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Abstract 

Groundwater is the planet's most vital resource for maintaining life and the 

environment. Because of its widespread usage in many fields, it is rapidly 

depleting, necessitating sustainable resource management. Groundwater 

resource management is becoming increasingly vital, not just in India, but 

also globally. Sustainable groundwater supplies are a major concern for many 

countries, particularly those in dry regions. In this study, we shall define a 

sustainable water resource as a water flow that is controlled to preserve water 

quantity and quality. Water's significance is so fundamental that we cannot 

rely on a single institution alone, but rather require a collective approach. 

Addressing the groundwater problem is a pressing matter not just for the 

current generation but also for future generations. Water management 

encompasses several sectors of the Indian economy, including industrial, 

agricultural, household, electricity, environment, fisheries, and transportation. 

This management strategy will aid in overcoming water-stressed demand and 

increasing water supply. This article recognises appropriate groundwater 

management practises in India. Because of the rising water demand, the 

involvement of numerous elements that regulate the exploitation of water 

resources has become crucial for groundwater management. 
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INTRODUCTION 

Groundwater accounts for 89% of all 

freshwater on the planet. With increased 

groundwater demands and the 

unpredictable nature of rainy seasons, 

there has been global groundwater 

depletion. Groundwater exhaustion has 

reached the point where it is difficult, if 

not impossible, to return the water table to 

its previous state. While it is feasible to 

replenish groundwater from various places, 

the cycle is extremely slow, and it may 

take a year to recharge one metre.  

Considering this authority, groundwater 

management has recently become one of 

the primary challenges. There are also 

ecological concerns, such as water for 

mining, saltwater intrusion, stream base 

flow decrease, and so on. This study 

briefly investigates the concept of 

groundwater management maintainability, 

principles impacting groundwater 

accessibility, and numerous techniques for 

developing and exploiting accessible 

groundwater without disrupting the hydro-

geographical balance. Furthermore, the 

report presents ways for sustainable 

groundwater management, such as 

groundwater advancement, rainfall 

irrigation, and artificial regeneration 

methods. This study offers some practical 

strategies for proper groundwater 

management in India. 

Hydrogeological Setup of the Country 

India is a country with a vastly expanded 

hydrogeological establishment. Because of 

the occurrence of enhanced geographical 

arrangements with significant lithological 

and sequential variations, complex 

structural systems, climatological 

variations, and various hydrochemical 

conditions, groundwater conduct in the 

Indian subcontinent is profoundly muddled 

[8].  The rock formations range in age 

from Archaean to Quaternary-Recent. The 

southern states have Archaean rocks, while 

the fresh residue is related to Indo-

Gangetic alluvial fields. The following are 

the key topographical formations: 

1. Igneous and metamorphic rocks having 

notable stone types such as stones, 

Charnockites, Quartzite, and related 

Phyllites, slate, and so on; basalts and 

similar igneous rocks 

2. Mesozoic and tertiary era rocks 

address semi-consolidated stone 

developments, with important stone 

types addressed by limestone, 

sandstone, rocks, and rock aggregates. 

3. Unconsolidated developments 

occurred from the Pleistocene to the 

recent era and were handled by 

specific rocks such as boulders, 

pebbles, sands, and silt-clay. The 

substantial potential in aquifer zones is 

structured by these stones [8]. 
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The Indian subcontinent was developed by 

huge geographical geological variations, 

such as pre-Cambrian metamorphic rocks, 

igneous rocks addressed by Cretaceous-

Eocene basaltic rocks, Vindhyan and 

Gondwana rocks, and quaternary to late 

sedimentary stores. The geological chart [4] 

depicts the categorization of various rock 

types. 

 

The Representative Figure Shows the Distribution of Various Rocks in India with 

Different Geological Periods. (Source GSI). 

