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Unch•r th~ snnat;o" nf <lcclin1ng per capi!a water ,.v,.ihbili1y and quallty <legrada1ion, water 

rnanage1nen1 ""t1na·s a grc"t i•npoltancc. Researchers »re trying to m1'wet <1ucs11on' like: I To'V to 

1rrig,ue? \Vhc"n to irrigate? I Jo''" mL1d1 to irngalc? Jnd How to iinptovc 1he water use efficie!IC)' so 

that wuli hn1itcd water rc·,ources rnore area can be btoughl lltukr irrigation and nd11evc suswinabk 

producuocl. Thi> need> oufficienl ·,ti rention to be paid to adopt the cost cffrcuvc and crfic1e.nt w"ter 

1nan'1ge1nenL [>ractic(·>/ icchnologies suil ing to "oil rror-climate -souoe~nno1nic .<tatus of the study 

an·a In tl11o raper,"" atlen1pr ha; bi:en made lo highlight sol"" eaoe studic> awl expcrwnce gained 

afte1 in1ple1ncntntLon oC water n1'n1agcmenL 1ntervcnt~ono 111 canal co1nn1ands in order to u1ilize 

waterlogged cac\al co1n1nands tnore efficiently and producuvely. 
Ucvd<>['mcnl or· w"Lcrlogging gene1ally take., [>lace dlle to 11Cln1ral as ,,dl as artificial condilions 

c~u,ccl 1,y 1nigaL1on and drninaf\C work~ rc~ulring in nsc 1n wate1 table-. Singh (1')98) reported that 

the· rnle of rioe of watr1 cabk j,, varioll> criigauon eonHnands of Lhc rountry varies from 0.26 "'to 

1-2 111 per aru1un1. Cc"nbinauon of all these oitua1ions, in turn has resulted 8.SJ 1\.[ ha of bn<l in the 
~ountt y as \Vatcdoggcd and 2.46 l\! ha bnd tn he under icrndequate drairntge in irugarlon commands. 

()ut of ~._) /1-f ha of onlinc i«nd, 3.U6 lv1 ha is ('"tin1ated to be affrc1ed due to irt-if'"lion lelated 

l''"blen1'. ·1·hus, tluo tr>tal aff~cted bnrl area i> 14.0_) 1\! ha lHl(kr \V:lterlogging and salinity, nf winch 

~ .. 12 l\-{ h>e is affected by irrigatlnn related prob!en1S and •nadequate drainage __ 

The tin1c gap between project con~>trucUon and flr>t large scak appearance nf watctlogging 

and salinity varic> fron1 pr"1cct to project. Singh (1998) rqK1rted that in Rajasthan Agricultural 

Drainage l'rojc<.-t (India) firot large scalco 'alinily and waterloggtng appeared wlth in the 

[".ci"d ut- \c 0 , 1han :10 year> wlierca' in sollth west l'nnjah ptnje~r 1t appeared after around 

.'il rn 7U yc·ars So Lt L< ncccoonry to lutdersc:uid 1hco prcKc» ,,c waterlogging '"'d sallnity d~velopnwnt 

Waterlogging 

\Vat<·tlngging nccu", when the l<ltal <1naullt)' of w"Ll't introdtK<'rl in Lo the soil frotn various 'ouicc' 

c~c;('c'th th~ rn,a! <1uantity d"poscd off rhrun~h natur:ol drainage procc>S, plus the <prnntity uoed by 

nops Lo ,ncct tfa'.il' phy11ologicul c\ecds. li n1ay be in the foun of, 

(1) Sllrfocc· 11ondi"g i e. w>eler standing at t\H· soil »afou· for proluugi'd [>e1io<h ,J.,e to ma<l<"clnat<' 

surface d"ona1•y <1n<l 
(it; !Zi,.e 111 walc't r:dJk' ><nd J<'Htaining 1" !h~ rnnl '/(ln<: f<Jr )""longed pcr'"d' dnc• lo 1nadcqn·,t(c; 

'•'\hsuJ f:L<T rlLalnage. 
·,penal CO!l\Htltl<;<' of- the (<0nllal lloard of !1tJ>'.nLion .l!Hl l'owu l'Xl'hlll< \V;ctft'log~~ing .ts, 

" JJJ ,l/'"1 11 , 11j1J h /,, 1,,,11,·rk(~"! ,,,h,•11 lh< ,,.,,/,•1 /11h/, ,,,·,·1 lo (11.' ,_-,_1,.-1: tht1! lh' r.oti/101•1 111 li'r rmJI ~0111 o/ 11•rof'11'«>111< 

fil/l/l.!kd, l'Nllli11~g Ill r.-1/1I1il011 o/ /1!8 1101/1"1/ ,11<'1//rl//Oll nj '"'• )1"di111• /II Iii' fn•d oj oxi:~m 1111r/ il1'1'"1" 111 lh• /,uf t1j 

"111't111 di".x11/," 

Tlw :\otJotnl Comrnto<!On on ,\gncnll\nc d~fLn''" w.HcTlo~~)-i!llf~ ao, 

"10.\ 11•;s !J'llli"r i11 /he ro1J/ ''"" dm /" h1;:,h JJ)(J{er la hie 1·.s/1i,1i11x Iii< !IJrriMf ''''"'""' oj the '1TI/!1 1•wlf. '" 

C\,ac\dU\'I ;u\d Va,qllez (1 ')97) ,;\ale'~ tb:it waterlo1~ging io no< an 111'"\'itabk ITsult of irr11pttot» bul 

11 is due 10 excesoiv~ j,,pur of v,ater ialo syotetns th>lt liavc finrl~ natla:il dtaL<\agc crpnc1ties. The 

sou1~e., of ~xcess watci indLLde seepage frorn ulllincd c:ut><h and un faun di,;iribution .<ysrc1n>, 

d~q> pctcnhrion frn<n tcngation ftdds and ral,;fall. 
The cxcco$ wa!l"r "' the ronl zon<· affoc!> the crop produnion in "'·ve1al \vays. 

h1tegrated Waler .lfw111i:;e111cntji1r Waterlnf!j!,ed Command ·1reas • 177 

UefLcient aeranou ''' the root zone· ptcv~nts growth of ootl tn!croorgatilsm> 1bat help 

Hl the devclopnwnr ot· ph<IIS. 

2. Sotne pbnt diseaoc nnd paL!S!Les arc tnCOLlragecl iu hc11nid en\'itontn~nl. 

}. High wa"'' table ltnuts root penclrnl\otl. 

