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TRIP REPORI 
INDIA 

March 15 - April 15, 1979 
G. L. COREY
 

The purpose was to participate on a team study of the proposed Rejasthan 
Medium Irriqytion Project. Other team members included Dean Peterson, 
Garret Argen. o, Fred Tileston, AID/W and Sherry Plunkett, USAID/Pakistan. 

The team prepared a report with several technical annexes. These reports 
should suffice for all technical aspects of the Project Paper. The report
with annexes has not been typed finally and is not included here. The 
Washington Based team members held a review of findings and recommendations
 
during the last week in April. Attached is a copy of two small reports I 
prepared. They are included because they are in general valid for irriga
tion projects anywhere and may be of use elsewhere.
 

It was interesting and pleasing to me to learn of all the various develop
ments in India in the water management area. It is obvious that the Central 
Government of India has recognized the problems and constraints past irriga
tion system management has placed on farmers. They are attempting various 
measures to improve the situation. Most of these include lining watercourses
 
downstream closer to the farmer. Regardless of short term economics and 
regardless of seepage losses, in my opinion, these measures will provide much
 
better control of the irrigation system and the water to each farm, and in 
the long term will be highly successful. I believe it to be a necessary step 
in such irrigation systems before good management of water and high production 
is achieved. 

All of these efforts in India need to be watched closely because, if success
ful, they can be duplicated in many other LDC irrigation systems, and if they 
are not we should be in a position to know why. 

Another important aspect of India's irrigation development is the so called
 
small scale irrigation projects where small wells are utilized as supple
mental irrigation. Such conjunctive use of water provides the farmer with a
 
degree of freedom on when he can irrigate-not possible in a government
 
operated irrigation system. Water management on the farm is always better in 
such systems. 

It was a distinct pleasure and a learning experience for me to serve on this 
team. 

DS/AGR/TSWM :GLCorey: kb 5/7/9
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It is commo throughot mufji of Asia to design and buiLd irrigation 
sy~s1rnis which 'cannot a wa yssupplysufficient wa-i~tertometcphed 

ifa1ftive ar ea und e r thee1,c ommandispa Itetocros. ~kIn other word s:. 
the I c r sio~~rh44 44a4ecn tg~ o;~~vc a ed rn-- e ldem 4yt 
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cor~iie r such effi iecies. The soil niust' be4us e'd as a r eseervoi r to 

store water which is supplied to'it at 'some reasonabLe interval. U sualIly 

tespply line is a quite complicated system'whos e~various parts vare 

giroups: of farmeis.' With' evaporation, seepage,, non .beneficial use, and, 

operational wastes,.4~ all taigtertl4tishtpsil oep n 

~ system,; no, matter 4ho~ ohstctdt operate at greater than 75 peircei tA11, 

over'all ef~ficiency.'-

IRIGA TION SYTMDSRPION 

Te dacaasytms are anddesigned operated such that, i've 

444distribution of water over the commanc 'area is accomplished w~ith very. 

lihttle operator attention required. The sy'stem of main canals, minor 2 

~>W s urce throughso 4 the network/of 
4 can'als out to a water course where the ! 4..4 

'farmers take the water and apply it to their fields. The system hasji no~ 

-'gates so 4k when the canal'sy~tem is operating there is water in 
4
all its 444 

various branches. Thefo, a' proerl4deiged4nd4444ai 

canal system will de liver an equitable am~ount of water to each wiater,444~44444 

coursc area i~t do t'lanand will witho op c ator s attention b e cp- e i 

d'i~4esign cd to o c4 c. automatically 44444 

-4.444The water4 course area' is, the prcoduction end of,,the iriigation ,system. 

It4444is wh th 'f 4r4444 arr rn4444s an ove 44.re44444erb'ore~lnit 

irrga io prc4s The,4<444 is444444444444de4 U V c44r'4 e<4ro44.4e444 s t4 4444 s 
2,J444444444 .4.4 4 4 44 4 444 44.444.4(444 



bea ch' fa rfhruh h ae course subsyter. ateis akn 

the caal through a control structure which pemt Lseiid ie quarntit'y 

to flow'kwhenever there,'s water in Ih caial1. T he waterI. co6Urse in turn< 

j<.2i1delivers water to several farm s. -In flajasthan the usual practice 'ise to 

2pr~ovFide a water"'; ur's e dutlet for 'each 401 hectares oi, land. This, is a 

average value however and the watercourse area (chak) sizes seem to va ry 

widely from as low as 4 hectares to more than 200 hectares. Obvio us y

then there are a varying number of farmers who irrigate from the 

common watercourse. 