 

 

The Representative figure showing the hydrogeology pattern in India (Hydrogeological 

department of India) 
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Because of the development characteristics 

and pressure-driven properties required to 

store and sustain groundwater 

hydrogeological systems, all litho units 

may be classified into two major groups of 

water-bearing developments [8]. Porous 

formations can alternatively be classified 

as unconsolidated and semisolidified 

developments with essential porosity and 

fissured or consolidated developments 

with auxiliary or determined porosity. The 

hydrogeological map depicts the main 

collection of solidified and unconsolidated 

water-bearing developments, as well as 

their potential possibilities [7]. Some of 

the most important elements that influence 

the flow and conveyance of freshwater are 

physiographic and geomorphologic 

environments [8]. In light of these factors, 

the country has been divided into five 

separate sections, as shown below: 

 

GROUNDWATER MANAGEMENT 

IN INDIA 

Major Problems 

Groundwater and its massive use are 

critical to a country like India. However, 

there is no precise overview of 

groundwater assets as suggested or 

estimated by the National Commission of 

Agriculture, India's groundwater assets 

might be over 433 billion cubic metres, or 

10 times the annual rainfall [3]. The 

annual use potential is around 145 billion 

cubic metres. With the introduction of a 

new agricultural strategy in the early 

1960s, the use of power pumps and tube 

wells increased dramatically. Whereas in 

1960, only around 1.1 percent of net 

agricultural land had a tube-well water 

supply system, by 1988, over 27.8% of net 

agricultural land had the benefit of a tube-

well water supply system. By 2001, 

demand for industrial water had risen to 

roughly 160 billion litres per day [3]. The 

public authority's activities to extrapolate 

deep water wells for more water have 

caused water tables to fall, and similarly, 

little attention or attempt has been made to 

recharge the groundwater. Groundwater, 

as a dynamic and replenishable asset, must 

be evaluated based on its annual 

regeneration, which may be improved 

through proper designs and is also affected 

by hydrologic and environmental 

conditions. Outside of official 

organisations, information on groundwater 

levels in India is not widely disseminated 

or accessible [3]. As a result, discussions 

over groundwater usage are frequently 

based on inaccurate information. However, 

it is indisputably true that reducing the 

level of water tables and exhaustion of 

monetarily accessible groundwater saves 

money in an agricultural country like India. 

Usage among rural and city dwellers is 
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rising, bringing us closer to a battle over 

groundwater consumption. Declining 

water levels also exacerbate social 

divisions [1]. Lower-class farmers are 

compelled to give up agriculture because 

declining water tables limit access to those 

who can afford to deepen their wells. Deep 

tube wells require a lot of electricity, 

which raises the financial cost. More water 

level depletion will put food safety at risk 

[4]. For major food development, a 

reliable water system is essential. As the 

water level drops, helpless or low-level 

farmers find it difficult to compete for the 

energy required to dig deeper wells, 

resulting in a fall in food output. As a 

result, it is not essential to make a strong 

case for the conservation of this crucial 

asset in order to ensure natural security 

and appropriate agricultural growth [2]. 

 

Overexploitation impact of groundwater 

The major effect of groundwater 

overexploitation is base stream exhaust. 

Different critical additional effects occur 

when the basic flow is reduced. Some are 

listed below. 

Dry up of shallow aquifer 

 Reduction of vegetation cover and 

decrease in wetland area 

 Changes in drainage pattern 

 Speed up in the land degradation 

 Frequent conditions of dryland areas 

 Scarcity of flora and fauna 

 Well interference 

Different effects of groundwater  

exhaustion are serious emergencies safe 

drinking water and irrigated water. 

 

Techniques to Deal With Groundwater 

Management 

The difficulty with groundwater is that the 

department is multidirectional, with a solid 

appraisal of available water, its utilisation, 

and the goal of expanding, dispersing, and 

reducing overexploitation. However, 

similar to executives for surface water 

assets, the management board for water 

assets has made relatively little effort. The 

following are the two widely 

acknowledged techniques for groundwater 

executive: 

1. Manage safe yield: This strategy 

considers the conscious's ability to 

control capacity utilisation through 

recharging events. 

2. Stop overexploitation: This serves to 

demonstrate that some long-term 

consumption may be required to drive 

socioeconomic development in areas 

where regeneration is limited. 

