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The hydrogeological setup of India represents a wide variation, from rugged Himalayan mountainous region in the north,
extensive Indo-Ganga-Brahmaputra floodplain and deltaic region in the central and eastern part, aeolian- alluvial deposits
in the west, vast basalt flows in the west central part, gently undulating central and southern region underlain by Precambrian
crystalline, sedimentary and metamorphic, coastal deposits along the east coast etc.

The research on hydrogeology has got special socioeconomic significance because India is now the largest extractor of
groundwater in the world’he impact of overexploitation of the resource is surfacing gelparts of the countrin the
form of lowering of water level, dwindling yield of well and deterioration in water quality

In recent years, extensive studies have been carried out in this field of geosttehese discussed these infeliént

segments, after enumerating the broad hydrological framework of India. The segments are 1. Hydrogeological investigations
in Indo-Ganga-Brahmaputra Plains holding one of the potential aquifer systems 2. Groundwater chemistry and contamination
issues in Peninsular India 3. Urban hydrogeology 4. Groundwater modeling 5. Ground water exploration 6. Groundwater
recharge and associated quality issues 7. Remote sensing and GIS applications 8. Coastal aquifers and 9. Groundwater
management.

It is observed that the potential groundwater reserve in the Indo-Gangetic basin and the Peninsular part of India has two
serious issues: 1. Overexploitation of groundwater mainly in the western and north western parts and also in southern
peninsular India in pockets and 2. Groundwater quality deterioration by anomalous concentration of arsenic, fluoride and
salinity. The findings of the research will help in understanding the hydrogeological complexities in its entire gamut and also
offers insight into the ways for sustainable management of groundwater resource of the country

Keywords: India, Hydrogeology; Groundwater Extraction; Indo-Gangetic Plain; Groundwater Quality; Fluoride;
Arsenic; Groundwater Pollution; Groundwater Modeling

Introduction Aquifer Systemsin India

India, spanning over approximately 3.2 millionkm The.co_untry ?s broadly divided into qlifferent segments
exhibits wide variety of rock types, ranging from depicting different hydrogeological framework.
Recent deposits along the flood plain of fegrbome ~ Céntral GroundWater Board (CGWB, 2014) has
sediments in arid areas and the extensive coastaldentified fourteen principal aquifers systems in India
deposits, to some of the oldest igneous and (Fig. 1).A bri_ef description of the principal aquifer
metamorphic suite of rocks of the world. In SYyStéms s given below

accordance with the wide range of rock types, there
is wide variation in hydrogeological settings,
groundwater occurrence, flow regime and a wide The Quaternary sediments comprising Recent
variety of rock-water interaction in the country Alluvium, OlderAlluvium, Aeolian and coastal deposits

Alluvial Aquifers

* Author for Correspondence: E-mail: shakiriitb@gmail.com
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Fig. 1: Principal aquifer systems of India (adopted from CGWB 2014)
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are clubbed into this group. The sediments areBasalt Flows

essentially composed of clasilt, sand, pebble and The D T q ¢ ified basalt f

kankar and hold potential groundwater reservoirs for € Deccariraps made up o stratified basalt flows,

extensive development. The Indo-Ganga- covers about 1.5 million kfrareas, spread largely
pver the states of Maharashtra and also in parts of

Brahmaputra Plains represent a thick unconsolidate Madhva Pradesh. Gui d K ka. Besid
aquifer system, holds enormous groundwater reserve,’ ac Y& ~radesn, viarat and Famatala. Besices,