,~ Soil strncturc i> advcl'sdy affrcred due to prolonged san1ration 

5. Saito, if prcscor in the soil or grot1nd w;iter, tend lo conceulrate in the toot ?.nne or at 

the sotl surf,Ke. 
6. Ev<1porat1n11 froin wet "'il lo\vcrs ,oil teinpctattue, which in n1rn affects the' seed ~1ncrge11Cl' 

~nd pfa<lr growth. 
7. E"ce's 1noistt1tc in the field luud~r' tiincly Citnl opern1•nno for the next crop. 

To check the ncgarivc impact on '"'r"-1nablc crop produc·nnn ill"" area the appro·,wh ;hould 

be to tna~1laLo waler rnbk within tf:tc <afe li1nit "'that it shonld no\ affect LI"' ,;oil air w~ter i,,.iancc 

of root zo"e i\fosi of th<' norms fot a safe level of w:ner tabk suggc't for rcsu-icting lh~ wnkr 

tal>le 2 1n below the g,ound kveL \V'hercvcr rise u1 the vmkr 1able exct:eds 1 111 pet aunnni, the area 

should he coll<idcred polcolLaliy scuSLtlve. llowever, even a lc'"c1- n1agni\L1de of ti'e per Y'"" may 

be co1rn1clcrtd crtlical dependmg upon loc"l condition>- The hannful dcpd1 of 'vat er ta bk consickred 

as fro1n O 1n for nee to ~bout 1.5 nl ['or other crop>. 'ro control rhe water tabk '"ith1n snt"er lmlJ! one 

should he aware of in ca\lo<:S- Som<.'. nf" the matn cau;c·s for devclopn1c1u of \Vaterlnggwg a•e pont 

Hatural dra1<\age, ""istcne<' of lrnrd pan hdow the ""] surface:, subnl(•,.gencc <hie to Ooocb, dt"ep 

pcrcolatio<l frotn rainfall and hydr~ulic pressu1c frotn saturated a'c:is located nt higher ckv;inono, 

practice oF high inicn<ity irrigated agriculture wnhouL ;1ny cou~ideration of ind and sub snil 

condL>ions, exccoS!ve enclosing of irrigated f'tekls with eonbanktnenLs, d1oking np and hlocki"b Jue 

to obsttuction .lnd poor n1aiurenC1ncc of n.ttutal d1aurnge. In orde1 to get ""'l""intc·d wnh 1he 

~au;~, and >tan10 oC watc·rloggin1;_" hrief rcvt<'W of Vlltious e<<'C stud1,·s and 001ne c'peticcH.<o-o .1rc 

)Jr<<'Ccltctl below l,eforc 'uggc>ting appropriate inc,.sures to conttol watcrlnggcd "'uaL\<Hl~-

CASE STlJD!ES-REVJEW AND EXPERIENCES 

Ukai-Kakrapar ConJ1nand 

Cup I" and "l'yagi (i 996) "·ported Lhat lh~ """nng dr,.llrnge 'yoruns in rhc l_'.b>i-K ,1krn1oar '-'""'n'""l 

uC Cuj.n-"I ate H1adcquate and definc·n< to d1opo;c off the runott' dnc> to n"' tripoguphy '.lnd 

excc•c.otvc \Ve('(l g1owth_ ()th,·r facto" contcibn11ng to dll' dcvdnpn1eul o[' w,ck• luggtng ore· ,·xc~'"""" 

s.:cpagc/kakagc fro1n llnhncd cuunh, ina<kquak kuowkdp;<· of" lnig'1ted f.1r1n1n1; ,u11on1; I he f.u ILLC1'· 

lnck of instintllO!lal "'Pl""! ti\ extending lhe kn<>wkdr,'' and ct0c· of uu'<"Lenuf" !l>e:thqc\.s ,,f tct!gntL<><L 

"J'l'" hao k<l (O s1'«1hle :it<'a exp<·1ienc111g wore1 t.il,1,, witlt11L 'l rn. while ]»Ut of 1hesc "''''" ""' .ll,.o 

,·,1wri~LH "'>: !',"-"'"'\ w:irer tabk ·vithw I __ ~ n1. ,-\ d1aina1;'" plan (Su.tau; cl1a1rn1ge a1'rl cnoclc·n1icatLo<t 

of thco [WOjcct) with" ,·icw \O rnin11rti~e 'l"""liry of water ll"'d fur 1niga1ion per urn\ "rco alld IC' 

;nt:reaoc w;ol<"r ""-'efficiency 'vcre iinpkcuentcd wirh Fol\CJwing k<')' stq>o, 

Creation of ar11ficlal ocarcity of lltigatLnn wal<", 

lrngation for ;ire·'" situa\ccl a\ Lh<: high~t lc1'cls by a hi1\h le1lel canal. 

Rc>tricll<Hl of the nrc·a< llrl<kr higli wntcr intakP ctops 

.\do[JUon of 1'"1·ricip,.1ory approad1co. 

lcnplenll·tn.1tion ,,f drainage pbns_ 
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South"wcst Punjab 
Sun

1
c ui ;he· blo< ks in this re1'ion were c·:<penen~lng: rise 1n water 1abk '1t tJ,e rate of 3') cn1/ ye;ir. 

Bcfo1c the uu-Eptlon of the ca1ml ,;yS<ctn, the areas were r,1lnfed and c\es.·rt conditions prevrulecl 

wl1h water rnl>k as deq1 '" ·10-.10 111 whik nsc in w:tkr !:>hk st;ate<l aft<·r introductiot1 of ccna! 

sy<tern. The study carried oul "" dratnagc inve>tigatinns, <t<lt\·wawrlo~ging n1ea~tlrC> and crop 

production technology for \Ill· waterlogged a1eas Ln d1c rcglon shows 1hat seepage by v<lriun> means, 

poor 1rn1e of dr-~irntge sr~uctu1co, very k>s withd1awal ot' gro•1nd w'1tcr, etc. ate sorne of the tn,Uu 

tcaooels for occurn,nc.e of wRterlor,gmg conditions. The study >nv,gcote<I follo,..-ing fflllC(\la\ mensurcs 

Eelcolirav,ing <note ntil•zulio" of gootl quality 1>,rolu1d WLter 1hrou[';h msul1ing ol1'1llow skin.,n1ng 

wells, thiouglo early r!G~ 

Encouraging tno"' evapotr:u1spirauon 

ou!ltlnwc• -,end sng;trcrnw culLlvation, 
Re<luc·ing nrir,atlot\ to cottnn aud whc:ct crnp' al later ,-:rnwth 

ground watct through capill<>ry 1ioe under fiigh w;i<Cr tal,k condLUOCl,, 

Dett<"<i>Jng allocarion/supply of c.,nal watct to tfi.<:sc· areas only 

growth sr~ge,. 

