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I. INTRODUCTION

Ground water has assumed a critical importance to aast
the growing n=eds of our natian in its ever increasing domesbic,
industrial and agricultural growth needs. India is a vast
country having diversified hydrogeolagical settings; Variations
in the nature and conpoasition of the rack types, the geologaoal
stpructures, yeomarphological features and hydrometeorological
conditions have carcespondingly given rise to widely varying
ground water situations 1Iin different parts of the couniry.
Detailed surveys, explaration and resource evaluation shtualas,
and propse planning of its davelopment, management and
consarvalion are essential for a safe and optimum utilisation of
this vital resource ot the country.

India is basically an agricultural country and irrigation

accounts far merely 85 % of the ground water use. Duting the
nasht few decades rapid progress has been made 1in the development
of ground water resources, especially for irrigation. In

addition fto meating the increasiog demands of domestic and
industrial needs its conteibution to ircigated agriculture has
increasad: from 6.5 million hectare in 1951 ta 35.6 million
hectare in 1799,

Nver exploitation of ground water in certain parts has
resulted in progressive lowering of water levels in localised
areas and ingress of sea water along the coast in some areas. I
is essential that in such areas ground water resources have to be
supplimented through the means of artificial recharge technigues.
On the ather hand in many major canal command ate s, the water
table is pragressively rising leading to the creation of water
lagging and salinity problems. Therefora, there is need for
planned intergrated development of surface and ground water
rasources and their scientific menagement.

II. BROUND WATER POTENTIAL AND DEVELOPMENT

In view of the diversified hydrogeological settings and
hydraometeorological conditions, assessmant af ground Wi
resources of the country is a challenging fask. Fe=ping Lhis in
view, Cerntral Ground Water Board has underta.en 2 aumher  af
projects an ground water resource evaluatiaon, adopting
multi—-disciplinary approach. These studiess  are primartly
directed towards evolving methodologies for 1nvestigation and
development: of oscientific norams for assessment of the grouwnd
water resource potential wunder various hvdrogeological and
agro-climatic s=t ups in the counbvy.
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Initially, assessment of ground watar was carcvied out on

wectoral or on regional basis for the purposa of some
to avail institutional finance, based on the data
the Central and State agencies. In 1972, guide I

2 prajects ar
collected by
tnes  for  an

approximate evaluation of oround watsr potential were circulated

Dy the Bavernment of India to all Lthe State Bavesrnm
related financial winstitufions. Subsadquently, (o]
resources of the countey have beazn estinated based

ants and thie
round water
an thae norms

recommended in 1979 by the High lLeval Connsttee kpown as "Geownd

w;ter-DvprmE“nlmitatiun Commi thaa', Thess estimat
revised again  as per the crscommandations of the

Estimation Committes" (March 19840, The @atfil
raplanishable geround water tesource of fthe country
be 45.22 wmillion ha.m., out aof which 4.%4 m.ha.m. ©
for drinking, industerial  and  ofhse committed wus

utilisable ground water rasources for jerigabian is

The prasent Jdraft iz 13,65 m.ha.m. lmaving a hala

~ha.m. af  ground water rasources avarllable for
The present lavel of ground water developmeant in th
27.82% (Tablie-1).

There has been spectacular expansion in the

@me have  bean
‘Ground Watee
nataid total
worked out to
ave baen kept
25, and the
TH.28 maha,m.
nce af 27.63
exnloitatian.
e country is

2xplaitation

of ground water duaring the last few decades. The conteibution of

ground water fto ireigat=d agricolitoes n India 1s n
40%. The area irrigated from ground watee which ws
hectares in 1738 has gove upto 35.46 million hectars
of Savaenth Flan (1969-99) and anocthsar shout I miliio
irrigation potential has  bsen greated docing the

1999-91 and 1591-92. With the availability of

finance, farmars have taken a big leap forwaed. to h
wells and pump sets. The farmers confidence in geo

mwWoas high as
6.5 million
: by the  end
n hactares of
Ganual  Flan
institutional
ave thaier owWi
wund water has

made its development eszentially a p=oples pgrogramnmes. Thmme
factors compiled with an  expanding proOZPAnNme of Fural

Electrification and increasing mobilization  of

investmant for wminor  irrigation works, led to  a
evpansion 1n ground water development for 1orig
recent years and is likely to increase further in fu

Ground water also playvs a very important rol

instilutional

spactaculiar
Tion in  kthe
ture.