In many parts, these aquifer systems are bestowe&maII patchgs Qf basalt flows are also observed in
with high incidence of rainfall; thus get significant other state like in Jharkhand.
annual recharge rendering them excellent source for Groundwater occurrence and movement in

drinking and irrigation. In addition to the annual pasalt flows is controlled by nature, thickness and
recharge from rainfall, there exists a huge groundwatefextent of weathering, presence of vesicular zones in
reserve in the deeper passive recharge zone as wejhdividual flows, the fractures as well as the nature of
asinthe deeper confined aqUiferS which extend evenntertrappen |a_yers_ These aquifers genera"y have
beyond 600m below ground level (bgl) or so, which medium to low permeabilitContrasting water bearing

has largely remained unexplored. The unconsolidatedyroperties of lower massive and upper vesicular parts
aquifers along the coast are equally productive butin 3 flow unit sometime result in multiple aquifer

show wide variation in the water qualibpth spatially  system as number of flows are stacked in an area.
and vertically thus imposing quality constraint for

groundwater development. The groundwater prospeciCrystalline Hard Rock Aquifers
of theAeolian deposits is constrained by deep water

level, over exploitation and salinity hazard. Granite, gneisse and the suite of metamorphic rocks

including khondalites and charnockites as well as
L aterite consolidated Precambrian sedimentaries such as
Vindhyan and its equivalents fall under this category
Laterites are formed by the leaching such as chemicalyeathered zone and the underline fracture system
weathering of wide spectrum of rocks, ranging from form good aquifers. The fracture system in these
sedimentary metamorphic and crystalline types. aquifers includes fractures; joints, bedding planes etc.
Laterites are extensively developed aquifers in thegng they are encountered even beyond 400 mbgl. The
Indian peninsular states. They form potential aquifersfractures when densely zoned and interconnected
along valleys and topographic lows where the forms potential aquifeBut generally the fractures
thickness of the saturated zone is more and campre anisotropically distributed and targeting
support large diameter open wells and much beneficialyroundwater poses a challenge. The weathered zone
for domestic and irrigation purposes. thickness generally varies from 10 to 30 m and holds
Sandstone and Shale Zome groundwater potential and developed through
ug wells.
The aquifers belong to this group range in age from
Carboniferous to Mio-Pliocene. The Gondwana

System and th&ertiary deposits along east coast, sjgnificant works are going on in this domain on wide

like Cuddalore Sandstone, in western pal’t of India ranging subiects’ from aquifer Characterization,

like Lathis as well as in the north-east lipam and  tamgeting potential aquiferock-water interaction,

their equivalents are most productive aquifers. groundwater contamination, recharging aquifers and
use of state of the art tools. The researches carried
out in the last five-six years have been captured and

The consolidated carbonate rocks such as limestonegrouped in nine categories as below

dolomite and marble fall in this groudamong those _ L _

limestone is the most predominant and productive fromHyOIroQeOI ogical I_nvestlgatlons in Indo-Ganga-

groundwater prospect viewhe fractured zone and Brahamputra Plains

solution cavities constitute the most potential aQUifer |nd0_GangetiC Plains in India is experiencing one of
zones. the most intensive groundwater extractions in the

Research in Hydrogeology

Carbonate Rocks



790 Dipankar Saha et al.

world; mainly because of spiral rise in the demand of Yamuna basin hasfatted river flow

from the irrigation sector (Mukherjetal., 2015a). o

The sediment in the basin was deposited by pastand ~ Groundwater quality issues of the Indo-Ganga-
present day rivers from the Himalaya and cratonic Brahmaputra Plains as well as the entire basin area
provinces (Sinhet al., 2009: Singh, 1996). The Plains hav_e been investigated in d(_atall. Inthe InQo-Ganggtlc
form large aquifer system and at places the aquifers!@ins, groundwater quality shows wide spatial
are trans boundary in nature, between the states, Indigt@riation (Sarkar and Shekha015; Sarkar and
Nepal, India-Pakistan and India-Bangladesh. Efforts Shekhar 2013).Arsenic contamination (Saha and
have been made to correlate the aquifer geometry>@hU, 2016; Kumat al., 2016; Janglet al., 2016;
and their disposition in relation to geomorphology and Chakrabortiet al., 2016;Alam et al., 2016; Shah,
neotectonic activity (Sahu and Saha, 2014a; gahu 2015, Mukherjeest al., 2015a; Singtet al., 2014;

al., 2010). The younger alluvium in the flood plain of S&hu and Saha, 20148aha and Shukla, 2013; Shah,
the present day rivers has high groundwater potentia?013; Singhet al., 2013a; Raju, 2012a, 2012b;
(Shekharet al., 2015; Shekhar and Prasad, 2009). Mukherjeeetal., 2012a; Dubeypt al., 2012; Sahat

