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Prospects of Artificial Ground Water Recharge in India

A, Upadbyaya, AK. Singh

P. R. Bhatnagar & A.K. Stkka®

Crowndd mater bt become an fmportant ronsee of water Jor agricnitital, dometic, aad fndastriuf weedr af the R,
[ foawerer, die 2o wdoption af biph-iwater demanding cropping rystem, proweh of induvieter, and inerearig population,
the expbuitalion of groand water bar increased smany folds T the past decader. The gromed water develypuent war
infenrive in the aflaviol arear of Inde-Clanga Yamuna plains of Punfal, Harpana, UL and Rajasthan, which
acivented for niore than 85% of wiilizalie grond waler potential The owrenploitation bas also been oltierved in
parts of hard rock terrains af rowibern rintes, wiy, Tawil Nodp, AwdbraDraderh and Kavnatola, Looking into the
dwereating demand of weter én e wors fa sawre, it Bar breosse imberaiie fs avlpr appropriate grossd mler recharaeag
technicaees, which are safe aud suvtadpalie, This i porrible, if exery drop of water avaialie from rainfudf and suface
ranoff ir barsetied aud corverved praperty, Defare planneny for any grownd weater rechacge project, & ir aveerrany lo
Sty the ueed, feareliltty aned reape of recharge, exirting bycra-gealogic conditions, and iitable rechurging techuigsres
i the repinn Tu the present faper, tarfoss sechargine frehnigier desiguedd and evaliated nader reveral caie wdier
cunelsieted fn differens parts of fhe conatey bave been discussed Vhese case sindier and dircarrion well helpy the plinyers
ad policy mrakers i faRidy decisions reparding appropriags recharging fechniqieer ruitelie for sations geafopical
conditiunr prevatfng i onr cnantey,

INTRODUCTION

Chat of rain, surbice and ground water resoucees, the falter oue s very precious aod nameal rellable
resource [or assured and rimely water supply to meet the requirement of agriculture, dumestic and
ielusreind sectors. The arex lecgated by wround water vesourees bas mercased Dae limes duelog 1the
past our decades. The share of ground warer inrrigtion sector has also mereased o more tha
S0%a as on today. As per the Navuonal Water Poley, development ot prouand water resourees s 1o be
tenited to ntilization of the Jdynamic component of ground water, which is replenished annually.
‘Phe dynamic @

source has heen assessed as 43189 million ha m. Atter making a provision of F.093

million ham for domestie, industrial, and other nses, the avatlable pround water resoutes for irvigation

I

seased as 30,006 wmillion La m Though, hased on aorms of Ground Waker lstimaion (,’()mn‘}illttc,
the level of provad warer development is oaly around 35% and snll @ large volume of eplenishable
preoicd waler resources are svailable for futuee vse, but in munber of areas, high seage of ground
water development has bewn wyisiered. About 7.5% of the urea of the counery s over cxploired,
te the gquantuns of wirbdrawal nas exceeded the annual seplentshable rechaggre, The over praopiag

of grovnd Las led to local declines of 2 to 4 min ground water levels {n many places. Therefore, the

tnepartance for the augmentation of wvailaile ground water tesoucees by aiterdog the nameal conclition
of replenishment ts Lelny felr day by day. Chauhan and Upadlivaya (1998) categorized gronnd
water rechatge in three forms as (1) recharge due to rainfall, {ii) recharge due o iriganon and renun
flows, and (it} artificial recharge. The first two recharging processes ocent narurally, whereas in the

LA Besearch Cemples Tue Tastern Repion, Banm, Bibae, fudiz
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third case one has Lo think abour eerain man made wnterventons or ardfcial means of recharging

ground water, Artificial reclrage assumes ils Imporaoce in augmenlation o £ ground water storage,

conservation of surface runoff in subsarfuce aquifers, preventing evaporation losses from surkace
water reservoirs by diverting « parr of ground warer, inproving the quality of ground water us well

as preventdon of saline wawer intrusion in coastal areas.

