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I. NARRATIVE SUMIMPARY 

A. Princi-:J3I Accompi slunents 

1. Reporting Yu'tr 

The most significant de ,elopment during the reporting 
year was the elimination of generalized studies and activities and
 
focusing on specific problems of water delivery and 
 remioval systems as 
they affect the small farmer in developing countri cs. A brief suznmar , 

,of accwp5,, ,r a't.nt duriny the reportiir year, i, cldcs.: ,a
 
coop r'atie i irali 1'11 ti and wuutrieLAil m'>tcm dra,ing to d her
 
into a net;- tnc %.ariedlbr.r, r' ouit.,q in 
 i.i t itL i.at in " C(l1

universities ":14 rArted; ttfteen individuals occupying i mprt;,nt 
 watel 
resouirce mnatIgueit pisi tion from eleven different countrrieus enrol led 
in the intt rdti o ;chlel ftor NLer Resource which is self-su ort 1ig
and utili ze,.. the Iota cllpetencte oif the univers ii ; Iwut v-One met upgs 
of th,; riternat ioirl, Interdsciplnar Semina. Wqat Rusuircu ­on or 

\ianag'll'. " .'lv held at u cost to the 211(d) Vrant" roa- to. .'- In
 
water re,ui cs management wet ce; 1se and a ncec cwn rc frina j ,t t. d ;
 

inei7 studics Mealr y tae to watr.r 
 deliier\ ,an1d disposaiI probI mens
 
were complI eted and the abstracts o report i nit roduiction oi 1-rewrd'
 
placed in Appendix i; ten members of the Colorado 
 State [lnivcrs tv
 
facu \v were called upon, for 
k total of 1S tiines, to fill bpecific
 
advi sory requests fcrn, K!ID or other souI-ccs i":cti tcn WO
s)i wtir 
Tesource deveIopment problem; completion of plans ei, an Irite"7at;Llolin1
Symposium on Global Water Law S'stems to be held in Valencia, Spin

September 1-6, 1975; 

,
 
formal meetings with CID, 1Iropical So I (onsortium,


and other institutions, many (Ill committee meetings; more frequent and
 
meaningful contacts iinong the 211 Ld) grant directors; a forma1 papt r
 
presented befo-e CI'NTO by two members of CID and other 
contacts with FAO 
resultine ;a,many meaningful lintkages and an increase in the network of
 
commlnunicaitns,
 

2. Li fc of Grant 

Accumulated accomplishments include the development of
 
institutional ca itiI!r . , to ;.mork with AID, World 
 Bank, United Nations, 
and other donorq in ass ;strig lesser developed nations to strenpthen
their economi-c and .,cialIcondit ns through increased agricultural pro­
duction. In accompliLhi n t .,e nhjccw vb (Colorad(, Stat Un iveisity" 
increased the faculty by- wnt'.-two (22 1 new mv-mb ers wor'kinp ih the area 
of water 'esourcus dve,,omrun . 'hi rten (M ) oF thin, pus it ions were 
fully r partially ha:,pored initi.llY h) the 211(d) rrant tM Otd,. In 
addition, Cooradu 1State Mli t,,i' ty ,ipand.d its5coil,'SO ohlfturingq hy 
improving eightee- 11b) rts_-re, arid addin.g p,lcu ci (11) nu. one;. 't se 
course; are now full) supported by" universit , rids. t ~I;t 'cI on water 
deli very and removal system, was furlher -xpanded by a wide var ety oi 
new funding generated by the fauutty as a rosult of' the gant ind. 
Joint research programs have bewn establi'hbd both at Cal ,0adoState 
Iniversity and wi th the other CI' un"-i ers-i tie,,. Sl nInulattd 5y 211(d)
funds, Colorado State Ui crve.:iy developed ae ilt(;liphinary I am 
approach to research in the fu1l dlci n inn of water r,oui:ces paobhlem 
as it pertains to the econoMtL, sociological, arid technical fids. For 
added detail rugarding the above, including achievement and beneri to 
LDCs, please refer to the su r of the 5-year accompl ishmon , cotlnta ined 
in the 1973-74 Annual Report. 
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II. 	DETAILED REPORT
 