 

Groundwater management decisions in 

industrialised areas are influenced by 

water consumption patterns and the need 

to provide utilities, which are comparable 



 
 

 

182 Page 177-191 © MANTECH PUBLIATIONS 2022. All Rights Reserved 

 

Journal of Water Resource Engineering & Pollution Studies 

Volume 7, Issue 3, September- December, 2022 

 

to people. Villagers extract groundwater 

using tube wells that they built and own 

[5]. While large-scale, publicly funded 

tube-well advancement will improve 

supply outcomes; legal and administrative 

arrangements at the public level can't be 

controlled enough; and, while increasing 

indirect re-charge may work for shallow 

level groundwater movements, 

regeneration of deeper level frameworks 

requires clear infusion and elective 

wellsprings of good quality water. [3] In 

this context, two broad types of executive 

groundwater proposals emerge: (I) 

approaches encompassing instruments, for 

example, power estimation, subsidies for 

effective advancements, and economic 

arrangements that support less water 

bearing crops, and (ii) approaches to 

managing explicit aquifers based on the 

order and control of the executives through 

an asset controller [6]. Whatever technique 

is selected, the development and 

management of these assets should be 

based on a sufficient amount of 

information about the whole status and 

circumstances of the groundwater aquifer 

system and its renewal. With regard to the 

influence of environmental fluctuation and 

geographical inconstancy in dryland areas, 

two substantial variation gaps in 

groundwater the board emerge, with 

crucial consequences for precise utilisation. 

(I) inability to adapt to the rate of increase 

in groundwater system degradation due to 

over-deliberation, and effective asset 

consumption from quality differences 

(contamination, salinity), and (ii) inability 

to explore groundwater resource 

administrations on multiple usage and 

ecological externalities [9]. 

 

Methods of Recharging 

With large water resources and a growing 

desire to generate more resources for 

future generations, we must make efforts 

to enhance groundwater levels by pursuing 

persuasive ways [9]. It is critical to have 

complete information on groundwater 

scenarios that administer the production 

and movement of groundwater resources 

under deliberate stress, the cooperation of 

land and groundwater with stream base 

movement, and changes in the stream of 

rivers and regenerating dates due to their 

overuse for successful administration. As a 

result, the executive's policies should 

cover a wide range of concerns, including: 

 The executives of existing provisions 

to further increase water accessibility 

 The executives of demands such as the 

efficacy of water usage, sectoral links 

with monetary exercises, and so on. 

 Resolving conflicting requests and 

ensuring the integrity of the water 

subordinate eco-environment. 
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The popular side administration's financial 

element plays an important role, including 

dealing with individuals who use water 

and land. Simple administrative 

mediations such as water usage freedom 

and licenses, as well as monetary water 

valuing devices, and so on, cannot be 

useful until all stakeholders are fully 

engaged [11]. To properly care for 

groundwater assets, it is necessary to 

educate people about the various societies 

that use water and to implement region-

specific designs for sustainable 

development [15].  

 

As a result, groundwater board members 

must not only conduct an appropriate 

evaluation of available assets and 

understand the interconnection between 

surface and groundwater systems, but also 

the activities required for proper resource 

allocation and avoiding the negative 

effects of groundwater overexploitation. 

Water management executives must use 

the following approaches to maintain 

continuous improvement: 

 

Logical Advancement of Groundwater 

Groundwater logical advancement 

incorporates a genuine grasp of 

surrounding groundwater accessibility, its 

behaviour, and request-driven 

development using logical arrangement 

[23]. The following are the requirements 

for the rational advancement of water 

resources: 

 

Advancement of Multiple Aquifers 

In Most springs in our nation are not fully 

utilised or developed, resulting in the 

underutilization of available groundwater 

assets [20]. Unused water from deep tube 

wells and springs is quite widespread in 

various locations, including Panjab, 

Haryana, and Uttar Pradesh, resulting in 

near-still conditions at a deep level and 

providing the necessary time for 

improving the quality of groundwater. The 

extended aquifer of permeable soil is 

clearly not totally exhausted in the upper 

ranges, and the wasted groundwater in 

confined springs is now shifting to saline 

springs at the bowl limit [22].  

 

This development and improvement of 

profound springs is critical for the 

advancement and improvement of 

groundwater for suitable exploitation. 

 

Improvement of Groundwater in 

Under- Develop Regions 

Scheme designers frequently focus on 

areas where groundwater improvement has 

amazing potential while ignoring other 

areas with modest promise. Groundwater 

tube wells are continuously being built in 
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India's eastern and northeastern regions. 

Because of the inaccessibility of 

groundwater, the majority of impoverished 

farmers find it difficult to boost irrigation 

production [23]. Groundwater has 

improved significantly in this area, which 

floods often during the monsoon. 

