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A. Project SLunl" .. uy 

l. Statistical 

Contractor: 

Status: 

Total Estimated Cost: 

Improving Irrigation Water Manag~nent on 
Farms 

Colorado State University 

Revision of AID/ta-C-1100 

Through AID/ta-C-1100 
Revision: 1st year 

2nd ye<:r 
3rd year 

Total revision 

$5,144,000 
850,000 
900,000 
950,000 

$2,700,000 

PrinciDal Ir.Jestiga.tors_: Dr. \v. D. Kemper, Agrononist a:1d 
Dr. Gaylord S!w0erbo0, Agricul:.aral 
Engineer, Depc..rt:.1ent of Agr icui. tt!L.ll. 

Engineering, Colorado Sta:.c Uni\·ersity, 
Fort Colli~s, Colorado 80523 
(303) - 491-8217 

Project t-1anaqer: Gilbert L. Corey, TA/AGR/SWM 

2. Harr.ative Surc.r..ar:~: 

This project addresses ~hrougl1 irrigation syste~ improve~ent and 
rehu.bili ta ti on t::e ger:eral problem of per capita food .:;,roC.uctic;-1 
and small :armer incot;ie. =:n part, t:1e impor:.ance of this under
taking has 2\s its foundation th- need for irrigation or su_;;ple:::.e!:':al 
wo.tor to pt:ocuce 1:101'.'e of the worlds focd. · Its furt:1er i.!.1r:or':2;1c::::: 
i::; due to Lhe f2.ct. that to get the rr:ost fro:n improved seeds a:~C. 

from fertilizers, water correctly applied is essential. ~1d, lastly, 
irrigation renovation and develcrment is ci1e key to widely dispc~sed 
qua.n turn increa~·.es in food production. Development of improve·a 
ir.::-igatio:1 syste:l:ls and water r..anagement sc:r.er:i.es are, therefore, 
basic to moving food production for-ward on a sufficiently wide front 
and to raising the standard of li'ling of the small farmer. 

This proposal is a corr.ple.rr.entary combination of research, training, 
and technical assista11ce directed to improving irrigation wa~er 
managemen:. on farw$. To achieve this objective, water delivery, 
water utilization cropping systems, and drainage are looked at to
get'.1er as the "unit" of production. In a systems sense, each of the 
irrigation system components is raade up of a nwnber of interrelated 
parts. i,leasur~s of overall efficiency include yields, unit costs 
and returns, and ef :icier.cies of water deli very and drainage. ~hese 

'acto:rs and. re la ti on.ships, c8nsidc:red as a total package, constitute 
the researc~ outlined in che proposal. 
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Although huge investments have been made in irrigation systems, 
there i$ no syster.1atic :neans to evaluate t."'.e ef=iciency and 
effectiveness with which these syste~s deliver water in response 
to plant needs, to diasnose weaknesses and fail'..lres in the system 
and to test and prescribe technologies for improvement. This 
project addresses that void. 

Over the past five (5) years the Colorado State water management 
research and devclo~ment activity in Pakistan has concentrated on 
water manag0~nt~nt improvc1:\ent technology with direct farmer applica
tion. This has included rehabilitation of delivery systems (channels 
and operational rules a11d ~egulations) which transport water· from 
a govc.rnmental ;n..1naged system (r.tai!I canal, well {s), and/or storage 
facility) t'J and ar:long f:i.r.ns and fields; the physi::::al network and 
problems assccii!.ted wit..11. moving water and uniformly spreading it 
within cropped fields; improved agronomic practices that will resuJ.t 
in better crop stands, increased crop yields, and more effective 
use of fertilizers; and the operational ules and regulations and 
pricing structure that are needed to manage the syster:i for optimal 
use of resources. Irnplement.;ition. of proven water management practices 
on farmer's fields in Pakistan has and will remain one of the mos· 
pressing problems to be dealt w~th in successfully concluding the 
research program. 

Thu!:> far, the project has t~1rough field experimentation a) developed 
a reliable, inexpensive, fa:rmer acceptable and farmer constructed 
method of improving t.he water delivery system among and on-fardls; 
b) demonstrated the value of small water control stn.:.ctures; c) 
determined the benefits of land leveling and demonstrated its effec
tiveness in increasing product.ion ar.d reducing ".vat8r wa.ste; d) described 
the traditi ..... inal farmer cons~raints to acceptance of iraproved 
manugcment; e) created an awar>?.n~ss among the government of Pakistan. 
and donor agencies of the potential i!71p.:tct of water ;nanagerr.ent improv~
ment 011 food production and farner income; and f) given assistance to 
indigcnou::> rcse~uch organi.:::.ations resulting in more attention being 
paid to water m.:."!nagement research in Pakistan. 

The technologies of water celivery channel improvement, land leveling, 
and field reshaping have been demonstrated to increase the water 
availability to the far:ner by at least sixty percent. Improved crop 
husbandry, fertilizati0n, weed co~trol, and precision planting result 
in at least a doubling of crop production when coupled with the 
increased available water. 

Several technical publicatioris have been prepared under th€'! project. 
The irrigation system in Pakistan has been thoroughly described. 
The farmer water management /roblems have been delineated as well 
as his own perception of these problems. Several papers describe 
various technologies for improved water use including an analysis of 
water user associations, water use by specific crops, water rn~asure-
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men t and cont::::o 1, fertilizer water intcr-:ictions 1 ar.d i.::r i<_p.t icn 
water control str~cturos. In total some fo~ty-five fUblicaticns have 
been ddvelopud under the projc~t. 

This project extension will continue to packa~c the results of this 
work into documents for ef f ~c ti ve utilization 1 both in and 01.itsl.de 

Pakistan. Principal outputs intended are: 

a) The descr.i~tion of a systematic app+oach (model) for developing 
countries tc use in analyzing and diagnosing the inaff~ciencies 

of their irrigation .,.,·ater management systems, and selecting 
appropriate remedial measures, and identifying the processes 
of implementation. 

b) The completion of a series of technical publications describing 

water management related technologies, organ~zations, and ' 

activities which hav~ or will have been prcven effective. 

c) Some technical assistance in the form of ·roY by project personnel 
to Mis:;ions who are identifying on-farm water 11'.ar.agement problems, 
develop.i.ng programs for potentiRl solutions and evaluating water 
managem~nt programs. 

Water management improvement with its biological, physical, socio
economic, physical and political components is a highly coreplex 
development process. It is one which historically has been approached 

by single factor analysis. This project has, however, evolved through 
an interdisciplinary approach which considers all aspects. These 

products there~ore are ~ot mere descriptions of separate technologies 
which may or ::iay not fit singly or jointly into a given situation. 
They will include a synthesis of training needs and methods, i~sti

tutional requirements; social, eco1:.cmic and environ.11ental i.::tfacts; 
as well as tl1e detailed techni~al description of the physical processes 
and ci1e suggested diagnostic and remedial measures. 

'l'he laboratory for this project includes three field sites in 
Pakistan where "pilot" studies are being conducted. Local cur::-:-ency 
funding is provided by the Mission and Pakistani institutions a..r:e 
directly cooperating. These studies involve direct application, 
analysis, and evaluation of the development processes under nor~al 
farmer conditions and constraints. The .:;:ecently implemented AID "On 
farm Water ~·'.i!nagement" loan program is an important vehicle for evalua
tion and develcpment of various compoP.ents of this resea1:ch. This 
project is a five year pilot program to establish capability w·ithin 
government agencies, private contractors and farmer groups in planning 
and carrying out activities necessary for efficient on-farm water 
management. Research findings, from this cont:ract, and new management 
procedures will be used to improve watercourses, level farm fields 
and to improve farmers crop and water rr~nagement practices. The field 
research team will carefully monitor key aspects and will be directly 
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i:wolvC?d with dcvelor:r.-.e:;':, test.i:-.g, eva~ue'.:icn ar:.d re:i:-:e!:le:-."; o: ::he 

various traini~g and Ln5titutic~al re~~i~€~ent~ necessary f~r 

successful i::'.p: er.,en ::a~ ion at~cl :-.~:. i ::. t ena1~c ~ of i::;prcvecl \\\it er :;:"1:1:!~t?-

The on-campus compor.en:: of th~? research wi 11 include the dcvel')l rr.ent 

of the in formation tr .:ins fer proct:!SS {(a) above) and the packaoi:;g of 
technolog10s i11to a readily uscable format. Experiences, data, and 

the expt~.1.:ti~;"~ of the lJtah State research contract and the Consortium 

for Intern~t~onal Development (CID), will also be utilized through 
work.shops and data exchange to take advantage of all the research and 
development expe!:"ience at AID 1 s disposal. 

Since this requested extension is focused towa:!:d "packaging" the 

project outputs for utilization elsewhere, it will be necessary for 
project personnel to become familiar with on-far::n water manage.'1~ent 
situatio~s in other LDC's. Project funds will therefore be utilized 
to provid·» technical TDY ass to missions developing and/or 
evalunti:ig on-farm water mar:age:nent improvements projects. 

Selected LDC officials will be brought to Pakistan, as early as 
winter 1977, for an introduction to the proJect and an analysis of 
what t!1e on- .::-~1r::1 w..it0!' :nana 1;c:nc'.it process i:;volves. T'.1is step \dll 

be htc:lpf'ul fo!: 12.ter utiL: .. z~:.tion of resca.!:;::h !'esults since the:::0 are 

SeVCJ:"<ll it•,~ms St.:Ch dS !-~ricir:g, gove::-nmt:ntal ors::mizatior1, 2.r.d farmer 

co1rntr,1ints 1,,·hich :teed ta he irnalyzed oi: sit0 b.:for0 an implc!r,er:1:ation 

of t!h' lechnolchjY c,<.;i st.:c:ccs::0f·,1lly be 1.~nd~:::-ta'..:.e:1. T!:c sel\2ctic·n of 

the LL:Cs to bi~ i;wolv"~d '.vill be acccmplis:1c:d t!1.!.-ough ?.cgion.::l 2u.-::eall, 

Mission, .:ind Ti\B ciscussior:s in order tba t. these most likely :v.:.:cdi::-19 

this development will be i~volved. 

1. The purpose of thi.::: r>roject is to develop and evaluate guiC.elines 
for efficient control anJ effective irrigation water utilization 
measures considering physical, econo:::1ic, social and institutional 
constraints confronting f3rmers. Project accomplishments thus far 
include: (a) docl!mentation of farmer water mandf.eraent problems which 
led to an awareness of th~ir serious nature and ::he potential effect 
fcod production of developing remedial measures; (b) development, 
testing and evaluating several technologies for improving water 
mrtnar,C'ment such as ',.;·1 terc0urse renovation, land leve 1 ing, ~.rater 

measurement and control with simple low-cdst structures, fertilizer -
soil - water interactions, cropping patterns as related to water use 
and availability, s;nall tu~e~.:cll op8ration techniques; and (c) an 
evaluation of the problems associated with institutionalizing and 
orchestrating an integrated improvement program into the socio
economic environment of the fanner. 

Yet to be accomplisht~d is the completion 0£ the evaluati.:>n of these 
technologies and informa cion into a delivery, utilization, cropping 
and water raanagement system which includes the farmer as an individual 
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manager anJ as an institutional representative. The implementatiOh 
and m<.1Laten::tr1cc requirc:::ents for the cnti.re J.t.?velcr::\,,,~:i.:: r~·."lc.:'!ss need 
to be analv~eJ a~<l dcv~lo~0J i~t0 ~n tni0r~Jti0n t~3nsfcr ~rocess . . . 
useful to L:JC' s. ,\n i:1U' 1 ~..:ey cc1:1µ0n~:1t ·.,·ill i:1H'llv~: t:'.1~ train• 
iag requirer::ent:s nect.:ss:1::y for successful problem diagnosis> project 
dcvelop1:tcnt and i:11p lementation. 

2. This project renewal fulfills the following two use objectives: 

a. To meet th8 desire of AID L:o be responsive to water management 
problem identification, technic3l and economic assessment, 
and technical and financial "packaging" world-wide. 

b. To help identify and provide technical, research and training 
support to Pakistan agricultural development systems based upon 
or geared to water management - in both a decision and action 
dimension. 

An cvolvement: of the prcject is developme::-tt of an "information 
transfer" mechanism of an applied nature which can be generalized. 
The mechanLm wil.l describe how a country systt?.matically: 
discovers the factors responsible for in(!ffective water :iunage
ment; quant i.f ietl them and shows their [Ik1j or relationships with 
each other anJ wLth. oth<~r production and m.anagcment factors; 
and orgo.ni?,(~S to lessen the 1L11iting inef f ic ienc ies. The 
methodology will in::lud~ a probl.:.:n i:lentification and decision model. 

covering (:1) builJt'n~; ,n1d r;1.:ii.ntainic5 d~~cth·e, econ~1:~~L~,1l 
• ... ·.:ite!." ch::r'ltH~ls and on-L":t~-:':~s; (b) developing and maint.1i.:::iag the 
on-[Jnn irrig,1tion sysLe1:1; and (3) utilizing t:1e saved -..;,1te1: to 
increase production or to reduce the design quantity of flow into 
the system. 