A. 	 General Background and Description of Problem
 
Water management has 
long 	been recognized as a problem in lD)Cs

but only in te last decade have International Technical Ass 
stance 
Agencies given serious attentirn to the problem through funding of 
water related programs. In 1969, Colorado State Univ rsi ty, Utah 
State University, and the University of Arizona were a]l 
 authorized,
 
through the 211(d) Section of the Foreign Assistance Act of 1961,
 
to receive funds to 
increase competence in their particular fKld of 
interest. The purpose of the grant funding was 
to enable each
 
university to assist the LDCs in overcoming the problems of water
 
management. 
Colorado State University's emphases is in "water
 
delivery and removal systems including relevant 
institutional
 
development"; Utah State University is in "on-farm water management";
 
and the [nivers:ty of Arizona is in "watershed systems 
" in as much as
 
these universitie. are recognized as among the most competent in the
 
U.S. 
in the field of water management, they were selected to receive
 
211(d) grant funds.
 

As indicated above, the field of study, research, and concentration
 
by Colorado Sate University, involves the optimum utilization of water
 
resources for agriculture with special emphasims 
on water delivery and
 
removal systems and relevant institu'tional development. 
 The relevance
 
of water delivery and removal systems and the need for expertise iln
 
this area to increase food production and benefit the 
small farmer is
 
reflected in a rtatement extracted from the FAO/UNESCO International
 
Source Book Irrigation and l)rainage, to wit: 
"---it may also he
 
assumed that, in typical earth channels upder usual conditions, about
 
one-third (1/3) of the total 
water diverted will be lost by seepage,
 
operational waste and evaporation." Actually, in many lesser developed

countries, the proportionate loss of water 
is even larger because
 
seepage and waste are greater. Poorly constructed and managed con­
veyance systems, over-irrigation, and many other factors contribute to
 
the loss of irrigation water, which must be considered a vital 
resource
 
in those areas of the world sufficiently arid to require irrigation for
 
the land to be productive. This wastage and seepage of water not only

is nonproductive but waterlogs the soil and results in the deptwsition
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of salts and minerals adverse to plant growth. Salinity, both as it 

affects the land and ceturn filIow", is a mrajor F actor in decreased food 

production throu'ghr th, I on s of thousands of acres each year in the LI)Cs 

due to this problem alone. 

Complicat.ing the above is that too ften, v>pecillI' 1in 

developing couitr ttbi r co11\v,1 e Ie V 111 1 lly, t' coi1 ,irL sSI Ci h II'o' 


completed. lor ,xafl[pllt, m a Mrn ies r \ieii , anad laro ca|uM are
 

skillfull; ongirevr-d on'v to pi lie atcr on I" ,,all 
 i'armor-. who
 

must 0or their O ,n1, h. .e''qpohh i 'frr h 1 >t :tew , Iu of a nici
 

lower standard .nd nr cmipletej evm. In addi tion, it.' tciw'in'ral end
 

of the irrigation s.steL, tih In !aI I lat orl:, tId U P ,n-thr- farili
 

distributio.n I s'otm 11 mo'i~'rv' Wiivrn K10an theIca'n t rarort.
M~ Ft(i 


It is to th'-is a pact of Me.problem
ethat Cel o ,ado 5Ra'te Urnii.ersi, y
 

has and w ll ' 
 i; ane to .ulll rl " NY SI' fIrCsI"or th, imrrovemIenlt of
 

these small con'evc, c 1 n, 'rrporiat the IFarmer and
rann!l. isso Io ,;mll 


consequenrI- to tW2 r-un lation '- the W\nistiqn , orld food problem.
 

