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BEFORE THE I{/[TIOI{AL GREETT TRIBT'NAI

SOUTHENN ZOTIE BEI{CH AT CHENNAI

APPEAL NO. 15 OF 2O20(SZ)

;HoIARIAL
It{ T}IE MATTER OF oTAR

The Conservation Action Trust & Anr.
i

...Appellants

Versus

Union of India & Ors. -,.Respondents

a

I, Debi Goenka, S/o Shri Nandlall &enka, aged about 6{ years,

wo B502,Glengate, lllranandanl @rdens, Powai, Mumbai-400076, Executive

Tru#e and Authorlzed Repres€ntatlve of Appellant No. 1, do hereby solemnly

afirm and state as under:

1, That I am presenuy the Becutive Trustee and Authorlzed Representative

of Appellant No. I Organi?Etion and am well conversant with the tacts and

circumsbnces in the abovementoned Appeal and as such, I am competent

to swear this additlonal ffidaviL

2, Ihat accordhg to Respondent No.4 "the mlnimum now from upstream

reservoir would ensure s.i$enaflce of doum stream ecology of the River

l(ishna", whlch ls wlong and derled. It is submitH by the Appellants that

tt is lmportant to undersbnd that the flow in the River Krishna varies

dramaHcally througrh the year, and sufficlent flow must be maintained year

round to sus:tain aquadc ecosystems. Various studies show that in most

years. the Krishna river water has not been joining the sea dle to the

complete extractlon of water, mainly for agriculture. The International

Water Manag€rnent Insfitute (IWMI), a CGIAR lnstitution, has clearly

documented ln its 121st Report that the Lower Krlshna Basin has be@me a

closed basin, 1.e., there is no outflow to the sea in number of years, The

Repot l.P. VerloEt al, Shfftsng Watevscapes: Explalnlng basin closure in

the Loryirer Krlshna Basin, South Indla (IWMI, Colombo, 2007), says:

tir*tfl

.t*

)



2
"The l0lshna tsadn has seen an lncreasing mobilization of its water
resourEes and a dramatlc development of inigation, with little regard

to the limiE of availabh water resources. This progressively led to
cfosure of the basln (zero or mlnimal disdrarge to the otean): by

2001-2004, surface wdter rsources were almost entirely committed

ho human consumptive uss, increasing groundwater abs$action
contributed to the @rease in surface water base flows and the

discharge to the ocean was alrnost zero.-."

"By 1996-2000, l?afo gf the Lower Krishna Basin net inflow was

depleted and disctrarge to the ocean arnounted to 17.9 BcM.lyr,
defining a mod€mtely modifled ecosyBtem. Durlng the drougttt of
fi01-20}4, fkely to lotffist the future wat€rscape of the Lower

Krishna Ba;in, all indicators pointed to a fully committed situation,

wlth depletion amoundng tg 98.80/o of the net lnflow, a lack of
dlscfiarge to the ocesnr a drahatic overdraft of the aquifers and the

shrhkagE of surftae lrflEated agriculture."

qopy of the retevant p6ge of the 121st Report of International Water

Manaoement hstitute (IWMI) ls already annexed wtth the Rejoinder as

Annexure-A31,

3. That in the research report No. tll published by the Intemational Water

Management Institute (IWMI) frfled 'Closing of the l(dshna Basinl

frigation, Strearrflsrrv frePletior and ilacruecale Hydrology

(2007)" ,,

11/RR111.odf tt has been reporhd at page 31 that-

"The basio E 80 percvit @ due b lniJation dewlopment, and
streafirflow b dtc ffi, ftom 1995-2N5 was only 20 percent of
pre-inlgattbn dlxttarge (190e1960). Tobt reserwir capacity is

approximalely qual fu anntal averagre runofr, and bbl demand

exceeds sanctiond ah@Aons by nearly double. Basin closure is

hapfrning ln tibutaries as well as at the oudet to tlre ocean,

resulting in lnteHate oof,l* over scare wabr rcsurces."

Copy of the relevant paEes rwardr report No. lll published by the

International Water Managenent Insfihrte (IWMI) tUed 'Closing of the

t(lfuhna Basinr lrriga$on, $treanrflow Depledon and Maeruscale

Hydmlogry (2007) arc ame:ed hemrvifi as AHI{EXIJBE-A:14
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4. That in the stsJdy published h Researchcate titled 'Krlsina River Basin,

Indla - Cafe StudY (2or4)'

2175

India se Studv it is has been highlighted at page 4 that:-

"Due to a lorg hlfury of angsblnable water aflo@tions, the river

has rcgularly fupped f,owlng te the sea. The fusin is now

anstdered fu be alm6t "fusd1 In a cl@ basin, annual ralnfall

maMtes ths extrafuB fmm ffie basin, and no water flow reaches

the oean. A@frW to fllBs eW7), the caus of the reduction in

flow wffi dlmod con&tw frsn krigation Wnstm. Dlstharge at
the Wjawwada gauging sffiut downsbam frwn the dirrenion to

ffte titishna Del@ had NuLed fmm 56 kmt ln the 1960's, to

t7kns, @ite na Wificant duction ln Elnhll (Blggq 2007). 8y
the late 19Ns trie Abl resrwh apacity in tl:c Kn'shna River basin

approxtmfrd ttle annual tund volume,"

Copy of the relet/ant pages of the sfudy published in ResearchGate titled

'Kra6hna Rlver Basi.l, Indta - Case Study (2W4)' are annexed

herewlth as ANNEXURF.A3 5

5. That in another study titled, 'land, Water and Ecolystems

Management in dre l(rishna River BEsln (2007),

httos://edeooLwur.nl2999!l it ts mentbned that at page 35 as follows:-

uln llp Krdna Rlwr *sin, the arca under im:gation increased

about frrE fold, due b lfiptgslw worls alch as lvagarimafigar,
protffiy afiletM as Vre wrtd's bigge masonry dam'. Wallach

comfi,eflrs: 'The dams atd anals arc splendid monunenE, but as

water-didrlbution sysEtns ttey are nrcly able to deliver wabr to
morc than ha{f of lheir frmmands, or service aras. The problern is

parily an engineing ote, wlth leaky, undersizd canals; more

fun&rnenblly howeve4 the problem is politlcal, ,for the
govemment is una$e b prevent farmers at the upper or head ends

of the dlsfrbution sy*en frwn bking so much water that the tail
end nats dry...'

At page 37 it ls mentloned staf.