The current pra tiC in Medium Irrigation projects in Rajasthan is 

for the Irr gation Department to construct the canal system down to 

and including theoutlet~structure which provides water to the watercourse 

or chak area. At that point, the farmers are responsible for constructing, 

operating, and iaintaining.the sub-system within the chak. The usual 

practice is for an intricate nd rather extensive ditch ystemi 

~along farm boundaries with~each fairmfer thien getting aerfo be bt~ '4 

watercourse thr~iough his own'field ditch system. When one considers 

that the basic field irrigation unit on the farm is usually no larger than 

one'-eighth, acre it is, apparent that there i~s a very complicated, tortuous-,Ki 

< an-d, lengh system of chnescarrying wat er from the canal. out,id to',W 

~'~ ch1 irrigation Iploti'2>ea 

,,nleiu-iIrrigation priojects the division of w.'t eror' farmers 

on th lki left entirelytotheCfarrners. Thecy manage hsi various 



ways and usua.lly divide thl'C"vat e raogsvrlAiaecus rnle 

Sand pas's the water 4a mo g thiei stv~'s on 'some;p -arraigcd4' urn ai 

~~~j~Sin ce' it is their own ,responsibility there probably is no bet pattern of 

'dis'tributi'on and use among farms and fields althiough there is obviouisLy 

On4 foral irrigation s cheduling aogOiMajor Irrigation projects, 

"a:of thewatprobait thateqcuitabl e letthuton occu rs.rmi 

Prior to cataitririainsaomWtrDsrbt on ,Coiite 

tii farmsisarra ng frbthe xeicuti Eginertmknw Thismunoste r 

Cammitled i cvraa~i"4 syche xecutiveh Engm~ineer Irr~igatimof sep4 ..rt-

444 4o lLthe 'nin dwisater hemweconrsl e Thcegof *tirnies th4Had4o 

dtle nts n' th se cofnfarmn eat aid inleta farms.~naca 
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possblesesto n s mei cre sc' ~ v lum of torge. y i creasin 

hegt trg!o~ te ein ar aiiiswtidam~ ~ i"bidn are, ap n ,1 th odnpresent edium,,rigat. h 

Wate litint;, nva ii Ii dt esab 7P 
andd~Design~IO CONSTRAITct< 4 A 
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(i-ranye to eexrces ssive w h'eat erignan prio ofnali no.Ftri example 

large s s e Io

beownnin dfiinyorthtseeciendigoftesrppn tan watonunes use a 1fiieds~ 
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1 gtbreeiing wate. easTsm 
c'al~hat is 4 ripe m'igh be be .. ,oh .. c.!au s 8om ",cha1 

have unripe wheat ,which :i lln ee& wa r In this ca.s e the water de hver e& 

#othe chak wet iewet has a, ne'gative :va lue becaus tcn nyb 

a detriment in S'Luhcases. .- ~ . ~ ...
 

The design anld construction of outlet structures to each chak also 

provide some built in inefficiencies. Each chak area, size and*shape, 

is defined by topography am size, andri oet budais Thercefore 

it is recisely "lay out" cacti chak to ampossile to pre-designe,duiorn 

size and shape. Therefore, chak sizes vary over a considerable range. 

The commu-on construction practice cni Mediu ,Ic~~o prjet ist as 
64 um Iriato pre s isto u 

coraicrete pipe for the outt.er structure. Since standard concrete pipes are 

available onlyr in discrete sizes, it is not pt ssible to apportion flow exactly, 

according to the acreages under eachIA chak. For example it appea.rs that 2 

the 4-inch conc rete pipe is used for chaks as small as 4 hectares and /o r 

a large as 8-10 hectares. This obviously does not pr~ovide the same amout;~

'aof7 ~ water to each hectare even though somne variations in flow can be achivcdC( 

-byaltering the design hydraulic, head operating across the outlet. . 2 

Water' LosS3s esi 

By far thie'-reatest iiefficienicies in MediumiIrrigation schemnes, 

1106eyer, occur thriough the 'los'ses encountered in getting the water from 

the resee1rvoir to the robot zone,on a timely basis. There are, several ty'peas 67 

'-~,0AtA t7 A4;Af losseCS . 

http:appea.rs
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. A<i) Evapo ration and~consumrption us'eby non. eeiilpati o 

no rmnorally. considered to be excessive. Somne watercourse'a reca s 

,appear to be total ycoved with weeds, howeve motfthi-' 

Sare edible,)and are grazed by livestock. 