B. Purpose of K1'rn, 

Ihe 'nual oIo.hnical Rei(l I for thu pvrrod 1973-74 was actually 

a 5-year report t ho I11(A! ,rarnt .ct iv ities ccdncted at Colorado 

State Uaniverqjtyv. [Wrin2 thr. , period(Colorado State IJnvers ity 

significan l) i mpr.'nLd it-. leve o)lr onrp( t nce w tir repect to 

plan ing , ''I O['Ill.qil , !lbill1abgoilellI i, 1 11iizat l ollt watel' resoLirce 

lalnalgeml ent. A'cor'i n to ra ut ,b.1lectrv:, 51',c1al emlpras is was 

placed on water deli' ,' and y'ww-t relevant 
developmlert Mt,] ated to t01' nvvr, of leq duvlo[ped rountricq. Progress 

was madeirn the are f o 'rdnt ,hJeCticeS -r=ch a iderrilf ' the 

r, oval eand Lrrtrtrrt ronll 

Eurr 

bound aries; of t he glalqi,,int ; rrprnving np d s rt.ngtheirr np, rir r,'it.,' 

competence; aird bu 'dirnv th. Wr e for adleq ate IlStrI t Oral Ie sjioIIse 

for global technical assistance n the grant .,proved ,pe ralized 

activities. ilowever, at the end of the Sth year it was apparent that 

an additional period of time was needed to center in on water del ivery 

and disposal systems using the full competence of the univurcity. 

An extension of the grant was approved hut only after thin giant was 

redesigned to assure the final accomplishment of grant objectives 

through bringing about an even greater institutional response 
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capability in water delivery and disposal systems concentrating on
 
helping the small farner solve his problems at the lower portions
 

of the irrigation system.
 
This 	 report period covers the first year of the r-vised plan. The
 

primary focus, as already indicated, was given tc water delivery and
 
removal problems as a means of improving the quality of life 
for farmers 
in the lowest income brackets. Secondary purposes were focused on
 
problems of watershed management and on-farm water mangement to 
permit 
intelligent and efficient integration of planning in all phases of the 
water chain. Accomplishment in the secondary purposes, of course, ha' 
been 	 and will continue to be done in full cooperation with the partic­
ipating Consortium of international Development (CID) universities. 

In summary, the project purpose is to maintain and sustain an
 
institutional response capability in water delivery and 
 removal
 
practices and systems with special emphasis on improving the ,,,ality
 
of life of the small farmer in the LDCs. Also to cooperate with
 
CID to focus on problems of watershed management and on-farm
 

water management.
 

C. 	 Objectives of the Grant
 

The approved revision 
was put into effect during the reporting 
year and is briefly reviewed below: 

1. 	Objectives Restated
 
The major objectives/outputs were designed to integrate
 

quality research, teaching, 
 training, and consulting technological 
programs into an effective means of information transfer to developing 
countries. The outputs were identified as: 

a. 	Information capacity
 

b. Education and training
 

c. Expanded knowledge base
 

d. Advisory capacity
 

e. Linkages and networks 
These outputs were chosen to be interrelated and complementary. For 
example, a seminar on water-soil-crop interaction should be designed 
to have a functional capacity in all of the above outputs, i.e. it 
would serve to: (Output a) disseminate the results of adaptive 
research and determnine areas of consideration for further such 
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research; (Output b) education and training for personnel of L)Cs;
 

(Output c) build and ut ilii:. the expanded knowledge base; (Output d)
 
maintain the inst tt 
 ,dvi sory Lapal ity;ai. (Output el and, fQnally, 

eqfablish and sustain va mblol l inkage-.
 

- .	 Rev iei, o I Vi' i. a I A,'su ptiun'.
 

% ,in,p : F ioi A.
, 'h i on is tuA t All) will work
 
closely with the univ'r. t in c,:rrv i ne out the tuzu
int Ily agreed up,n
 
objectives of the yrant. 
 iq Cooperton wil1l include, but 
not
 

be limited to, ';pjpl uentar'. &',id tin, from, AI[D 
for AIt approved-projects 
that utiliz, universily compit, vieon , It do not fall -hln the fundi
 

scope and plianign of rhe 21 1t d) grant. Such fund g may he 
piovided
 

direct Ly or tirough cWi e) ,q Ordring Agrvte 'en! , purc lase order
abasic 


or other dpprupri.te mechiani a.. 
 [he assu:mption is made that AlD will
 
respond in a timnel mannCr in the fuinid ing of 
approved activiLies. 