The rainfall in the basin varies from less than 25 mm &+ 201L; Mukherjeeet al., 201le; Kumaetal., 2010;

per annum in southern Pakistan to greater than 2000°1ah, 2010; Saha, 2009; Safw., 2009) anelevated
mm in the Bengal basin (MacDonaital., 2015). concentration of fluoride (Akt al., 2016; Sarkar and

Shekhayr 2015; Shekhar and Sark&013; Rajuet
The depth of groundwater level shows wide al., 2009; Saxena athmed, 2003) in groundwater

spatial variation in the Plains. In Brahmaputra plains along with salinity has been identified as the major
as well as inWest Bengal, Bihaeastern and central  quality issue (Shekhat al., 2015).
parts of Uttar Pradesh, the water level by and large
remains within 20 m below ground. But in the western The Indo-Ganga-Brahamputra Plains has
part like in Haryana, Punjab and Rajasthan, the wate/@ttracted the attention of researchers for arsenic
levels recede even beyond 60 mbgl. Punjab andcontamination of groundwater (Banergtel., 2012)
Haryana states also experience highest rate oS evident from large number of research works

groundwater abstraction in the worldagV Dijk et mentioned above. Though, it was reported about three
al., 2016) decades before iWest Bengal (Garagt al. 1984)

from the upstream of Garo-Rajmahal Gap, the initial
The total groundwater abstraction from the Indo report was made in 2003 (Chakrabettal., 2003).
Gangetic basin is about 205,which amounts to 20- - These findings kick; started researches and various
25 % of total global groundwater abstraction departmental investigations in Middle and Upper

(MacDonaldet al., 2015). In recent years the Ganga Plains as well as in the Brahmaputra valley
groundwater level decline linked to over-exploitation,

have been mostly noticed in aquifers of Indo-Gangetic ~ Saha (2009) had compiled an overview of extent
Plains, occupying north-western states of India like of arsenic contamination, its geographical distribution
Punjab, Haryana, Rajasthan and Delhi (Saekal., in the state of BiharThe mobilization process of
2016; MacDonaldt al., 2015; Dasguptet al., 2014; arsenic and hydrogeochemical evolution of
Sahaet al., 2010:Tiwari et al., 2009; Rodelkt al., groundwater has been studied in details in different
2009; Chatterjeet al., 2009). More than 80 % of the contaminated pockets (Saétal., 2009; Chauhaet
groundwater abstraction is for agriculture. However &.,2009; Mukherjeetal., 2015a; Shah 2015; Kumar
localized high abstraction is also observed in urban€t al., 2010; Mukherjeet al., 201le; Raju, 2012a).
areas leading to continuous decline of water level. The arsenic contaminated areas are confined along
Sahaet al. (2013) and Dwivedi and Singh (2015) the Holocene deposits and reported both from the
studied the aquifer system and groundwater extractionYounger and Older Flood Plain, while the Pleistocene
in Patna urban area, located in the Middle Gangeticdeposits are found to be free from contamination (Sahu
Plains. Sinhat al. (2013) investigated paleo-channels, and Saha, 2014b; Pandayal., 2015). Raju (2012a)
which often contain potential aquifers, through studied the hydrogeochemistry of groundwater in
resistivity surveyBawaet al. (2014) established that Pleistocene deposits. The contaminants areas are
excessive groundwater withdrawal in middle reachesunderlain by multi aquifer system made up of
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Quaternary deposits. Investigation revealed arsenic-basin.The deltaic area dffest Bengal and Bangladesh
free deeper aquifer and their hydraulic separation fromalso has aquifers bearing saline groundwater

the shallow contaminated aquifers (Saha and Shukla, _ ,

2013; Sahat al., 2010) At places inWest Bengal, _AI| _et al. (2016) observed_that hlgh values _of
elevated concentration of arsenic is reported fromﬂuorlcle in groundwater are mainly confined to arid