ii) 	Seepage losses are,excessive on s e veral existing Med ium Ir rigation 

schiemes. Seepag occurs rnot only downward below ca~n aIsand 

watercours' s but a far greater amount in the case ofwtrclre 

occurs as horizontal secepage thrb'ughh bans>,TI~is seepage, 

not only iswasteful of water but it also cr aes waterloggingf~ 

(high water, tables) near the chainel. to the point that no rp;

gowninsuc aeat.'cn b Examp Les of seepage problems are 

on t'e Morel Project where over most of 4he Length of the i-nain canal 

there is an area at least 100 feet wide on either side of the canalwich', 

~cannot be farmed bucause the water table is essentially at the ground 

surfacd. The area occupied by watercourses oii the same -project 

are very wide for the s.ame reason. The poorly constructed wateri

coursecs allow excessive horizontal seepage therefore creating the~ 

~A'A'4- wide tand,6f "wet" soil a lon~g each wvater-corses. ~4 

On the -Juggar Project tHie canal seepage is so great that large' areas 1 

(A-kover~Z000 hectaies) 'have bec~3rne totally waterlgeanot~fpiuton 

iif 	Oeraioal ases alooccutr on each r.a naL ani' chak system. 'The'se 

c eableAiJ$J ossesca onsidid and reutfo-ilasa s.itrs o r 



diiins4on the wtrose ndthe, irrigationiisystem prtn 

When there .is no demand for water. ExanpLes4 include a wt 

course outlet flwn~noan area totally abandoned from wat e rLogg ing 

'indamiio caa operating~in'an area wheieall the crops wer~ 
4444 

.44444being hretdItcarried3 water bcueteewsirgto
 

need on the mai aaarepa+systkemr. no
caa Since theremi all 

permanent structuires on watercourses', at every junction fares'< 

have to build earthen dams andover2 time, excavation for 'soil to 

(4 .aes-ibuildl'the dams causes large arast be inundated most of the tirni. 

1''4.'Watercourse bifu rcation a p'ractically become small ponds where much 

444 loss occurs. 4. 

444 .VSimilarl th aecus itself, haing been constructed by farmners 

who have pra'ctically no knowledge of'hydraulics, is usually under-. 

44 designe'd an exhibits man leak it lngh 44oghu 

4 Fialy,. there aesignificant water3 losses within the crnpped.44 

4 field or irrigation unit. 54The assmethod of.irrigation is4 

univesall use and the farmer realizing that the irrigation 
u4 m~ust b[eeIhas resorted to very small units because he'inits 

74444has nofa~ilit-y to level larger units. Even s.b, eahunit is not 

~<4 .. asolutly leve in, fillinig it until the highest point is covered44 an 

't Cethf .or3inches results 4in excessive water in alL the4-~I 

lowe area of the:unit. T''he tim-e ':rccuired to nrove water fromv

4.4~V~44~,;<444;4Pone .bunfded an operational problemunit to another is also 5 / &hich't4 

C. w44 44445es.444.4 44 

http:crnpped.44
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Cosrit ?444'eren> in th system cau es t'. fa me tordc, the acczg 

hepa t n er ob assur ha if e~ wi I I;4Afhav - 'de u t ~ aer Un lu 

li s o-thr a es d,k-- so" in ac ua it there'>4 is>Vr,alm 'i4'"a p e wa e 

growing grani-allofeathen opotnte sarnlossm.snd l desnisuply, andh Zpiti 

4>Th 44 4i'irrcontionts wihe wet isuhuallytirrigcuses the-Least 4 toime. h arae

hepla e sin rde topberassureof heiuwri havaemaeswateRio naoasthdn, 

ca be4 greatl inp o e wit in r ae-g i ut r l r d ci na 

-oil causenetcessife watsofinrcius wter btmofhis wanstlw'stmewa 

reslt i4iraigve-~sng forwte thab'c tog pon crop si far "'bcmers' 

undoubedy al'sovereanthedouii toeramet completaln ith thgsed hawattod 4 

mirrgae arefully aSo athede a ans short-dge bteiAniexample oul b 
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a)Tereisof Increase presetaly excessive ataeqofuateirrwigtied uiumante. caailaulety ofarer. Aboutpreeisly desi to 

:: <;II )L::.-: I9... 
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(b)meeargebitin~aeineuppie overix more ld;butnooatmior 

folloing: teehnologiesiLwould improve water management aspects on 

Th atcular crop season. In by 

ni 
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ez:01o 

i{ ' , : : 