NELED TOR ARTIFICIAL RECITARGE

e

As per COGWDBs National Report on “Ground Water Resources of India™, 249 blocks/ mundals/
talulas/ watersheds fafl wnder ‘overesploited’ eategory {utilization > 100 %) and 179 Ulocks/
marulals/ talulias/ watersheds (alb wader “dark’ category (utilizanon > 85% bat <T00%5) 1 12 states
of the country viz. Uttar Pradesh, Bihar, Andhra Pradesh, Madhya Pradesh, Tamnit Nada, Elerla,
Karnataka, Maharashtra, Gujarar, Rajasthan, Flaryana, and Punjab. In such arcas, declining warer
levels necessitates decpening of existing abstraclon structutes thereby increasing cost of pumping
and quality deterioration ete.

CGround water levels have also showo mote than 4 m decline on long rerm basis i parts of
Uirtar radesh (24 disseicrs), Bibur (2 disreiers), Wese Bengal (1 districts), Assam (4 districts), Orissa
(2 diseicrs), Andhra Pracesh (6 districts), Madhya Pradesh (22 districts), ‘Tamit Nadu {10 disiriers),
Karnataka (1 1 districts), Maharashtea {1 disuicr}, Gujaral (7 districes}, Rajasthan (20 districes), Panjab
(9 districts), nod Flaryana (12 districts) for premoasoon season. The main reasons fot lowerng of
ground wuder table are: (i} increased area under irrigation, {H) diversification of cropping syseems
wowards more water requiring crops, (i) ieproper management of surfuce water resourees, which
torce the farmets w ulilive eosored grouad water, (iv) deficic avaitable warer resources, and () over-
draft of ground water lor agricuiture, incdustriat and domestie uses. The decline in water levels Jias
se in pumpiog costs and

restlied in fadure of wells/ tbewells, shormge in warer supplies, inere:
higher energy consumption. Unscieartific development of ground watee in some constal areas in the
conniry s Ll o landward movement of sca water-fresh water interface resulting in contamination
of Fresh water aquifess. Problem of sudieity fogress bas mandfested in Minjur agea of T Nadu
CThis has rendercd a aumber of

anl ;\-'[n|1grol-(':hu[\\;1Lr1 TPorbandar bel El](!l)g Sunrashire oo
wibewells oue of mse. Shallow wells o Pondicherry Reglon cast of Neyveli Lignie Mines have

salinisation is

starred yichding saline waler due ¥o saliony gress With decline ol wronnd wates

buereasing and pround water quality 1 detecioranng Tnoalb sich azeas st 85 oucessary o develop

S[E':lTl‘.‘ﬂi(‘.S for artificial r(:::]1;11:H:: af ;rlz'[)llml e o ]alryll: sedes

ARTIFICIAT, GROUNINVATER RECHARGLE TECIINIGUES

s by which the proundwater roservoie 15 augmented . the faster e

Artifiial zecharge is the pro

Uyan narural replenishuent Ty pmtting excess ronaff wate: into the aguifer itselfl dopudi wied

s

for wrtificidd rechavge are tiose, which absorb ke quansity of water and do nonelease oo auickly Le

the vertical hydraulic conductivity is bigh while the hotzantal iydravlic conductivity is low on moderate,
arge

ial rec

T'he Factors, which must be considesed 0 selecting the proper Iecution o sites for arti
are: (1) geological structure off ground water eesergair, (if) patiers of pumplog deaft, (iif) movernent of
waler within the wazer tble, (iv) surface soils and substrat including anteeedent moisture conditions,
thickness and the natuze of the usanuated zone, (v) water supply  source, turhidily and qualicy, and

{viy socad auod ceonenic constdeations.
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The arfificial recharge weehniques can e broadly categorized in four grovps as « () Direot
surface techniques, (b} Direct subsurface techniques, (&) Combination of surface and subsurface
techniques, and {d} Indircct teehnigues. Direct susface rechniques inelude () Flooding, (i) Basins or
percolation tanks, (iii) Streatn augmentation, (iv) Dilch and furrow system, and (v) Cver irtigalion.
Direct subsutface technigues include () Injecrion wells ot recharge wells, (i) Rechage pits and
shafis, (51) Dug well recharpe, (1v) Bore hole Hooding, and () Narmiral openings, cavity fillings.
Basin or percalation tanks with pit shaft of wells Bs un example of combination of sutfice and
subsurface techniques, whereas induced recharge from surface water source and aquifer modificarion
are the inctirect techaiques of arnficial recharge. Besides ahove, the ground waler conservation
structures like ground water dams, roof top rainwater harvesting and rainwater yunaff hacvesting,
subsutface dykes or locally wrmed as Bandharas, are quite presalent to arrest susface ot subsurface
florws. Simidarly in hard rock arens rock fracturng techniques inchiding sectional blasting of horcholes
with suitable technigue has been applied to interconnect the fractures and increase recharge.