deeper aquifer (Mukherje al., 201le). Sahat al and semi-arid zones in the world as well as in India.
(2013) applied isotopic techniques to understand the_|—|ussa|ret al. (2013) stud|ed_f_luor_|de cpntamln_athn
n groundwater of 121 localities in Bhilwara district

recharge mechanism and established that shallow ) )
contaminated aquifers get quick recharge from rainfallOf Rajastha_n. The ground_vvatgr from deep aquifers
while the deeper aquifers represent older water havin hows fluoride concentration in t'he range _Of 05 to
recharge area far off. Researchers also attempte -8 mg/L. Based.on the cor_lceptrz_atlon pfﬂuonde, these
vulnerability analyses and entry of arsenic in the food authors categorized the district into five categories.

chain in parts of Middle Ganga Plain and its health Rajuet al. (2012) studied fluoride hazard and
impact (Singh and Ghosh, 2D1Singhet al., 2011).  assessment of groundwater quality in the semi-arid
The fixation of arsenic in the cereal grown in the ypper Panda River basin, Sonbhadra district, Uttar
contaminated region focusing on Bengal delta plain pradesh. FurtheRaju (2016) studied the details about
have been discussed in details by Chattegfe®.  the genesis of fluoride in Padwakodari area of the
(2010), Haldeet al. (2019 andBhattachary@t al. ~ same district. Singkt al. (2011) and Mukherjeet
(2010a and 2010b). They conclude that the 5. (2011d) studied groundwater quality of Pokhran
consumption of groundwater and rice grown using area, Rajasthan. The process of fluoride enrichment

contaminated water are the major pathways ofin Thar desert was studied by Sirgjfal. (2012)
arsenic in human bodies. Sankaral. (2014) had

studied geogenic arsenic and manganese  Sarkar and Shekhar (2015) studied
contamination in four blocks on either side of the river hydrochemical facies and major ion variations in South
Bhagirathi in Murshidabad district. Singtel. (2013b) ~ West district of DelhiThey attributed this to geology
studied heavy metal concentration in groundwater of&s main geogenic source while heavy groundwater
Satluj basin. Bhattacharghal. (2010a) had studied abstraction to be major anthropogenic source. Shekhar
in detail the arsenic concentration of different rice and Sarkar (2013) studied groundwater quality in the

and vegetables varieties grown in the contaminatedvicinity of Najafgarh drain in Delhi NCTIt was
areas ofWest Bengal. inferred from this study that anthropogenic

_ _ _ ~contamination has much impact on the water quality
Interesting researches also carried out in variousin the vicinity of Najafgarh drain. The impact of
parts of north-east India viz., Barak valley |anduse on groundwater quality has been also studied

Brahmaputra Plains, Manipur state and north of by Mukherjeeet al. (2011b) and Srivastavat al.
Mizoram state on arsenic contamination (Chakraborty (2014)

et al., 2008; Chetiat al., 2011; Buragohairet al.,
2010; Oinanet al., 2012; Shah 2012; Kumatal., In Uttar Pradesh, Singét al. (2015) studied
2013). In a significant work, Mahanéhal. (2015) hydrochemistry of groundwater in parts of Chandauli-
studied arsenic enriched groundwater regime within Varanasi region where the domination of cations and
Brahmaputra flood plains. These authors observedanions was observed in the order of Na > Ca > Mg >
the origin, distribution and processes of arsenic releasd and HCQ, > CI > SQ > NO, > k. Alam and Umar
by investigating the groundwater Chemistry and (2013) in an exhaustive research discussed about the
subsurface sedimentological characteristics. origin and distribution of trace element in Hindon
Yamuna region in Upper Ganga Plairhe study
Beside arsenic, fluoride and salinity reyealsanthropogenic sources for the contamination.
contamination in the groundwater system is Fyrther Khanet al. (2010) studied trace elements in
predominantly observed in arid and semiarid regionsgroundwater of western Uttar Pradesh. These authors
confined to western and north western parts (Singhgpserved high concentration of Fe, Mn,&rAl and
and Mukherjee, 2014). Sporadic fluoride contamination pp ahove than the permissible limit in the groundwater
has also been observed in eastern part of the Gang@hese authors attributed this high value to the industrial
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effluents of sugar mills, pulp and paper factories and hydroxyapaptites from the charnockites found in the
g pulp pap y yapap