It should be recognized that the description of the tra~s£er process 
and the i.mprover.:ent tecbno logies relating thereto also iac l udes an 
descripcion of the training requiremencs necessary to properly 
accomplish the develop~ent ?rocess. This refers to training require
ments, techniques and materials necessary for LDC personnel to 
diagnose their problems, as well as to build and maintain a improved 
irriga'.:ion ~ystem. Elements needing various for:ns of training 
include f ar:ners, ex.tens ion special is ts, program imple~entors, and 
key goverru::ienta 1 planners and dee is ion makers. 

c. Significance i1nd :·~'.'.tionale for the Hesearch 

LDC's and donor agencies have placed emphasis on improvement of irrigation 
water manngement as a means to increase food production throughout the 
world, The six teen ( 16) donor countr-ies making up the Organization .for 
Economic Cooperation of Development committed almost 20 percent of their 
agricultural development funds in 1973, and over 30 percent in 1974, to 
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"".:ltE'r dcvelop::\c:1t:. This amounted to about $360 million in 1973, and 
$855 milli.on i.n 1n: •• AiD 1 s ~976 b;.1dgct submissic11s contai.n over $100 
million dollar~ comr.1itt(!d !.:o 11ater :nanc1gement related projects. 

Even though large financial rcsou:-ces are being directed to solving the 
problem of water management, no systematic approach to evaluate irriga
tion systems, analyze weaknes8cS and failures, and prescribe technologies 
for improvement lrns bt:en developed. Instead, each sys tern becc•mes a case 
study where i.mprovement pro3rams are developed within a very s!10rt period 
o( time, utilizLnG little more than the experience of the proj0ct developer, 
whlch most frequently has rcsulte.d in capital"intcnsive 11 hardw,1re 11 projects 
th<lt treat tlH' symptoms rather than the real problcm(s). This approach 
generally ignores th0 farmer, his attitudes, knowledge, and constraints. 
Tltis project directly adclress0n this problem i~ a total development sense. 

The ccntrnl focus of the water management rese.:irch activities in Pakistan 
has been th~~ development of .in innovative research process which has 
h~ lpc<l f onnu Ll tt.: relevant t-eclrnical and socio-economic specif ic:Jt ions in 
fottr major <.Ht~as: 1) on-farm water :nanagcment problems and fnrmer involve-
ment; 2) policy-pL:uming decisi.ons on water and farm production questions; 
3) training and institution building; and L~) infon:i.ation transfer ?re
cesses for other LJC 1 s where irrigation is a required input for crop 
production. Pakistan has been and will continue to be a laboratory and 
a learning exper:'...eoce for i:nproving the 11 state of the art 11 on ~nowledge 
nnJ techniques required for inprovenent of on-far~ water manage~ent systems. 

Pilnt programs have de::~unstrated th3t with precise land leveli.ng, 
re;:nr;1,w.·2::.ler.t of L:ir:n ficl<ls, and bettor;:nent of the canal, fa'!::n -..;ater
co11rs~s losses c~n be halved. These improvements are economic ~nd 
.-,H1111 .. •rs nrc cnlhusL1stic. I.ht' GovernnH.~:1t of Pakistan c:wd donor a~~end.es 
.:lrc devel1..)ping pr.ogr:1ms to ext.:=nd the rese.arch findings. :\gency for 
Intvrn;1tiotwl D1..'V~~l0pt:11..'nt 1 s l~'<!.n progr.Jiil -..;ill extend the technology to 
(10,000 (:lrms ,rnJ ~1 ',fodd B.:rnk prog::-t1m will develop a strategy to Lnprove 
tlw enlirl' 25 million .:icres 1.vithin th(;! system. 

The project i:!ipact on Pnkist~m is impressive, but the possibility of 
transfer of the rese:irch, traini:lg, and implementation process to other 
countries is tre:nenclous. Presently, the Hiss ion in Egypt is awaiting 
approval of an On-Farm ~Jater ~fanage:nent project to essentially replicate 
the Pakistan experience. Given the experience gained in the Pakistan 
field laboratory, a data base and methodologies have been developed 
which, given certain refine~ents to be made in the next three years, can 
advance on-f.:i.r.n <.·J:tter- manageme.:.1t research and development in all irrigated 
regions of Pakistan and other LDC 1 s. The refinement and formalization of 
this research and clevelopr.ient process into a general framework is now 

required. 

D. Plans to Coordinate and Link Research 

This water n.:rnascr.lent research program has resulted in a keen interest in 
Pakistan among the government and farmers in developing improved irriga
tion water management practices. The USAID Mission in Pakistan has 



- 7 .. 

dcvelo?c1 an Cn-F~r~ ~atcr ~anag~~cnt loan to put to practice soce of 
the r•:s'J.lts o: :.:he rt!searc:1. ,\n b1portan!: out3r;:iwth, also, i.s :::ie 
i.rnp!c::-,cncatio;; o: ::.11 e:<tenst·;e -.:'1.te:::.::0urse su::·;..::: by the '.~.:ltc: .rn.J ?ower 
Di."V~lopacnt ,\u::ho::i;:y (',\,\P~l..\), ::in:.H;ccd by ch..; '.\0rld B.:ink, ~rnJ l'.~PP, which 
cxtc·ndti the 1-:atcrcoursc surveys dcvcl.Jp~d under this proje1:t. lnt.:ensive 
data will be coll1.~CtQd on \,';itcr h1sses, cropping pattt~rns, wat~r r1..~quire

mcnts, wutcr sch~duling, farmer practices, attitudes and c0nst::3ints. A 
great deal of training of local te~hnicians will be required on both the 
AID nnd World l~;.~nk studies. The Colorado State University field team 
wi 11 be directly involved because o[ their f.'.lmil L:i.r i ty with needs but 
,1 ls0 the c:->pl"r icn('c is neccss<.;.ry for thci r devclc.1pmcnt of training require
monts, technLqucs, and materi~ls. Also, the evaluation and refinement 
of appropriate technologies and the implementation process under the 
AID loan program will be utilized in conjunction with the results of the· 
expnndetl watercourse surveys in developing a strategy for extending 
improved water :nanagement practices throughout Pak is tan. 

Development of the transfer model will require utilization of data bases 
and experiences from other projects. Colorado State University will need 
to coordinate ·..;ith the Utah State research project which has collected 
much data in Latin America. The Consortiu.'11 for International Development 
(CID) state of the art water r;ianager:1ent studies will also provide an 
inpul. The water management i:nprovement project in Egypt will be closely 
monitored since in a sense it is a replication of some of th~ research 
and <level opmcnt .:u:Fcc ts of th is project. And finally, the rese.'.lrch team 
will be involvL:d in Jevclopmcnt of water manage::wnt improvcm(·nt prajects 
for t\lD. Sped He proj1::~cts to be includ8d will be selected ()y TAB, 
Ht:f.iDiw 1 Hure:ius ~1:H.l ~!iss Lins throrn_::!\ n study of on-going and proposed 
pr u j L' ~· t s . 

E. Plan to F.:icili.t:tt:e Utili:::ati.0n of Research R2sults 

Extension of project development to a ~orld-wide basis is now required. 
Ther.e arc many countries \.;here similar large-scale rehabilitation of 
1,.;atercourscs aad improved on-.far.n irrigation t:•;ater m.:J.nagement practices 
can greatly increase the food production potentiai. 

During the proposed three-year period of development, refinement, and 
art icula t :i.on .J f the required development process, the research methodology 
will be directed to 11tilization. The project is at a point where the 
1 • .;orth of the technologies have been <lemons trated, and, now, the utiliza
tion methods become the major thrust. 

Water m.anagenwnt and its improvement involves a complicated set of 
parameters. Social and economic factors could outweigh the technical 
ones. Farmer8 must make decisions before change is made and these ar€ 
not mere on/off decisions of use or not use. They are management decisions 
involving the physical systc:m, association with fellow farmers, and 
relationships with gove1:nmental institutions. Therefore, utilization 
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t.'llrlOQt L<: Cl<:hicve:d by f"i'!rc I>ref:c.:ntution of a t-::chnology e.g., a seed, a 

l1;HJ <JI forUl.izr.:r, D rr;'2!C.11in<.!. /\ n!i.H1ag<::ment process is in·:olved. 'Ihis 

nl~iciu:·r.:h pniject b;, hr.J"11c•1cr, provinr1 that givon prop~r tir:ia for I;"taturing 

of corroct tcchniquoc, enthusiastic utilization is possible. 

'l'hc followi rig project activities rcli\te directly to utilization: 

n. M. .. "lnua lt; (h.:tndbooks) will be devl'lopcd for I.DC tochnici .:ms and wa Ler 

man<1qcnwnt pl.rn111.'n>. 'l'lws(• wi 11 inc ludc a descriptj on of the ell tire 

dcvcll.n11ncnl procc~rn from probJ <~m idcntificu.tion, technolOCJY develop

ment, tu;t .i ng and implementation (the lrnnsfer modL!l), as well as the 

by~procluct. outputs described under D. above. 

Li. 'J'ho tra ininq of LDC tcchnici.:rns is essential for irnplcmcntiltion nnd/or 

utilization. The process of development of training requirements, 

miltcrials and techniques will involve actual scheduled training sessions. 

These sessions will be for tne Pakistani personnel who will be key 

implementors of the AID loan program and the IBRD watercourse studies. 

Colorado State University project personnel involvement will include 

training trainers, developing training materials, specifying training 

needs, and generalizing requirements for other LDC situations. Where 

applicable, needed, and timely, other than Pakistani technicians can 

take a<lvant1.1ge of training workshops in Pakistan. A good example might 

be the Cqyptian study \\'here tcchnicinn training will be necessary by 

mi.d·~·n while: developing the U:oinin9 capacity in Pakistan, Colorado 

St.:ite ll11ivo1:si ty will (!'."uluutl} the possi!Jility and fe>ll.sibility of 

crcati nq .t\ rc~J-~onal or i nb:n1atic1n.:1l tnd.ning capacity in Pak.i stan. 

c. Co2 urarlo ~>t.:tle llni Vt:u;i ty bile' ;1 technical assistance capucity rcsul t-

i 119 trom p..:n;onnPl closely invnln~d with the project. This expertise 

wilJ be ~;or el y nC'Nkd to produce the outputs of this project; however, 

1 ind te<l tcchn:i.c.:tl assistance lo AID in project: developm0nt (this was 

dunr~ 011 tlw Egyrt projcc t) wi 11 be available through this project since 

pro:jcct d(;vclopmcnt experience is necessary to develop the transfer 

mod0l. 'l'he ConsortiUI'1 for Jntcrn.:ltional Development (CID) will 

f~miliarize several key scientists with the project so that related 

project development assistance under~aken by CID for AID will be 

capable of utilizing the outputs of this project. 

d. Near the end of the first year a workshop will be held in Pakistan. 

LDC officials from countries ei.ther presE:ntly involved in water manage

ment progrnms or where such proc,i:::-ams are contemplated will attend. 

The country selectionB will ri-:sult from an analysis made by .Regional 

Bureaus and TAB with appropriate Mission concurrence. Participants 

will be presented the technical aspects, potential benefits from the 

technology, and a goneral scope of work necessary to implement· a 

program in a specific place. A working textbook will be developed 

for this activity. 

An international seminar will be held near the end of the project to 

present all developed project materials to the development community. 
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l. Management responsi~ilicies: The Soll and ~atar Division cf TA/AGR 
will be responsible for overall project r..anagement in AID. The 
project officer will play a key role in coordinating the activity, 
providing a technical input, and assisting ~ith work plans, annual 
reports, and publication reviews. The annual work plans will be 
developed in detail approximately three months prior to the start of 
the contract year. They will be developed with host goverrunt~nt and 
Mission cooper~tion and approved by the ~lission, the contractor, and 
TA/AGR. 

2. Non-contract project funrline: - The Mission in Pakistan has been 
cooperating actively with the project from the outset. All contract 
l1ousing, office, local hire, transportation, and local purchase 
support has been furnished by the :lission. In addition, field research 
studies have been financed locally through Project Agre-:!r.1ents with 
the Minis tries oi: Fuel and Power and Agriculture, Total local 
currency suppoi: t to the project avc.r;1gcs appro:dm3. te ly $!,00, 000 
il11lHLally With the logisticll support to contr.:.ct personnt:l c1CCOUnting 
for appr0xim;itcly one-fourth of that total. This support is expected 
to continue. 