SCOPE OF ARTTFICIAL RECHARGE IN INDIA

India has varying hydrogeological situations. The potential areas having Gvourable bydrological
and hydrogeolopical conditions for creadon of subsnrface storage in different pares of the connery
arer (I} Himalayan Tntenmontane vadleys such as Doon valley, (i) Mountain froots, () Foothill
alluvial tract of MNorth Gujarar and Sarpura mouniain front, (V) Cavernous linestones, aud ()
Consolidared formations of Peninsular India, A brief description of such simacdons is given below

Doon Valley

[n Laon valley, ighly peemnealle boulders and grivels provide o pood scope for sriilicial recharge
of ground water reservoin Surface water spreading techniques like flooding, dieh and furrow,
recharpe basing and stream modifications are feasible,

Mouniain Fronts

Subanomiane i‘t_'.gi(m ol rhe Himﬁlnyas f—ljiugiug 1he .Hiw:ﬂik ]:i”r‘.‘ tertoaed s Bludar or Fandi toa

sweeply sloping belt of less than L0 to 30 kot width, extending disconunuously from Jammo
Rashmir to Assam. Uhe Bhabar "Larat belt tn Ularanclad and Faonde-Sirawal 1eact in Jasing ouwrer

Plaiss and Bist Doab in Puajab affer an excellent secup for mepa recharpe projecrs,

Foothill Alhevial tract of North Gujarat and Satpura Mountain Froot

I'he Satpura and Aravalll tnowntin frood has o laege potentid for artificial recharge from suplus
inorsann runalf, which would benelit allwvial aquiters in the southern part of the Poroa and Thpi
bastns and decper aquifers of Novth Grajal e

Cavernous Limestones

The cavernous linsestone recrs in dreough prane areas ke Kurnool, Cuddaph and Anantpas disurict
of Andhra Pradesh, Ralpur, Durg, Rajnandgaon, Bastar distrects of M0, Yavatoul disrier of
Malarashien and Bilara, [odbypur disiiel of Raspsthan are Gvouralle for ground warer eecharge.
An appropriate combination of cheek dams and pereolazion ponds are sudable rechacge siouctures

in these areas,
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Consolidated {armations of Peninsulac Tndia

nsl of the hasing lave mote thay B0 % of the azea under these fornations. [

i Teninsular fodia, m
of thick weadered residium, vesicular horons, [ractured of

the Deccan Frap lrasalig, preseren
fanlted zones and inler appean feds offer possible store
proening grond wilker [souLees in theso

house for techarge. Integrated warershed

managermnent s wery cEfective for conservig and au

savirnnmenls

ARTTFICIAL RECHARGE PRACTICES [N TNDIA

Comstraction of Perculation tanks, Cheek dams, Subsueface dykes, Underground Tandharas,

g of Weirs Lesides Watershed managerent and rainwater

[nflration Galleries and differcur 1ype
at i varions parts of the country

wiaLing through othet rradinional muethods cte, have frecn pruvalc
cspcci:xlly i the state of dlaharasiea, & adhra Uradesh, Koarnataka, Madbya Pradesh and Raujasthar.
periments for pecharge throuph injer tion wells/ recharge wells, hydro fracturing of bocewelks has
A il moview ol cuse studies and expency gained iy various part of the

har

atser been atlempretd.
country 1 presented below. o

Clandea Seldaran and Shivanappan (1980) selected some 19 pcxcolsttiuﬁ“pbnds i red atd”
for pround watr recharge. bt was found that watey level on the

black soil areas of Connbatow
by 1 1ta 1.5 m. Abaut 15 and 20 wells got benefited by single

derwn streamside was fsing more
percolation pond. Fie zont of mfnence was 17110 20 b

Aalan (1280) suggested use o E splus monsoon wikel 1y piver Canga at Elardsar for duscloping
anuld ;\ugmcnl‘iug rice ieripaden. In the process the recharge to ground waler increases,awhich can be

wsed fur Ralbi crop.
Madnuy (1983 carsied out artifical rechurge studies in Chaggar river basin, In the mdaced
ion of well fields 33

wiies i Kurudshorra it was established dhat iF wxplolation by creatt

regharge &
1 quantity of sutfrce Pow from river can be recharged to ground waler il

wed out, A subslantia
A Dubkheri site that rucharge throuygh njection wells ar the rate of 57.7 Ips or uven

e Found
Able andd The provess Can e contiouerd even for 15 days.