"As in the alonial en, the GOAP and the Inigation Depftnent are
eager b a(@N lnlgable area by bulldng new Gnals, even though
Ilngadon water h the avi#ng rysbms hardly ever reacles the tail
ends.'

n
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+hJ,t At pages 57-58 lt is turther mentloned that:

".....Rapid ulaniation in the fusin also makes demands on water
suppl6s, r*ultlng in adtetse social, economic aN environmental
impa*, As tln three states share the shrlnklng wabr rcsource,
basin €lasure has resul@ ia interstate water confricts, "

"..,lfuwadars, the tncrffid ftesh wa@r ned for mainty drlnking
water, irrlgtatiol ard industlal purposu ln the upsteam areas of
the dver Msin has td @ an lnoeased bfut $ofige c)pcity of
34.5 kntS- This las resulW ln a signifi@tt Mrwfr of fresh water
tlow lnb the kishna esMry and an lnq@se of saline water
iftEudon. tuaiffi et al (2@6) haw studid the comblnation of this
lnctead wfur u* ln tfie Wer kishfia rircr fusin in view of the
arpafu dffiab durge. They @lcludd that the lm@d of salt
water intuslon Nll lnqea:w evrrt more ln the nant dxennb. "

Copy of the relevant pages of the study tiued, 'Land, Water and

Ecosystems Management ln th€ frishna River Basin (2007), are

annexed herewith as AilBEI(UB&436

6, That in ansther study pubtlshed ln Researchcate tiffi, 'Water trcitv
Efrects on Equftable Watsr Diittibution and Lend Use in a Major

Irrigaton Ptoiect--C6E SUfi ln India (2008)'. at page 27 tt is

obsenred as follows:-

'The NagarJuna Saga twetwir is one of tfie largest and most
im@tbnt lntgption prcje* ln the lower l(ridtna bsin in India.

Contfrnud npid sufae ard gmurdwater d*etopment throtghout
the fusln EsrM in hisbnally low inflows to the Nagarjuna
Sagar resewoir during a i&st severe drotEht period 20Q2-2004.
Thls hydrclqlat drought ptwnted dtallenEes b allocate water
eCulAW among dltrercnt inlgation zones aN watet use sectors.
Due to continulng upsteam dewlopment, the frquency of such
even6 will ino@fi in he future Biggs et al. 2007."(P9 27)

At pages 33-34 it ls furfter observed in the ection on Summary and

Conclusions that:-

"CondftEd npid dewloprnent of surface ard groundwater
ttrowghod the lhl*na fusln ln suthem India resuld in
hinfor@W bw lnfratv* durlng a rccent drought evenL partlcularly
ln lower Kr&hna eemirc..."
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Copy of the reEvant pagm of tte *idy published in Researchcate tiued.

'Water searrdty Effqt3 on Equltable Water Dlstrihution and t.and

Use ln a tialor lrrigntldn ftorecHase Study in India (2008)' are

annexed herewith as AIIIIEXURE-A3,.

7. That in yet another study titled 
-Urhan and Industrial Water Use in the

Krishna Basin, fndia (20OO', it has been hightighted at page 2 that:-

"The Kftshna Badn, in fluaBm rndb (258 514 km2), has

expeilend lncreaslr.E w?ter scarctty due to rapid irdgation

detnlopment (w map, Figwe 1). The basln h@s stang inter-

seasnal and spattal vaiatloos in rainhtl (Bl1gs et al,, 2007),

whEian @uPawbffitdtyaN com8titbn durtrtg dry rcan."
Further at Page 1l It ls menEon€d that:-

"As tfie bash is cotulM neady closd, atenge annual basin
water avalla$llty cafi he determined as annual average runoff,
whLh is atound 58.3 ECIvI (Bigtgs et al., 2007)."

Copy of the relevant pages of the study published online in Wiley

Inte€cience (w^rw.intersdence.wiley.com) DOI: 10"1002/ird.439 titled

'Urban and tndufilat f9ater Use in the Kristna Basifi, India

(2OO8)', are annexed heeryith as tNilEf,UEE:43&

8. That the contenB of this addftlonal affidavit are kue and conect and

nothing matertal has been sncealed therefrom and no part of lt is False.

D,o $,Jr--
DEPONENT

VERIFICATIOT{:

l, Debi Goenka, S/o Shri Nandtall Goenka, aged about 54 years, R/o 8-502,

Glengate, Hiranandani Gardens, Powai, Mumbai400076 do hereby verify

that the contents of the PEras 1 to I of the above Affidavit Bre true to my

personal knowledge and that I have not suppressed any material fact.

[l* 4,-.L*
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low risk of cootamination, and the background

soil stock o, lead is high compared with the llux

from the wasitewater (Gerwe ei al. 2004).

Some saline groundwaters occur an the

Krishna Delta. likely due lo seawater intrusion.

which may have been exacetbated by

groundwater pumping (Saxena et al. 2004;

Saxena el al. 2003). Whether the redudion in

flow into the delta at Vijayawada (Figure 17) will

increase saltwaler anlrusion is not known.

Pollution of shallow hard-rock aquiteB has been

documer ed in areas with sugarcane p(ocesstng

(Pawar et al. 1998I, though the extent and impacl

on water produclivity is not known.

Mangrove Ecosystems and Fisheries

I/'tangroves occur in lhe Krishna Delta (Selvam

2003). Decreased floty at Vijayawada caused by

Conclusion

The broad conclusions and water related issues

in the Krishna Basin indudel

'l) The basin is 80 percert closed due io
ir.igation development, and streamflow to the

ocean from 199t2005 lvas only 20 percent ol
pre'.imgation discharge (190G1960). Total

reservoir capacity is approximately equal to

annual averago runotl. and total dernand

exceeds sanclioned allocations by neady

double. Basrn dosure is happening in

lributaries as well as at the outlel to lhe

ocean, resulting in interstate conflicts over

scarce waler resources.

2) Groundwater inigated area exc€eds surface

water rrngated a,ea in the basin. Rapid

groundwate, inigation developm€nt will likely

decrease suriace waler availability by drawing

down regronal aquilers and enhancing

infih.ation along streams. Cuner waler

allocation policy considers groundwater and

surface water separately. which could lead to

overestimalion of surlace flow volumes and

over-allocations of surface waler.

3) A maiority of the basin area has very low

runofl coefficients (<10e;). The Westem

Ghats dominate runolf in the basin due to

high precipialion and high runoft coet icients.

so upstream development on tdbutaries

draining th€ Ghats has pa/ticular significance

lot downstream areas.

Future ressarch in the hydrology of the basin

could erphasize:

1) Monthly estimates of precipitation and

evaporation. and how these affecl runoff. soil

moaslure, and crop prcduclion in rain ed and

iniEated ar6as. This would require a more

elaborate modal of evaporation. soil moisture.

and runolt in the basin.