 

Improvement of  Water  Logging  Areas 

Groundwater is abundant in the 

waterlogging fields. As a result, the 

economic management of flood area 

aquifers provides excellent possibilities for 

their development and additional water 

requirements. The improvement of 

groundwater in the Yamuna flood plain in 

Delhi is an example of technological 

management of groundwater assets. The 

improvement of shallow level springs in 

flood field locations creates the necessary 

subsurface space for groundwater 

expansion from stream overflow during 

the rainy season [25].  

 

In areas near streams with changeable 

flood fields, spontaneous administration is 

an effective administration strategy for 

getting to the point of necessity and 

delivering. As a result, proper 

development of the floodplain aquifer is 

critical for groundwater progress and the 

executives [23]. 

 

Improvement  of   Groundwater   in   

the  Waterlogged Regions 

The order of waterlogged regions in 

channels tells degrees for underground 

water improvement of five metres or more. 

Water of poor quality can be mixed in with 

channel water to an extent sufficient for 

the water system. As a result, more water 

can be used for agriculture, and the lower 

water table will be used to extend the 

monsoon season and recharge the regions 

that will be used to improve land and 

groundwater quality [25]. 

 

Improvement of Water  in  Catchment 

Area 

It is one of the most persuasive strategies 

for suitable groundwater for executives to 

include water resources for the region and 

use the recharge by improving water 

resources in areas next to the catchment 

area.  

 

As a result, not only in the lawful use of 

available water assets, but also in moving 

groundwater from surface groundwater 

capacity, subsurface drainage will be 

supplied to places that are likely to be 

obstructed or flooded [28]. Aside from 

these significant improvements in 

groundwater in shoreline areas, water 

resource management should be prioritised 

[18]. 
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Artificial Recharge of the Groundwater 

One more successful technique is an 

expansion of accessible groundwater 

assets through different modes like 

rainwater harvesting and artificial 

regeneration. It is assessed that yearly 

around 40.8BCM of excess surface 

runover can be re-charged to increase the 

groundwater [17]. In rural regions, 

strategies of  artificial  re-generation by 

alteration of local development of water 

from appropriate common designs like 

collecting tanks, small tanks,  ditches, 

furrows, nala bunds and so on is seen as 

practical. The rooftop topwater collecting 

structure is normally practical both by 

increasing the groundwater storage also by 

putting away it in uniquely assembled 

tanks [14]. 

 

Guideline of Groundwater Development 

The major approaches for practicable 

groundwater management are the 

groundwater improvement guidelines in 

basic and local areas. More and more 

development of groundwater assets is 

emerging and is being recognised as a 

major concern. The proclivity to 

overdevelop groundwater assets is 

established by the swift reaction of 

empowered pumping techniques, resource 

qualities, segment motions, and 

government policies [19]. There are 

minimal initiatives to examine 

overexploitation and guidelines for 

groundwater assets. Now, in recent times, 

the major actual administration is through 

the confinement of the National Bank for 

agricultural and rural development. money 

in grey and black blocks. The Gujarat 

government enacted the Groundwater 

Executives Act to regulate and control 

groundwater usage [27]. In any case, 

enforcing the restrictions without local 

permission and suitable demonstration 

camps in various places is difficult. 

 

Guaranteeing Water Resource for 

Farming 

The most serious concern is the judicious 

use of resources in places that do not 

disrupt water levels or agricultural 

productivity. So, any sustainable strategy 

is dependent on determining the actual 

water level to be assigned for local 

household usage, horticulture, and 

maintaining ecological balance [23]. More 

particularly, it should place a greater 

emphasis on cost-effective research 

involving water for multiple uses, skilled 

and enhanced water level development, 

agricultural production, and post-seeding 

handling [22]. Some of the successful 

approaches that are widely used in the 

nation include: 
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1. Assist non-sensitive groundwater users 

in transitioning from depleted, high-

quality groundwater to normal-quality 

groundwater for the most essential 

groundwater usage. 

2. A proper return of deliberation liberties 

from ventures in which impoverished 

people created water-efficient 

inventions. 

3. Subsidize working people to raise the 

water level utilised by peri-urban areas 

in exchange  

 

Understanding Quality of Water 

Resources 

Understanding the contamination of water 

resources and how to ensure their recovery 

from contamination is an important 

requirement. 