3 Gujarat, Sharma (19T veporeed tha grouud
lopting injeetion

mone 1 1
Sl stodyiog e water recharge options it
sneresshully sucharged at 1300 mdtfday, SO0 T and T33m day by ac
pe using siplion inuthasd, and spreading cawthod,. respectively
Yeels [0 110SE PATES of the

enlber i bie
well echnigques, injeotion rechnt

Silika of @ [1998) menrioned sipnificant lowering of pround wie
A de-watering and rebilling af apeonbmed aguifer systen

ok

h ue-clhined storge of wawr, rechargs slrnctures

Laeibsl elurtyy past Lwia derades and suygpeste
oot Lop palll watut harvesting, conskrnerion of small o

underlying the Yattuna Naed plain,
Juns @ favourabile Loeations, techarpiag oo
e s dugwels and village ponds.

GOH) lser emphasized the need of rechargs fn Punjaly whete water rable i

Tanei ad Sondhi {1
According to rhar CRCCSS

deelininy at the rate af 2% crn/yoar Lo wweet water zones of tlw state.
water avallable 18 rivers, dratns and as surface runoff from lund should bhe
aquiter. Recharge mensutes suyggested 10 be snderiaken are: () recharge frome east and wesl bulns
and eading to viver, {) rechatye fTom exisying drains, (11 construction
ph ficlds by ratsing brands arsund tee frelds,
as of state, (W)

recharged o rthe

fdrams Hlowing in Doa reglon
sler harveatiug ranks in villages, (v} recharge throu
pe throngh wells, (i) construcion of check dams on strenms i kandiaze
v, and (vii) recharging throngh canal nutwork duging monset.

of W
() rechar
use of treated sewage wale
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Khepat ' 1
pat ef al (198 @ nere 1
i ,eI ( PJS} reported that ther¢ is 1 great potential for artificial cecharge thesugh th
alnage sys -ase s i g
o & . y;tc:ln in Punjab. A case study conducted at Rohd drain revealed that by crn tructi
es of chock s serass the drain s i ; ar py conamel
s ¢ -f—“ structures actoss .tht’ drain al suitable intervals and provision of recharge shqf%
R specific hydralogical conditons enhuneed the recharge capacity of drains e
aju (1998} pointed § int i i ‘ . da v
minmri] [ 9 } pointed out thatin the state of Gujarat there are thousands of taks includi
Wb hegtld % I . e I - -y H I ‘ . e
{g.;}uon projects, which are cither defunct or thelr capaeity has reduced due o sib I—Ig
supgested that t ieri 1 i - roe having ey
y I—;i., - wmt tap priority should be given to revive these structures. [n the aeeas havin t:J
e . P : : - - e L AV ]
N e, pt CELLUOI‘J. ponds with recharge (whewells are suggested, whereas o the L-E-‘ ]f
North Gularat s ) ) N g H TS [TV TS
North Gujar: L subsurface dykes for antificial recharge may be appio rhate. Tlas (1993
injection well method appears ko lie mory pracec li, hargl ‘m‘l. D e o et
3| = sractcal i recharging deepe tfers in
T oo arging deepor confined aguifees in Cantral
Bagade {1998) studic ibik
apade {1908) studicd the pos - of artfic i
- ;__,.} { ) tudie the possibility of artificial rechatge n Maharashira seate and suggested
wat for the hiph rainfali acea along Wester {lhats F i I
e Py :rn C hats, roof top hasvesting of rainwaer and COmELEUCTIon
reclarge it amd spong o i i , vt aten
#e 1 ] ad spring developmunt is the most {easible recharging technique. [n alluvial
river hasin artibcial rechar i readin echras shafts
of "l [1eis ge throngh construction of spreadi sl i
injection wells, and duyg wells has b " ) r r of spreading busia, rechurge shafts
1 lis has been proposed. {n the areas with over devetopment of yround
G SCMt- rwed aguifer, o i . ; )
st | mi-confinud aguifer, contour bunding, nala bunding or oy conrrol, and
: anks vre. are recommended. In i 4 aquifess, < hole
perco! . 4. In aver-exploited deeper confine :
injection technique to provide direct ace ) s

of "Tapt

water in anconfined

ts, bore hole

%5 Lo Lne dcepor aquifus 15 recomiimnen ]t[!