It is a.so asuumed tt \ID wtll assist the university in making
 
appropriate contacts in M.2CcS, 
 ternational research centers and else­
where concerning, effort,; 
iniovinn idvisoy .services, research projects, 

training program>, synp osia and u thtr appropriate activities. 

further crilical 'issumptj no 
(not nuc essarlv in order of priority)
 

include:
 

a. AI I Il as: ;t the iuiver. ity i n the funding and 
di ssemination of agreed ipon publicari.ns 
rem lng from gri,,t activities 
if not otherwise provided. OnIv I iMiMvd fund, are provided for 

publication of the budget of thi' vxt,,tnI'ion. 

b. 
 1he other unlIver;it '*s involved in (I1)and the 
Tropical Soil, Con.sorl(i 1 Looratc ini a providing personnel and other 
assistance in the develom,.ii of tn, proposed comprehinsive 

inter-universiity ainformation netwok. 

c. 	 Ike university, onOperatii g with CIID and the 

Tropical Soils Consortium, will plan, conduct ard supervise tatc-of­

the-art studies. After sufficient preliminary planning is completed, 
and the types of analxyses needed aru idenlt ,Fi ed, add It.i eia 1 
funding will he forthcoming for to;. ting those si ate-of-the 
art analyses which are mutually recognized by AI) and the 

universities as being of high priority. 

http:develom,.ii
http:icari.ns
http:dpprupri.te
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d. Projects terminated or compromised in LDCs as a
 
result of political or government action will not he considered as
 
a university 
 failure if the agreed upon project objectives have been met 
in a timely fashion prior to such action. 

C. The university will be able to retain the staff
 
programmed to participate in the granmt program.
 

f. nIb will provide coordinating and supporting roles
 
and other functions that directly service 
 the needs of the all(d) grant 
at the university. 

g. Al) will work closely with the university in
 
carrying out 
mutually agreed upon projects, and will help the university 
make the contacts in the LDCs that are needed to accomplish the 
objectives of the grant. 

h. That additional capabilities by staff increases or 
improvement will result in a gradual increase in utilization. 

i. Utilization will increase available funding and 
staff capabilities and that these in turn will increae utilization. 

j. ' at meaningful problem: will be identified in the 
LDCs and adequatc adaptive research will be performed. 
In the following section, III. ACCOMPLISIHMEMNYIS, the applicable critical 
assumptions for each objective/output ctegory is discussed. 
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11I. ACCOMPLISIMENTS 

General or Introductory Statement 

Iho Compiehensive Review Report of the Colorado State IHniverqity 

211(d) grant on Water )elivery and Removal Systenms noted .some weaknesses 

in tie 5sv O'n pOil[t> mient Iined in the A ID issuts paper hut also 

expressedi c,.ph!d,- ,-,, theInow , ip, t ,i ri'l'ilthi le;I rs i cluJ h iy 

appointed ,rant rot'Iar di'ctor aid hih,}' niji rsii , t'l i il, 

recognzL the need to make coiiider'hl e hngez in t he Cocu, 

approaches,, ana teChlni q/> tha t (oluL ado itIe [niv , int should use 

for l iminati; t hce Wa,hneqeo- and in joilupi adequate response 

capabil ities In Water ;,t 1vt On A norld' ,dc ha . 

Du'ing th relurt in , ,e le a ,iv( • :tops ",ro, takon bv (oloraido 

State Nnivcr - ito i uCi, tlilkniori ormlin l t n. thenin Colorado 

State Uni\verstyV's abilitv w' solv, probitw' Mating speclflcallv to 

gr niit out.octi v ,. 3a Mibh rtiPn in of* I oi i i HP re qd 'tat r'-, 

focus has, foy ti'.awlc, I wd to inc r'astI uIlilkal, is o h aIIirmerthil' small 

thus empha . ing to tv ,n- i" w;ater t' ,iana menit rat Jo. r M Iai C'O(Le trating 

Ol le, lar'. atd coImpl icatd s;,rcih:; no 1 1 progam.I directur hutiilug, 

and SU j(Ct,-"n enLcd eot iig. it i, 'Lh ical lVel; irvaqlc d attent in 

to state-oi-lht-,rt studlis Pfwatier temo,',al a, ,e! a, piroNotLii. 

institutinPal rI spout:-:, capability pa . in i r ova1 Illiticularilx wat emi' nil 

someo aSpucts 01o wa r .r deliverv; and increaseclaphati' ., fri' 

acceptance of d',ia,'e practice,4 as ;,ell q ,acceptar:e ho LC 

organizations. 