@ to m=at the

watar supply needs of our rural villages and urban  towns and

cities. A "Technoalogy Mission for Drinking kater in
Related Water Management" has been set up by the G
India in August, 19846 to deal with specific p

Villages and
ovaernmant " of
troblems 1like

zalinity,  Dbrackishness, iran, fluoride and bacteriological

contamination and ground water managemants Th
Mission is adopting an integrated appreoach so that
and avgmentation of water sources would be inter—

rural water supply schemas, with a view Lo ensuri
avallability af safe watar fur drinking purposes.

Exploration and Exploitation of Deep Aquifers
Tha BGanga alluvial glain ftorms a distinct

unit of India lying betweesn fthe Himalayan mountain
Mortih and  the Feninzsulac shield 1o the Souih. The

rasarvalir baneath  the plaaan 1s nrrobably the
potentially  @most  produchtive in Yhe antice world.

developmant of ground water 13 limifted to long
recharge  ta  the shallow aguifers (dynamic eS80
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continusd rise in water requirements has necessitated exploration
frar pot 1al  deeper confined aguifers underlying the alluvial
plain. ral Geround Wateer Board has so far carried out ground
water exploration upto & depth af 1908 meires and develoned
suitable technology for developnent of aguifeers upto this depth.
in the Banga Basin, there are several potential daep fresh watar
aciul fars  helow 1600 metres as indicated by the data from oilwell
griliing by DLl and NMatural BGas Commission. It is very essantial
to develop hical capability o wyplore and assess the

potential of these deep aguifers from 1EEe to 2668 metres  and
also to develop suibtable designs  of production wells to

doonomically  tap the fresh ground walber available in thess deep

aciud fears,

IXI. GROUND WATER MANAGEMENT

When sman  far  the country as a whole theaee is
considerable ground water still required o be developed.

Howavear, when vieswed from microlsvel angle, thers are pockets
whare intersive development has led to rather critical situations
and mani’ tations of problems  like daclining ground water
levels, shortage in supply, saline water ancroachament atc.

On the other hand, with the  advent of intensive
irrigation  Stheough surface irrigation projects, in certain canal
command areas, becauss of srcessiva seapage fromn surfacs

irrigation and dus to poor sub-surface drainage, the water table
ig progressively rising and has already crezated waler lagging ahd
salinity in  sevearal parts of the country, making the saills
unproductive.

Development of ground water resources is reguired to be
backead up by propsr managemant opltions.

Cid Increasing Recharge by means of Artificial
Recharge Methods

In  the high demand areas where ground water devalopment
has already reached a critical stage, the prablems generally
neing faced are fHwo  fold i.e. of the one hand the demand
out-strips the supply situation and on the other hand declining
ground water levels increases pumping Lifts and necessitates
despening of ground walter structures and aare enacgy consumption.
In such areas, urgent sheps are called for augmentation of ground
water rasources to arrest the declining trend of fhe ground watee

ievals.,

Artificial Recharge involves augrmenting the natural
movament of surfacse water into undecground formations by some
method of coasteuction, by spreading of water through recharge
basins, ponds pits, check dams/levess in the stream channels etc.
by arreshing Lhe sub-surface graound waber 1w theough
construction of sub-surface dykes or by injecting water through
walls in case of deep confined aguifers,.

(ii)} Utilisation af surplus surface water for recharging
the ground water resource.

The annual precipitationsy our countery is estimated as

about 488  m.ha.m. Cincluding  snow fall) of which about 3
m. Ma.m. is contributed by the monsoon rainfall in a period of 3
o 4 months. Attar  allowing for evaporation and other losses,
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the country s sstimated sueface water potential is now assessed
al aboot 187.4 mohacm,  Howsver, dus to topographical and other
constraints  the utilisable resources have bheen assessed as abouh
SE.B m.ha.m, lage  aAaboul T7Y%. the utilisable (Annual
reaplanishabie) ground water resources has heen estimated as about
AN E @t Thus the btotal ubtilisable guantum 114 m.ha.m.
ey,  OIK of fthe availlable water resou

Of ,:_3.l-.