ancreaese vedqanithe sotewuis~ateravibl to eac tfarmer 

incrasie sira ecpity~ onh'emasndbankirs bil 

(caTdsin hytansuliceac faro all prjcs. Int suficientet, 

permit alcutursabilntbe miadequateirigeddrig.n 
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2.Adflexibility tolthe wate deier: Presentl
 

and operated MIP sys elms, are"'quite, rigid as
 

reads water supply The-re are" several things, that "coulId be, don
 

to 'add 16-kibility. 
 .More 'gates col be proxv-ide& on" canal 4'
 

mains' , 
 minors arid distributaries4 such thatesuplies-culd be 

among branches according to demand. ;'Ultimately water
 

course 
outlets could be 'gated~s htwe no water was.,,needed K 

a particular''chak it could be closed. Such4 a gated systm
 
would also need a rapid and 
 accurate communicatiji system 

so' that as demands changed signals could rapidly~ 

44 P 

"trigger a change in the supply line. Other possibilities,' 

fo flexibilit 
 could be a program of farmer owned tube or 

wiells to be incorporated into the MIP irrigation system. 

This would give, supply flexibility to farmers and also provide 

-he possibility of lowering water tables in the proximity of 4 

canals. Another possibility would include 'small tanks or '

ponds.,within an MIP to provide temporary storage which canK 

be used to draw from or add to according to demand variance. 

Permanently line channels -Undoubtedly n ftems
 

techniques to add water to the system is to line the

where seepage is excessive. This is an activity which<. 

is widely practiced in India so standar ndtcnqe 4(.~n 

are known- ' Aside from4 the usual benefits; Klining 'also provides K< 

4>'<a--~-- --- for' mu c better 4and positivre control'4 of the water and -maintenince-~K'KK 

.4<4'. 4--44'costs '-are significantly r.educed. 
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4. 	 Improve the design and laiout of watercourses - The distribution 

system below the canal outlet is designed and constructed by 

farmers. It is institutionally a "no mans lat.d" where neither 

the Irrigation nor Agricultural Department offer assistance any 

yet it is actunlly the "working" end of the irrigation system. 

Certainly the Irrigation Department is capable of giving design, 

layout, and construction assistance to farmers. 
 If this was done, 

much more effective channels could res3ult 
from better alignment, 

better grades, and better hydraulic design. Many present water

courses are not at all well constructed, beinm very wide and 

leaky and thus occupy an excessively wide strLp of land. 

5, 	 Install perman-ent structures on watercourses - The locations 

where watercourses branch and places where farmers withdraw 

water from the watercourse (nakas) presently have no structures 

whatsoever. These locations cause enormous quantities of wasted 

water especially when the user is located at tha end of a water

course and there are dozens of such leaky earth do.ms upstream 

frnm his point of use. Permanent (perterably concrete) strurtures 

in many irrigation systems worldwide hiave proven economically sound. 

Quality control on construction is not a severe problem because 

they can be prefabricated at a central Location. 

6. 	Install AdLjusted Proportionate Modules (APr's) at all canal/water

course outlets - The APM is a standardized outlet structure for 

watercourses. It Is constructed to deliver precisely any given 

quantity of water. Therefore when they are used each chak area can 
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'~4'~e issued precisely the saine 

:j~on installation of Is instead of'4concrete 

~ b amount of watra every chak depeding<., 

acreage,'K tIother words, 


u eliminaten 'i.. ''. 
.~ 14,,J-'4'--pipes woul, 1~ntetpresetn ih iable~uitribitionamon g 4 

Provides t 'zg s i ss n ve ing W h 

7 o e i nce to, farmer with prece landle i 

doubt4 !tue basin irrigation s notefficient 

basis,is preciselydead level.' It is also true that without instr'v444'. ... 44if 4 

44.44.444 i~i iii 'i ,,, 44 .4 ments 4and ... , -: ... . . ' .1""'k 4.,.;mechanization it is practically impossible.to level, large'. 