: I . I 15 T 41 d ' i leq.

Ain ¢ ¢ Sy P

J il .Jr“ (1 }‘}8) si ied 1he [3():1':;111111[‘.-’ alb artl 1l l'f:l.h-l.t?(’ i Nﬁgpl!l t"ti'\a’, Malyar
mn 1 wiud 2 [ f 3 3 {alyar

anndh i ; ificial re slitre
vl Found thal artificial recharge thoagh recharge wells using bt shitea

wnd s
o ol rechiarge Tt ot buts wnense seope
: b 1 wation keeping in view the lnd use and bydtugenlogieal setup. ftis one of the :
Fective alietaat " o ’ A 100 3 - E s [Fees 171035k
diernatives for mingatiog the pollution observed n ground water of the ol
Sharma and Mehta (1998) concl i | O ain af
3 . i his cancluded that in hard rock basaltic rerin of Slatiarashe
patrnciion of cement 5 ; der strcam o
o nent plugs of check dams on fiest snd second order streams 1« the st mmethad
aupmest the ground water reservoir. The pereolation tanks are i e
. anks ¢ ;
where natural depressions to store sur

sibile L ik reachies of warershed

olus water are available and i
wher . I -are avadlabbe and e seinnepenve area s srlal
tay highly weathered and fractured roeks. et e s udarn
. 1OO8Y fetanr i
. Raw ¢f ef (1998 reporeed thar both i rud aoib wnd Black soil wreas of Sdhra Pradesh, 1}
e s R e o o . i AL Sordbiro Pracesh, Lo
e : r.1:1.y, strucluces (check dams) with storage capacicy in raoge Gl 1w 1A ‘ I’
e ‘  sfructuces : sl § anpe AV RN
n d o addirional gronnd warter recharge, cse sl watet lewels anul fnproveniont L yield
1:“.nb1 Y .;}J- . . - " - I . : nOLEs I L oweel }"'l(‘. (SN
o :. \IIQL;H) repotted that subsurface dykes ave wleal prouned water stovag sheue
Leeala, pacticnlagly along the I d o ‘ e o
: s v alon > higlier elevations wherin wills
: ] 1 alienns i wells wo dry dung the s
ioddivicddual - L e s . Y e e e
. ‘. E:t.mi. ht)lidmg is very small, subsurface dykes can b Deneficial wlhen 10 is 5
COmMDRINY Irrigation projec - o

FRIAR

v e

pried e

The ahove case studies rulic i i
ol alyve (.JhL.\;Lll{th iralicate that while planniog for artficil recitge in the ares
should ot only consider the hydrogeolopicd conditions uf the I el
i s : N
.)pluc_m also. VE the henefits exceed cost incurred in recharg

TR0
acea bul the coonontes of recharge
. i
g ane transoissico dayer ufl ih
sts, anly then one should select the par leular o h aowsanision Jager wpln 29T
select the partcular recharge option and that aeea {or rechargiog,
LER

CONCLUSIONS

Aruficial pr [ i
prousd water cecharye Is nocessacy 1o controb (i) the declinm

il prou o orromnl waler dove
OVer-ox al .. ok valor e
plottarion of gronnd water resonrees, (i14) sea water inkr )

sion, and (i) degradation of prowsl
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water qualily. There are various regions in India, where ground water levels ace depleting very fuat
and need avention of plamers fae developing some control measutes. In order w© nuintain
equilibrivm between avaibabllity and withdrawal of ground water suitable and economical recharge
techaiues neclw Le adopted. There is a large scope of ground water aupmentation rhrough
artitciab rechape inodiffereot hydrogeolagical terrains of the country. Case studies and experiences
o reelarping undet various hydeopeological cosuditions in different parts of the country and abroad
e wvailable, T'hese experiences should be nsed as gnidelines for developing approptiaie strategies

{or arttlicial recharge.
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