On & broad as sEmant of the potential
in the country as a whole, 1t is estimated bthat we
position to shors only about 35 to 49 parcent of our utilisable
surface water resources. [n some basins, such a potential (s as
low as 19 to 20 parcent. Thersafore, it naturally follows that it
Wwill not be possible Lo utilise a high percentage of  the
avallable flows which cootinue to be wasted.

Fart of fhis suerplus water can be sffectively ubtilised
B in Ehe

for artificially pecharging the geaund wa
over-axploited  and other suitable areas and in arsas where watep
levels are very desp such Blhiabar and Handi belts, arid regions
of Rajasthan stc. and whare recharge and storage characterishics
of the madia are favourable.

Sub-surface ground water reservoiers have capacity  fop
multipla uses in addition to their conventional vole as source of
watar supply. Ground water can be manipulated and managed and
haence the @Spacs it oococupiss anderground ig subiect ©ton  alternats
uses, Artificial eechargs of ground wabter resecevoles as on
i of waler is  an  dllustrative
Lice. It is necessary to ldantify areas
wheee Lthaera and wubilise part of the surplus surface
water availlable moansoon manths, which can be  fruitfully
ubilised ducing the lean, (summsr) aonbths.,

altarnative to  surfa
axampls of geowing pe

Ciii) Ground Water for Drought Mitigatian

Tl e gnificant atberibubas o f g oL watay
FrEservoirs are - 1t-is a rensawable resource, large feesh  ground
watee available in storage, widespread ocourrence etc, and groond
water can  he developed io simple stages by drilling new v At
the need i ditional water arises. Thi flexihle ach
allows increasss in the supply capacity ta be closely tailored to
s demand growth, Water evaporation is eliminated in  ground
watar storage and geound water cegquires only minimal  Lreatment
pecause 1t s naturally filtered and purified by the eacrth. T
ragquicres no 2etensive filteration to remove suspended matier  and
caostly treabmant  to  make the water hacteriological ly safe. (E83
ground watar  is found almost every wheeres, 14 reéduces the size of
pipad disteribution system,

DI b

)

sy @

Boientific planning of ground water develapmant  should
take into consideration the dynamic componsnt  for  long  teem
PLACDIISES . What is more relevant to the derought situation is the
tremendous  scops, ground wabter reservoirs offec to peermit beisis
marnagemnsnt during the droughts theowgh the shalbic resserve

Civ) Management of Ground Wateer in areas with
Salinity Problem

ot managensnt of eglifers in
hle quality of feesh waber
to dimprove  Sthe guality of

Bround water developmant a
zaline areas  involves maintaining o
feres  and  adopting measues
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ground wabter  in brackish or saline water bearing agquifetrs. The
problems faced are different in cdastal areas, irrigation command
areas, inland saline tracdts in arid regions and .areas faced with
pallution.

Devaelopmait of wabter resourcss o coastal areas is faced
with twin problems of salinity influx during high tides through
estuaries and maintaining hydro-dynamic egquilibrium betwsen frash
and salt water in agquifers fto prevent or control saline water
inteusian. Some of the msasures ko control sea-wahker intrusion
includes

1. Reducing pumpage from axisting wells and
re-arrangament of pumping pattern,

2. Creation of fresh water vidge by Artificial
Rechargsa, and

3. Construction of surtface (HBandharas) ar
sith—-surface harriers.

o Well location, design, guantum of withdrawal and relation
betweasan salt and fresh water bodiss are the iaportant aspects
fhat need to be considersd while develaping fresh water supplies
in areas where gquality problem exists. Ground water exploitation
fraom thin  lenses of fresh water as are found in ocsanic Islands,
coastal dunes etc. raeguiras that hthe drawdown is minimised to
avoid upconing of saline water., Infilteration gallaries, dit=has
and radial wells are ideal for such situations.