~.4.44..basins precisely. The farmer therefore resorts to, verj- mall
'.:' .. "'=:4:":;......... :I T. d ,£i1 .,er.v~s ;::i":'
. .. .. 4 i :~ ;";W:'"" al , 

4''4 irrigation sub-units (basins). Most of, those observed in Rajasthain 

were no larger than one-eighth acre. Moving water over the surface7 '!1 !~ iii~ '44 , 4 . !'!i !111174!7 '=' .... ; "' ; ' ' 

,44.< .4.4i. ........ .. 4 4 , .4h4 -4,4n4y44 4 

from basis. to basin also adds to the inefficiency ev'en 4if'Ibasins 444. 

"4, ,i;G!Ii]!: 1! !i)]iLiI' ;1]!/ i ;L ¢ " " '4'4 

4444;4 v - , . -, >44, , r 0 g 

long;adtruupaht ahbai.Lnleeigpoams 

scaeradladplns aeno v ille in . ~ 

44 . eeonom '2'.numersna. ola ra g is fortnecessary 

renmielly juseifiable. LandI-lev' liggimroperlyac 

.f oevuteroferio'are coomcundebnftt to andocune;could coerrctly; Propr acin ao i eadtiet n" mn is~ 

1I f armoers, 

Un4ougbtndlytr whuteupat ,b 'o,eaci in.ldand 'elng pras
 



" epw reqdtesalh a arabandi on any iAchand. th amr 

9.---Improve: control in thle-	 chak, area -:Establishment ,of 'th6,iarabandt y2 

could be, iu'ffic iet' w'ithlin' 	itself to improve water 4iae.within a, chak<. 

. or- commiittee) toffrerie f rI'i imn 
op~ to dure provu iarme r r~Lon Departmn 

linkage, report problems., and otherwise police the chaoperation would. 

go a r-ong ways 'toward increasing' the operational efficiency' of the" 

tota1l'lrrigation system.. Tilie farmer/ Irrigation Department linkage 

presently available appearstob next to inoperable. 

10. 	Provide better drainage facilities many areas tpJere are in >J
 

~sufficient surface drains to remove rain or excess 'irrigation water~.~'v~
 

before it causes damage to crops. Provision of adequate drainage, in"l

# 	 '.~such :cas'es -isusually highly economic because the Ailernative is no 

ac a reduction of the value of theJn topractically~ 

-In 


RECO*UNENDATIONS 

Thraeoviul fundinig and technical limits to' the 'amount of 

technology and degree of sophistication which should be attempted in,""'4'- 4 

anl'1 .Pt0vCw'ent program. -Itseems'reasonable and technica'lly sudta 

tilefolcwig soul beadopted 'scomponentsof:teGRUADmdu 

IriainProject. ' 	 4 4~ 

. 1.:4-"4ere economiaily~ and techni.cally feasible tanks~and/or.'reservoirs&4

shul beJ""enare by4 rasn th hL	 .4 

*4~<, "-~"4.4"
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S (mains an inor),houdeb lined vdo6Won h' hk ult 
Adutberprint Moue 
APM), shiould b~e installed at 

all chak outlets. ' .. 

4. sf i fet sufc'dang should be splidin iall projec 

'< :areas' to insurethat& irigtonwaste water and~rainfall ,doesnot
 

accumulate in low areas and inundate agricultural lands.
 

5. Oniall projects (nw on-going, and modernization) 'the Irrigation. 
 . 

Department should design and construct 
the,watercourses down to a
 

point where, on the overage, each 8 hectare area will be served
 

with this improved watercourse. Since farm boundaries and
 

topography restrict watercourse location this recommendation is ~".~A~ 

not feasible for every '8 hectare block;, but in n'o cas~e shlould
 

-areas 
 larger than.12 hec.tares be removed from the improved 

AAA A~ ~watercourse. 

AAA A6. Onl all -projects, the Irriga~ion Department should install per-

Am'' 'Ananet sructures (isonboxes and farm outlets) 'AA all the 

A'watercourses(i 
 designs'an buls
 

7. it and buildo-gitgpojcs.riainDprmn
th 

shoud lne te etirewatrcorse te escibe
ownto lvel 
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to ay,75%ofhemsholdbe signed up befoethe project is 7 2< 

~ app roved-. I 77.; 7

8. The Irrigation Department should assist with the operation of th 

~newly 	'construc tedwaecus by prvdng''T)r3nwowud 

at least, on a, weekly bw a eoure to observe ics 

operation, 1 note- its' 'condit ion .aihdreport any 'rbest o the nexL 

higher a~thority.I 
*-- < 

determined' .ha.t'If e onsUfO it is 	 t warabandis are needed,:,PII< 
the Ilrrigation D p r m n sh udestablish them on all water4 c ur e
 

p1 	 '1 " = ": = 1....."1
Ii-i!under the Project. li 