3r

7

irrigation has likely changed the mix of freshwater

and saltwater in the mangroves, potentially

altering community strudure. Very limited

intormation is available on the rrangrove systems

and therr response lo the hydrologic changes in

the delta.

Extensive aquaculture occurs in the Krishna

Oelta and its vretlands. Tho shrimp induslry

depends on mangrove ecosystem services for

halchenes, and there are signs that curent
mangrove area is insuflicient to maintain lhe
shnmp industry in the neighboring Godavari

Delta (Ronnback et al. 2003). Kolleru Lake, a

BAMSAR wetland, has been significantly

impacled by aquaculture and agriculture

(Malneedy 2003)- Antlhra Pradesh also has

imporlanl tisheries in many of its tanks
(Sugunan 1995). The rapidly changing hydrologic

regime in the basin will resuh in a changing

mosaic ol aquatic environmenls.
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Introduction
lndia is a country with particularly strong historical religious and cultural linkages with water. From

the glaciers ofthe Himalaya, to the holy river Ganges and bordered by life giving oceans, lndians
place water as an essentialelement in all parts oftheir lives. Although irrigation practices in the

basin began millennia ago, it is only in the last 50 years that water extractions have caused a

systematic reduction in water availability.

The Krishna River Basin is one of the largest in the world, covering over 250,000 square kilometres;

almost 8 percent of lndia's land mass. The Basin supports a population of more than 18 million
persons. More than 90% ofthe total water available from the Krishna River is used for irrigation.

FiBure 1: Ri.e Paddy lr,itation in the Kriihna River Basin {Dancey 2008)

Due to a long history of unsustainable water allocations, the river has regularly stopped flowing to
the sea. The basin is now considered to be almost "closed". ln a closed basin, annual rainfall

matches the extractions from the basin, and no water flow reaches the ocean. According to Biggs

(2007), the cause of the reduction in flow was almost completely from irrigation expansion-

Discharge at the Vijayawada gauging station downstream from the diversion to the Krishna Delta

had reduced from 55 km3 in the 1960's, to 13km3, despite no significant reduction in rainfall(Biggs,

2007). Bythe late 1990sthetotal reservoir capacity in the Krishna River basin approximated the
annual run-off volume.

The River Basin is shared between three lndian States, Karnataka, Maharashtra and Andhra Pradesh

Traditionally more than 90% of water extractions from the river were for agriculture, but with the
rise of urbanization in lndia, residential and commercial demand for water is forecast to rise to 20%

by 2035 (Veettil et al., 2011).

The current allocations by sector are listed in Table 1

Table 1: Water Allocation in (rishna Basin, adapted from Grafton and Hussey, 2011

ln 1969 the lndian Government implemented a Water Plan developed by the Krishna Water Disputes
Tribunal (KWDT), which has had some redistributive effect but has been largely ineffective in
managing the sustainable use of the River Basin and groundwater.

Water for lrrigation 62 km3 per a nnum 92.8%

Water for lndustrial 1.6 km3 per annum 2.3%

Water for Domestic 3.2 km3 per annum 4.70/o

Total 55.8 kmt per annum too%

M.Danceys4327024 WATR7300 PaBe 4 of 13
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\\'illcocks' rcmark: abour rhe bcnettts oI tmgauon srrh stk l:rden rvarcr are conlirmcd
bt Dutch agronc,misr Den llcrgcr. rrho inresngrtcd rhe et-tecrs c,i silt lords ,,f
irriganon s'arer on soil terdhn rnd nce rields (llcrger l9l5)- lhc dctense oi his PhD
rhesis rvas held ar rhe Technical L niversin in Dclti. because thc .\gnculrural sch,x,l
in \\'agerunucn drd oot har-e academic status at drat ume ( l9l5).

Tlre rhesrs includcs ll pr,rprxidons. nvo of rvhich corespond rrrth the

rccommendatroos made bv I lolr'ard in the same lcar /reter to precedtng

secdon/chaprer):
o Proposition YIII: 'Thc irrigation rvorks in the Dutch lndies should be

managcd bt. agriculturists'.

. Proposttion IX:'It ts reccrmmcaded to collect irdgadoo lces tiom cuidr:atrrs,

local a. rrell as Eurrpcan'.

3.3,5 Developments afterlndepeod€nce

'Sti/|. ,tlttr rfu niord oJ-Biti'h liihur. tfu .gortntztt ol Iniit otight h,ut loo*ul h,ttk ,t
the Bntil' ini.qtlion wrk ,ud tondcnd d! tl,. lh.itindi llkl kd rfu Raj to ,oturrtrL

h *liry 1tnje,r t u,tre tipphd tlp tlal'thq' wn.litri.Jxd-'
'ladit a{ttr l9-l ; iid rct Nk lb.v qtcrtio .t. l'ltt nnlt u,rt lhdl t o .forr par n.ld. to

pmut lulit lnn lalliry ioto d ,'diatiot, ol tlt! nlotidl lmp. laitcad of.fonign nattu tho

L'ou/d nol n&. adtiLe Jnn illu3er, Indit rot, funlopul a hurantrary i)dt )r'as tun moft

bitr,rrhial od dtmiri" 0J th proph it ?n L' ll'd/a,-lt l9E5 )

-I-he prolects tn the Krishna Rastn that \\ allaclr reten rc, are t.hat he calls'high
tension' projecrs, which are designcd tc, spread the atailable *atcr thnl-t over a large

area, in order to teach as matrv tarmers as possiblc. This onlr- *orks rvlren cach

tarmer takes lcss rvatet rhan s-ould be needcd ttr c,:rver the s ater rcquirements on all

of his land. For \\'allach. '!he rc,i ,trlptil' responslblc tbr thc',nppkl proiecrs reterrcd

ro rn the above <1uo re.lca; 'llr vcaknut oJ'lb? ]Nliriul itt. ir iou u**d lo ralion talzr.'

\\-allach quotes N-\'. C,'t dgrl, rrho t'as the Ersr miruster ot- public rvorks under Pnmc
I\linister Nchru and told rlre parliamenr in 1950: '1he main problem of this countn
as evervbodl k:rorvs is thar o[ tbo.l" and "unless irriganon t'ncilines are tncreased a

hundred lold rhe problem of tbod is nor going to be solved."

ln the Krishna fuvcr Basin, dre rrea under irdgauon increased about tire tbld, due to
impressir.e s'orks such as Nagarjunasagaq proudlv adrerrised as 'rhe world's bggesr
masonn- dam'. \\-allach comments: 'The dams and canals are splendrd monume nts,
br-rt as water-disribution sr-stems rhel are rarelv able to deliter rvarer to morc than

hali of their commands, or scn'lce areas. The problem rs pardl an engrneenng onc.
uirh leak, undersued canals; morc tundamentrlh horverer. the problem is polincal.
tbr dre grrcmment is uneble to prevent farmers at thc upper or head cnds of rhe

disrribution svstem from takinq so much water rhrr rhe zril end runs dn. Despire a

decade olelTorrs of stopping this kind of irrigation abuse, there is much pessimism.'