It should he kept in wcnd that tho ",;harpening up" process 

and refocusi:ng aspects could qi hrwauomvi shed in full during 1Ie. 

few montLs followin, acceptancp of tle new grant revisionsn. But 

ntvertheless, the groundwrk has been copltcted for a new framework 

of accomplishment relating specifically to the rucent revison ' of 

grant objerives. The next several )ear"; will brinwg full accomplish­

ment of the new aad revised target-. 

Format Deviation 

In the pruparation of this section it i; iportan c to note the 

following: The accomplishments from the beg inning of the grant award 

to the end of the rcporting period is presented in two parts. The 

first part deals with the accomplishment and expenditures for each of 
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the 	objective/outputs for 	the reporting year in accordance to the 
Annual Report format. The second part deals with the 	 accumulated 
accomplishments and 	 expenditures as shown in the 1973-74 Arual
 
Report shown in paragraph -. This deviation frum 
 the format appears
to be a more accurate way of present tng the facts in as much as the 
recent revision changing the obJective/outputs began at the outset of 
the reporting year 1974-/. . 

A. 	 Objective/Output 41 Intormatiun Capacities 
I. 	 Narrative Description 

This category, Information Capacities, is concerned with
the collection, evaluation, and dissemination of information relating
to water resource utilization. More 	specifically it relates to:
 
(a) increasing the size of the liorary collection or 
water delivery and
 
removal systems, (b) developing and adaFting methods of data storage

and 	retrieval of information regarding a'ailable water supplies for
 
the 	 LDCs, (c) exchanging printing and publication capabilities of
 
Colorado State University, and (d) increasing the distribution of
 
reports, documenting research 
 results to appropriate source.. The
 
Colorado State University library 
 is one of the finest in the country.
But it like many others is finding it increasingly difficult to keep 
pace 	with the multitude of scientific and educational hooks, papers, 
reports, and journals received everyday from all parts of the world
 
and making it easily available to students, 
 staff, and faculty. lhus

this univelsity, like many 
 others, is having to resort to such i'h or
 
aids as microfiche and computerizing. 
 This 	 modernization proces has

been extended during recent yars 
to increase the collection of
 
information relating 
 to water delivery and disposal systems and to
 
make this information more 
 easily and quickly attainable.
 

More specifically, Colorado 
 State Iviavrsit. in cooperat ion withI I~l 	 i g lu ln. tol l t ' '11-1r n'ild' )ntIol 	 -"1; ( r' ' I't f12.... 'l I i 0 .tl ;I, F-' , ... I ; -,
 

**i10.l 1.,. t"I 
 Itl I"I .1 , Z IULh I )l blW Itl lc dld ,j riIt Id Ic it I Ll 
lIAlIVU: Wu c r 'bourL' eb dlnd lldllgement mnformIati on) SO the
iy 	 W1
 
become add it ions to the inuformat ion available to managers, students,

and 	 planners on a worldwide basis as well as to AID, FAO, other 
international donors and LDC institutions. 

I 
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Upon request, Colorado State University has and will continue
 
to disseminate publications to LC researchers an libraries, to
 

FAO, AID missions, and others. Throughout each year series of papers

on such suI-jocts as hydrology, hdiaulcn , waterresources, econoics,
 

and agronomy ,are pblu ishd !\, Colorado State inItvL rsity. These r'cportF 

ar, published hv the varliot' co1le eo, the oiperimet station, and by 
private publishling firms. 
 Iunstfrom the grant are used to furnish
 

these reports to participating CID' universitic,, 
to iI)C lilraries,
 

International Centers, and 
 o :i'. Some of thSL reports especially
 
those proAuced by grant fun 's are sent to 
AlD's otffice of pub ication
 

and disseminaLion service ia Washington, D.C.
 