(o Water Logging and Salinity

With the advent of intensive irrigation through surface
Ciore projects, dn certain canal command areas becauss  of
{ BAgE from surface irrigation  and due  to pooe
! @ drainage, the waber table is proagressively eising and

as already orsated water logging and salinity in several parts
of fthe country making the soils unpegductive and restricting the
growth of plants resulting in decling in crop vields. The depth
o water ple  whan it starts affecting the yield af the crop
advarsaly may vary over a wide rangs from zaco for rice to above
1.9 m for other crops. In genecal the areas with water Lable
within 2 m below ground level can be considecsd peone to water
logging and  those with water table within 2 and 3 m below grounad
leval may be viewsd as critical areas wherein any  additional
input of water without protective msaswres can turn bHhem - into
water logged asrsas

The Mational Commission of Ggriculture (1974) has made an
astimate of water logged areas based on the woerk carried out Yiy
Varlos RN L 2. Atout &2 lakh hectares of aresa in the count
was considered as  waber logged. Of this, Lakh hacbares  is
acase aurface flooding, mostly in the of West Bangal,
Orizsa, Andhra FPradesh, Utter Fradesty, Gu) amil Nadu  and
farala. I the evemainicng 2é6 lakh ha., the i ie s
to rise in ground watsee leavels,
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Basad on the Central Ground Water Board water level
data/maps (1982) the total area with ground water levels i

within 2
moduring  August  is T4, 602 lakh ha., and during the month  of
Anril the extent of such areas is of the order of 34,299 lakbh ha.
It is quite essential to monitor the rising fLrend of water
laevels, especially in  the canal commands and plan remedial
mEASUrEs  as  soon as  possible, in  fthe arsas jdentified as
critical.

(vi) Conjunctive Use of Surface and Ground Water

Conjunctive use of surface and ground water combines hhe
advantages of groud water storage with surface water system and
sarves as  both a cemedial and coerective measure far efficient
water management and use.

The conjunctive use of surface and ground water provides
2 range of possibilifies i.2. availability of adequate water

pplies  when supplemanted by ground water at any point of time,
advance irrigation in & season prior to availability of surface
water and o give late wabterings when sueface water is  nof
availanhle.

Integrated and conjunctive use of surtface and  grownd
water has not so  far been given the extent of attention adnd
consideration it deserves. There is a dire need for develoging
it on more scientific lines in arder fto derive its full benefits.
As the tools of modern technology have becowme movre sophisticated
by the development af high speed digital compub=trs and related
mathematical techniques, it is now possible Lo study the problems
in a broader perspective and evolve solubtions foe  the ophimum
benefits taking into consideration the simplest and complewx
aspeacts of the problems along with economic, social and
anvironmantal aspects.

IV. SUMMARY AND CONCLUSIONS

in wview of the diversified hvdrogeological settings  and
fydrometecrological conditions, assessment of ground' watee

resources of  the countery is a challenging task. The estimated
total replesnishable ground water resource of the country worked
aut to ba 45,22 moha.om., ovt of which the utilisable ground water
resaurce  for  irrigation is Z8.38 m.ha.m. The present deaft is
12,63 m.ha.m., leaving a balance of 27.67 wo.ha.m. af  ground
water resource available for exploitation. In the Ganga Basin,
there are several potential deep fresh water aguifers below 1000
m oand 1t is very essential to explore and assess the potential of
thesse deep agulfers.

Whzn seen  for the countey as a whole thare is
congiderable ground water still requited ta be developed.

Howavear, there are pockets whare intensive develapment has led to
rather critical situations and manifestation of problems like
declining ground water levels, shortage in supply, saling water
ancroachment sto, On  the —other' hand, with the advent of
intensive irrigation prodects, in certain canal command arsas,
haecause of edcessive s=gpage  from irrigation and due to  poore
sub-surface derainage, the wabsre g&ple 1% prograssively rising and
fas already created watar logging and salinity in several partbts
of the countey,
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Develapment of ground water rasources is requiced to be
backaed up by proper management options, In areas with declining
water levels, urgent stens are called for augmentation of ground
water resources to arrest the declin.ng trend of the ground water
laevels. Fart of the surplus surface water during monsoon moanths
can be effectively utilised for artificially eacharging the
ground water 1n over-euploited areas. Ground waler reservoirs
aoffer to permit crisis meanagsment during draughts  through thea
scientific management of its static resarves, Ground water
development and management of agquifer-in saline areas involves
maintaining wsable quality of fresh water in aguifars and
adopting measures to improve the qualiky of ground water in
brackish or saling water bearing aguifais. It is eassential (o
manitor the rising trend of water levels, espacially in the canal
cammand and plan  remadial measures. There is urgsnt osed for
intfegrated and conjunchive use of suerface and ground water iIn
oeager to oplimise the use aof this vital resource of bha countey.
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TADLE 0. 1
GROUND WATER RESOURCE ESTIMATES
AS PER NORMS OF GROUND WATER ESTIMATICN COMMITTEE
Provisional § Tentative