The A ID loan program in Pak is tan and the IDRD wa tercoursr~ ev.:i h1ation 
project althou::)1 not a part of this research project, provide 
exec l lent oppln·t unit ics to test techniques ur:d2r actual tr;1p !e:.1entation 
concL.tions. 1'he contract r2searchers ara exp-ccted to work closely 
with these t~o programs. 

3. Evalu.:iti.on concept: - Annual evaluations w:i.11 be made just prior to 
development of the annual work plan. These evaluations will be 
conducted by TA/ACR, and the ,·!ission, ~vith Regional Bur~au rcpresenta
Lion. They :ire to be considered as tools for better conu"'"!'lunication 
and guidance .Lor developr;1ent of the annual work plan. 

A comprehensive form.al evaluation will be held between the 18th and 
24th month of the contract. This will be done by a team o~ experts 
who will intensively r-,3view field and campus activities to make 
recom:nend.;itions on progress and any special needs for completing the 
outputs. An evaluation will be made at that time regarding the need 
for furthe!:" TAB inputs relative to the utilization of this project on 
a global scale. 

4. Special clearance and information distribution requirements: 

- The Contractor will be required to make requests for TDY assig11ments 
at least one month in advance of proposed travel. The request ~ill 
contain the detailed itinerary, biodata, and a explanation of what 
the traveler is to accomplish and how it fits into the work plan. 
Reports prepared after cmnplction of TOY assignments an~ to be 
submitted to IA/AGR, the 'Mission, and the host government ~1gency · 
involved. 
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An annual technical report will be prep3red containing t~e details 
of all activities including data, reports, action, fiscal or other 
problems aud associated activities. This report is considered to 
be a working document and not to be a replacement for the widely 
distributed brief aru1ual report presently called for. 

5. Contractor selection: - The contractor will be sole source, Colorado 
State University, obviously since they are in place, have the data 
bank, the knowledge and the expertise capable of producing the out
puts within the contract period. 

G. Tcchnica 1 Review 

One of the hi,:J1ly desirablCT and beneficial aspects of irrigated agricul
ture is the possibility of total control of the water. Plants can be 
provided needed water at the time and in the amounts needed. Supplemental 
irrigation systems have, in recent years, been utilized in rnirifcd 
;;1g1·icul tural a rcas to provide additional water when unpredic tali le natural 
precipitation is deficient. In ~any areas, this is economical because 
uf the increased production possible with a reliable source of soil water. 
Therefore, even though the area of irrigated land, less than 15 percent 

of the cultivated land in the world, represents a rather small po~tion 
of the total agricultural land, the production from it and the increased 

production from supplemental irrigation systems represent a high~y 
significant food ?roduc ing potential - - one wh.ich should not be lgnored. 

Tile <imount of irYir;ntit'll i_.;:iter ac.:.ually used for crop growth in w. given 
orci1 is usually only a ;;1;i.'.\ll proport~.on of the ::u:10unt of •.,·atet" being 

di. VL!r te,l into thL' irrigation sys ten. lrriga ti.on water use ef £ ic iency 

i~, even today, low in almost all areas of the ~orld. There are several 
re~1s0ns for this. Seepa;c and evapor:itive losses, operctional waste and 
spU ls from in~\C.'.cquately ::1aint:aincd ditches, undesirab vegetation 

growing alo11~; and in the chcmncl distribution systc:ms, and improperly 
des i. c;ned and cons t"!'.'uc ted farm [ ields all take their. tol 1. The operational 
rules .:ind regulations under which the farmers operate also can contribute 
to \»aste the ,,·ater is not available to the farmer when needed. Thes~ 

factors are all related to the w1ter management practices on the farm 
ar:.d among farms and fields. 

The physical irrig<.tion system consists of a collection point for the 
water> which sometimes includes a reservoir, a conveyance system which 
carries the water from the source to the fields and a system which applies 
it to crops. The complexity of the en tire sys ta·m is quite variable, 
depending upon the number of farmers served and the structure of the 
organiza ti.on n:anagin~ the system. Usually, cous truct ion and maintenance 
of the reservoirs, dams, large can.:i.ls, and diversion structur1;s are 
handled by an agency of government and present no.technical problems. 
Delivery losses of water through the main canals are mostly confined to 
seepage losses, which are controlled by lining the cannels with suitable 
materials. 
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These channels .:ire ..::J.llt!d watercourses or latc1·:tls. This "sub-system" 
i:. the portion with 1-;hi..:h the far.ncr 1,·orks and over which he usuallv 
ha~· control. Of te11 the group served by a watercourse is totally re~pon
sible for its construction and maintenance. 

This terminus o[ the irrigation system is where the crops are grown and 
\.Jlwrc the econrn~1i.c benefits of i.r-rigation are realized; and yet it is 
tlse portion which is most often neglected by developers and builders of 
irrigation systel:is. The loss~s here include seepage and operational 
w~stc from inaJequately maintained and constructed ditches. The waste 
dtte to leaks ~n<l overtopping usually far exceeds the direct seepage 
losses. 

Once the water reaches a given farm there is usually an additional ditch 
system ~1ich carries the water to each individual field. In many cases 
thL; aL.;,1 i.s Cl rather extensive systeL-i since, even on S111.3ll f2rn:s, 
inJividu.:11 fi.~lds (irrigation ~inits) ::end to be very small. :-he 
i.11diviJu~1l fidd itself becor.ies the l.:ist portion of the conveyance unit 
transrorti.ng wat2r from the source to the root zone of the crop. Here, 
dlsc), there arc losses associ.at.:ed with i.:~iprecise leveling, over-irriga
ticin, or i.1wroper scheduli:tg 0£ the tLr:ie of applL::ation. 

The losses of: irri.gJ.tion '.vatcr '.vt1ich occur f::.-cm the mo.in c.:rn:1l to the 
root 3one usdally f.:.u exceed '.:hose losses in the ;nain canal itself. This 
is trilc of pr~cti.c3lly all systems throughout the world. It is not un
ust:aJ. for :~1orc~ th.Jn onc-h.J.1£ of the water supplied by the canal to be 
lost 3nd therefore not available for plant growth. 

Less th;:rn 15 percent of the 3 to L~ billion acres of cultivated land in 
the •.vorld depends to t.:i. lly upon irrigation, This might suggest that 
irrigated agriculture plays a minor role in th0 world food budget. The 
Prl'::;idcnt.: 1 s Science . ..\dvisory Cor.unit:tee in its report on the world food 
probl~'.11 in :--!ay 1967 pointed out that "~.;hen distribution of irrig2ted 
land and arable land over the world is related to the distribution of 
world population it becomes apparent that a large fraction of the world's 
pc op le 1 iv i.n::; ::la inly in diet-deficient countries are heavily dependent 
on irrigation for food -- nearly 2/3 of the world population lives in 
diet-deficient countries having less than 1/2 of the arable land and 
cibout 3/4 of the irrigated laud. 11 

Irrigated agriculture, with all its benefits, does however possess 
inherent problems. Water, however pure, added to the soil contains some 
dissolved salts. Continued application ove~ a prolonged period adds 
significant a!nounts of salt to the soil profile unless proper management 
steps are taken. The preferred practice is to apply somewhat more water 
(about 10 percent) than is needed for plant growth so that salts are 
10nehed down into the soil profile below the root zone. However, in most 
cases, too much water is applied and the amoun: of over-irrigation is 
significantly greater than the necessary l~3ching requirement of approxi-
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tMtcty lO pcr.::en::. This c:-~cess application can eventually create a 
problc~ rcquiri~g construction cf ~raln~ge facilities to rccove excess 
subwsoil '.:.:iter. ta areas h~1vi.n;; :i:1: topogr«:phy, the~ <lr::iin~\!~:.' \,· ... ..,:--:.:.s need 

to be L':"ttinsi.\'1..' (.'.v\·erins :-.\('St of t!1t: irrit;:1tcd lanJ. Th..>. s:.llt (s:.ilinity 
<tnd ;\lkalini::y) ;rnd the hit,h -..-.:u.:r table ('..;atcrhibgbg) proble::1s ,1re 
pCL'td i..tr t0 in i,_·.1ti0n jHojccts .1nJ the s1.~verity of these prvhle:as are 

dirc:c.tly rt.JLH,'ii t0 m:i.n;15c!:1c11l of thL' 1vater. WlH?n th1.' i:::.:mvey:1nce system 
is imp1ope1·ly (L'llStruct<~d .:rnd m .. d.ntained, .:i.nd th~ iri:igo.ted fields are 
not pn:1.:iscly l .. ~velc<l nor irrig<!ted at th.:! proper interval, thct·e is a 
r,rcat \\'aste of '.-:<ll.:.~?:. ~!ost o( this water finds its way to tht:! body of 
\\utcr living bt~nc.:ith the surface, causing it to rise and hastens the 
day when waterlos:_;it'..g and salinity cause the area to be abandoned. 

The F:\O/t~IBSCO Lrit:..!rnational Sourc~ 300'.' on "Irrigation, Drainage, and 

Sdlinlty11 indica:2s that -- in typical earth channels, under usual 
conditions, ab0ut one-third of the total water diverted will be lost by 
seep~be, uperati0nal waste and ev2poration. Erie in 1968 found on a 
cros3 s~ction of 22 irrigation ?rejects in the U.S. that the overall 
projt-ct u:;e ciftci.cncy from the darn to !:le fir"tal ir:-igation process is 

)(1. l pv:·cL'!lt .:rnc of th..:! m::ount dcli\•e:·c!d t.c1 the fa:n:-1, ..'..2 perct:nt is lost 
tlirllu,-.:1 t.h.:· i.r:·i .:.1tion rroccs~. !t is app;ffcnt fr(lr.1 these at1.dL:.s that 
\.:.1sta 1 ',l' oL • . .;;1L'r \vithin irrigati_on syst12r:1s is a crn1L11on probl~:-.1 through
out thl' '.;orlJ. 

Till' i'l'1.1vL::Lon .,[ .idcquatcly t:-.1incJ personnel for th0 r.1.1nagc:1;0nt of 

it-rii',;t!L,111 ;;yst<':··:~ to C'V1.:rcon1L' t~hc ~'\hove 1:1entL.mcd probll'ln:: L~ :.·.::q·.lired, 

but \vi U bt' c!iii~.,~alt to .:lC1.'ui:lpli.sh. :!L:ch focus must be given to train
ing not· cinly Lhc ,'nzincc:rs anJ L<'clinicLrns, but t~rnse who • . .;or~.:. <li::ectly 

~mi illd i. r cc t l y ·.·n.: h che fa r::1e;~. :\ 1 thou~~:1 .::i.g :r le u 1 tu Ll l e:~ e:::i.:-:1c ?1 t 

slat: ions i::ay exi::;t, tl;ere is usually a severe linitation in <..cco11plish

ing on-LL::l i11~novem•2r.ts, because of insufficient adequa'.:ely trained 
f~irm-lcvcl advisors capable of transferring applied :research rcsuli:s 
direct ty to the fa r:ne rs. In r:iany ;::ount:;:ies, the components of re.search. 
nnd ad\·isory S(:r'1.!..ces have never been ::nought together in a carefully 
p 1:1 :1r. eel r 2 la t iL' n sh i p . 

There is an a'.varcl1.::ss of the need for i;;1proved delivery syste::1s for 

tech no loz,y once it has been made available by research. Ho11.1 best can 
this transfer 0£ technology in water raanagement be made to th0 end user, 
the L1 rne r; So:11e extension sys t12m is required ;,;h i::h wil 1 take tbe proven 

findings o[ !:csea.rch, along wid1 utilizing the knowledge of the social 
sciences " "' 11 in such a '.vay as to convince the end user to move 
from the t:riai l:1..1 the final adoption stage. 