\\'agerungen L'R Repon L\\Etrl r010l07.doc DRAFT ,15
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completed arcas. In spitc .i there hugc cspecradons, thc agriculrural crrmponeot of
rhe proiecr rvas onll a mcrt 3.5 'i , of thc toral budget.

3.3.8 Discussion

-\s in rhc c,rlonial era. drc (iO-\P and dre I rrigetion Departmenr arc cager tn espand
irrigable arca bv building nerv canal:, cren though irngrrion n'ater in tlre e-isdng
srsrems hardlv erer reachcs the tail ends. Ihe \\'odd Bank assists tn makrng rt
plausible tlrar rhc addirional irrigation warer necdcd lirr the expandcd rtea can bt
obained bt simuhaoeouslt mproring the productirin - and the et-tictencr'' o[ sarer
use in thc exsting comm:rnd. If eifectitc, this combtnadon results in morc talue
being produccd with less rvater.

Ilore importandr'. this warer acts as an on tirm storage reserr-oir, r-hich ofters
trarrners a degree of protcction against unreliable trigation sen-ices or inadequate

raintlall. Farmers u'ill onh' be prepated to gir-e up this insurance u'hen rher are t-ulh'

conrinced rhat ther can rell' on rhe irritrpnolr agencv to protide thtm with timelv and

sufEcient irrigarion rrater. In addidon. farmers necd ro adopt crther rvatcr

managcmcnr and cultiqti(,n pracdces:

Need fot mote irrigetion ditches- \\'hen pracncing rice cukitation *ith
inundated 6elds, irrigarioo s-ater can tlorv t-n-rm tield ro ield. If 6clds are nor

submcrged, small irrigarion channcls are required to transpon sarer. These

channels rake up lend. rvhich could othensise bc culnvated. -I'his is etcn
more problemadc rshen t}mers harc to grrc up land for the coostrucooo ot
canals that dislnb'.rt. sater to other thrmen:

More effon in land preparetion. Eten disuibuuon of irrigaritrn warcr in a

non-submerged 6eld requircs greatet accuracl in land leveling and/or
prepararion of irriuation frrrrorvs or borders;

More difEcult to assess edequecy- of on-farm irrigation. In order rr.r

achictc optimal m.-risrure conditions, t-armcrs must applt a tolume of
irrigarion n'atcr thar is just adequrrc to replenish thc rootzone oi rhe plant to
its maximum moisture holding capaciq'. inv erccss volume applied n'ill leach

our nutrients, uoder-irrigarion mas lead to moisrure deficiencv betbte the
nexr imgarion app[carion is due

Farmers in -lP gcnerallr do n<lr har.e the means of kno*ing thc moisrure
holding capacin of their 6eld and the actual moisture content pnor to

J

This miraclc can be accomplished if the lage maic,rin oi tirmers shiti liom rice to a

lcss s'atcr demanding, higher r-alue crop l-he ker to pert,-rrming rhe miracle is morc
reliable irrigation sen-icer; rlLis is perhaps best apprcoared br companng u'ater

managem€nt tbr rice cultivarioo u-irh that ol- other crops. Rice is one <.rf the t-err

crcpi th!( t()lcrare - and somedmcs cr-cn benefit tiom - submergence <rf thcir r<nr

lrsrem t.)r a prolonged pcnod oi time. Br simplr mainraining a shallort later of
rvarer in thc treld, tarmers obtain optimal moisrure coodiuons.

\\'agerungen L'R-Report I-\\'E\I rt{tl{l7.doc DRAFI
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Scope for improvement of ecological benefits b.v allocative
wate( management

hgr Aeteri" en ll illen Bruntlenburgt

7 .l Ccncral outline

For a triple P ,,people, planet, pro6r) devehrpmcnt of the Kdshnt csruan, the

coestal resoutccs har:e to be restored. consen'ed and sustarnablr maoagcd.

This mar crxrtLrct sirh rhc rnrerests <,[ local communiues end other
srakeholder gr,lups ,lcpeuding on the c,n*ral resourices tirr their litclihtxrls.
Ihe establshmenr of rntegrated mulri-trophr aquaculrure sts(ems. producing
both plants and arumals tbr local incomc gencrarion mrv lcad to srakehnldcr

supPort.

7.2 Backgroundsofdegradationofdeltaicecosvstems

'l-hc coastal rsarers of Southeasr -\sran countries hare srxte of thc rrrrrld's

nchesr ecoststents characrerized br extenstvc coral reeti and densc mangrore
tbrests. Thcse \rircN are funher enrichcd s'tth nurrieots tiom land rvhich

enable: thcm l() suppon a rri& ditersin of merine lilt.

The coastal zonrs arc subiecred to incre,rstng populaoon ancl cconomlc
pressure pressrrr.':' manitesred br a varien ot coastal actiriries ;uch as [shing,
c<.nsral aquaculture, rvesre disposal. salt-making, un mining, orl drilling, rural
constmctioo and tndusrrialisauon. lndiscnmrnare loggrng and mrmng tn

upland areas impact on lon land acdttrics such as dsheries, aquaculrure and

coasta.l tourism. L nregulared Eshing eik-,rt and rhe usc o[ desrrucuvc tishing

mcthods have cluscd sedous destrucdon of tish habitars arrd tish srocks.

Indiscnnunatc cutrtng oi mangtoves tor aquaculrure dctelopnrent, tuel rvo<.

and rimber lras br,rught temporlr geins rn tuh producdon, l-ucl wxrd and

rimber supplr bur losses in nurscr! arcas and commcrcialh' imporrrnr 6slr ard

"hnmp. coasral errriurn and land accreuon.