2. 	 Targets for Reporting Year 

The targets for this objective/output, are: 

a. 
 Maintain specitic and appropriate library acquisitions
 

in field of water and removal sstt.'s.
 

b. Absorptian of Engineering Reading Room into the
 

general library system.
 

c. Cooperate with CID universities in perfecting a
 
computerized information storage and retr eval 
system.
 

d. Improvc d sqem niatton of water resources and
 
management publications by Colorado State Univ 
 sity to interested
 

national and international intitutions.
 

The degree to which the above targets can to s-tisfactorily rcached
 

is dependent on whether:
 

- AID will assist the university in furiding and
 
dissemination of agreed upon publications resulting from grant activities
 

if not otherwise provided. Only limited funds are provided for
 

publication in the budget rf this extension.
 

- ,he other universities involved in CID and the 
Tropical Soils Conpsortia will cooperate in providing personnel and other
 

assistance in the development of the proposcd comprehensivc inter­

university information network.
 

The means of verifying progress made in the information capacity
 
category might include on site visitation, receipt of publications,
 

actual data storage and retrieval documentation and, of course the
 

Annual Report.
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3. 	 Accomplishments
 

a. 	 Accumulative
 

The accumulated accomplishments are stated under
 
paragraph F.
 

b. 	 Reporting year
 

Marjorie Rhoades, Engineering Sciences Librarian,
 
and Barbara Burke, Engineering Sciences Branch Librarian participate in
 
the Information Capacities aspect of the 211(d) grant. 
 They, together
 
with Linda White & Arizona University, will work towards the develop­
ment 	 of a computerized information storage and retrieval system drawing
 
together into a network the varied library resources in the participating 
CI universities which are relevant to the concerns of the grant. This 
work was initiated towards the end of this reporting year.
 

From June 
 8-12 Barbara Burke attendee the Special Libraries
 
Association Annual Conference in Chicago 
 which had as a theme
 
"Systems and 
 Networks: A Synergistic Imperative." The entire 
meeting was devote.d to systems and networks and many of rhe papers
 
described the existence and development of systems joining several
 
institutions with common interests into an 
information network similar
 
to that desired for the 211(d) grant. 
 'Ihis background information
 
is :ertain to enhance her contribution to the network planning work­
shop in Tucsonm next September. With the assistance of Marjorie Rhoades,
 
Barbara Burke, and other librarians the Engineering Research
 
Center reading room collection containing some rare works on Water
 
Resources, such as 
Emory LWne's collection of sedimentation, was absorbed 
into the general li5rary system. This means that this collection and
 
subsequent acquisitions will henceforth be catalogued and maintained by
 
general library appropriations and can be more easily storcd and 
retrieved through computerized processes. 

c. 	 Total expenditures 

The accumulative expenditure for this item, 
Information Capacities, shown in paragraphas F, Table IV (5-year. 
period) is $112,770. The expenditures for the reporting year is
 
$1975. The university and other sources 
expenditures is estimated
 
to be $100,000 for staff salaries, book purchase, periodicals,
 

printing of publications, etc.
 



B. 	 Objective/Output 112 Education and Training 

1. 	 Narrative D~escription
 

The ohjecti,0e/output 
 here is to strengthen education 
and training programs tor technicians and policy makers in developing 
countries. ie emphasis beginning with the reporting yeur has
 
decisively changed 
 to direct support of campu; progtram; designed to 
strengthen, improve, and ma intain ihisobjcct t,. 

2. 	 Targets for Reporting Year 
A. Mainta in and strengthen tln International School 

of Water Resources. The school, which advance,; a ml Itldiscipl inar
 
approach to resource
witer plannLng and management, 14 mar-i I '
 
utilized b) technicians and prospective scrent tg from dL',IoPlJ
 

countries.
 

b. 	 Develop in cc peration with rlec University of
 
Arizona and 
 with Utah State Uni versity a short cur',,e in 6,aterqhed
 
management for use by technLcians in developing countriLs.
 

c. 	 ('ontinue the Tntornal ional Interdisc ip Jnary 
Seminar in n ter ResourcLs Management but at no cokI to the 211(d)
 

grant.
 