The benefits appear to be so important that a great deal of effort should 

be piaced on t:::-ying to solve th0se water r:ianagement problems. One of 

the resolutions proposed by a group of LDCs at the recent World Food 
Conference addressed itself to the necessity of directing increased 
at tent ion to this proble1n. Therefore, there now appears to be a world
wide recognition of the problem. Some of the major benefits that could 
be realized by successfully i~plementin; i,proved irrigation water manag0-,. 
ment practices are: 
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a. Irrigation water sn· cd throLt~;h µr.opcr. m.nnngemen.t is perhaps the 

grontest source of water av~ilable to ~griculture -- it is presently 

ln the canal t'caJy for us(•. 

h. Pt·op .. ·1 ~:.1n;l~>,eml'nt Lncn.::u1l·~1 producti.l'n t)t tl11..: .:i.cr0s pr('!'Wntly b0ing 

lrrlg~tc<l, but even more impurtnntly pr0vltlcs ad1liLi0nal water for 

tidditiunal. ,lCl"CJ.GCS. 

c. Salinity, alk~linity and ~atcrlogging problems arc relieved by good 

manag..;m ... "'nt. pr:11..· t ices. In fnc t, these mcn:mces cannot be conn l.etely 

col\trol led with1.'lllt proper management. 

d. 1f proper on-far-:n management of <.vater can be acco:;iplished by a group 

of small faroers, it will create a cooperative atmosphere among 
fanncrs and between. farmers a:id govern.-nent. This would have several 

benefits in other areas where such coordination and cooperation is 

vital. A successful progran involving small far.:ners woul<l also 

accelerate the diffusion of these new technologies upward to larger 

farmers ('.-1bich '.vould be a correction to the invalid trickle down 

theory) 

e. Equit.1blc di.stri!.iution of irrigation wnt:er wi11 be~ accomplL>lh"?~l with 

cnch Lu1ncr t,C'tting his sh~HI.! of the resource. 

L Dc>vclopmcnt ot a (rnther tlrnn si;-aply constructing 
11 h,:ud1"~H-,!" L1c i lit i <.:'S) t!1d t ,_,·ou p cr;:;e3 tc the fa r;11ing cor.:..11u t:i ty, 

agr .Lcu l tu cl l s ... ~r-.d ce personne 1, ::tnd £,overnr:ien t planners. 

g. U :1. trans tc r n1r.:chanism cm be .. 1ccomp 1 ish~d for this tccimoh .... ~-.Y, the 

pr.ocl':;s should be applicable in other sit::aations for olh0r technologies 

such as soil :~an.:i.~:;c:'.i..:•nt for soil water conservation in r.J.inred 

agriculture, range , erosion ~ontrol and octer syste~s 

requiring 1".l3.na;e::1t'!nt effort aDong a group of people. 

AID sponsored '"ater ;nanagement research has accomplished significant. 

results which relate to the proposed direction this project now should 

take. These accoraplish:-:1ents are su..-:L'!larized below: 

Probl0:_1~::'.entifi.cation: :-!uch of the research effort has deal!: with 

studies to ic'.cntL£:r the probL~:1:s of on-farm !!12nagernent problems pr(!

viously mentioned; i.e., low irrigation applic. ~ion efficiencies, canal 

seepage, spills and evaporative losses, lack of land leveling, excessively 

long ~.;atercourscs and poorly shaped fields, high Kater tables and salinity 

hazards, physical, human and inst:it:utv.mal consrraints, etc. All of 

these marw~cme:nt proble.i;1s have been thoroughly identified, evaluated, 

arid descr:ib,!d by Clyma i.n the published Field Reports. These studies 

foTin the basis oi specific research projects currently under investigatidn. 

Merisurcment of f-,4 individual field cases.has shown that aiJplicJ.tlon 

efficiencies =~ng~d from 0 to 100 percent and that the median. was an 

extremely low 20 percent. 



- 14 -

~..:'l::_tl'J.1.l:·_.\!: 'i_,,,,~:_(_~:·~ \ t~_:r..s:_~~~;~::_,,_~!: l1n0 \.-~1 t t"r,·,n1 r :,,, 0n th,, ;- 1,,n,\ 
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~1nc c.1ch of t'ri.ck .rnd t~onrctc i.:1 .1 tr:1pc::oU:1l sh::!p1.::. The ditch i.s 

elevated 0n a paJ so that 311 conveyed ~ater can be eve11tually discharged 

hy gravity int:o the fichis served by the watercourse. Perfor.71ancc 

cvaluatio~ of both liners and watercourses is continuing. At Lar, near 

Multan> another watercourse is pa:.:ti..ally r.:habilitated ('.WOO feet). 

Construction .:lftcr a 5-1/2 month delay in making loan arrangements was 

completed in one month during June, 1974. Aver3ge far..n size is 12.5 

acres. A demonstration of ~atcrcourse rehabilitation, land leveling, 
relocation and re-shapi~; of fields on 12 acres of Shajab ne~r Lahore 

h.'.lS been hL;hly successful. '.·:heat prod~i..::!:ion during t~e winter crop 

season of 1 73 - 1 7t,, produced 50 r.taunds (8'.~ lbs, per ma:.md) per acre. on 

newly leveled fields, a yield that is 2.5 times the national average of 

irrigated whe3t in Pakistan. 

yr0c i~}:..0_':2__ ! ,;rn.:\ ! ,0ve l i.~: Proced 11reS, dove 1 or:-,1en t 0 [ equ ipi:le II t .:.rnd 

lrai.\1i11g (1:: !)• :'.'f...)l':~::l to level s;-:;3"!_l r ~ a:·c bL:i_ng <1CCl':rtplis!H':'1.l 3S 

.111 i.ntcei«1l t1.1rt 1.>( v:llen:ousc r..:h~1bilitaLL1.11i. TlH~ ulti.;'1~1ti::· objt"'cti..ve 

i.::.; L(• t'<'1:1:1l,:t1.' :.: 0r 3 pi.lot opcr:tt1.' watercourses that c.:.H1 h•:' evaluated 

.1:; .:1 completL:cl Lr1·ig.1tion syste:;:. DLrcct c01:1p<.l.::isot~s of: efficiencies 

;in<l crop production ;,·ith unaltet«?d bcnchr.13.:-k watercourses are pl3.nn~d. 

Tubc·.,,ell.": A pilot skirnmi.n[; well has been constructed to determine 

foasi.biliLy o[ plcnping "s· ... ·eet ~-;a that overlays highly .:::i.lin..:: ~•e.ter 

at deeper c!ept'.-ls to 2uG:ierrt wat..:.:r supplies along watercourses. The 

foci.iity prnvides field va1.id.2tion of si<.i:::r:1ing well theory. Tests 

\.;ere conduc tcd i.n February, 1975 and are continuing. Econonic evt':. iuation 

indicates that tubewell discharge should be no more than one c.f.s. 

for most ~fiicicnt operation. In fact, studies by Colorado State Univer

sity are sho\·1L1:.?, th.?.t basc~d upon technologic3l, ece>nomic and soci . .J.l 

cansi.d~r3tiuns, ~mph2sis shoulJ be placed upon the devclop~ent of small 

tub1.:wells h;1vi;1~; .1 1.lisch.::rge c.:o.p;'tcity of less than on12 c.E.s. This would 

o l low cot\S i.c!t.: r:1b le iHi V.:t te deve1.opr..ent 3nd [ac il itate p.u tic ipatL:ir: by 

the small far.:ier, as well as providing less saline ~,1ater suppli~s. (In 

contrast, the 11 harciwa1·e 11 app:·oach has led to the cons true ti on of larger 

tuhcwells having capaciti~s of 2-5 c.f.s.). 

ImQ.E.oved I 1.T i 2.:lti0n S true tu::-es: Leak resistant turnouts and drop 

s ·:ructures have '.Jeen deSi2;ned and developed to control re e o[ '.Jater 

from watercourses at each farmer's field. Evaluation and improvements 

are currently being made. Emphasis is placed upon simplicity of design 

<Jn<l avaiL:ibility of materials which £armers can use for on-site construc

tion and installation. 

Wate1: :V!casure:;ient: Cutthroac flumes developed at Colorado State 

University and being manufactured in ?akistan have been used intensively 

to measure watercourse seepage losses. This has brought an :.\vareness to 
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Pakistan admi~L5trators and engineer3 of the potential for increasing 

wa tt:r suppl:/ :::;r Jugh ·,.,iatercour::e re~abi 1 i tat ion. These f l~;.cs eve::itually 

will beco~e. an i.:i.tegral part of the rehabilitated ~.:aterccurse to ri:easure 

w a t c r or\ to -:.:-::» e :- s f i e l d s . 

lrrigatio_t~ S~·hcdulin'."!.: Consumptive use as determined by conventional 

soil samplin:; tcchniqu.;s lws shmm th.:.1t wheat, berseem, cotton and 

cereal crops use 22.6, 29.0, 33.9 anJ 18.5 inches, respectiveiy. Also 

procedures f0r c:tlibration and ~pplication of the JenR~n-Haise evapo

transpirat i.on t'qu.Jtion to estimate const.unptive use of chc m.:lj()r crops in 

Pak ls l:;rn h;<s been developed. The me t!iod uti.l i:::cs maximum :rnd minimum 

temperatures, solar radiation and rainfall and crop coeffici8nts developed 

by Jensen in t~c USA. The crop coefficients must be checked ag3inst 

soil, crops and climate conditions i~ Pakistan to develop valid scheduling 

procedures to satisfy crop and leaching requir~ments. 

Benchmark Su~~: Data related to farm resources, cropping patterns, 

irrieation practices, farmer constrai~ts, farmer attitudes, crop yields, 

and c ropp in2, ~'~1 t terns are bei.ng comp lete.d on 4 experimental watercourse 

and 6 other ' . .-~:Lcrc0urses to establish :::he "be.fore 11 conditions. These 

(actors will b.' cor:1pared to the 11 .:::fter" situation where watercourses have 

been fully rtdi.::>.l>Eitated and the irrigation syste!":l is complete. Approxi-

:natcly 1 fan1< .. :rs ,:it :~ON..\ took part in the survey. 

_Pbvsic•~h ilt:·:1.m <.rnd. Ins_sJ_tuti1.1nal Survev: To gain a better insight 

into just ho1.J t:1r:·1l~rs 0r::_;anL:.12 ;;nd opet-ate ::i ' • .;atercourse, ir..i:ormation 

1,'a:..: ;;:1tlwrt:d on ,_)per.'.ltion,tl procedures, and the complex soci.al, hunan, 

poJ Lti.cal .'.lnd i.n:_;titutional proble!lls rel.:i.ted to the state-of-th~-.:n:t. 

TI1ls was done nit 19 wat2rcaursc areas. This shvuld contribute greatly 

tOh':irds tnc dcvL:lopmcnt of procedures and programs to ulti:;1:1tely implement 

;~rovcn soil e1n<l '..Jate:.: practices on farm fields for more ef rici2nt utiliza

tion of soil and water resources on small far:ns. The report on this 

study will be used to refine the techniques for the state-of-the-art 

studies call~<l for in this proposed pr~jcct. 

Water User Associations: Pakistan has no institutionalized system 

of water us1:~r assoc tions by which her far:uers can jointly pu~·sue 

optimizing a ~utual task. Many of the problens faced by the irrigator, 

and in ticular the small £armer, can be partially solved by providing 

hi.rn an opp or tuni ty to fonaally organize witr his neighbors to increase 

agricultural pi:od'.Jction by ir.iproving water managenent. The wace.r user 

association can become the nucleus of mutual on-farm water activities 

pursuing objectives of equitdble distribution of water, resolving 

disputes, watercourse rehabilitation, irrigation scheduling, assistance 

in land leveling, augmenting water supplies through tubewells and conser

vation practices, integrating water quality control through conjunctive 

use of ground and surface water and proper drainage and collection of 

fees and assessMcnts. Studies thus far go beyond the context of irriga

tion in Pakistan and examine a range of organizational possibilities 

that have significance to ultimately developing a pattern of associations 
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for Pakist;:rn. 1",1c 0r3•rniz.'.l.tional structures of five countri2:; \\t're 
scle1.'.t1~J to pn,vi.._:.:- .1 S!'t:.:tru'.:1 0f .1:~s,,.:L1ti1.':~~; .1t the h·.U1'r 
user lcv1.'l. T~lt.'5C fi\'c~ ..: 1 1unt:.-i.:..·~~ i11..:l.t:Jc th ... ~ l'ni.t1..'d s~ .. \tt.'~;, :-\1..>pubti.c 

of l'.1i.W•lll, Turk1.'y, Spai_n :ind ArgL'[lli.n.::t. Tlw results ._,f thi:: work c0mbined 

with the su ~-\•ey dJ.ta c i. t~J .::ib0vc 1• ill provide ::he nece~;sary gllide li::ies 
for implementing water user associations on watercourses. 
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jH•'.,iqll ;ir,d Mrt.l1r,<J'.; 
-· -- .. -·--~ ... ._.......... ,. ~- --

In g(:lll!r.:.il, the object of thi > re~:\·arch :if~ to im1,rove water mhnagement 

ancl ci:op pro<luction by idvnti fying farmer constraints to improvement 

mHl L~· dc\'t:lt'J'ill<t approp1·iat.e cost <.:ffcctivc technologies which can be 

<.:!ft>ctively ut.ilj::cd in the local L'nv.ironment. 