The Kdshnr fur cr basrn in lodra. cor.cnnc an area oi 25g.rlt)0 l.rn has a
combined populau.:n oi 6l million and ts spread ecross three large s,rurhem

srares-Kamataka, Ilaharashtra, -\ndhra Pradesh. lt is one of India's largest

d.rmesric rrareruars and supplicr rvater fo important lood prcrlucnon areas

including the "fucc Btxll" regroo in thc Knshna delta. \\'ater exrracuoos [or
agriculture, industn, and domcsdc uses trom rhe Krishna cootltrue to gro\i'
ro support one of thc tasrest der-eloping rcgronr ot'peninsular lndre. Rapid

urbanrzauon in rhe basin also mekes demands on s'ater supphcs. rtsulnng in

: \\ ecenioscn Intcma$on!|. P ( ) Bo\ 88, 6-U) -{B \\-egemngcn. Thc \crhedends
rr Plaot Rcscarch Inrernauoml. P ( ) Bot 16, 6-00 l\ \\ egcnrogcn, The \cthcrlends

\\'ageningen UR-Repon I-\\'E\t 10{0{07-doc DRAFI 5?



adr-rrsc srrial. cconomic and enrir(mnlcnral impacrs- -\s the three stltes
sharc the shrinklng \rarcr resourcc. basrn clo:ur( hes resuhcd in intcrstate
l'atcr contlicts.

T-hc Knshna ritcr is a cflticrl componcnr of rhe dcka estuan- corllttl set
cc()s\-stem. Tbe nvcr ruo-ot-t! prorrde cncrgr tbr a number of rxal pn)cc.se s

in d.runstream csruaoes. delm and coi.ral arc^s, u1xn \rhich hcalthl t-ishcnes
arc dependcut. l'hesc proccsscs includc rranspon oi nutrient". organic marrer
and numen(-nch srlr, osrgcn endchmcnr, enrainment clf nutncnrs m bott()m
sctlments. diluri,rn and tlushing ofpolluranrs. erc.

The srorage capacin in the Krishna basrn has rncreased signit-rcandr since rhc
lndcpendence oi Indr.r. .\r rhat timc .3.2 km' rrf the toral rsirqr t'lo\, sas
srored upstream. \osadats, rhe rncrca.ied tresh s rrer nccd tbr mlnlr
drinking rrater, irrigrrion and indusrial purposcs rn rhe upstream arcas of rhc
river basin has lcd to an increased toral srorage capacirl rlf ,1+.5 km'. This har
rcsultcd in a signiicanr decrctse of tresh water tl(,\' rnto rht Knshna estuan
and an incrcase of saline *-ater intrusioo. Bou$er er ;rl (20)61 have sruded rhe
cornbutltion of this increasctl Nater usc io rhe uppt:r k-rishna rir.er basin in
vierv <-'[ rhe e\prcred climarc change. I her conclurlcd that rhe rmpacr o[ salr
rvatrr intrusion sill increasc even morc in the ncxt decennia.

Conrcrston o[ mangrotcs rn the dclra of thc Krishna nr.er basrn tbr
agnculrure, aquaculrure and salr pans resul(ed in sdine sr>ils and lo-(s of
bt irersin duc to entironmenral dcgradarion. The reduccd tiesh rrarer h:rs

had a largc rmp:rcr on thc grosth and regenclzo()n oi mangroves. I.and-usc
acurrries such as agriculrure cause pollutron and drarnage of rhc ridal arcas is

problematic,

7.3 Coastal ecosystems, saline aquacukure and agricukure

Ct'astal mangr,,r'c ecos[stems are rhc narurrl oursrng grounds tbr hundreds
of a,luatic species including econon callt imponanr 6sh lnd shelltish.
\Iangror-es play an unportanr role in corrtmlhng crosron causcd bv tlooding
and srorm surgcs. Theu also acr as r barrier dunng crclooes and protccr rhe
coasrlinc. Thus tr is necessan'ro consen'e rhc eisring mangroi.es and planr
mrngrotes rr ltcrc er.er thev can be qrol'n near rhe jhnmp ponds. \Iangror.es
sdl also help in cducing rhe impact o[ sea level rise anticipared duc ro .qlobrl
rvarmrne and s.ill prorect thc adiacenr thrmrng llnds

Salinisauon ifl thc coasral zones of-lndhra Pradesh ts increasing. Such is rcn
obrious tn the lorver Kdshrrr Rirer Basin. ^\ndhm Pradcsh is rhc mein srerc
producing rqurculrure shrimp for exprrn purposcs. Both larger comprnr(s
and small scale tarmcr. harc inr-ested rn rhis busiuess. For rhe consrnrctir,n
of ponds large pans oi rhe narural coastal zone legcrarion has becn remor.cd.

tti DRAFT \\'egeningenL'R-Reponl-\\Iltv0.{i){07.doc
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Water Scarcity Effects on Equitable Water Distribution and Land Use in a Major
Irrigation Project-Case Study in India
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Fig- l. NagrrjunJ Sagdr lef( main u6nnl commod xr.r \rith rones (lhe zonss rcfer to dislricl boundimcs,

th. .ltd of au!'r supply shc..ks rnav be melsurtrl using sctral
melh(ts. Firsr. canal flo*s direc y rBeasurc walrr supply t(, thc
command rrea lBhutta and Van der Vcldc lql92). Ccn:.us datr on

lgncultural producLion proridu a Lrjir\e tie$ ol hr)$ crop[tdd

rreia rhinge undaa ilrigatrun suppl] fluctuatlons. and satelli(e im-
rgcr) rJn proviilc sp;rriirlly derrilcd mnps t)l r.rhurc rrrDping p l-
rcrn:' rhang<d the rurst for a given lrlrtilri{rn in uatcr suppll
rThrrurdn-qrdachan et al. 1yi7)- S{elhle imagen' h&s he.n in-
creasrnlly used to quutitv $ater use and producti\ it! in amga-
Ii()n \\slcln! (B:r{iaanJsen rnd Bos 1999r Thirurcngadachm and

Salahilidr\el 1997t. bur ha\ l.ss Aequcoth been used to denllly
P.rrts trl rrrl!Jud .iirnmrrrd .rrcu' th.tt ihangr rn (rlx{rsc t,, inlcr-
anoual r.lnJllons in $eler suppl!-