L <an~p\anl atton, 

3Lages as to use 

dunn~; later crop 

Canal Con1n1an<l of Scnli-arid Region (I-Iaryana State) 

lLl till< oiate 1hc canal irn~atcd area is uttderhtln hv <ahne "'l"lfer> iu deep<'' kvd. The area becomes 

watedogged whc11 the waLet rnbk nscs w1th1n 2 n1 Gelow g1ound "nface. The w;>tcrlogged and oa\t 

,,ff,;ctec\ iando h;iVC in(rcascc\ i\lC· nnod H\tL'!lS1ty in CXC<''O latnf;\)[ yeuts, w\oc1cas the flood a\isorption 

copanty of p;toLlndwate< rcoervo1r ha> ckcnoased. Th~ iloud c.lClSCo dirccr or Lndire~t devastannn but 1[ the flood io pre,licted titndy ·.>nd •> 
tn'.ltY"ged effec11vdy, tfic probkrn can be' mitigaLcd to the <'cono1nic u;d't1lcKo<. Tanwar (1997) 

'"gy,colcrl full"wlnl~ n·nll•dml inc·ao<Lno< ["or the ar~a-
\'r<JV"l<>ll'< ohnuld be tu·.tilc fur wat~< t·,iblc controL rleplctlon, .1nd absotpt1un of 

tlo<)(l into gtoundw>LH'r n'«·rvoir 
\)eLcnuon and cl\vcr'1UU ol <h<" t\ufld<wa\cl' in l""I<\); 11riga1ion in U\'>lt'l'"'" '1n'a> to ovoLd g"d' 

uf W.\lc'r' \()Lite low-\)'Llll"\ '"'""-
~itnr=>~'," of dll' t\nor\w;.tct' \Ll 1h·.111co<l<><l and Like"\ for lb 11'<' "' r_lty "''""" 

l>nrer,;!011 of tbco fluodo,;·,,1~-' "ll" 1\w o·,u1cl dLnl" ·"'"''' t\"'"'l',h hi't ca<Lo\ ''l,;tc·n1 
l'.v·wuaun11 ol- 1hc il<io,\w;Lte1 1<> 1\ic river' thtoup,11 dra1110. The c:,·a1·.on of flood :.b-"irpn<>n 

rapacCty CHl h~ o>chi<·v~•l hy depklton ut' 1iH; w"1,·r L1l>k t\llu"gh .1j l )1.'1t1'Lf\'' r11l1l· w<'lb ,;11tl h) 

'.ihallow Lrrtgotion ;<Lh" well<. 

IGNP-Rujusthan 
!-!noi" 1/a/. (\'·)')/) rc'porl<'d Lhat 1lw r'1t•.' of""' of w"ter ul1k 1wr )'C"' lic\Wl'''" \')S2. to !')7','. was 
0 ·12. m, ln l'.l-/2 to 19f>2, 1.17 on :ind in l'l~\2 t" \•)'J2 11 W',lSU /(, n111L th~ L01ll\1\,HlCI. The1easo1» fol 

'""')O' bib Jn ,\w wnter Juri11g \ ')fQ l ')92. tcport~d we•~= ])~h\Je1»tc n·duct1on 111 \\'at'" allnw·,,nce and stnppag<' nf supply nf ii og»tl<Hl "'"let fron1 the 

c.Lnah !'or tbe w<Ltcrlot\E'°'\ ar<•ao nnt unrlcr c.•luvauou. 

!..ow r"iLlfol! aClcl low w<Lt~r """thbtltl)' overnll io the< arnll ''l'terns of' [(i01' 
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.-\:ten1pts to ge1 fonncrs to ;1dopt 1nore ~fiicient water application t~chniqucs to avotd over 

trrigatinn, and to t"ke up COElJ1H\crtvc wat<.:t use wh...,rc ever po>sible through C.\D'S. 

Basc<l on the ob.>ervcd rate of wat<'t table ris~, it is projected rl•at wid1onE adoption ,,f 1neasures 

fr>r waler rnblc control, rhc critical conduion would extend to cover 2,85,000 ha or n1ore wllh a 

major p;Ht bcco1ning cotnpktcly waterlngge<l. Hence, abnve-n1enf1onc<l thrc1· rcasoll\ uln be 
conoidered a' kcoy step> for 1en1edtal rucasures. 

11-iahanadi Delta 

lt is estin1ated that out nr 3.03 lakh ha culturable canal C\J1nmand of i\fahanad1 Stage J and ll, 1.72.'i 

lakh ha io :;uffcring from different degrees o[ \Vuterlogging prublc1n. The cau:;e< of \Voterlngi;:1ng 
are 1nentioned below. 

Corl;truction and 3\tengthenini~ of etnbanknH"nlo along the '"'"ts, siltanou ol river 
beds iu Cuttaek and l'un \t-,.,1; to higher bed kvd than the adiornint_>; fields. Continuous now of 

water to the fields uccurs through seepap;c caus10g waterloiging prol,lc-m. 

l\lann1ade blocknrks owing to tbe consttu<:!ion of roads and h1-;dv,c' hav~ abo been inol n1u1e11tal 
in creating drainage congcs\!on. 

Depth of 1he existing rli-ainage >yotcm 1< not adec1natc to con\pktdy <lr~in out the 

low-lyinf'; areas due tn topogr.1plnc and econotntc constra,nts, hence wutc1 
conlllll!CS to siagnare tn the deptC$'1ons. 

The <~Xe~'' of groundwater recharge nvc1 wirhJrawal in canal conuu,.nd arcns 

resulting in to ri>e of watc·r tabk and waterlogging <Lnd in proc~>S redunnf, the 

capacity of the ~oil-a<1uifc1· oy,ten1 to take 1norc warcr in its '1nragc tfiercby 

increaoing ihc· rain fail CXL~"' cauoing waler congc>tion. 

