v

Amount | Nos.
36874
219.94
21518
26261
236.89

183.26

Nos.
34
135
146
5
40
56

Amount
36874
283 44
21551
26261
236.89
183.26

Nos.
34
136
L}
%
40
56

Amount
38823
2834
233
716.23
23158
20252

Nos.
3
136
14
o1
40
56

Nos.
3
136
W
o1
40
56

Amount
41501
2834
2594
76.3
244,61
196.9

Nos.
3
136
14
o1
40
5

Nos.

Trivandrum

Thrissur
Palakkad
Kozhikode

Kannur

Kollam

(=]
—
=3
=

AMRUT 2.0 - DISTRICTWISE PROGRESS AS ON 31.10.2024
1§ Issued
Amount
66.75 61.5 63.66 41.94 14.98|  22.44%
392.88 38349 29158 65.6 27 1.01%
Idukki 5 5 25.35 5 26.18 5 2318 3 2352 199 3152%
150.33 135.29 123.04 119.3 4316  28.11%
18N 1221 9.91 13.0 420 32.04%
216.1 236.94 18414 90.15 131 6.29%
1011 16.04 nn 15.88 26.53)  26.24%

AS Issued

NIT Issued

Awarded

Projects
No.

Completed
No.

Expenditure
District

No. Amount No. No. Amount No. Amount Amount %

Alappuzha

Ernakulam

Kannur

Kasaragod

|| Kollam

Kottayam

Kozhikode 3 34 38835 0] 21439 30{  140.68 pA 88.42 12 68| 115%
Malappuram 38 36 1924 3| 1458 3 97.94 3 99.36 2 141 9.62%
Palakkad 25 %5 60.03 2 50.47 2 50.01 1 46.2 2 19.22|  32.02%
Pathanamthitta 36 3 956.8 34 50.66 34 49.88 26 2.8 8 168 21.82%
Thiruvananthapuram 1 39 31112 3 26181 39| 22546 31| 16816 1 631 19.86%
Thrissur 45 #| 23326 3 15419 3| 125.04 3 101.34 3 15.23|  6.53%
Wayanad 8 8 35.66 b 34.62 5 28.02 ] 2874 2 2029 59.10%

Grand Total 44 2236.68 1824.42 1490.95 989.06 13.18%
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