The Nagaqunr Sx$r rcldn'oi. is one oJ the lnrges( and mosl
imFlna.( imga[on projects in the louer Krishna basin in lftii!.
Connnucd raprd surface and lrouodwalcr development thrl)ugh-
out tht bi.L$n rBsukcd in hisloricalll loq inflo*s to the N4Jtlunr
Silglr rcservoir during a ,ecent stlere dnxrght penrxl 100l-1004.
This hydnrlugical druusht presenred challenges to allocate water
equirabl) among diftlrenl irrigation zones and $ater use se!to[}-
[)u. lo continuing upst.eam de\elopment. rhe frequency ol \uch
e\enr\ \.ill incrcf,se in rhc futurc {Biggs el al. :0071. A drisric
chJolc r,!ir! rcp,'ncJ in tt{h cuEd sulplics anrl lanrl us* in thc

rmtrl(rn pnlcct. This paper presenlJ an inlegrated irppoaah lo
aslcss ahanles in tie spatial equity of canal flo* and land usc

l.lth walcr supplr sholk in the head, mtddle. and tarl reaches of
rtu leli main canal cornmand (359.f00 hsl of \rgarjuna Sagar
during $der surplus. normal, dnd dedcit yeari we combrne flo$

d:ru lir J wuer )aars ltl,m lo7 trn ls \,rth.filp Lhu lr(!n $c
agncultuBl ceosus aai mulutcmporxl si(elhle nmscr). m o.dcr
to document &e edect ol challprn* canal l]ows (rn the spatiirl

disrrihution of \Nxt.r suppl! and cml,ling pinems. Thc spi]tial
drstnbuton ofcropping change\ $ar mrFped using mukllcm$)ral
rm.lg.,r) ifl)m rhe madarate rtsolufion rmiiglng ][xj(tromelar
rllODISt. \ hich ran identit'y r-as in tinlll€. douhl.. ,)r crmuou-
ous croppirg lBiggs er al. 10061. The inr.grared appnnch rs usld
to resl the hypothesis lhat n reduction in canitl rcla$e\ t(,lhe main
crnils in large ifiig ion sl stems incrcr-ssr lhc sprtrirl rfiequilit]
ol water dblribuoofl d has fie lrrgeil elllcts on rh!. rrll irnd
middl' pdnions oi dN conmand itrc|l.

llilaterials and Methods

tb*ription of Study Area

The Nagarlu.a Sngar l-\rs, prorect r16 1.1' lJ" N. 79 l8' -t?" El
it (Jne of the major rnultipurpose reserroin in South lodia tFig.
Ir h is lofared in th. Io$e. Krishnd Billin. \'hi.h i\ the titth
lcrge\t nvcr bxsin rn tndir. The gmss capocrty of the rererrorr rs

Il.557tllmr ar a lull sro.,rB. l<!.1 ,,1 +179.t{.11 m rt\,rc scl
Ielel. rn.l b\e sror3g( caprcrr) is t.E{ I Mm'!.rtnd€.ul s(rrige ol
l.716Mm; ar lll.9:m, Dam .o0slRrclron *as complctcd in
197{. rlftoogh canals slaned sdn ing fie commrnd lrom 1967

The \JS rsenorr- in coniumlion wrth fte upsrrexm hydroF)\rer
resrrroir. Snsarlam 18.710 Mmrl- pmrides imgation to rhe NJS
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Fig. 5. Ch[g. m iinourl croppirg inrcn\itr r!cn\u\t lrom ]000-lOOl lo 2001-:tU in firce zooes o[ XagatJuns Stg:r leli ..ln!l tonunind

rrhlcr\ed h, U()t)ls r\[rf lrom ci als. Ihr cr,'pprng rntcnsitl oI
Wl crops rn Zone I declincd trom 18 to ll'i dunng $e deficir
yeu. There *ere mr major changes in rotnl canal supplr_ du{ing
Ba(er surplus and ddficil ,ears and the cnpprng changes were

morE liket, due ro lu\acr r.ritrlall (Tahle itthrn changes j[ caoal

$;rter suppt) from NSLC. Andher dominant crop. nr;rngods. did
trrt show any change. as it is Jrrirnarill dependL'ill on .aintall and

gmunrlwater and does oot respood to annual ratcr supply nuc-
tuations unless droughr $ sdlcrc enou8h to ltll lhe uees. In cotr-
trast to census datu. It()DlS dam sho$ed an iNrcir.e in the \tr'l
cropFd area. This rcrcNe trend carl he attributcd ro ml\tng oi
orchard. pntlrty- and orhcr \.gdltion $i6in on.: 50o ml lloDls
pirel.

Both iVODtS and ccnsrs srotistics radi!'ared a large impact ol
irrigauon supplics rm land use: primaril! n dcclinc in fic wl
cropped arca in Zofies I and 2. MODIS idenrificd atex\ wrth
.'hirnges urd delavs in the wt cropped an a. uhich rs arilic in

:f,\scsslng rhc impact (rl (lurrl o1*-ratr,'ns- Ttt' \l | lYrrlf\d nrr'l
!,a5 more aon.'entrated at $e hdad ol each nl"ljor canal or ch*-r
ro unls and tralalce resen'oirs ro Zones I aod J. Zonc I had

relaarel! liirge Wl cmpped uexs {6()., oI tolal croppcd nNa rn a

surplu\ ycar) therelbre shifi frcm wl cmppinS tr fallow \tas the

la€!\r in Troe I due to !{riubiliry in cand suppties and lo*
lrocipitrtxu. LrBc canals ofcrrt.d nr\r.' fraquantl! ilnd sufrllicd
more \*arcr lhin small major canals tr.l.ing oli fiDm the mnrn

c!n; AII rha parlomance parimeters documented in our itudt
indicr(ed rhat the major impart fcll on Zfie I and less on Zone l.
Zone I ir less depeodent on cnnirl flo\ r aod ls more go\emed hy

irinl l pJl(cnlt alrd s.condiuJ o] l([irl ioutccs-

Summary and Conclusions

Continucd rapid development oi surlac( ind Srclrndw er

throughout $e Krishra Ba5in in 5oulhcm lndir resuhed in hiilon-
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llJln

Cro:rrph,rrl r.i hI
\ol[llus \(Jr,l,x'(-lrrrl,

lmsrl.d d(\/runl;d
T,'lJl

lri,lrled drr/nrnltd
To{rl

lrnSJL{ ,lry/turnld

Total

Inierled dr!lrnnLd
Tot3l
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N.n. Numh.rs mdrdnE p.r.dtrug. of geo€rrphical nr.r oi each zood rn.rch (tdf! r!I.
'R.fcr!'o.c reJ rs l00l l00l [or Zone I 3nd :U)0 2ml for 7-oncs ] nnd I

call! l()l! mflo*! dunng 3 .ecenl drought evenl. fanrculirly rn

louer Knrhni aesenoiri. The srud]' demons{ratea ho\l drtn on

carll llo\\. cen:\u\ datc r1n !-ropf,ed [eas. rnd salrllile imrgcr.v
iillr h('u*'il ttr Jr|!umcnr \p!lul \rri:rlrrlns in $rtcr lunnly iitul ,tr
lonsdqucoec\ lilr lrnd use rn r hr-gc imgated comrnaDd area tn

thc l()$cr Krishna basrn. The mtegratad approach $'as used la
as$!'rs chargas in the rprtial equity of canal flow and lard u5!
trrrh *alcr supplr sho('t s in the head. mrddlc. and l3lrl rcacher of
thc l.li mrin .:,turl cumr|.lnd (-lr9.lu) ha) ol \rgartunir S4rar
during *rter \u.plu! l:000-2001L ncnnil 12001-2001). 