Uncontrolkd flow ot' <:aoal water through d1c;triburanc·s, minor;, w:ite1co1ltS<'s and 

""'C:.<>Jvc field to fH:ld 11rigat1rin by farmer< rc'ocilting 1n wastage nf watc1 thnr 

fin'h ll way lo the lo\ve<r parl nt' rhe tcor;atn and urnsc.< \;:>tedogging. 

lmp1ovmg ex1;11n1\ surface ,\i-,,tnage sy.,tern can 1n1n1m1ze the above Listtod ptnblen1s. 

l)raiuagc of llaraehouka Area 

')he llar<Ld«Hlka aiea ol· Ra>tilpllr haoin Hl ,\ftd,,apur dislnt"! lrns 1Ci'1'""""tall're frmun·o "f the 

Walcrlogging ptoblcL11' Ul ,<Oulhcrn \Vcs1 Bengal 11 h;i> ;\ mdd <unc:tve shapccl !opogrol'hy wtll1 

abont 65 111 Jeep alluv[lun ot' clay l<"XtlltC, \Vl01cb hos poor ltllcnrnl dt<t!""g<' and high waC<T •~tclitin" 
ca1iacity. Tl"' notu1al stirfat:e <lra1nagc i1np<eclcd dtie lo ,Ji~tion of dll· no nu a! al HI man--1nadc ,11,.;,.,,g,· 

,;ystcotn. The !Hlt·trial drninC1ge 1s ddaycd chw lo the lw,wy tcxnued rk,·p ;oils. The ;nl1nity is caused 

hy ""I wa\c1 ingrc<.> Tlic >alinity 1.,,,.,.,d in son"· '"c'' ol lhrachouka '-' "' ocvcrc tha1 the Lmd has 

rernaincd falln\v fr)r over lwo centn11e<. Thongh 1hc land is !C::r11L·, lt suflCt'-< frorn ocvc1c dro1nag<= 

congeotanon cmi~tng total Cailurc nf khan/Paddy c1op. Th~ m1plc1n"ni:.tiun of surfac<· drainaEe in 

tlw a1ca ]i,., favo1ahly t11ud1ficd the hjdtogrdph of ponding ·10 wdl ao the soil water rcgirne '"th<'. 

rice fid<ls. Tb<: adoption of o;urfacc d1aic1:•gc· tnea,<tltL'> has increastod the prodllctLvi1y of nee to the 

tune of/.'! to 14°,\, '""!tile bnd rn free of CX<:<'% water t!w· to which lh~ land ic, .lvml.tble fo< 111/;i 
preparation in time. 
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rvt:•hi Right l:lank Cana! Co1n1nand, Gujarat 
.\ [tet the i•-itroducrion ot- irrigat10111n 1959, thctc bas be<'" contlnnouo us~ in groundw;;tcr 1abk- The 
rntc of osc \ll water talilc JJl the y~at' 1965 \o 80 reported w"s 0.28':1,. on"" avcl'.agc The tnai" c:1uoe> 

for cln1.inage 1-1robkn1 in the cotninand arc c:!<ce>"JVC irrigation to the crop, percolation of w"ter front 

c;arn1.l and 110 distribution ,;ystein, heavy rninfall during l'.ainy season, poor drainage· property of heavy 

chy ,oils and 1natkquatc dramagc ;y;tcni in the con1.1nand. '111e study s.iv,gest th;it 
,\proper conjutlctive noe ot- surface water and gro<1nd waler rc>ourcc nn1<;l be undertaken Hl 

both >pace and tlnlC c\01nain, ,\ fanners' coopcrat1vc ,hnulcl be fornJcd to look after tlie proper dis111hution of canal wat,,r 

in head a> well as t.~tl reach~> to u:sohT the i<lte!n'1l c\\fference~ atnon:' the f;crtn<'" regardLity, 

w:1.tcr c\H;tnbutton to avoid wa,tage and over irnt;ation of water, 
New ""face drain< shonld be constructed ln the pro1nincnt valky lines and okkr he remudcktl 

to carry the e;:ceos water ar the 1'1.tc oi 2 .:\6 lps/h:1. 

Sirhind and E·~stern C;;nal Com1nan<ls, Punjah 
"l he area Ls part of al\u,,ia\ plain '.Vi th ve.ry fln.t ,lope- The freder carn1h in this cocnin;tr\ifliave been 

"'"'""""' 1h1m>gh ''" """'°' '""" u1e;po<li'1 of 1hc fa« <h" 1hoce '"""'° iood" high rnlh'e 
re:ichc·-;. The rcnches of the canal in t-1lling cauoe severe wa1erlu~gin~' and salini1y probk1no. These 

»reas fall in low rainfall region ol le<' than 50 cm aum1ally and rhe water a\lo,vance in r\,~;e are;is 

"'Y fmY> s.S b 55 "'"' P" 100 "'"" Th"'""" ;cope fo, ,,d,,ocioo of in<y"li"" ''°'" sllow"'"" 

·"""''' 1ho ''""' ""' '"" bw1 "'"'"" wlih ""fo11 d>ill" Th><'"'''"" i111h>cd dep<»''°"' 
whi

1

h owl'" he d>w"d nili by h,,k dmhY ,,,d m"Y "''""' lif>i"g ,,[ 1wln [mm nYh p1okn1 The 

"""" "" i" Y''"'"l 1' iln>c< 1\opY wilh <mP"'P'' ,,,,,diYm> cf ,,,,,fall. Tho mm"""" ,,,i,,fall 
1omlh,,cd wllh b>Ck of""" d'"'""Y' wook> WY w,,1dnod ,,·1p1011ble fo< dm l" w.Y1" ,,bk Tho 

Y'"""' '""'""of ,,,hmy.< i1 lU cm/yo, whkh" ""'"""'"<he wYhdrnwol of Y"'""" wmcc, 

r~su\Un\' :,n tr> iioc ol ~round water rnbk-

Br:1hn1p1t\tl! ""d Ha.,1k fiasin, North 1'',,.sl lndi·,1 
Wh11 wc11g1' ,,,,,,,,\,,,,,fall,,( '.1,.iOO ,,,m 1h1 ,,,,,,,,,,,,,l l>Y ,,,,,\,,h1my "'P"k'!"\'hY """ 10 1h>' 

""" "''"" ''" """''""'" lm< P"''"'."" ,,i '""''' o""''"""' lhc '''".' mbh "'" '"""" w he 
rl\\cl\\',li"'g (ii) nn lo '.'.OIJ un below the ootl <11rfocc· In 1hc·c;,: '"e"~ ,;tn<'e tn<lc,1 of Lhe tltr\~ one 

rni1»toun lolloW'i ~notlwr n1uch b!'.lorc rhe ,\t,.i11.0f!;C !run• 1he fa"I o•W « cnnl\'\L·tc'c\, t\ C',l\1'('0 

'"''""""'" lh""'"'"" rn <h> '""" 1'1hk ''""""""'" 1ho ,,.,,,,,,, ,,,,d >h"' '"'""Y ,\,,\h1w 