municipal waste in the area. region. The genesis and distribution of fluoride in
Rai L (201 died hvd hemical Nalgonda districtTelangana state was discussed by

au etfa. ( ()jstu e yl mgi?: emical - prindhaet al. (2010). Besides fluoride, the nitrate is

parameters for groundwater sampies o BNasl,  another issue of groundwater quality in the peninsular

Uttar Pradesh. These authors observed h'ghlndia In same areas, Brindfea al. (2010) have

concentration of nitrate in about 18% of the discussed the nitrate pollution and related its origin to

groundyvater sampileskandfattrlbuteq thlskto Ioca:l oor sanitation facility and indiscriminate dumping of
omestic sewage, leakage from septic tanks etc. I, hicina| waste. Daat al. (2011) observed fluoride

addition, high nitrate concentration ha_s alsp beenconcentration in theange from 1 to 3.24 mg/L in
rep_orted from other parts of the Gan_g_etlc Plains andparts of Palar river basin in Kancheepuram district of
attr!buted to the heayy dose of fertilizers used for Tamil Nadu. Furtheffotal Dissolved Solids in the area
agriculture. I_—Iowevent has been observed that_ the was found to be in the range from 70 to 467 mg/L.
deeper. aqglfers are less vulnerable from nltrateMukherjeeet al. (2011c) use statistical approach to
contamination (Saha aAdam, 2014). characterized groundwater chemistry
Oinamet al. (2012) studied Imphal and Thoubal Srinivasamoorthgt al. (2010) studied Mettur region
district of Manipur and observed that groundwater is of Tamil Nadu and observed fluoride concentration in
predominanetly Ca—HCQype and mixed Ca—Na— groundwater in the range from 0.1to 2.8 and 0.4 to 4
HCO,, Ca-Mg—Cl type facies. Few samples also mg/L in pre- and post-monsoon seasons. The anion
demonstrate Na—Cl and Ca—Cl type facies. and cation were observed to be in the order of CI>

Shah and Umar (2015) used stable isotopeHCO3> SO NOg> PO, and Na> Ca> Mg> K.

content and deuterium excess in groundwater in parts Several authors have studied the
of Unnao district in Uttar Pradesh, which indicates hydrogeochemistry of groundwater and vulnerability
the single source of recharge in both pre and postof the aquifer to pollution in hard rock aquifer of the
monsoon seasons. Investigation of the salinization ofpeninsular India. Rinat al. (2011), Singhet al.
aquifers in Delhi has been attributed to various reason§2012a and 2012b) studied hydrogeochemical
by Kumaret al. (2015). Mukherjee (2015) discussed evolution of groundwateAvtar et al. (2012) used
about impact of climate change on water quality statistical approach to understand groundwater
variation. chemistry of Bundelkhand region. Pagedl. (2016)
Geology is the primary control on groundwater used multivariant statistical analyses to assess the

quality variation linked to geogenic sources (Sarkar groundwater quality of the Swarnamukhi river basin,

and Shekha?015: Shekhar and Sarka13: Sarkar Andhra Pradesh. Prasa_mhal. (20m), Sen_thilkumar
and Shekha2013), howevernthropogenic forcing ~ and Elango, (2013), Rajestal. (2015), Brindha and

has also left its distinct mark on groundwater quality Kavitha(2014), Brindhzet al. (2013), Kumaret al.
in the basin. (2014) and Sonkamblet al. (2012) investigated

aquifers in various rock domains like granite, gneiss,
Groundwater Chemistry and Contamination schist and basalt to enumerate the geochemical
I ssues of Peninsular India evolution of groundwater and its suitability for various

use.
Significant researches have been done on

hydrogeochemical evaluation of groundwater Keesariet al. (2014) studied the geochemistry
emphasing on the mobilization and distribution of of groundwater using isotopic composition in arid