Cl<.n.11• wo1·ki.w.1 1·1·],:liom; have dt..:vcl.1."'Pecl \'>'.ith ::.-evt•ral instilutic•ns .in 

l'<1ki~;Lu1. ~.:unw uf the co0)'1·1,;Un~ programs are funch·d by the Mission, 

somt• lla-Puqll PL •iliO-USDl\ 11·~;<"1rch funds, ill\d ~;till othcn; by lhc local 

<HJl'lll''i'. 'l'he 0vcL11l proqram, c<t llinq for coop1..~raU on amon(J the :~cveral 

ayr,!nci L':> h<i:;; crc~1Led a national focw,; on water management improvement 

.,.:hi<.:h undoubh~cllr \~·onld not br: possible by working with only one agency. 

Cuopu:ativc p1 cc;1-.11·1s are ongoing with th.:: \·\ater and Power AutL::-irity 

(WAPD/\), the! A<Jr icultural He search lnsti tutcs, the Punj.:ib Agriculture 

Dopa.l:lncnt, LyallF,Jr hgricul tural University, and the Agricultural Research 

Council. l-'.ost j.1r.portantly, all of the programs involve cooperation 

with the farmers. 

At lcc1st ten w<1tcrcoursc areas have, or \!ill be, identified for intensive 

rcsc•.:.u:ch, imrlc·nicnting a variety of improvements, and post-eval ua ti on of 

b(~nc fit.~~ to th0 fnrmcrs. In addition, an essentia 1 irnprovemcut s program, 

r1~t.·c111 l y u1H10rtdkl'll, wi 11 be cv.:iluntcd an<l refined; the pr irr..:11:y purpose 

ht> i ·1~1 to id1~nt.i fy simple techn.)logies th.:tl c.:rn be undertaken L·y the 

f.111111·1· w.i t.h :1 1;;·i1drnnm L'f lr·cl:11ic.-1l as:.:jstance -- technolo9ic:> that are 

l'(·,H·:iJy iH'cc·1 1 t.il 1 1t• J,y L1J:mr·::: <"m1 c<ln bC' quickly diffu:;cd . .:'\Ill':; On

J\11111 L';it.cT J.1.Jn,:<_'L.•lCJ1t l'.i . .lot l'Li,1cr::l wiJl bcconie a field lctbc:.,d:(~;;:y 

J'<'1·11,1ttj11c1 fuLl)1<.l study of tLc: t:::•m~;fc'r process. 'l'hjs p1ojc .. ;t: .involves 

t1 L(·<'l\11, 1 lOlJll'dl "packaqc'' which \:iJl bt:~ ii;1plemcntE'd on 1~100 \·.'iitcrcourses 

((,QO,(JOU ;1c11·:~). 1'hc packtt<Jc cun~~ists c1f improving \,·;.1U:l'cour~;c cl:-1nnels 1 

i•n·c i: ,j on l:111d l c·vcling of cropla11ds, i1:1provcrl J.groni..•mic practice::>, and 

a<hl:i l i c.•11:11 ext c:r~:;ion service'::; by Wiltcr :.1anagt.~mcnt advisc,rs. This large

~•c<i l1• ."J•j JoL p1:oil'CL 11 \dll resuire considc·rable effort by C0lorc:.do State 

Uni \'(·1·1; it y in Llr:vc loping tl:c.'.i1tir:q i~~aterials and trnining host country 

ti:~1incrs, whicli in turn will Lr·2in pcn ... onnel for t.Jw variety of functions 

thaL crnaro~;c t.his integrated p<lckage of improvements. An important . 

aspect of this re:search program will involve efforts in organ:L;:ing 

f,::n111crs on w.::~tercour:.;es to effectively ir1plement an on-farm water manage

ment prograr.1, as well as insure the continued usefulness of the improvements 

throu0l1 effective operation ~nd maintenance procedures in succeeding 

ycnrs. 'l'he AID On-Farm \·later J.lanagement. Pilot Project will be continually 

evnlu:-1tcd '1r.d refined in ord•?r to define a program that will be highly 

cffccti vc for in(;rcasing croi:i production by small farmers. 

A r11ajor focus over the 3··ye.::ir period will be gi vc:1 to several types of 

economic analyf;cs to determine the cost/benefit rutioe of alternative 

technologies al!Cl 111ethods for watercourse improve1~1ents, increasing cropping 

intcnsi lies, and iuproving irrigatio,1 and cropping practices. 'l'hese 

economic: studies are of critical importance for policy makers in planning 

both short and long term resenrc:h and development programs on a country

wide b<isis. 
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Waler t·'..~r:,lgcr.eiit ,--:ltcrn.:'ltivcs \dll be an;-,ly;:ed using cost-benefit r:~cthods 
lo detc1-r.i11t• thl' l'L}lat.'vt~ v<1.lut' of \'ttri('1.:s ('(..'t~-.bi1~.1t-ions l'f ll', ;1::,)l('qies 
f0r \·,1rying \,·at.·i· r;ur'PlY situ:it:ion~- O\'l'l \',1rh,us t.1i:ie l'ei·.t,~d::. TJi,':-;L~ 

and ot hC'r d<1tL1 11ovich:!d tlh? "cc<.."nO:nic ,rn;ll~·~;_i ~;" (or lhc re('l'llt ly .:>pproved 

Wi\tcr 1•1~11ugc::1('nt lo<u1 project in P<~ki~;tilll. * 

Specific cconon1ic studies will focus on the following arc.:is: (1) Economic 

lwncli1·i;1rk sturlit'~: of b'n pilct ex1wri1~1L'ntal watercourse a1:eas lo cocurnent 
the C'cc.rnomic; !J,:--l)1'fi l·-cost rut.ios resulting from specific technologies. 
'l'hc!;l' sl udics will document the costs of labor and materials 2nd determine 

the increa~;es in cropping intensities, crop yields, and net farm income 
r0sulli11<J from adaption of technolo9ics; (2) Farm J.',anagement studies will 

aGc<?.rtain altern.:::tive change:_; in cropping intensities and crop mixes to 
incrc'<~!>C net fann income resulting from the incrcuscd water sup}:Jlies due 

to reduction of waler losses and improved field application practices. 
Speci;i l focus will be given to small and medhua sized farms. These studies 
\\•ill p1·ovide a lx·ttcr underst<J.nding of risks and uncertainties confronting 

small Lirrners <rnc1 the results will be inm:ediately useful for both planners 

i11\c1 e:vt en~; ion Pl~l sonnel; (1) The costs of production of water from private 
(11otl1 di est' l ;1 nd C'lectr.ic) tubewel ls v:ill be analyzed. The relationship 

bet.\\'c,·11 <k<JrC« L'f uliliziltion u.ncl ovaiLibiJ.ity and dt~pendabiJ.ity of canal 

""1tc1 ~;uppUcs \\'ill also be studied. Data on the productive Life of 
diffc rvnt tubc.,._.,,11 and pump cc:nponcnts ils v;ell as actual pump.in~ rates 

will Lie colll'CllJ and annly::l'd; (4) An intensive socio-econoirdc bcnch
rn<nk cv.-1luat.ic)11 v1ill be r.udc on o. sample of the lSOO wn.terc0u1·2e areas 

UllCh'~ tile~ US/\l]l t 1 i.lot pro9r<:I;\ c:tnd {S) r. cor.1prehensivc, problem idcntifi

CCJLion, study of ·10 watercl"UJ.sc sy~;tc111~_; in Pakistun has ali:t:<,::y been 
z.1c:co1r.;1lishcd. Tlh~se ~.Ludie;; contain scvt~ral types of economic cll1ulyses 
and identify rnd:ic.t" constru.ints confronting farmers. 

'l'lws<' studies, when complete, will provide detailed economic and social 

information and analyses v.'h.ich can be used to develop sound investment 
pro:..JL:im~. The information will be site specific to Pakistan and the 
lechnologics will include only those studied; i.e., improved conveyances 
and structures, lttnd prep.:tration and improved cropping patterns to match 
water f;upplies. llowever, the metboc.1ologies and socio-economic analyses 

will be specified and documented such that replication of the process 
with site specific data can be accomplished expeditiously. 

'I'he activities ,;n be sununo-1.rized in broad categories including utiliza

ti_~rn {description of the improvement process), training (requirements 
and methods to accomplish lhe process), and the refinE:ment of the techno
logies involved in water deli very, vmter ~iplica ti on and wa te:i::.. _ _gua.li 1:X_. 
Detai lccl acti vi t:y descriptions are presc~nted bel.O\'.'. The previous studies 

in Pakistan have focused on the watercourse command area, which begins 
at the outlet from the distributary canal, as the focus, for evaluating 

*See Echert, Dimick and Clyma, \\'MR Tech Report No. 43 CSU. "The Economic 
Analysis of Water Management Alternatives for Pakistan." 
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thl• b:-ri9~lti0!1 :>y:;tc:ns. Th0 w.1tc•n·0u1·st..' ch,1n!:l:ls, wh.L·~1 .i~·l' .i l'.1n of 

the w,1tt•r (1t~livet·y ~n1b:-~'£.te;:1, dt:P L'f c1·itL«ll il>.J'~'lL\!1,'t'i.i1: i:·.:i .,.,,·i119 

f.lnn \,'aLc1· n,rna~11.:m~'nt. The \\'.:ilLrcour::c comu;,-mLl a1·t..'.1 h.i:: t :.1~ .i,i\',1:;~.t<Je 

of inC'lnditHJ ,1.U tom~ of tliP ~;ub::-y::tcm.s i11 2n in.-ig.:lt:ion ~;y!;L1'm; n,11~oly, 

v:cilcr !3ourn.· (e.9., t.ubcv;l~lls), v:.::itt::r dclivN·y, water unc (croplands), 

and water L'L•rr.ov~l. '1'hus, the wa Lcrcourse command area c~111 be vic1r:ed 
lW an irrigation substem. 

l. lit i.li~ation - The major cn1phasis for the concluding thrc:e years of 

tE.is pr~T~~;t is the development of the research results into utiliz

ablc pro~ucts. These outputs must be developed, tested, refined 

and prcr;C"nt<.~d <luring the life of the project and, or course, will 

include the various aspects dj~cussed above. 

Activitirs relating specifically to utilization includ~: 

a) Evaluation and ref incment - the purpose of this uctivity is to 

moriitor on-yoin9 proqrams. This includes data collection related 

to: before and after water system lo~scs, before arid after 
cH .. 1 ·p.in~i relr.i ti on ships, success factors of wa te1-·co1irse in;proveroent 
pro:jc·cts, long-run chnngcs resulting fro:n watercourse i1:1proV1.'!

me11ts, quality of output of training prog1·arns, and institutional 
reln t ionships for w2 ter mi'lna~jemen t pro~a'i1rns. 'I'hcse dat2 will 

be evaluated to l'.~easure the direct ond indirect benefit:[; of 

W<lt crcour~~c c1cvc,JoF;~1cnt schemes. Based on the re~ult s oblaincd, 

rl•fi 1w:nPnts vd 11 be rccc~n:tic1;ded to ii~crease the cf:ficj 0.ncy and 

effccti vcnct>s of the t>:XisLi.11g progra1.1~;. 

'filis f'Valuo.tion and refinement ph<iSE' is the key link. bcu\···0n an agricultural 

dcvclo; ·mcnt 1 :n:.H;1«1.m ck•ri vcd fr0m research, <.rnd the implci.:ontat ion i:rocess 

fur such a pro~·1r.:r11. Evaluation ~H'd refinement involves not on}y a 

c.:n11ti11u<1l rc-cv,:tJuatic»n of the costs of the technologies being implemented, 

bt1 L cv~;n rnon· imror t..:::rntly, L.~ contini1al rnoni toring of the bcnc ii u .. and 

bc110flci<nic:; of the p·0':_'r.::in. 'l'his is an activity largely invol\·ing 

c,nlnl'L•i,;;;, with assist<ince from the CJ.gronorn:ists a1'd agricul~urc:-11 

cn•;i n..:r ,-.. . ikMcvcr, tLe: iniljor outr·ut from this activity is rC'f j nement 

of the implurl(:mtation procu:s, which requires a strong illt~e:rdi~~;:iplinary 

anolysi:: with the social sciences {sociology dnd economics) PL'tying leading 

roles. 