. Revision 
of Dr. Shaner's course, "Planning
 
Engineering Projects Bkvelopiang
in the 	 (:ountries.'' 

3. 	 Accompl i shmnt s 

a. 	 Accumulative 
For accumul at ive accomplishment see paragraph F. 

b. 	 Report ing year 

1he International School for Water Resources 
continued its excellent program throughout the year. This is an 
interdisciplinary nondegree school For short- or long-term (2 weeks 
to 2 years) training o' ICs people in all phases of water resources. 
From S to 25 people are normally in the school at any one time. For 
example on January 7, 1975 there were 15 individuals enrolled from 
11 different countries all of whom occupied important positions in 
their home country. That the school is reaching a relatively high 
technical and capable class of people around isthe world evident 
from a sample of titles from 	among the above group as follows: 
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Regional Manager, National Water Resources Commission, Ethiopia
 
Highway Department, Material Testing and Research Division, Thailand 
Manager for Operations and Logistics, Water Resources Division, 

Indonesia 

Deputy Leader Institute of Planning Works, Hungary 
Executive Lngineer, Irrigation/Power Department, Pakistan 
Deputy Conservator, Ministry of Agriculture, Port of Spain 
Associate Engineer, Land Resources Division, Taiwa.A
 

For added detail please turn to Appendix 1.
 
The major sponsoring agencies are: 
 UN, FAO, AID, LDCs, and 

private foundations. 
 7he school is self-supporting and utilizes the
 
total c'mpetence of the university.
 

Dr. E.V. Richardson and Dr. K.G. Brenle presented a series of 
lectures on small dam construction and prevention of erosion including 
dryland farming at 
"Antonio Narro" (enter in Saltillo, Mexico,
 

March 1-10.
 

Dr. Willis Shaner, 9lechanical Engineering Department, in 1973
 
developed a new course on "Planning Etgineering Projects in the 
Developing Countries." Eleven ofout nineteen studen s who took the 
course were from developing countries. During 1974 Dr. Shaner 
revised the course and entitled it "Engineering and Economic Planning 
for Development." Twenty-four students took the andcourse f these 
twenty-one were from developing countries. The course was jointly 
listed with and assisted by the Economics Department. In the 
linkage aspect, Dr. Shaner went to Washington, D.C. in September 1974 
to interest USAID and the World Bank in sending students to Colorado 
State University to participate in a program of instruction in project 
analysis for the LDCs. 

Twenty-one (21) meetings of the International Interdisciplinary
 
Seminar in Water Resources Management were held during the reporting 
year. For those registering, credit was received. 
Approximately
 
twenty-five to thirty individuals attended each session conducted by
 
local professors, graduate students, and outside speakers on subjects
 
related to water resources management. Professor Gaylord V. Skogerboe
 
was program conunittee chairman. 
This was one of the university's
 
contributions to the grant as no 
211(d) funds were utilized.
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Professor E.F. Schulz, who spent 4'- years teaching at tile 

Asian Institute of Technology, Bangkok, Thailand, developed a course 
in Applied Tropical Hydrology. After returning to Colorado State and 

during the reporting year Professor Schllz laid the groundwork for 

writing a book on tror ic a hvdrology. lie I , now exploring the 

possibility of taking a ,,ne-yeC'r Oyi-WaS.. post fo the purpofe uf 

improving th2 course and hr riig ' the book ito maiu cript form. 

During the Asian 5tud e> week last Year, a 11ilIn concerning the 

problems of water diVer'slonIn theindus \'ailey Of Pakistan was shown 

at tIC university' s student center. Also, tile week's feature prograr 

was presented by Or. Maurlce . Albcrtson on, "An Lnginee,'s View of 

Maoist China." -\n important element of his presentat c'n concerned tile 

excellent darns, reservoirs, irrigation svstemls, and flood :ontrol work 

observed.
 