"""'"><of ihc ph""· whi<h '""Y '"""""'" 1'1kmg dni""" '""''"""" "''""'' hw,,d "" "'"'""'' 

~ntcria. 
S110n Ewp"""'°" d1 Rlgh< p,rnlld Ch"""d V (RPC V) "d'1Uib<1'"'Y ,,r p,,,,,,, M,;,, """"' 

under Sonc Cann\ command in Dihar 
Tho HP Ch,,,rnd,V" w '"""""'°'" ,,r p,,,,, """ Cmd '" ""'" Cwornsml Th<"""'"'""' d1'1 
,h""""""'Y i1 ,,,,,,,, Y,500 """' ,y,,, iw ""'"'"""Cy 1'ML """ i\PC,V m '"'" cidc ,,, '" ,,ph"d ,,,d 

hy 1 ""''" o> '" hw '""'" j,, '""' '""""""' "'""'" <ho ""''" """"' "'"" y\'1m"""Y w """ p,,,, 
Pun and ;,ct> no a drain for 1hc co11111l',lnd ot' RI' (]1anncl-V and'~'~" folhnr; \cfl st ck of the ,\ch1npnr 

d1S1Hb<ltary. '!'be lowlands nf RP Chamtd-V arc partt:i\\y irribat<·d by c~nnl wnter, bnt all the'"","' 

!nlcgrriied W111cr.-lfar1aget11e11t}Or Walerln[!,_~ed C11TnmandAro11s • lf!l 
-- - ------ --------

t!owH1g fron1 uplands as a runoff or sub-surface btcroi •nove1nent falls in to the drain after crossing 

ovet these low lands. 

\Valklhrough survt·ys or the ro11unJnd parricularly iel low lands were conducted 1n the kh1rif 

2001. lL '''as ob,ervc·d !lmt the rainfall in the area was v<:ry <cattered and there "·ere no syinptonlS of 

ourfoce >tagnation of ,,,,_·arer even in low land> "P to !5tfi ,-\ugust, during whlch thcrc was little ramLtll 

m th~ area .• -\ftct third week of r\ur,uot when rhe area startrd r~ctiving htgh ieltCn\!ry rainfall and 
runoff entering fro111 ri1;ht sid<' of rlw. Ad11npur diotr1h11t1l'y m rhe co1n1nand, n>ost of the area 

adjoining drntn (1ow hmds) wa< found sub1nergcd by water 1ust within a week rinlc. Tiu; resulted H\ (o 

sp1cading of w"ler ,)ovdy and ;]o"l)' ln latger ar~as of the cocnn1a"d creating ponding in the fields, 

rangmg fron1 15 ctn to o'w rne.rre. Tlu.< spread and ponding started decreasing as the rainfall ckcrc·ascd. 

The depth of ponding ar various locJtions in the drain was recorded, which vaned in th<" range of 

U 20 en in vilbp,c Nisbarpura and 2.30 rn recorded Jn (;opalpur vtllag<' of 1hLS eoinnrnnd f-lence, the 

area faces drought likc ollllal1ou le\ noel-raUlj' periods and watedogging during rainy pcnuds. 

To rhe lir;t rerueJi,d 1neasure the drain of thi" area can be dcoigned, properly and noaicnmned 

accc,.dingly, Lhc los<e' to the crops can be 1n1nuni;;crl to a gtn•t ~xwnt by eontrolling the sp1ead of 

water 111 the f1eldo and rcdunng chc depth ,u1d durarioll o( ponded water by it1cl<'a>1n1' the rapa('iry 

of the drain. 

Budhana Distributaty 

Bl1<ihana distnbuLary is under Candak Conn11a11d >ilua!ecl ·,1t Tudo -Nepal border. lt is directly d1veni·d 

fro1n the l\Lllll l;•>'e>tcrn G.uithk Canal. The co1n1nand area falls both side· of Lh1s di,;rnl,utary to its 

Northern and Sollthc'Tu ,;1d,'s. The rivet Little Gandak flow> to the sc)Lllh"rn and western bonncb1.t) 

of the co1nmand. 

Singh el "I (?.001) reported that In nJo,,suon oc<.OOci 1here is substantial :unouut "f p0nchng 1n 

these d~ptessions and wah'r "l''""-'h to a lnrger orca due to blu,-k,.''" of c\lltllral d1ain:1gc 'Y'tccrt 
ll<'sides tlus, the NnrilJ<•tel side villages adjol!\Hlf, to th<' distnbut;u·y· £0.ce water ponding for at icast 

2 to j nlonlhs duration. The· 'valei- iabk "' 1his 1·nnic11aeld is .1lw.1y; wnh1n I '" frotn ground ;en Lin· 
fro(u fllly ro n1id N oven1bcr whik: du1<nr; post 1non;oo11 pcrwrl~ th" wntet· table otarb ckclini••f' and 

goes down apptoxitnntdy up to '~ lo 5 "' in fv!ay and June. This leads a very '""gh <ituntion [,,, cl"' 

Fauni:r~ "' 1he ,uca even lit l.J1t1rif "'well as r:ib1 >casous. 

·1 ·0 tntni1!lize the losses tu the """l'' there is an urr:cnt n~~,j uf '"'''" ,\r.tinagc ot,unur<·o h,·l<1w 
the distrihntory, ,inn· 1he cin<Lir·.il r;rndienc of flow" oull 1owatrls the 1naste1 dt"in (nv<·t 111 rl<' Cand;1k), 

cxislinr, "''""" drn.ino should I"· dev<'lnpcd as workable and if ncu;,;saty tor nppropri'1!c ""l'''""f 
lo nHnin11z<· the •;p1cad of W"-'"' in the founct's field, wlnd1 w1ll 1elin1n1\7e the loo""' I<> the khauf 

crop to a great c·xl<'n( n.< well ns cllini!nl<.c: Llic dnra1inn ol- exce<S1ve n101sturc c.oc1'linons during >l<Ltr 

of 1luo rrihi "''"'"' t01· tin1cly ""vtng of n1hi crops. 