In this rcr:Jdrd, it is essential that CSU coordjnate and cooperate with 

the ConwlJ r·i·oj 0c:t cnti tled "Determinants of Dt:'Velopin9 Country Ir:r.igR
ti on Project Problems: A Multifactor Analysis for ImproveJ Irrigation 
System Opcru.tion and Pcr:formi:.l.nce." 'l'hnt project wL~l be examining in 

detail fiC:Veral specific hsian il:-ri9ation projects from a sccial Clnd 

ins ti lut.iona 1 stcrndpoint. The two projects, CSU and Cornell, must 
share data, C)~cricnces, and methods of analysis in order to improve the 

outputs of each. 
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'l'hc Uf.l\ID W..ttor l·ian<t<Jetncnt Loan Program will be monitored to document 
iu; succ~·:~nc~• (~rnd faclur:~s). To acco:npl i!:•h tl~ii:.• ;i.c;ti.vity, ~1 nu::;ber 

of pror.t~;ltu:~s r.n1:·t be 0stubli:.h'd, which incl\:1..~~: 

i. Dc\'clOJ':'.ic::~· of n PH"CJl';.,1 to ~;at~wr \,·.:iter 10s~• d;1t;1 on tl:l' hi1.t'cr

cour!.;e lif'fon• tLr> iin}TC'\'l':7lcnt pr0:icct illlU ai h:r tlw J'l'l~.it',·t. These 
dc1L1 mu~:l i.h' colJ<!Cled i.n <l con~~i!:;l(!l1t m:inncr ilncl com}•ilt:,\ in a 
:>t<111d'1nl.i ;·,,,l forr.1;1t. 

ii. LlC'Vl'lOJ 11:\\·1,L of a prC'CJt<1m to t.JClthcr c1oppin<J production ,1nd intensity 
clat'it ill ord(·r. to clocurnrnL bencfiU>/cl»Sts dirC'cLly cittr:il..iutablc 

to the proyr.:im. 'I'hesc data also must be collected in a .::ons:Lstent 
manner and compiled in a forr.iat amenable to computer· analysis. 

iii. Collection of duta related to success and failure on the different 
watcrcoun;r·r so that it is possible to pinpoint important 
prercquisiles for success. 

JV. Dc~ign and irnplcrnent a progrcna to evaluate the skill acqui.si
tio11, ilJ 'I •l i ca lion of skills, .:rnd job performance of the water
course t:ll(Jincers and water mana.gcment advisors. 

v. l·lea~;ure thl' overall success of the watercourse irnprovc;~1c1:ts 

in term!;; of total number of watercourse imr•roved, utilization 
tlf tile <1<.kii tion.:il service-:; pro\rid·.::d and ado1·tion of in:.t·ro·.icd 
J'l"iH'tic1•::. 

vi. 11(~\'1'1<'1' t ]1>· ::Llti :"lic:ill i'<'c'.l c,lJ'c!L>ili.t.y h) Likt~ thc~~c l.lt.ti" 

111.1!:!"C!3 ot d.1t.1 Lind tu 1·:11,iJJy l'l"Ut'l'~;~;, <ln<Lly;;~c· and ('\'.!1u;iti' 

lhc rcsul l! .• 

vii. •ro drc::.w conclusions fro1!. the datCl cvalua t ions that can p-ovide 
direct fc(·,~~Jack into tlle training in'~titutions, '"atcJ: m<tI1age
rne11t cell:;, a11c1 W3AlD to make the J:r;finemcnts necessary to have 
a succ0:;s1·u1 program. 

The dot<t collccLC'd will be ev<lluated and used to produce reports on 
watc1: loss chancres, as well .::s documenting the costs associated with 
the watercourse improvements. Benchmark surveys will be rublished 
on all pj.loL projects. 

b) Dl'Vclcprncnt of the transfer proces~; - in order to transfer the results 
of this rcse2.rch project to other _:' s, considerable effo:i:t will be 

spent in developing the transfer process utilizing the Pakistan 
cxper.ie:•Jtcc corn2lemented by tcci1nical assi!3tance by project per 301v1el 
in other countries. This process of problem identification, develop
ment of ctpprcpriate solutions, and d0mon!:>tri:ltions on farme}:s' fields 
precC'dinq full-scale implementation will be defined in sufficient: 
detail that others cou.!.d utilize the output in developing and .imple
menting on-farm v.'<1ter management programs. 
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'Thr·: dovlllOJ.W<~nt of tr.e: ir.fornatior. trnnsfe:r p:r:ocess will begin ir:u:-tcaiately 
since it j r-.volvi::s the ~:ynt! esi£:. a11d articulal:io;1 of all aspects of the 
pr Jje:c t i 1. ~:o <.! n-::;del which C.'1~1 be: uti 1 izcd by othe:rs in other places. 
l\ prell1nin;1i:y c\e~.criptioa will tA: pn2>:entecl to in s~lect0.c WCs, and 
final i ~Nl llS llie resc,1 rch and dcvc .lopmGnt ph.:-1ses are con cl ude:d and the 
tcchnologi i;<tl conT,,onenl!.> of t!10 management i1r:provemcnt processes arc 
funnctli~cd. '!'nc procc~;s (model) dc:.;cription will be developctl by all 
di ~:ci plinc:s invoJ ved in the pro:i cct with assi ::; ta nee from AID/W and the 
Mi~;sion in l'<1ki;;tan as represc·nt.:itivcs of tllC' Clonor agency. 

/\ hy-p:rodurt of the process itself will be development and refinement of 
t ho:..;c lcchnuloqil's \·:hi ch prove tl:cni:;;elves u.t the test site in Pakistan. 
~~-::inua.L~ will be devc:lopc:d whicll de.<..~cribe in detciil the problem ident:ifi
c.1 ti on J 'r-vcc~:.:; pn:'cis.i on l.:ii:d lcv<Jlinq; Wi.i te1:course construction <rnd 

mi!intcnuucc; waler u~,er organiz<ttions; maintcn<tnce of water qt:alily, cro,? 
watt.,.., re<1uJrc1:1cnts a:1d cropping patterns 1 and any other deemed necessary 
a~; the resc21Th progl·1:sses. 

c) TL·chnical J\~,!;istcrnce <rnd stat0.-of··thc-art - the apparent success of 
t·lii s J,<1>·t iculclr program in Pakistc..,n will unclciubteclly create renewed 
.i.nLcrd:;t in j ;·r.i~;ation Hater rr.a1ngement progrs.ms in other counlric·s. Ont=~ 

of the mor> Lii "T~~i:tant aspects of the water m.:n:~igement research axperienc..:e 
in Pakist;:i,n .i.s dcten::ining the degree of tr.::nsferabili t.y of the research 
rt'~;ul ts. hltl1o;J9h tbere is considurable conf.~.dence that much of the 
l.('.~~eoi:ch Li.JJJ.i110:,; have' v.:tluc in oth0r LDC's, this must be docL1rnentcd by 
dwl in otlwi_ J.[\.:' s. 

(\•;1\ 1 ;1cL01 i'l'<_,fe~·:.;io11ills and in ~:c~:10 cuses tlH!ir Pakist<1ni countcrr·<lrts 
will 1·rovi<1P lirni t L'C1 th'lrni_,:,:11 Zl~;F.i~;Lrncc lo l\ID for irri~i<tUon \vdter 

r.1c1n,1'" ·nH, 11l J >1·0 \...·ct l'l~n.nill<J t:11Ll cv.::lu<1tio11. l\pproximo. tely the Pqui valcnt 
nf on1· lul.l li:iw proic·ssional OVl'l" the three (3) year period, will be 
-i llot Le.: in)m p:c)j cc:t funds for this purpose. Specific Mission requests 
will L'c: l·cvj t>\·:c~d by TJ\U a11d the 1,,..ontra.ctor to dctenninc relevance n.nd 
.:1vaj L1biJ i ::y of ! uitable technicia!1~~. 

'f\,·u p~:q._, "'.vi.ill be scrvcc1 by this .:1ctivity. The Missiow.; will Jcceive 
ncedet1 t ,,,;;. 1:1 c<.~l assi:.;l:,1nce for proj cct devcl opment and/or evaJ uation and 
Colorz:do rLi'~o will gain experiencG and data voluable in refining the 
ti:.:rnsfcr i,rccc:.;s and determininy the transfcrabj lity of the Pakistan water 
m.:inaqumont i i·oject. It will aJso sc:;rve to aquaint proj0ct personn~l wi.th 
AID's projcc~ development process. 

cl) Pn~sentaUon of results - utilizat:i.on plans and activities begin 
immediately .:rnd become a major activity within this extension. All 
developed 11,u Ler ic ls will be placed in a working textbook which details what 
is presently known about the water rn~nagement improvement process. This 
"bow-to·-clo" n'.J.nual will become the means of dcsc:ribing the process to 
other LDC':;. A workshop will be held at the end of the first projec.:t 
year to present this material to selected LDC participant~;. This 
activity will initic.+:e a process of µlanning and development in some 
LDC' s. lu:, fu1·thcr and refined matt!rial is develop it will be givc~n to 
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U111~a! l,IJC':. <111'1 U11~ liri·.d oul1,ut:; will be r,rr:;;,_~nte<l at an international 
!;e111i1tdJ 11r~<Jr Lit•· r·11d of th<~ 1,rojt;•:l. 

2. ~~1:!_i.,inJ~n<1 - 'l'hc Mi~~sio11 in P,1Jci.~~tiln hilt: asked Colorudo Stntc Univc.:rs:i.ty to 
~;h.u-c with the· ~·;cs L1w1 l•:vcl L119 tc;1n th~ ma.jor re!.>ponsibili ty for train-
i 1HJ m<1Lcr.i.il:•, mclhodc.11<><.JiQs, and training a~;~-:istance of watercour~;e 
c1v1irn·1T1: on the Water r1<1naqc1:1c11L Lo,111 f'rogr«im. Colorado St~ltl' University's 
~;uc:ce~:~;ful ,1\ L(·t·ipt~; in t1ain-\·:a.ter rnanagem.::nt engineers for prr>viouc.;ly 
conducted F.>un·l'Y efforts have provided unique> C'Xperience in the range of 
related <lctiviti~s.* 

Sclcct-ie>n oi pcr~:onnel training in an nctual fie]<l situation, development 
of trd inl.r,q l'1;i I: er i tll s, eva luct ti on of tra iniIJq techniques, and training in 
preliminary d~ta reduction activities and reporting techniques have been 
the 111<~ jor cc· .. ; ,uncnts of this experience. 'I'hs se experiences have provided 
s<mc opportu11i ties in testing training methods, design of training uaterials, 
and the (:Vi'l lu .. 1 ti cm of on-the-job tr<iinee performance, as well as organizing 
pi:u(jrdli1~.; •:Ii~ .-·h \:ill l>P useful in tlie training of watercourse improvement 
(,llq i lH..'C r :.; . 

l\nol11<.•r J1;.1j u•: t t tl.lid ncJ component involves the provision <.if s1•ocial cxter.sion 
~;t~i-vices to iw} l1 f,irn1crs il'1pt·ovt: tl~cir present irr.L~;ation .:~nci cultural 
1n.1cl 11·l·:., h'ithuut cor.retl'llt cxtC'1':.>on advice an<1 assi~3t<::11Ct~, ·L.t ir: doubtful 
1r till Lccl111t'l,,.;it:; o' l.1J;cl L'Vl'liP'' <111'1 w<tti:.·~·cot.i:csl~ 1:eh;.il>ili.t,1t.i01i .:ilone 
\\'ill it:;u]\., c:u1,:;Linti;·; i:H.:n',1~;t"" in per 'lCTt~ crop yivl1.i:;. t'\l~>u 

l"t;1•;,:;.1ry <ilt :.ult.icivnl }'r.ict~S for ilK~rea~;('Cl prOdllCC. 