1. Planning weakness maps, in light of 

appropriation of travel times, synthetic 

boundaries, kinds of dirt, subsoil, and 

landcover. 

2. Identify and focusing on potential zone 

of water resource. 

3. Low lying areas are more prone to 

groundwater weakness 

4. Confining private advancement is 

served by inducing disinfection. 

5. Confining the removal of modern 

releases to the ground in weak regions 

through the presentation of release 

allows proper.  

 

Groundwater services and Functions 
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Shortcomings in Existing Approaches 

However there exist different systems for 

an economical administration of 

groundwater assets, it frequently neglects 

to make any sure effect on the manageable 

use because of several reasons. Because of 

the nonappearance of any valuing system 

and severe guidelines, unpredictable water 

resources, its inefficient use and soil 

removal waste  material continued. Work 

on groundwater use in the financial setting 

is somewhat little, the exceptionally 

specialized information on the aquifers 

systems is of somewhat very less use for 

proper practical management reasons. The 

vast majority of the groundwater landand 

hydro-land improvement technology has 

been divided, technocratic, and connected 

with the groundwater movement and 

damages. The functional administration 

rehearses, it is irrelevant to look at all 

user’s indigenous adaptive methodologies,  

environmental change reactions, and so on. 

Anyway, in recent times’ situation, less 

consideration has been given to these 

regions.For the understanding of 

groundwater, the most important 

components that might be important to 

consider are as follows:  

1. the most essential worth of the 

groundwater situated close to 'high-

value' uses like urban areas or prime 

farming regions, rather than springs 

situated in less essential areas and 

2. water bearing rock with excellent 

water that is not polluted with waste 

and the kinds of people using it. 

 

Necessity for the Sustainable Approach 

The guaranty for food and ecological 

security are the main worldwide problem 

of the 21st century. With respect to the 

sensational advantage made in irrigation 

development, we have few areas of our 

country where food production has not 

kept tempo with the increment in the 

populace or have scarcely stayed up with 

the increment in  the populace. Even 

though slowdown in agriculture 

production due to environmental 

implications, alteration of land use and 

absence of suitable innovation to area the 

fundamental problem of asset activation 

and the board members might be the 

essential variables liable for less farm 

production. Water shortage and bad water 

quality  are the central issues in various 

nations, which primarily depend upon 

agriculture for the job of individuals. New 

water accessibility is as of now the main 

consideration in the feasible utilization of 

assets. The water, shortage is additionally 

highlighted by underground and surface 

water contamination. UNDP tells about the 

world land and soils assets critically affect 
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are likely to bring up the greenhouse 

impact. As it is inappropriate to give the 

note that proper water usage planning 

plays an important part in social security 

and natural security in the current time 

described by expanding clashes due to 

scarcity water resources. 

 

As different techniques on groundwater, 

the executive member clearly tells that 

effective management of groundwater 

needs to be a cross-cutting and holistic 

methodology consolidating    all    partners,    

technocrats, hydro-land conditions, nearby 

explicit ecological issues, native 

techniques for water preservation and 

consume, etc. The suitable use of 

groundwater there should be a proper 

strategy taking into account every one of 

the multi-faceted parts of these issues of 

freshwater shortage and over-usage. There 

is a requirement for appropriate regulation 

to make rainwater gathering compulsory in 

all private and public structures, 

particularly in developed regions. There 

should also be awareness creation camps 

about the importance of re-charging and 

reusing groundwater among the locals 

through different media. The people using 

freshwater should always conduct a water 

review to check how much freshwater can 

also be saved and utilized. The unused 

wastewater can also be recycled and also 

reused in working with natural exercises. 

At last, any plan won't work without the 

support of individuals, and the local state 

running administrations are inspired what's 

more prepared. With people, group 

investment and embracing locally 

accessible methods for water conservation 

designs can change the existences of 

millions. In this way taking requirements 

connected people with appropriate 

management and security of groundwater 

source versus the move should have been 

made at various ranges, a multipronged 

coordinated approach has thoroughly 

thought-out blend of expert, specialized 

managerial and legitimate steps and local 

area interest might give the way for 

accomplishing the requirement for laying a 

solid natural establishment for 

guaranteeing practical management of 

groundwater assets.  
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