Tai Hnd Chaur lnudo of Bih:u"fl-fokau"' gtoi1p of Tai L'1n<ls 

The probkn1s of Tn.l and Clrnur hoods of llihru· are >pecJfic. £\long th<: southern bank of ri<cer 

(;anga behlnd !ts natural kvd, there is a saucer >Imped ""l"nilly <:re;cted vast ;tretc.h "[ Lu1ds, wluch 

f,<:t inundated du•mg rains_ The nalur:il tupov,r:iphy nf tal land is '.rnd1 tlut "';,, wnter as 'vell :is back 

\\ml~r fron1 nvet· acct11nubtcs Hl thi,; ;ire;1Jnd depth of water 1nunda1io" goes up lo 11 fcec (lt' 1hc 

Lot;il watel' accu1nnbtcd in th<' oren 40'\lo goe> to the· Ganga ·,\nd the rest (1U~~, rnn:ti1rn in the !'al "1' 
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TECI-IN{)Lt)Gif;S FOll EFFICIENT CSE 01' \'ii'ATER 
'\'\K <:t'flctc'1cy oi nrigt1tion WJtcr can lie increased by ll> ]'Jdicio\13 use on the farn>. The on-forrn 

waler 1nanngernent 1ncludin~ 111-situ n1oi>l~1re conscrv:1.1ion, t<oductinn lu ,ecpR~\e loss through lin1n~ 
1nat~rial and unprove•11cnt in crnlveyance efficJ<'1JC}' of lrng,.rion channds, apphcarion c·fficiency, 

schc'duling of irrig11ion, change in crop cs\ablishment and oth~rmanage111~nt practices, and 11111\tiple 

t«e of irug·Juon w<1tcr increases lhe water'"" eff1dcncy and crop pro<luctivit)'· 

Reduction of Seepage Los&cs through Lining Materials 
LJ,,, or pb>tic oliEet S•lpn<1llfl, 25D },\!CIOll thick Ll1PE [thn haV<' been ('ot1nd ·" effec:tiV(' \lning 

tll'.ll~nal over brick and <0en>cnt concrelc hning lo control scepag,· frun> cb·.<nneh and T"'"d' :it 

Dw'l\ .llmc'' ,,,d l'""'"'P'"· Ucdcch"dly, ti<d"\' cffocd" m '"1,,,·i"g dw "'P"ll' le% be\ 
tcc·htuc"l skill and piecantions are requir~d in jo1ning and 1-n,ing of \init1g \11;iterml to 1nake Jt vh,ble 

~nd nc:cepm\Jk by u<cts-

I\-Ln;tn>tirn ,1on1ge ~nd utili~ation of ralnw:itcr rcool\rcc ,(·chices the lr~igarion to<t dr:istJcilly.1"h-c 

effect of b.ind height 011 '"at<·r, ,,-,1\ ""d nutrient cous<0rvorion and nee yield under the ngro-dITTiaric 

conthlion> of Bhub•,1ne>w;11 were ,tndlc·d- No re<luctio'1 tn crop yidcl wao observed even >II rainfall ,;lorJ)~C <kpth ol- 20 cin The ctop yield c\Ld not differ Stpptficant\y cu•der diffcreut ,;torn1~e depths. ,\ 

wrnpk ,,,h,wlogy '" "'" ""'' """"' yh,· "'"""""" w '"'" Yh' bm\\h of ,bm\\ 25 "" """"'' 
farnier,' ftckh. Thi' t~chnolo,.;y \'ia< trtell 1Ll fornwr>' l-1~k\o and fr,\lowlng Gcuefib we1~ rcporled 

[{ain water harvesting 

(i) Yn<"" ylw '""'"'"'' ic '"' fwld' dynYg "'"'"'"'" ,\l[cw< nee mop w onlcc 

1

n,i.'1nll1'll pJnw,.tn ""d ic·d'-"·c$ th" irrt??tiot1 rcL1u1non1ent d1rou)!;h other source of tlrtg:iuon. 

(LL) ,\rn•ot> tlw sotl nncl nutucnt' Ln the Ecld' by n1in\1ntzl"I' the· rl1noff T\,is l'"icrice doc> n"t 
nllow ""\ ck\J<J'11ion 111 draiil' rl'"'lnng i11 incl't''"" in t',,eLr b"J kvd-; ·.u"l th\l< n1orc water 

spill.lg< ,,n,l ,;pteacl Hl the· \UCl. '~1i•) lluarls help ill """·1111~ rhc '"'"''alct nll 1lw lrn"\ >Url:t'-'" "",\ rq1l<:n\,,l\\ng ;\ic: [!_ro\\nd waler 
'udow t'i<c h\\'1 Thl> """'"' !~""'"'\ w"wr tu 1ioc· ·uicl il ""'he cinliY.cLl for "''l',al<on dnnng 

nnL1-HH""'"'" pcnocl 

ln ,urfacc \;at~r '"'"'a\~~'"""t, th•· wat,·r ~v,,,bblc .1' 1h,· •,nt·fac<· 1h1rnr~h <nH,.l, t"nk>, l"""h '" otL~t· """CC'' ue<·c\s oUa<q;lc plmu»ng Th<" 1ll',1iu l'r0Lkn1 Hl t\"' c:.u1;tl cn1>11'l',\Ll<h :o< reported by 

llw lnrnll·ro 1; non avoibbilit~.' ul· c·:ill"-\ watcrwheu i1 is re<1t11red ""\ c,__ccoo llow ,,f "atcr ,v\1cr1 11" 

Llul '"'l"''"d \)1w 10 thi> sn1n<· of th~ c<llntnm1<l i, <wc·r-1t nv,ntcrl whctT'"' olh"r' ,\,>L,'t gc·t w<tt<'t "' 

p\Y Yh\'O ""!""""'"" [\\ rn\Y "hcll d\\Y\ iY "'"'\\ V,"l' b\YW«"' 'C\\pply/ """'l"b'liYy ,ml clcm,md/ 

'"l"""""" "' """' u,wkc "'"" ""'""""" "P"''"' "'"' "mP""l ""l' ""'" """'"'""''" m d" 
c;H1nl co•1111,attd C-.Hl b<: UJ1l1puLecl and given to \l,'atc·r rc\otucc·, <kpnr1nH·n1 ia ,,,ckr tr> iLlfurn• \Iv: 

wat<'' u<e·ro wc·ll in ·,1d<t"ncc· ,.bollt t1111e and <1uanrity llf watet robe tde:i.,ccl i'1nlll caLlJl. u· w:<t~r 
""'"'know nbDlll lh~ viatcr ,\efici<, 1hey cu• pbn n\Joul n1c<'1'!1f'; out 1hrn J,.ficit through other '"'1~1 
resource>- Thu>. \\w gap b~tw<:<·n avnih,b•hty "'"cl tet1u1a'.!11~f\t cnn b~ reduced tu ,, gre1t clltenr lnvo\v~incnr of wi<lc1 grotip of u,.10titueuc1eo in wau·t tnnua~eincnt could k;id to n1otc· ~ffecnv" 