S.M0 State/Uts Total repl- Provigion  Utilisable Net 3slance Ground  Level of
snighable for drinkine Grouno Water- Vater potential Ground
Ground Yater .industrial FResources for Orsft available for Vater
Resource & other uses Irrigation sxploitation Development
(n.he.0/¥r) (m.ha.n/¥r) (mba.a/¥e) (wha.miYr)  (e.ha.n/Yr) (%)
1 Andhra Pradesh 4.3388 0.8508 31,6861 0.7410 2.9451 20.10
2 Arunachal Pragesn 0.1439 0.0216 0.1223 7.0000 0.1221 0.00
1 Assan 7.35¢8 .2529 1.3999 0.0456 1.9543 .0
4 Bihar 3.3003 0.5067 2.8706 0.6761 2.19458 23.55
§ Gujarst
Un-confined 2.6311 0.3087 1.1320 0.5336 1.1984 30.81
Conf1neo 0.21i5 0.0327 0.1848 0.107% 0.0773 58.11
§ Goa 0.060% 0.0151 0.0454 0.0035 0.0419 1.1
1 Harvana 0.85z4 0.1276 0.i2dd 0.5085% 0.2163 10.16
§ Hinachal Pragesr 0,£357 0.0072 0.0265 n.0062 0.0222 20,18
9 Jarnu § Kasher’ 0. 44t 0.06889 0,437 0.0046 0.2691 1.23
10 Karnataka 1.6181 0.2428 1,275 0.4663 1.30%0 3.9
11 Keraly 0.8117 0.1246 0.6871 0.0856 0.621% 9.55
12 Nadhva Pradesh 5.3110 0.8950 5.0760 0.6326 44434 12.48
13 Naharashtra 3.8036 0.8738 3.2098 0.7076 2.5022 2.0
14 Raniper 0.0118 0.0018 0.0100 0.0000 0.0100 .00
1§ Meshalava 0.0425 0.0064 0.0361 0.000024 0.038076 0.0i
18 Rizoram Not Assessed
11 Naqalang 0.0052 0.0008 0.0044 0.0000 0.0044 0.00
10 Orissa 2.3240 0.3492 1.9748 0.0950 1,0838 .00
19 Punisd 1.1 0.2895 1.5216 1.5181 0.0085 99.38
20 Rajasthan 1.2 0.2938 1.3288 0.4927 0.03%9 .08
21 §ikkie Not Assessed
22 Tomi! Hadu 3.0182 0.4528 2.5636 1.1987 1,3649 .18
23 Tripura 0.0629 0.0034 0.0535 0.0048 0.0486 .18
24 Uttar Pradesk 8.0450 1,2088 6.8382 2.4944 4,303 36.40
25 West Bengal 2.0708 0.3108 1.7602 0.2%11 1.4681 16.54
Total States 45,147 §.9268 38.2119 10,594224 21.623678 .n

----------------------------------------------------- cmmm

UNION TERRITORIES
1 Andaman & Nicodbar

2 Chandiqarh 0.003% 0.0035 0.0059 -0.0024 168.57

3 Dadra | Maqar Haveh 0.0075% 0.0023 0.0952 0.0005 0.0047 9.62

4 Iolh"g 0.0504 0.0076 0.0428 0.0287 0.0141 01.08
S Daman & Div Not Assessed
§ Lukehadvesp Not Assessed

1 Pondrcherry 0.0175 0.0026 0.014% 0.0204 -0.005% 136.91

Total Uts 0.0789 0.0125% 0.0664 0.0555 0.0109 03.60

TOTAL ALL INDIA 45,2216 §.9393 38,2803 10.649724 21834578 a1 82
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