various contaminants such as fluoride, uranium andregion of western India. The area is affected by salinity
nitrate. In a studyManikandanet al. (2014)  whose origin has been found to be leaching of marine

investigated Krishnagiri district dfamil Nadu and ~ sediments besides contribution of evaporates from soil
found that higher values of fluoride were associatedzone. The spatial temporal variation of bromide in the
with Mg-Na-HCQ, type facies. Furthethey linked ~ hard rock aquifers in groundwater has been studied
this to weathering of Mg bearing minerals such as by Brindha and Elango (2013). They opined that the
biotite, hornblende and weathering of apatite/ sources of bromide are granitic rocks and fertilizers.
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In a significant studyThivya et al. (2016) Groundwater Exploration
evaluated uranium concentration in groundwaler
effect of lithology on hydrochemistry and factors
controlling its distribution in granitic aquifers of
Madhrai district,Tamil Nadu. Results indicate that

Groundwater exploration in India is being carried out
mainly by Central GroundVater Board (CGWB).
The data is compiled in to thematic maps for use by
the highest uranium concentration i.83Jug/Lwas differe_nt a_ger_mies _and academic institutions._Further
found in granitic terrains of this region and about the saentlflc |nput!nt(_) groundwater exploration has
10% of the water samples exceed the permissiblebeen pFOV'd?‘?' by individual resgarch_ers. Madhnure
limit for drinking water (201_4) |dent|f|ed weathered agw_fers in basaltic and
granitic terrain of Nanded District, Maharashatra.
Mondal and Singh (2% and 201b) dealt with  They locate the productive zones in the fractured
the chemical analysis of groundwater affected due tobasalt and estimated the aquifer parameters. Similarly
untreated effluents from 80 functioning tanneries in Kolar district of Karnataka, Hegds al. (2012)
forming a tannery beltin Southern India. It was found identified the potential aquifers and estimated the
that the quality of groundwater around the tannery aquifer parameters. Shekretral. (2009) presented
cluster deteriorated mainly due to the extensive usethe average value of aquifer parameters for different

of salts. aquifer system of Delhi using exploration database of
CGWB. Mondal and Das (2012) used step drawdown
Urban Hydrogeology test for recommending safe yield for drinking water

supply in Salur Mandalizainagaram irAndhra

The rapid urbanization and exponential increase in
Pradesh.

extraction of groundwater in urban areas have
r_lecessitated studie_s on urban hydrogeol_ogy i_n CitieSGroundwater Recharge and Associated Quality

like Bangaluru (MajumdaR012), Chennai (Rajet SSUES

al., 2013b),Varanasi (Rajwet al., 2011) and Delhi

(Chatterjeest al., 2009; Sarkagt al., 2016). Most of ~ The scientific study on groundwater recharge has
the urban centres have tendency to overexploitgained importance of late. This is primarily because
groundwater resources. The groundwater of overexploitation of groundwater resources in many
management options suggested for the urban centreparts of India. Kaliragt al. (2013) proposed suitable
mostly includes identification of vulnerable areas and artificial groundwater rechge sites along/aigai
measure to mitigate stress on the groundwater systerpper basin in th&heni district,Tamil Nadu, India.

(Rajuet al., 2011; Shekhagt al., 2015). Raju et al. (2013a) designed subsurface dams and
) studied the impact of dams on water quality and
Groundwater Modeling seawater intrusion into the coastal aquifers in the

Groundwater modeling is widely used as a tool for Kalangi River basin, Nellore distri¢ndhra Pradesh.