!
 i1
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1.Special watercourse/water~management studies should be conducted -~.

~during the life of the project. These would be ,designed to provide
I11'I /. ,1111 


I 	 I I ' 1 1 1 );!i; ii i i I~]I 


~-information 	 to GOR and GOI 1on the, benefits of the various technologies.. 

and also feed back to the Irr~igation Department relative to any
 

operationa problems developing within project 


sollbe grant funded from the USAIDfnsadcnrce to a
 

research/evaluation agency. 


phe 1The studies
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sin ic n prbem4so i implementation4 444 4444 

-6 'an new. ech4
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moiorn be44144Jt:A drinle asplemett it~iprovid feedgfore an ionca 44a4 

andc aoptontofayn eew t~i~ogi spoll tectprnoes AlsoI inth 

fia anlssdt4ol eaalbet vlaetetu eeiso 

project, omponent an orlmntto cntants~ ca eieniid 

This4 is eseilytueo4ae4aag nm m rve tpoet 

ofteh inonrte inie.clcino Basli and evaluatione inomt ae ata.Thisi 

morell pffcitdeligry effect r to e rmrofoth tlh ct carefu. 
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b,beC .nitiated a'nd carr ied out IthroughoutiLhe life of the inro ect. hi 

prga iIdui tedl be g ra Pt fu nd d~o~hAD portion

o ro c findssand it should be onti'actedto a qua,-lifieddIndian 

.Intittio. li ',Mnae ha'sTe Indian Institute ntatAmdb. 

exhibite'd god qualifications, for such work in their ".aq.sessrnent of the 

Chamn-bal project" and there undoubtedly ar v aIoh ~ nldn 

the University'at, Udaipur, and "OtherState adFdrlrsac 

agencies, 

The GOI and USAID might f ind ,it desireable to combine the4e< 

studies with other projects such as the Gujarat Medium Irrigation 

Project. W assisted projectsAAorld Banik in Punjab andcfRaja sthan 

:<.could also be included. In any case, arethere many technologi'es, 

procedures, and techniques b-aing tried to improve water management 

arnd it will be imperative to quantify implementation problems and 

specific benefits', if the processes are to be improved. Costibenefit4 

analyses in futuire projects will be dependent upon hard data from 

such studies. 

Studies should be initiated to collect and analyze the 

following information on a continuing basis: water table, levels, seepage; 

losses, operational losses, applic'ation losses rpigitniisa' 

institutional, and farmrer techniques used in management of the-waterl 

The orgnizaiti''in~d'oingkthese ;studies must work closely with the 

EvauaionOraniaton f heDepartmento Agriulture, and .-the 

-igtio hatdaa hrtllivr and pcsticlcJDeartentso on yelds, 

Use, -extension, operoi and rmaintenance~cosritsec a 



3

4be~	combined' with the water management data to clea~rly "identify 

prou~ effets.~msan dq attf 

Obviously the data' will need, to'be collected on a sarnplirig' 
basis.- It, wo<:b~py.J ally, in 

~<* beph calyipo~ssible to account for the; 

disposal of all water over an entire p rodject thro'ughout anirr gation 

season. Much of the technique for m-easurement will have to be K~ 

developed during the process of collection. Discussions of eac 

set of measurements follows:' " 

' ~ 1. 	 Water table levels - Water tables should be m-onitored 

in each Minor Irrigation Project. This does not mean'~ 

a precise mapping of the levels~throughout theproct, 

Ki42~'-area; 	 but a few well placed observation wells can be "< 

used to 	define' major changes in the water tables.' This is'~ 

esp,2cially important in modernization schemes whe're 

the, improvements should'cause a lowering of the water tab1)le 

over time. Ir{ this case, the water table can be moniotred~ 

by augering observation holes at specific intervals of time. 

-2. Seepage L~osses -Seepage losses should be'measured~ 

~7.<~'by 	 ponding method. Representative sections of lined 'nd 

Unlined 	channels could be used for sampling points.I 

~ ''would not be necessary to mreasure very m-any lined .,2vs 

-<-'-"-'-'' 'sections as they should all be similar. 

3. 	Operaiona Lose These losses are'-nvich, more 