'fli(' tJt>.il of U1i:. acti\·.ity i:; lo t.i:ili11 an t'?:b::11sion work.t:'l: to 1'roviu0 direct 
,1:;:;i';t:;i11t.:r: tL' ft11;;;,~r:; i11 irnp!:ovi119 1.:alcr 1aani:~jc-n:011t <lnd crop pt·oG.uction. 
'l\• c1chit·vc· l11i:; nl jectj\·,", it is nccr~ssa.ry to develop, test, ancl rPfine a 
\.!. 1.11.ii.q 1iH••1.1.1!11 .1;1d c:· 1·lore 1:lt':<rns to devc~lo;.• jnstitutionzil caoabilit.ies to 
a,11.u!,1'.L<''- thi:, f'rugr~u:1 .in on'il:r to train sufficient numbco:n; of \\·atcr 
n',J lldlj<.::! •''lit ( :-:l ';l~!" .iOI! !°>l'CCia.liS tS • 

'i'ilu fc·J Jo ..... i nq guidc~lin<)~" are anticipated in developing the training program 
for: w:1 tc~:.· ;::,, !h1qcr .. c:n t crlv is ors; a) i< t least 60 percent of the intensive 
t1«'1 ininq at the "ti-aining center" \dll take place under field conditions 
on \·.".1 tcrcou r:~cs \·:here improvement p):ogrurns Gre unucrw2.y and interactions 
wi lh farmer c:dn be: prc:\cticed; b) clilssroom train:ing will make much use of 
v i~;u<l l :7, n<1p: , c 11<:rts, case s t\1dics, problem sets, method der.1onstrnt ions 
and disc:w:~.:c•1,;; ut~liziw1 project ucita; c) s0lf-ev<1luation and other 
(:Va lt:.1live 111pt·hod:; will be a conti11uous process during the training; d) 
forni;.d c:va1uat·ions of nll trainees \·:ill be done during and c..t the end of 
the traini !l'J i;c:riod to judge progress and as feedhnck for improvement of 
trt1in:i r,r:1 rwthods; e) !.>i>: n..or.th~; of on-·thc-job training under careful 
supcrv is ion of tcarn leader on wn tc 1:course to be improved; f) each trainee 

In the wutercourse surveys problem identification purposes, alone, 
15 cnq) necrs W('rc.: trained as wt.~11 ns 20 a9ricultural nssistants and social 
scient:if.;ts. 
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will Le provid~d with a field note-book durin~ training ~ith instructions 

und 9uit~r·:1.i!H.s fo!· cacl. task Le 'is r....:ciuirul to pe1::or1a. This :K"td·~1l1k 

will bv t:)'.":.:t,~d .:1s nc-.,· !'1~1Lc1:\.,11~- .110 (h'vclty,~,L This \,•111 t't'Cl'i:ll' .1 Water 

M.11hl~h''n1t'll\. T::stcn~don J'ii..~ld IJ,111dt','''k for \:.1t(·t 1:1,11h1qt'l11i..'lll ,1dv.i.H'n;. 

'l'lw Co.lo1«H;0 SL\ll~ lln.iVl"l·s.ity Fi~·Jd l'urt:y will pr(widt' p1.;'tsun:wJ ~i.~;;·istance 

in ck,1: lgn of. the 1-'1:0\1r;1m, dcvclopm·:•nt of matcri<1ls and rncthodoloyj l'S for 

itnplctn(~nla Li on a!1d ev;1 lua ti on. Major inputs will be organization / dcvelop

me nt of tn1i.ni n•:; 1:10t.hods and 1,1atc,r.1.als, and training and evaluatinq 

train(' rs. T:\•aluation und refiner.1ent of the progr<..tm will be major activities 

cha:- ing both the classroom and on-the-job training periods. 

'l'l1e entire t r.:ii ning icro jcct experie:\ce wi 11 be analyzed and de\'e10}-'cd i11to 

Cl llldl1U.:l.l hhich c\e:;Lribcs anu rcC;OliUnCnds 1ain:i.r.11J1t1 tro.ining requirements for 

various ai;pccts of tlic development pro<.:ess. 'i.'he evaluation will include 

i:;vlcction ot traim.:c:s, methods for trclining, and content of material to 

be tuU(Jht. Throughout i:h,; train.:i.ncJ exercise, the contractor v:.i 11 21;;say 

lhe posfdbj l i ty and feasibility of developing a world-wide or n~gional 

trnining cn1LL.'r in t!K' field of water managc1T:<::;nt developr.;cnt. 

3. HJ_l• '2:..J.).~' l_~-\~(·l)~ - \·la tc-rce>tn:ses in Pal:ist an deli very only about ht.11 f of their 

~;\IJ'!'ly to ti .... ~ Liclli. Conscqu0ntly on most v:nt1.>rcourses \:here is c. J'~)tcntl<tl 

lcn inc1 v;·:;in<t tlit' wnhT ~n.1}'t1ly to llic field tip to 100 percent. l'Y 11_.duc:i.ng 

l'.11; i.:..;l:~rn h.> dcvPl(ij' I Ji, \'ldter l·i:111.-i9c1!\Cnt Lo.:-m l'royram, fl :iujor co:.11x)nent 

L'f \··Id ch :i.t; the :i.m11rovc:nent. of v:a tcrcou1:ses. 

Wut<~rcou:n;c an· lic·ing improved usin<J farmer supplied l,;,JJor for c&rLhen 

irnp:covemC'n U: und gove1:nr.t~mt ::-. t11.'pli1:;d control structures, cul vcrts / linings, 

etc. Sf'l.c..:ction crite:i:in are tc:ing cvnluated in terms of the effecl of 

lhcsc er i le r.1 a on achievement of the watercourse irnprovci:H:;nt. 

E;-;1ic~.-t i se :!nd ll.«"tinin~1 l.·cquin:!l'~E·nts to achieve the impro\·cmcnt wil 1 be 

dPfin··,L T11cu·a~;c·s in water supply du(' to the imp1·ovcment and costs of 

Uic :i:i1uu~ \-'iJ1 l·c (\etcnnincd. Jrr;•1·ovN.K'!nt conponcnts to be evaluott~d 

<llld rcfi.ncd inclm:L~: control stnic·<....urcs, culverts, materials for erosion 

control, m~;tc1ials for low cost lining, buffnlo watering and bathi~g 

st.J l: ions, s tru~:tl.lres <lnd components to f acil.i. tate water measurements, 

c lcthcs wasLinq <ind VC'C)etablc w<:.shing stations, sediment traps, etc. 

Two basic pn19rams will be tested as described below: 

a. A .series of watercourses will be reconstructed with concrete and 

masonry control devices at every junction and outlet, Existing banks 

of the~e watercourses will be removed and the watercourse will be 

reconst)·uctcd to proper channel size and elevation, compacting the 

earth in the banks by the farmer.s. These reconstructed watercourses 

will be designed on the basis of a complete topographic map of the 

area, measurernont.s cf the flow to be handled, the number and position 

of structures and culverts needed and basic principles of opc!n channel 

flo~. Engi110c~s will be essential in the su~vey, design, alignnent, 
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and structure installntior1. fa.rt:'r:rs will be encourage~i to organize 
their cffo2:ts in a r,i::qc of infonr.al to fon;idl associ<iLi<'11s whose 
cffcctivl~;:L'~-:-> in prov.i~l.ln9 j;1i,.1\ll:S and l.'.:ll:ryi!:g out a nui'.t01~,1nce 

pro~1ram \\ill be ev.:\lu,.t L'd. As e;:c-h \,•otC'rC('t:r~~c is L'o1:1r1,~t1..'d .:u~...l 

eval \liltC'd, ut j liz.i nq bunci::.'.,:u:!\ (:,\ t <1 ccmrdl't'.i \·.'.i.th impro\·l'<i Cl'lh.1i tions, 
tlw les::ons \dll bt~ u:,<'d to reline guidt!lini.::~; for furtlll't' w~1tercourse 
irnprovum01: t ~ 1 roJ 8Cts. 

b. S.incc the nun1bcr of engineers i~• Limited, nnd there arc mnny competing 
11ccn~~ for thc.i r serv .i cos as well as for scarce capital, <m "er.>sential 
iroprovcmcnts" progrn1~1 will be tested which involves minimum engineering 
und capital outlay. Lossc:.~ at d(~graded j uncb .:>ns will be rc·duced by 
filling borrowed areas and brin<Jing water.course banks to propei.· cross 
sections. Observable leakage through banks will be stopped by simple 
core comp<>.ction techniques. Degradation and subsequent leak.age due 
to animal traffic will be minimized by designing and constructing 
compacted e.::rth watering and bathing stations and sediment will be 
controlled with earthen sediment traps. 

One or twu 1.1-ijor junc:U on will be improvC'd with concrete control 
!;tn1ctu1P! \:lwn tl1L' f.u-mc! !3 have- finished their C'arthen ii;\J>rovcments 
and farmvi ~-. 1vill be 9iv0n cost information j n case they dL•,-:.'..de to 
invL't;t i11 nKwc of these st:n.tcturu;. The prolcssional ~~Pl'\'ices will be 
provi dr'd pii.: 1:1rily by extension a9ont~ who hc=tvc had special short 
courF1..' triliniHg and r;up-.:rvisc<.1 fic~ld C>Xf'E)l.icnco in thi~~ type' of 
"0~>sc11l it1 J i i::i:rovcmL'llt" J.'r"Oi.J.t.:arn. Vj S\ial ai<1~> will be devt?lopt:,l, tested, 
<:110 llf:c'-1 1·,.., ll•'.lp c.::b.'l;~ic1n l't'rsonncl rnotivat\• f;:.in::•c:-i:s. 'l'he l:lC'thod of 
t ak ill:! l l" •di 11~; L• "mer:: to f;C'u irnpn:.1v0d \.\11·crcourset~ fot .:·011v,'1:sations 
with ()\\·n··1:; ol land (1JJ ll1oi;t• watercourse~; v,·ill be cvaJth.tcd, 0J.on9 
w.ith fil·ld lLiy~- and ut'.1121: nppro~1clws t:ls mc,1ns ior moU\·;1ti11y farmers 
lo Clill'loy irnprOVL'lllClltS. 

If tl1is pr09retm hits a higher benefit/cost rutio than the "watercourse" 
proyra1n it will ~e included as a low cost alternative in the water 

rn.:i n<:vJcincnt 1 o<rn project. 

The output that can most easily be measured in the length of improved 
watercourses. However, this is only a small part of the story and 
documentation will be provided rc9ar.ding technological and socio~ 
economic p~trarneters that measure direct and indirect benefits as well 
as the improved quality of life for farm famil::.es. 

4. Wat.c~ Ai~pl_ic2.t_:L.?.!.! - Improvc1:-.ont of watercourses will supply increased 
amo\lntf:: of wah:.r to the fields. One cannot simply assume however, that: 
t:he~-:e incre.:ised supplies wi 11 authom.:i ticetlly be translated into increased 
production. Certainly tliey will not eliminate water shortages and water 
wjll still need to be rnilni19ed as a scarce resources. The manag8ment 
practices which nu.st be changed or instituted to best utilize the increased 
supplies will h8 c1eterrninec1. Changes in cropping mixes, criteria for 
irrigation timi.n9, flexibility of water use and changes in other farm 
inputs wi lJ. be r.:'Y.Uirc~d. 
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Pa!..•l n:Ro<H"Ch !li1S shown tho irnportan~:c t'f precise land fanning as essential 
lo e[ficier•L \;,II.ct: applic:t.,L'.on. Studir.•c.; will be continued to determine the 
mai nlc.·nan(;e aw: ,•ducatil•na.l requj rcrr.ci;ti:; neccssa1·y to .2nsuro that properly 
tk<:jcJnec\ and co:i~;tructc<.l f.i..cl<.ls x.·i::·110~tin in good ord~r. 

'I'll<' 1·1c~n•1m ii·vclves n::..~e<trch on src:L·i.fic qucst:ion:~: of crop wat0r needs 
i11 n.•,)j'''ratio11 witil resc·ct•·,11 :m:titutit'n::>. Obviously, il i~; not io::;sible 
to inc'.l\1de et11 c1·c,p~; <1 nd r,·1..-t cd var.ic.ibles in such a program. Thcn~fore, 

,\ !;1_.·,~oid l'lh1:-.l~ .i 11\'t"lvcs ~-'Yn1 !~C'!;is of cropµiny rC'commcndatit11is i:1th1 related 
cnJ tu1 <11 prac\ i ~·u; of.•proprL1tc to the incrcaso<l water supplies and field 
tt•st i.n<_; lhc~;0 p1-icticcs wi lh farmer c:o0perators as well ns on reseurch 
f i\rnm. 

ExpC'riH~Pntal !;i.h:s wilh irricJ11!:ion c<:tpi:lbility have been selected at seven 
loc;it·ion~; thH:t:•.il:'.lUt FakistdJL Consnmplive use values will be determined 
fo1: r.•.1jor .:n·c;" cro;·,~ unJm: conditions of v;-irying fertility 211hl moisture 
:;trv!_;~;. C1lc1;Jntion:; \vill be LDf.»ed both on rncasurecl soil moh;Lt1re depletion 
.:rnrl the Jen'.1cn-·Jl,1ise equation for predicting potential evapo-tral!Sl'iration. 

In ;1(1c:itic>n, Ly installatjon or simi_"le hydraulic lysimeters, at one site 
011ly 1 direct 1:1c:0!;1:rements of crop evar.o-transpiration will be measw:ed 
<111d co;:1pari:.>0L 1;i 11 be mack ,,.,_.i th v2lucs predicted by the Jensen-liaise 
cq1i:i ti on. Cor,L·inu. tions of EU ch lysimeters will allow direct U.C:'asurcmcnt 
of crop c 1)cff.ic.i.lmts. 