applied hydrogeological studyt is often used in Renganayaki and Elango (2013) carried out a study

assessment of the impact of possible anthropogenid® understand the impact of water stored in a check
influences on groundwater system. Senthilkumar angd@m on groundwater quality near Chenrmil
Elango (201) used groundwater modeling to assess Nadu. Mondalet al. (_2012b) gssesse.d na_LturaI
the utility of subsurface barrier for augmenting 9roundwater recharge in unconfined aquifers in hard
groundwater reserve and to minimize sea dischargd ©ck aduifers in southern India using entropy-based
of groundwaterRaoet al. (2014) used numerical 2PProach. Selvaetal. (2015) adopted an integrated
modeling study for assessing long-term water approach_to delineate groqndwater recharge potentlgl
resources availability in the Godavari basin of India, Z0N€S using remote sensing and GIS techniques in
Shekhar and Rao (2010) discusses about the issud$OVilPatti Municipality, Tamil Nadu. Kalirajet al.
related to groundwater modeling in Palla well field of (2015) !dent|f|gd groundV\_/a_lt(_ar recharge potential zone
Delhi. Brindha and Elango (2015) used DRASTIC and s_wtgble _S|tes fqr s_irtlflmal re_charge st_ructures in
and models derived from it to map vulnerable zonesN€Vaigai basinTheni districtTamil Nadu using GIS-

for pollution in weathered rock aquifers of southern P@sed multi-parameter weighted overlay method.
India. Kaliraj et al. (2013) studied the groundwater recharge
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potential zones alongaigai upper basin in thheni Mukherjeeet al. (2011b). Water level situation and
district, Tamil Nadu. Samaddeet al. (2011) other layers was field data. Remote sensing in a GIS
emphasized on paleochannels and their potential foplatform was tried in alluvial areas successfully by
artificial groundwater recharge in the western GangaGanapmaret al. (2009) and Sahet al. (2006). The
plains. Soniet al. (2014) suggested optimal overlay analyses had also tried to prepare vulnerability
environmental flow of 50 percent in rivéamuna for ~ map of the coastal aquifers (Sathis and Elang@)201

it to carry out its function of recharging the flood plain Gopinathet al. (2014) had applied geospatial

aquifer technology in drought monitored by NDVI mainly
) o usingTerra satellite products in southern parts of India.
Remote Sensing and GI'S Application Rajaveniet al. (2015) researched on delineating

Application of remotely sensed data is widely used groundwater perspective zones in Nalgonda district
for groundwater mapping andgating groundwater ~ ©f 1élangana state. Mukherjee avieer (2014) has
Anbazhagan and Jothibasu (2014) carried out@pPplied artificial neural network and image processing
sustainable groundwater potential mapping through©" development of water resource management plan
geoinformatics in the Uppar Odai sub-basin in N Parts of Hindon basin. Furtheviukherjeeet al.
Amravati River basin, southern India. The (2015b) discussed about application of geospatial and

geomorphology and lineaments were interpreted fromgeostatigtical_ techniques for groundwater potential

IRS P6 LISS Ill satellite data. This was further Z0N€ delineation.

integrated with res_istivity data for generation of Coastal Aquifers

groundwater potential map. Chowdhatyl. (2009)

had applied remote sensing and GIS based study and@he costal aquifers are important as they are sustaining

assessed groundwater potential of the coastsést huge demand from drinking and irrigation. On account

Medinipur district ofWest Bengal. of heavy abstraction the coastal areas have also

, become priority research sites. Ratal. (2011 and

Mageshet al. (2012) mtegrated th? remote 2013) studied hydrogeochemistry of Sabarmati basin

sensing data on geographical information SyStemincluding its coastal aquifers. Selvanal. (2013)

platform for the exploration of groundwater in Theni assessed the groundwater quality aroliaticorin
Corporation limitsTamilnadwis-a-vis utility of water

district, Tamil Nadu. Deepikat al. (2013) identified

the groundwater potential zones of Gangolli baisn of for different purposes. Sivasubramarssal. (2013)
Karnataka using GIS. Similarly with the help of remote identified the chemical processes that control

sensing ar_ld GlSivinashet al. (201_1) mappfed hydrochemistry in Kadaladi block of
geomorphic fgatures of Gurpur river basin of Ramanathapuram Distridiamilnadu. Prasantt al.
Karnataka, dlrgllg\Iarerl]dc_aet . (.20?12? used rem|c>t_e (2012) carried out a hydro-geochemical study in
Sensing an technique to identify potentia S'tesAIappuzha district of Kerala to assess suitability of