Surface Wat<"' Mo111ar,~nlcnt 

fnlc'f!,raled Waler Ma1111gemenl}vr \Vaterloggetl i.'om1111111tl 1h·w1s • 185 

l'"rticip"tory \\inter tnnuagc'tHent. Through rraitling c0111ps, fortncrn '"")' he '"iL1cated an<l n1a<l~ 
"Wat·~ ,.bout die proper 11nk<1rion of nvn11able wntcl'. J 'ucourngt·1ncn1 tOr fr,rn•ntwn of IX'atd L,;ei_; 

Assouation> 1n canal comrnnnd, ""<! rstablishmz 11nk,1ges w1lh W~kr n·sonrc:,·s (iel''"""'"H (\Vat<·r 
"upphct>) through fre<1u~u1 n1ecting>, dialogue and discus>lon could hdp iu "PPtc·ciauny, (fH; probktri> 

nEld >cd<ing the snlotiou' "' parlle!p"tory motle. 

Grouncl Water Managc1nent 

l)c<te!opn>ent of ngid l'VC tuG~wdls, improved propdlc·r pump>, 1n1provcrl foot <talvc·, drnin l"""l" 

for waler lifting j,\ 1ribal areao, cfftcicn' re!lux <talve, safety device n~~ainst ovc·thc,.t1ng ol rliesd 

engines, lo\v cost wdl screens for ,hallow rubewells are son1c of the water use effictcul tcchnologl<"s 

Jcvelop('d under .--1.!CRP on optirui?.ation of ground wnrt'r u1ilizarion rlirollgh \\Tells and putnps. 

l'top~r s~!c·Clion, care :ond tirndy rnaintenance uf pun1p, tnotor sncrion a'1d deli<ccry pipes an<l 

other acce>Soucs/ attachtl1ents not only improve> the cfficicn< )'of the sysl('tl\ hut life of rhe <yste•n 

;dso itl<"teases .• -\~celer:i_ted adoption of uprin1ization of nee tranoplanunz [lnie_ not oElly in1pro<t~<l 

rJ<:<··wheat producli<tity bnt al,;o encouraged grollndwatcr utilization In the projcrr arc'"- Tm1ely 

ioti>lng of rlce nursery usiug 1nbewdl w:iter, registered 2.5 times lncr~a;c 1n znnrndwalcot n1~rket. 

Kou ting of putnped w:1ter for 1rngattoc1 through a reservoir or tank and integrallug wnh borncultul'c, 

fishery & livc,;tock L< another cxatupk of technological push to encourage ground w'1lct utili;,:ition 

Cnr i1nptoving wat<·t producti•·icy in the icgion. 

Conjuncti<te use uf Watt'r 

Jn order to ~xplorc the poss1b1ltty of i:onjuncrive trne iel crnrnl con1n1and, a >llltpk <kci""" ,<ttpport 

1001 has bcert <kvdop"d itl <tisual basic OJoth Hl llind1 and Et1glloh), which j, capable- ''llllll[!_h to 

convince the ""aLcr user,; :i_bout conjunctive'"" tin<lcr the $itna11on when incrcaoc 111 yidd k>ed1ng ro 

'"'"'"':try benefit ts U><>te rlrnn additional cool incurred in [>tov1d1ng: il'riganon lhrough gcounJ 

w:ctc,, Th~ 100! L5 bctttg \(·oted tnr variou' Sltlmtlon> hkc (i) owniug tuhewcll, (ii) llc•ntiug j>Llllljllng 

set and (in) pt>rclrnsing wa~et. 
l'or conjnrwtive ll>C' of,_,.),,,,. a"J uu1al wa[e!', it has bccll ,;U)\ge>rc·d by C:SSH.l, K.<n1al 1lut 

nncle1 the >horr <Ltpply uC c•md w"\<or, wlwn ~hcc fattnern a1e frJCc~d \fl pnrnp ,alt<1t· gronnd '""H'r 01 

draitrnge wa!l'r< to n1ce1 lhc crop w;ll<'t r<:qnircincnrs, wate1 tio1n Lh~ iwn '"'""'"'con l)c .tpplwd 

eHlu·r "'P".tr:Ucly ot 1n1xLCd. L\lixing uf watets tu ac~epulik citrnli•)' fr,r ~iops abu 'L'0t1li-. "' 1t1lptovlnE 

die ,11-''"'" size and th1i< 1hc nnit{Jnnlly in angallon, e>J""' 1ally 1·u1· the onrt.occ n1t·llHid pr'1criccd "" 

""ndy '"1ls. ,\llocuion oC 1wo watcts separately, it' avaihd>k <H1 rlcnrnnd, can be dorL<" t:lll1~c tri 

diife1cnt Lwlrls, scnsono 01- Cl'Ll[1-g1owth 'tage' snch tint lnglHor o·"ltcu1y wntcc io ""' "l'Pi"'d 10 

<<"<l<!Tive crops "rat scnsiuvc i:'"w1lc <rage<. 

l\.iultiple uses of Water 

l\ful1ipk 1<"e ot wal<;r iu wate1:oggnl/ wal"t >t'1g'1<l1Cd nl'ca by touting ll1c <-"'"ii 01 gtolrnd w,LIC! 

tlorongh" fi,;h pond-cun>-'""'ondaly reocrvoir an<l plauuog y(·g<'tnb:,, ur fruit placiis nn the bund~ ;, 

W1'ldy a<TCjJi<'d technulogy """'"[!. fallner,. Dy weekly exchang<0 ,,r· water, fish harH'SI npto l 0 l/li'1 

"' mldiliou;il H\CO!lle can b<: ohlnuH•_d, If au inLcgratecl farnnng ')''l<"lll i; folluwc:d \[] '" btch outplll 

of """ oysl<:rn (lik~ excrl'l>L of """'"'hand bird,;) is input to CJ1hcr 'Ystctn (fish (n 1h" pond), lh<" 

nutritional v.lluc of w·,clei- FoL fioh, crops, f1uib and v~ge1ahles increase> rt'~•Liltng in incre:i~'' in 

pt·0Juc110n ;md incon1c tnany fold,_ 
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\'\later 1nan<lgcrneut technologi"' co1n1nunit'atcd by ICAR Rcse<lrch Con1p!cx fo• Ra,tctn 