difCLl to n-icas Ltr e, ~rthey UndouI~btedly are nvuch more 



--

o ~ I imotn nacvtroreaea 	 lhuhsmpling is the only 

Sto -accomplish-the s emea surement s -over-broad -area-s'-r' 

suggested:~ that the researcher's',start"'by fulIly:-ronit ngneca 

area. me ni nnsrumenting the entire, chak so that at any given~ 

time the' disposition of the water going to that chak is known. h 

can best be done by Parshall Flumes or other sutiable measuring -'I 

devices. Operation losses can only be determined by measurinig 

water a t different points within the chak area. 
The experience gained by working in one chak area, at the ~ 

* outset, can be used to develop sampling techniques and as a location 

~- to train data takers. At least one' chal. area on each MIP should 

becopletely monitored during one entire warabandiperiod.
 

~AAy~Information gathered during that 7-10 day period gives much,
 

-. information relative to the operational losses within the chak 

and also an indication of how the warabandi operates and the irrigation' 

techn~iques used by the farmers. Without information gathered A 

~A 	 a complete warabandi turn, it is difficult to explain jst 
.,during 

-~where and how J1osses are occuring. 

Withgo dtonone chak during one warabanhdi turn 

during each cropping season, supplemental sapln data can 

A P ble 	added., There are severa.l techni~quies to get reliableinformation1 

'' 	 'which can be extendedQ ovrlargerareasif nehs oeoplt 

daato correlate it with. An examlflannp j muchabU ''~-', ~~ 

r£A~peratonalo~~A~ efficiency is. to- determine th o UtlIetdischarge and0 chaR 

the, c-ropped 'rae.Wt this infofrmation',Aofle needsonly to 

4 



>4 -kdeerine the total time waerfosit h hkt 

- -------- get a- g ross-1 i ati on- efficienc - o~-. -c hak.- ---The s e4 

'ypes of mneasu~remenAts-should be made onsera ak 

<~within, ea'ch MIP a sthey can be done with very, little,, 

manpower. ' 

Operational losses are important 'enough to'quantify~, 

arid to understand how they are occuring, that the researchY 

group should. undoubtedly have at least 3'-teams of dat 

collectors who collect such data on 'a full time ba 's.~' 
44~4 .0 

4,4. Application Losses losses refer to the 1 sses-These 

due to excess water being placed in an irrigated unit .. 

~p, 4 4 4.(field) during a given irrigation. To measure is simply'j 

a m-atter of estimating the soil moisture before irrigation,~ 

determining how much water is needed, and then measuring 

how much was applied. 

~ .>:~.Sufficient samples of application efficiencies should 

be taken so that for each crop an average value for such 

losses is known. Experts disagree as to the amount of 

this loss. Some feel that due to the fact that there is no44 

.4444 . 'run-off in each field the efficiency is high but other~s feel. 

4 :~4.44. 444 that unlevel fields and the rigidness of the de livery syte 

4444 cahuses these efficiencies to be very low. Therefore 

... 444.4-44~444-44 ~ 4 <measuremnent im~portant the..true pictu',,~ is to-dearn c~.4'4 

roppi.45. C<4.444 Intensit In4 or e to finall s~m 
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waV4 flw adat~tIteron~i~w n'rd 'disposition within a chiak or 

7Therefore, crpi ng i'ntensities will need to be determined 
each season. This may already be doney b 

1j eci ica ly'or the chaks where operational losses 'are" 

...................iii acreai! p.It serves
'i' 'ge!'of each~ cr no :purpose to....sur ':, 
6. Anlye~ - ufcet4kae ae eaueetdt 

eingamonitd be necisaryn t reisel 

areofipoeech crop. itpsevesnoed purpse tonmeue 

the extenb itrgwil e tnypes, 

Theswe andse nouandfs eiuseatoywih t econoic&{ 

unproved aecusscnie aecusswt 

shourlsbeswl to e comaived anatse tnordeterionetaeed 

vi6.abiliy of eactentiea wer emesre dataont 

tof beinv impmend.These inclue'-improvement 

pranest sotuctresfar and omlelylied eroire~'!i ...!iII
:ii! 


ct extent andlmarinadb ntamong e vaiou t.yive. 
nayssThee pe iia:oud ly def11ine! the economi 
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