for water conservation measures like gully plugs, water for different uses. Mondet al. (2012a) used
earthen check dams, continuous contour trenches

lati K bandh ¢ _ (?eophysical survey in industrial belt of Southern India
percolation tanks, cement bandhara, aforestation ang, ogimation of salinity variation. Chandrasekéar

farm ponds in NaQP”r district of Maharashtrf_;l. al. (2013) identified seawater intrusion in the aquifers
Groundwater potentiality has been studied by adoptlngof southernTamil Nadu. Prasantt al. (2012)

remote sensing and GIS technique in hard_rOCkexamined the suitability of ground water quality for
aqwfe_rs '”V‘.’eSt Bengal by th al. (2012) "’_md N irrigation and domestic purpose in Afappuzha
the arid region of western India by Mukhergel. District, Kerala. Sathish and Elango (29identified
(2012D). groundwater quality variation and proposed

In addition to remote sensing, various maps and vulnerability map of the south Chennai coastal aquifer
existing data were placed in GIS platform to work While Sankaraet al. (2012) identified groundwater
out the data gap on various investigations in terms ofPollution and saline intrusion through Uppanar River
mapping of aquifers and groundwater potentiality in Which flows parallel to sea coast in Cuddalore. Singh
parts of Karnataka state underlain by hard rock @and Jha (2014) researched on tide dynamics in the
aquifers (\ttala et al., 2013) and in Punjab by coastal aquifer system. In another significant work,
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Jha and Singh (2014) applied genetic algorithm Conclusions

technigues to model tide-aquifer interaction. Reddy

and Gunaseker (2013) studied the groundwater qualit;)t is o_bserved that Fhe divgrse hydrogeological setup
in coastal areas @indhra Pradesh and its impact on of India and the varied forcing on groundwater system
human health particularly the kidney has resulted in hydrogeological domain specific issues.

This requires remedial measures specific to the
Groundwater Management hydrogeological domains. Itis concluded that the Indo-
Gangetic Plains has twin problem of groundwater
Sarkaret al. (2016) use DPSIR (Drivers, Pressures, gyerexploitation in western part and its quality
State, Impacts, and Responses) approach andeterioration at places. The arsenic contamination of
successfully evaluated the groundwater environmentground\,\,ater is mainly noticed in eastern part of the
of Delhi. Further Shekharet al. (2015) explained  Gangatic Plains in states likéest Bengal, Bihar and
various ways of groundwater management in North yitar pradesh. While fluoride contamination in
district of NCT Delhi. The authors divided the district groundwater is mainly restricted to arid and semi-
into three distinct hydrogeological domains based ongyig regions of the basin. Hardrock areas also show
the occurrence and availability of groundwater gyerexploitation of the groundwater resources in
similarity. Groundwater potential in these domains certain pockets. Furthefluoride contamination in
were worked out. groundwater has been generally observed in hard rock
region of southern India. The inland salinity in western

Madhnureet al. (2015) has carried out an k ) -
integrated study to assess groundwater developmeni'dia and coastal aquifer salinity needs to be prudently

possibility in semi-arid Madhram watershed in managed to prevent further water quality
Telangana. Higher transmissibilispecific yieldand ~ detérioration. This becomes important as the
infiltration rate were observed in the recharge aregVulnerability of coastal aquifers to sea water intrusion

and those decrease gradually towards the discharg@nd Problem of inland salinity upconing are becoming
area.Analyses and mapping of water levels are major issues. Remgte sensing and various geophysical
essential inputs for groundwater management. In aLand isotopic technique have proved _to b_e successful
significant work, Mondal and Singh (2012) applied toolsforgroundwaterexplora_tlon mainly in hardrock
entropy based approach to assess the groundwatét'®as of the countryrhe eficacy of numerical
monitoring networks stations and water levels maps M0d€ling for groundwater resource management has
those are prepared based on existing monitoring?€€N established in different hydrogeologic
stations. Rajavenit al. (2014) explained how to €nvironmentin india.

assess the water levels in relation_to dykes, drain‘f"geAcknowledgments
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