"nd 
defi-

crt { lu)l-100.1) years. ln normal and surplus yeius. the walca

dislrihution wi!5 higN!, incquitibte wi$ vrry lirrye flou's in lhc
head z(m! ( 1.722 Mmj) rnd very lo\[ flows ( 198 Mmr) rn titil
rrirchr\ Dunng surplus and normrl !,ecrs. -r.L--10? (l.990ltnr')
,rl $ilt{r lulfliu.l lnrm lhc hcad regulnhr nl'lhc moin lirnJl $r\

Z.@e I

lost 0uou-Eh the canal diltntuion nrrl^ odi. u hrch reduc.d t(, l7';
durulg dl. deicit yclr. Conlrarl' to e:ipectatron llnd hlFnhcrisl.
rhc \prrirl rlirlnhution o, crnrl llo\a\ rnxne lhc rhrr. rnqrrr
,,rn,is ttl thc ((rrmlrnij arer \J! nr|.( cqurtrhlc Jufln! lhr l(r$-
do* year This $as due to decrcrsed flo\r in thc hcadrrtch rrf rhe

canal ind less .anrl distributito ttsscs- shrch rrduced the sleqed
rNarer u\. ol nomrrl xnd surplu! yeiJs. Du.in8 thr $tter deliarl
y!rr. a 6OQ reducoon in t*ate! a! hbrhtr" ae.ultad io {0i of fie
('ropped are. being fallo*ed in $e lefr cirnul commirnd. ltOOlS
imxges ldentified areai imprctcd by ku canal releirsc\ irq,
showcd a wrdcsprc strift from douhle to .rngl!: cropntng. par-

trculrrly ro dlc hEId ind mlddlc Toncs dunne thr defi.( ye3(

tflrm normal sowllrg padd] variet] (o l e sownrg prdt,y rmEt]
itnd lo rarntid cmps o. frllo$- The head reach o[ rhe cormn:rnd
tzonc I ) hird lJrser {txliul aftl rlmporal rilrixhilit) in crnilL ru[F

i.,. -,

Ltged CharBr tu! C.oerint m.m
krr.nd drY to Frllor

I Wnar {{€rEne lo rdbd
-,-- uqo.cd! 

I r-reaaay

50 Kilum,,'r!.rs ! urnrr nrnsc o rrqeco or70

Fig. 5. Ch,rng€ rr .opprng panern inlerpreled hr NloDlS tmage! dunng surplus {IOOO l0ol I aod deficrt l:m2-lmi I leirs
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URBAN AND INDUSTRIAL WATER USE L\ THE KRISHNA BASIN. INDIAI

DANIEL J. \'.d\ RootJE-\r*. HUGH TURR.IL. AtiD TRENT nADE Btccs'
th enutional lltfl?. yi,tog?tvn! h$tiute. )rfft. Ahnt r

:lntcr..jrioual l\orcr f,lotarctn? h!\inn! C,rh,}',lP.,. Sn lj.ntal
;*at Dt.ao Sl.,t. Litntrit\. Si,, Di.{d. a S,l

ABSTRACT

Regional urtranizution and iadusrrial development require water thilt mU put addrtioral pressure on available uater
rcsourceJ uod tfuealen u ater qualitv in der clopin-v countries. ln this study we use a c'ombination ofccnsus statistics. case

studies. and a simple model of demand grorvth to assess currcnr and furure urbarn and industrial water demand in tht-

Krishra Barin in southem India. \l'ater use in lhis "closed" basin i! doninated b) inigution 161.9 billion cutiL- metres
(BClltyr ltcomparedtoa modest domestic atrd induskial water use tl.6and-1.lBCU !r l) Tolal waterdiverrioo lbr
nor-urigirion purpos€s is evirrrated at 7-ll% of arailable surface water iu the basiu in an arerage year'. Ttremral power

plimti ul€ the majodt) of*arer useil by indu:,tries t86{t or 1.7 BCI\I 1r 
Ir. th.rLrgh only 6.87r of this is r-onsumed via

oaporarioo. Simple modelliog of urban and industrial grorvth suggcsts that non-agriculrural rvarer demurd \aill range

trom I0 ro 20 BCll by 2030. This is 14-28% of basin water available sulface u ater fol an alerage ! ear and l7-3.1% tor
a y-ear rvith 75qr d.'pcndable tlow. Although water use in the Krishna Basin rvill continue to he dominated by

agricultue. $ arer stress. and the lhction of water supplies at risk of becomhg potluted bt uban and industrial actirit),.

rvill become more se\ere in urba zed regiots in dry vea6. Copyright t' 2008 Johl \file)" & Sons. Ltd.

Krt \i'r)ItDs: Knshn.r Brsn: urbm qater os€: rndustn;rl $ater use: mrdellmrl
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RESUML,

furbildsation rdgionale er le ddveloppeoenr industriel demandear de l'eau. ce qui peut augmenter la lxession sur les

ressources en eau disponibles dans les pays en ddvel()pperrnt. Dans cette itude Ir(rus urilisons une combinaison dc

tleruries de recenscment. des itudes de cas et un modile simple de croissance dc la demande pour dvaluer la demande

en eau urtxrine er industrielle actuelle et fuiure dans lc bassin Krishna en lnde du sud. Les usages de l'eau dans ce bassin

" ferm€ , soll domires par l'irrigarion {61.9 milliards de ml/rn) alors que les usages domestiques et industriels sont

modesres ( L6 er .1.2 mi.lliards de mr/an). L elu utilis6e en dehors de l'irrigation est esrin6e i 7 -8'/c de l'eau de surl'ttce

disponible d ns le brr."in en armde moyenne. l-es centrales thermiquer utilisent la plus grosse panie de l'eau allouee itu,r

indusrir's r 86Q ou l.7 milliards dc m'/rn 1 bien que seulernent 6.8q de c'.'ne quu[titi soit consontmi par ir aporrtion.