'l'l1< u· 1uil:eu cl.i1,::1tic cL1ta for t!Jc J0nsen-llaisc ccruation \·;ill be r.-.c~1sul.·cd 

;1t t-..d1 ·~i tc. 'J'nn"\ls;l'.oL;t tl12 1 _; i c; of this projPct a series of" tre.ining 
~:l·~,: .. io:1:; v:.ill i•t' l10ld at e,•cl• 1o:;ation bo~li to };c..;p personnL·l tipdalcd on 
lill' t hod:_i lo~JY and ;1 h;,) to ev,; l u;1 L; tlw i. r procedure~-;. 

;_;cvcr,;l t·t~"~~<nd1 <ictivit.ic:; jn the past ba.ve b(?C'll conductrni at lccal 
l'\'!:t'dtTh inf--; Li tuU L>1is. 'llic:·.c ht1ve ucrF•rF:.lly invc•l\'(~cl \;.::1tc1· t.l!ic1 fc.rtility 
Vdri,1li10:: ,1nJ 11.1\·c <Jeiwralc"cl ii grc.:tt ci.:al of cnthu~;iasm a!i:on~.: loc:aJ research 
stafL fr,1 the j'cilcntic1l o[ j'H)dUL:inq hiq}i yicldi1H; crors with ]e!c;S Water. 
Coo1 'r,:tiv..::~ f'flc,i:l.:; i'1 tld.f' .tn'c< will continue, r-;1rt:icul<:u:ly 1-,·!1c•rt~ 1..he 

cfft•it incre<t:::,:, h•c;il c:a1.,-1hility and Ji;;s a potential for pnyoff in 
µr.icliccs co:.i utiliu-:blc by the farmer. Rest:•.Jrch on cultural pra.ctices 
df~~;igncd to in(T•:;1se water use ,~fficiency, particularly those aimed at 
in:provr.:'.1 s ti1i1C cf~t.;,b.1 :i !;h:ncnt, will continue. Oat.Cl from on-·goillg c;na 
rccc11tly con<lucted fertility, irrigation and ~ater quality research will 
be 21wlyzcd and inlerj.Jreted in terms of potential benefits and risks to 
the fttrrnc!r who m.i9ht adr.>pt UL:sc pracU_ces. 

On] y a re la ti vely s1:w.ll nu!l,br::r of crops and variables can be considered 
in inlensivc n·~earch progt·ams. It is then necessary to formulate 
production sy~s Lems based on the information gathered in these .:md other 
rcsc'1rch projcctf;, along \d lh a hnowlcdge of fundamental crop needs, 
the l'hysical e:,vironrnent of Pakistan, and the ne0ds and capabilities of 
the cul t:i.vatorf;. 'l'he approach .i.s to use water requirements as a 
focal point. Climatic recon1s arc> examined and wci.ter needs for various 
cn.>i;:,.; as <t fun~;tion of tfrnc <.1n~ computed for non71al and dry years. Cropping 
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mix, plnnt\nq elates, 01· irrit_1.:ti011 !'l'.:1cl.L.~l':: c:1:1 tlwn L't' :»!iittt"l t,, 

lJL't•l m.1t1 .. ·:1 tlh; ~l\'<1il,1L<1-:: w.1l\'1' f»\ll'j'lY t,) l hl' l>\'1',I~• of t Ii.· ,·! •'i'· ~:~i-·h 

!'l.'-":.1t·,1ns \,· 1 l l L•t.."' t.1.·:-:= t l'd ('!1 r\'~'t"u·vi1 :;Ld .i'-'n:: .u1J i 11 f.1n:»1·~ ,· · «','!'t': .1 t1.'r~; • 

fields. •r:h' iv~;vdrch ... ,1:1r,"n'-·nL \:.ill C\.'ll:>i:c;t l'I d . .:>1.·w:K•nti11\1 t!1'-' l''-'t1l>l:manco 

of llw illli't-.•\''-"i c1·orpi11-1 :;yi:;tl'l1l <W c.:..>mparL'd h> rrcvious '-''. \lni 1n1·1ovcd 
systems. 

'l'he PL 4130 t:pc 1nsored co11su1:\ptive use studies ar.e scheduled for 5 ye:Jrs 
totul (2':r years remaining as of April, J.977). All data will be compiled 

in an <mnunl report from the~ PL 480 Coordinator's Office, Agricultural 

ficHeHl.'1..:h Council, Government of Pakistan. 

'l'lw measurable outputs from the efforts for increasing crop production 
are: (a) c1r-;vL·lo:,1aant of C'Jnsuniptive use crop c.:oefficients for u.:;e in 

i 1:dg.:ition sc-hcdul ing and water us0 coefficients; (b) dev13loprnent of 

m:1lcrinlu for use by extension personnel that will enable them to predict 

c1op w<1ter require;rnents throuqh the season and advise on cropping changes 

(theGL' matl::ri<1ls will .:ilso be used for training water man.::i.ger.:ent advisors}; 
( J) three or four P:c1jor reports are exp..,~ct0d; and (d) a number of technical 

p;11•c.'r~.; w ilJ l.Jr: published. 

'.>. W;ilL' li ty - A \~·orldwidQ problem in irri~Jal.ed agriculture is the "twin 

11:c11dl'C" of v.«~ t 0r logg in9 w;d salini t.y. Over-·iJ:d.g.:1tion on .:roplands and 

St.."CJ'Ci<.Je lo:3sc:: f1·o:n watf'rcoun:;cs and cnnals renlt in grot:;·H'l\·:<ttel levels. 

ln mzniy an··.::::;, these grou;1.Jwatc!r l<~vcls reach the vicinity of the q1ound 

~·ui:L1L'L' (wj i iiin tt~ll foct), which c::.Ucv:r; upwa~.(: soil moist.ure movt~mcnt 
from Lile: yn u1;1Jwal:cr to the so:i.l !:;urfr,ce. \\'lwn this soi 1 11.oi.sture .::eu.ches 

llw ~frou11J ~~ul·face it cvilporat.t)s, leaving behind the salls lhc-1t we1·c in 

~;o] ulioll. 'i'liis pt·ocess of ::_;oil saU.nization rrsults in lower crop yields, 

and in m<rny c<1~:cs, to the lanct hecu;!ling unproductive or even barren. 

i:cn· Lier stud.ic>s by Color<ido St<lte Univcrsi ty en campus req;:irding the 

sol11tion of gypsum into irrigntion water for application onto croplands 

in order lo reduce the so(!j um-nbsoq)tion-ration {SAR) have been tested 

o:pc·rir.e. cal J.y in Pakislan. Tlwsc field stud:i (~S will continue. In 
adJitiun, field evaluations will be continued regarding the effectiveness 

of precision land leveling in reducing soil salinization. Also, farm 

cultural ices for reducing soil moisture s:i.linity in the vicinity 
o[ cmc·rqcncy plants will be incorporated into the research program. 

'l'hc primilry mcch.:rni.sm thut has been employed in Pakistan for allevicJting 

W<ltcrlog9in9 .:rnd F:alini ty problems is the con~;truction of tubewells. The 

tubewcllr_; serve a dual purpose a lowering groundwater levels, whiJ.1:? at 
the some time providing additional irrigation watc~r supplies. On-crunpus 

research hils led to the developme11t of analytical tools for designing 
tubcwclls to "skim" the less saline groundwater in the upper level of the 

groundwnter rcse~voir. These analytical tools are presently being field 
evaluated in Pakistan. 

Und~r this proposed res~~arch, field evaluations will continue of existing 

tubcwells and Pen~ian wht!els for obtai nin9 groundwater having satisfactory 
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qu<1l i ty (na Unity) for r:1eti ntaini WJ agricultural prod tic ti vi ty of t!1e 
irrigated croplands. 

IJuchJ< t· '11\<l li'li\11}'1..'\:p1· c~;tim.:itc's from cent rally funded soul'.ccs as pre~:entcd in 

the follovlinq !:1blc. 'l'tw out1 uL:.; rcquii:cmcmts arc divided into the sa1;1e 

act h· j ti cs as cU ::cmHH:d undc' t res ca rch methods. 

'fhc rli~;::ion in l'akif>t.:rn ctj 1·L'Vl ly supports the project through local currency 

for 1 ic:ld team loc;istical support <ind field research costs. The estimated 

cln11;1r cqni w1lcnl of this '1\l;•por t is arproxim:1tely $4:10, 000 per year Ot 

S 1, J ~iO, 000 for tltv lif c of the pruj cct exten~ion. 

/Hldi t: ionc:i l ly, the p.i:oj 0ct field team provides technical assistance on 

con~:rnnptive u~.;e L• tudies throughout Pakistan which are funded by USDA PL 480 

funds j ii the equi v<.1le11l amount. of $500, 000. 

En vi l onr'le n ta l ct 

'l'h·~ cnli1 e intci1L 0f this project is to research and develov tecliniq~1es for 

wi.~·C'l c.it:cful 111;111.;c;cit<\:?nt of rc:som:ces. Tlie problem addressed results in 

w.i:; t. "'t; of Wd tcr, 10.uching of fertilizers, soil salt buildup, open ponding 

of \'/,il1't·, ulld silt and weed lClc'lcn ditcliPs. On the other hand, v.;j_srJ uso of 

the~ w.it c·r urnl lflnc.1 rc:;ourccs rc,duccs erosion, and salinizutiori of soil and 

c U.111 i: i« Les [> tc11:.1n;\ 11 t wa tcr n' lloction }'Oil! ts. 

'J'hc iH:i.ivitics of thh; project fu.11 intu the area l1<.·~:cribed as "hnalyses, 

stud i 1·:;, ac<1cforni c <«nd investi~;a ti Vt; rc~;(:arch, 1·1orkshops and mcctiP~~s '' and 

tlwrt'l•·,· do nut H'quire Uie filing of un Envir0ru:10ntal Impuct s~~alcn:cnt or 

tlll' l'l l'l ;u:arion of <tn Lnvironrnentu.l Assc~2sr.1ent .. 

/\ttaclH'.d to this Project Stai:e1:Kmt are comments received from rzegiunal 

nurcctu. durinq the review process. All suggestions have been incorpor<:lted 
irito this final draft. 
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10 s ' 1 c., .-. 
-:-.1.., G ..... U iO $37 ,655 

!-. ., ::.. -;'? l /, 15,C.iGL J..v) I,._.- .. 
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t~, s:..iu lO,)C·Cl 
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- '.!.7, )00 

13,900 62 07!.; 
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MM COST COST 

27 $99,290 $2,24~,ooo 

18 116,756 16S,9::>3 
36.5 135,220 256' 726 
36 131,765 360' 110 

lL; $58,704 $263,022 
12 50,316 215,871 

48 $157,178 $470,701 
16 52,393 192,901 

24 $93 '!154 $313, 46!· 

8.5 34,8::.~4 ll0,134 

2 S7.520 se.s.9ss 

2 7,520 3S,:!03 
24~ .:5'950.0CO --52. ?OJ. 000 
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PROJECT AUTHORIZATION AND REQUEST FOR ALLOTMENT OF FUNDS 
PART II 

ENTITY Ti\/Bureau 

PROJECT On-Farm Water Management - Colorado 

PROJECT NUMBER: 931-0489 

1. I hereby authorize grant funds not to exceed $2,700,000 for a three 

your contract to be negotiated with Colorado State University for re
search on "On-Farm Water Management." This project is a complementary 
combinatio11 of research, training and technical assistance to improve 

irrigation water management on small farms in the LDCs. Over the past 

five years, Colorado State University has conducted AID funded research 

nnd d(·vclopment activities in Pakistan to improve water management 

technology through direct participation of farmers. Pakistani officials 

nml donor agencies are incorporating the research results into future 

comprehensive irrigation development projects. Egypt and Sri Lanka are 

nlso plannlng projects which will duplicate techniques developed in 

Pakistan. This project authorization will permit Colorado State to: 

(a) conclude on-going research activities and continue assistance to 

Implement sound water management practices in Pakistan; (b) develop 

the technologies resulting from the research into useable manuals for 
training of and use by other LDCs and donor agencies; and (c) provide 

technical assistance for the design and/or evaluation of irrigation 

programs in other LDCs. 

2. This project will be incrementally funded with $1,750,000 in FY 77 
for the first two contract years and $950,000 in FY 79 depending on the 
avnilability of funds. 

3. This project was reviewed and endorsed by R&DC during its meeting in 

September 1976 and RAC at its December 1976 meeting. The Research Pro

ject Statement has been revised in accordance with RAC's provisions. 

Clea ra nce.s :: 
TA/AGR/SWM:GCorey draft1JL 
TA/AGR/SWM:DPeterson ~ 
1'A/AGR:GBaird draft-PC 
TA/AGR:LHesser draftVC 

TA./RES:MRechcig~&~aft]].(, 
TA/PPU: JGunning . - W\. 

Curtis Farrar 
Assistant Administrator for 
Technical Assistance 

Date:~~~ 
JAN 2 5 1977 