Region, Patna and :tdopted in the canal command 

Sot11<' of the water 1nanagen1enl technologies co1n1nunic:1tcd a!ld ,.doptcd by bq~e number ol" 

fonner< Jn the c1m1l <.-otnman<l <lre: 
(i) ln,;rnlhuo!I of low u-,;t wooden gate\ oll outlet; of lhotnbutary for lwrter control un wmcr 

oud ii> cffLcien! urili1.atJO!L-
(it) Raising hund height (fro111 7.S-15 un 10 :1_~-30 c:ni) around rice Lcel<ls to consecve rainwater iti 

their ticldo and re,Ju<'.ing pres,ure on canal. 
(iLL) ,\clvanc~tll<'!lt ot- Hre tL1n>pbnt1ng titne by 1) )0 day< by n1isi,1g nur<cry iu the fast wed< of 

:Vby to the 
1
nicldle nf June and transplanting the crop bdwccn the hist week of Jurie '"'d 

rniddk or July. 
(w) 7\h1lt1pk uoc> of ;.vatcr, whtch h<1< 1Jeen adopted Uy the S!-{l"",s aud Canner< ot' lhc l"o)ecl area 

unckr l-onr ,i"iations i.c'. (i) l'~u cllltutc for fish ,ul:ivation in waterlog~ied area,, (ii) Kice-fi>h 

cul11vatlon Ln sea,onally "'"tetlop;g;e<l area,, (iil) Rice-fish cn[ti_,,ation in i•ngated !Lr~~'- and (iv) 

fi>h cul1LV'1<iun \Ll lou>l depressions/ pits. Thio technology has not only helped the SF[G-,;i1ii"cl 

farn1er< in llnproving their incot11c> and livdihoo<! Gut their uudersta<lding ha> also developer!. 

(vi (),,c of 1\w uxcnt water applicatiou ck vices dc·vdopcd al l C,\R Research C:oti1plex for Ens\cru 

\(el''""· L'atna i' I .ow Energy V/ai~< .\ppliv~U<Hl (l,E.\V.A) ckviu,, ,,;hich opcrat~s ;it 0-4 kg/ crn2 

\>t;c·ss1irc. lt c~n be "'ed for u rigating nee, wheal and 01hcr dose gro\vi<lP, crop;. Thr dr.vdope<l 

dc·,<l~e has n-<ultcd in reclnc~<l nv<·c:11l ~ncrgy ""luircn1ento and hi1'h wntc·r and nutrwnL-noe 

dfi, 1ency of the oysiett• '"corn pared to ollwr prcsourr,~<l irrig~1ion c;y<tc·tns 

(''I) z,,,
0 

tilLtge for wh<"~l cs1nbl\,;hn1en1 a> n ~aves ?-5 tu )0 'Y" of wmcr in ~irsl irrtgnnon as r·onlp,.rcd 

ln cnnvenliunal n1ethod uf '"·heal -;owlllg. lt ctbo s-,1veo ri1ue, t·nc·rgy ~nd 1noney 

(''11) !lnro-ricc Ln wa<crlogf~nl ""''" "'l"lPl'erl ,,nh itng~l!on bctllnco. 

(:CJNCJ.USIONS 
Then· h .1 need 1u a,\opr "" ;,u,·gr'.ILnl "l'!"'"'"d' Lo ,oiv~ W'11cr 1chtc·,l pr"liki"'' Ln waoer\oggcd 

cin;il Ul!1ltlY"!1d<. U1ffr1 ent '"""" ,1wl1~0 pt·e"·n\L'l~ -,d)oVc' 1n l)' lw \ic\pfttl in 1ca\0L>lE tlw prohknl 

""d 1kvdo11in1' nppl<'1"'""~ watc1· ll"""'l',t·niconl l'hn,/ ""\it'!'"'" to overcon1c w<LtcrloEgin['.· 

\V.ucdog)',<'d areao cin he '"'"[<- tnon: l'""l\L<'\IVl ,H1'1 prolunhlc· l'"'""lcrl need \JJ<~c! atl<i co<L 

c·ffc·,·nv~ w<1tc·r uta<lagnucrll Ln1crvcntion< enc· ad<>p1c·d ill part!< 'I"'"")" 1no,\<- C~n~in j,~y 
~rq.s ro n,;H1'lgc w:it,·rlogg"d ,·on11naut\ aa·-" are: (1) dr"'""i'.'' :>latHling ,\><H!ld b.o a pn·rcquisiv· 

.uL<i ,L!l icllq',ra\ pout oC wnt<'l tc~onrc<" dc,·dopn"·n1 placi>, (u) n·.11nr,1\ <h'1H1'<~.C 'V'1)'S ,hould 

no\ be d><lllr11c<l "' lhc cosl ol' wa•~t it•><JILllL'<, (111) in.oLn l""nc-h<·< ut SllrfM'C angalLon 

""'"""""!, n1»y b~ t\iol!ghr for lluing, (•v) rhc carrymg cal'"city nl hl,1or1ca\ or cxis11n1~ ""CL"al 
drainage wa}"' """'the ttnpLoved and n1aintntnc<l to ptovt'k ackqn·.11c· snrfocc· draiw•g'" 111 the are'" 

"'"l 1nin1nuz~ th~ tkpth and ,\uration of water :;!»~\nation, (v) j>HJVl,;,,,, or LWW ""'" drmnaw· 
ot,ur:lt\H'' and auinlenun<-c of cxrn\Lnp, strlle1uno fur ;1llowing 1hc· fe;c flow of_warcr frnn1 cannl 

con
1
n,;1nd undcrnc-,1th the canab/chann,·lo, roacb, crnbank111cnls, r,tilwni·o tracks etc, should lw 

cna<k LVt) areao falling belw<0cn two di>tnbu1,.ries "'u't he t'1ken into acvnutt "" "ne u!lit Jn clrn1nage 

l'hnning, (vi) con1unc1ivc u>e pbt10 sboulJ be J~vdopccl fnr \,ah.need lltiliz,,rion of ,;utfoce -,u1d 

/11/~~rr1/ml U'-(1/er .-\Jana_!{~nwn!Ji!r Waterl~.~~utl Cummarrd 1lrca,- • !87 
- ------

gtound wmel iH nn "ten, (vii) 1nu111pk ""'' ol walc'r to trn)"""" land ~nd w;tt~r pro<lucuv1ry of 

wa1<':rlo1~gc·d a1ca ohould he l'rrnnoted »nd (L'<) fa1n1er,' l"";1ic1pntiou and fcedb»ek Ln plaHnluj~ and 

on-fonn dcvdop1ncnr \Vork> inust be con,idere<l. 
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