Une mqldlisarion simple de la cruissance urbairrc et industrielle suggdre qLre la denrande non-agricole d'eau variera de

t0 a 20 milliards dc m3/* d'i"i A 10]0. C'esr tl2E? de l'eau de surfacr' disponible du bassin en annde moyenne et

l7-i-1% de l'dcoulemem garanti i 7594. Bien que l'utitisatiol de I eau dans le bassin Krishna continue i €tre domin6e

par l agri€ulture. la tension sur l'eau peut devent plus s6rire en anrtse siche dans les r€gions urbiuus6es avec en outle

le rirque d'unc Frllution par l aclivtr6 urbaine et industritlle. Copyright i- 2008 John rA'ile1 & Sons- Ltd.

vors c(as: 8a.rn &r'hn.. utilbruon urblinr dc l'dul utilrsllion rRlusriell. d.l clu: mdlehqti''n

'Conc"F,ndcflrc t{.,: Danirl l. tan R,x,ijen. Inrerurtioul \f,ilcr }liinrgemPnr lll.\tirure. PO ftor CT ll2. Ac(tu. Ch r.
E-mail: d.r nnrodier @cgturor-!:
Lou]i!&on u iame $ indo\Iri.lle de I e.tu dJnl le hasrn Krishtu.Inde.
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Figurc l. Itlip t,I thr'Krishna B3srn

\'!htet demands tbr rupid iodustrial dcrclopmcnt and population Erowth in man].' dr'r'eloprng .ountncs pul

increusing pressure on fresh\a arer resources. ln a full) allo,cated basin, this demand can onl) be nrel b) redlosati(xr
away from eiving uses. most cornmody from irrigated agriculture and by reuse of retum llows. including an

increased use of urban wasrewarer in irrigation. The negirtile impacts of reallocation emelge strorglJ in dry periodj
in regions *here large industries and urban agglomerations shue the same $ate! soorce as ln irrigation scheme,

alrhough thc scalc of impact depcnds on the- sizc trf thc watcr sourcc. The impact of additional urbao r+atr-'r use on

irrigatioo depends crucially on the size of thc shared source lvan Rooijen et nl. 2005). For examplc. the phased

purnping of water t'rom the Nagarjua Sagar resenoir in southem Idia lo mee( plojected demands of dre city of
Hyderahad is large compared ro historic $rter supply pattems. but it remains a relativel\ lo\r volume ,r' ben

compared kr whll is allffated to irrigatiorr each year'.

Comperirion for water between agricukure aud the urban-iodusrrial sector mlt].' occur at a larietv ol sr'ales.

including the basin scalc The Krishna Basin, in southem India (158 5l-l km:). has expeneoced increasing warer

scarcitr due to rapid irrigation derelopment (see map- Figure l) The basin faces strong hter-seasoaal and spatral

rariations in raintall (Biggs et a1..2007). r,rhich can cause acute scarcit! and competition during dry \ears. \later
availability saries considerably by sub-trasin- and large projects that were built to increase $ater storage capacitv
hare fuelled disputes among lhe three basin states: Kamataka. Andhra Pradesh and }laharasrhra. Industnal
development. urbanization and water pollution cofltribute to making arailable $ater sca-rcer and the chance of
conflicts higher. Tensioos amoflg t'armers have emerged wheo additiona] $arer. ori-Eiflally intended tbr irrigation.
has been withdrau n for Hr derabad lLakshimipathi. 2U)l ). As a fust step to mitigate q ater scarciry in the basin. it is

necessar.l to know the scale aod concentlation of curreot non-agricultural \\' er use. In order to better undentand
the d) namics of water use in the basiu. it is nEqessao to map spatial concentrations and temprrral peaks o[ water use

in relation to dr,v areas or drought periods. When these dynamics are betrer understood. more inregrated regulation
of uaGr use and reuse can contribute to creating a morc sustainablc tuturc for watcr users in the trasin.
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Table Vll idenrifies all thermal po$er plants in the Krishna Basin. with rctual po*er productiol numbers Ci\co
t'or rhe molrhs April. Mat. October altd Noremher in 200-1 and 20(}1. Datr could otrly be lbuod lbr these monllls in
b([h years. k is assumed that power gcncration in thc ftlt,tr months is rcprcscotative of the whole 1.,eur. This
as\ulnptioo uill be most Foblematic during lhc imgation seasoa. r hen flrmer\ use pumps lbr grounduater

irrigation: ho$erer. our data include some monlhs o[ mtire pumping (April. October. November) and the four
moothsshouldbe.epresentativeofayeadyaverage,Thetablcshowsthal-1?.TmillionM\,Urvrlrrcrcgen'ratcd
on atellge for the years 200-1 and 2004. of whil-h 60% of the thennal power \r'as in ^A.ndlua Pradesh. 30'lr in
Kamaraka and l0? in Nlabarastt[a- This giYe.s an annual thermal water use of3.02 BCM (Equ{tion 2b). Starelevel
calculations o[ walcr usc in power gcncration givr.- lowcr ralucs:29 million I'[Wh using and consuming 2.-1: and

0.16 BC.!l of water. The arenge per capita themal poeer use in lndia gives akernative values of 2.08 and 0.l.1tbr
rhennal \rater use ard consumprion respecr.ivel). A col[parison ofresults from using rhe rhree diffclcnt estimarion
methods is displayed in Table !'Itr. The lirst method is considered besr as it is based upoo data of {all) thermd
po\rcr thrl is pnrduced in the ba-sin while the rxher two meth(ds arc ine\ itably less reliable as extrapolation took
placc eithar l-rom stare- or lndia-level dara ro lhe hatin

Ag nt-htdustrial $:at(r ase

Table D( gives dre most important agriculrural industrics th have bieo ideittitied in thc basin. Thc! are conofl.
sugar ard rice. The tull amount prcduced is assumed to be processed as well. Ar prrsent. th€ total volume of $arer
usd in processing sugarcane. cotton alld rice is estimatcd at arourd 0.-l BCll. Thi! alllount is considerable *hen
comp€red $ ith domestic ( 1.6 BCII ) or irdustrial *'ater use t 3.7 BClvt t. but it accoums for oo.ly I * of average annual
basin available rvarer. Agreprocessing is nor rcgardcd as the sunrise soctor of the Indian economy in vier* of its largr.
potential t'(x gruwth and likel) socio-economic impact on employrnent ard income geoerarion tKachru. 1007).

Notr-agialrural wotet use scenaios in the Krishna Basin

As the basin is considered neuly closed. ilerage tnoual b:usin water avuilabilitl can be detennined as mnual
avcrage runoll'. \rhich i:, aruund 58.3 BCM ( Big_ss er.rr.. 1007t. The 75 and 50.2 annual dependable llow of warer in

C(p)nghl r lrxrE rohn !ile! & Sorr- Ld tti?. otul Dnn. t2lttBt

DOI lO lmlYd

I'RA.\]i I\D I\Dt STRIAL \\.\IER t'5C IS THt KRISHSA 8.15I}'