During the course of the year, Professor Robert A. Longenbaugh, 

Civil Engineering Department, updated two important courses of 

instruction. One was Groundwater Systems which is basic for such 

studies as determining aquifer paramneter, or opt imal allocation of 

resources for groundwatur irvest, tatton. l1he other course involv.'ed 

perfomance characteristics of ptunps. Foreign students taking these 

courses find a direct relationship to their concerns in 11>s. 

c. 'rota I expenditures 

The accumulative expenditures as indicated in 
paragraph F, Table IV amounted to $139,925. Expenditure for the 

reporting year was $10,123. 11niversity and other expenditures are 

estimated to be $50,000. The university completely supports such 

activities as the International School of Water Resources, the 

International Interdisciplinary Seminar, and so forth. 

C. Objective/Output #3 Lxpanded Knowledge Base
 

1. Narrative Description
 

In order to effectively solve old and new problems of
 

the very poor farmers in developing countries, more emphasis and
 

concentration was placed on the state-of-the-art reports and apiplicable
 

research. Revision of the grant objectives applicable to the reporting
 

and subsequent years clearly defined the areas of concentration and
 

leadership responsibility. More specifically, the knowledge base
 

during the reporting year was expanded by the following means:
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To identify areas where existing as 
well as new technology and
principles can be brought to bear on improving on-farm water manage­ment, state-of-the-art studies were initiated for both humid andarid environments. These studies involved an analytical review of tileknowledge accumulated by research and practice, setting forth theestablished principles, how and where they could be used, and identi­fying the gaps in knowledge needing research for establishment of 
better principles and practices. 

Colorado State University provided leadership for CI!) in
developing state-of-the-art reports 
on (1) waterlogging and
salinity, (2) sediment control in delivery systems, (3) water
delivery ­ rules and procedures, and (4) pumping method. 
The results
of these analyses now in varying degrees of completion will provide
information for LDC: 
and will help define ',aps in knowledge and the
appropriate associated research and training needs. 
 These topics
were selected because of their importance to LDCs and opportunities

for progress. 
 Although these analyses have and will continue to
utilize faculty resources of CID 
 universities, where appropriate,

the primary time and effort contribution has and will continue to be 
from Colorado State University.
 

While the leadership responsibility is elesewhere in CID,Colorado State continued also to participate in the state-of-the-art 
effort on soil(1) erosion, (2) water iarvesting, (3) irrigation
methods, and (4) water-oriented food production technology.


These state-of-the-art studies are being conducted by literaturereviews, by consultations with appropriate LDCs, AID, V'ashington, and
field personnel, international 
organizations, and in cooperation with
sister universities, resulting in 
a thorough review of all available
 sources of information and experience. 
S.,ie results of the state-of­the-art studies have already been forwarded to LDCs and these willhelp define gaps in knowledge and provide guidance for future researchand training needs. The documents, as completed, are being widely

distributed, and have effectively involved senior faculty and
graduate students in work relevant to the grant purpose and', 
in the
process, produced products useful to them, AID, other donors, and the
 
LDCs.
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The grant also provided staff time for the planning and writing 

of these analyses, for the asSocLated travel requirements, and for 

graduate student assistance. 

2. Targets for Reporting Year 

a. \ state-of-the-art report on water delivery 

and removal systems in the DCs. 

h, Development and imp rovement of methods to reduce 

seepage from earthen channels. Research will be conaucted on the 

design of impervious low cost seal tng of canal's. 

c. Research into the state-of-the-art on saline 

water control and conjunot ve use of ground and surface water to 

facilitate drainage and aincrease avaailble water supply. 

d. Deelopment of a mathematical model for detemining 

the movement and exchange of water between groundwater and surface water. 

e. A study on the design of sodiment excluders and 

ejectors for the control of sediment input into canals and to the farm. 

f. A study in the design of small water storage and 

erosion control dams.
 

g. Planning for an International Conference on 

Global Water Law Systems. 

The means of verifying both the accomplishment and effective 

results of tne above targets would most certainly include such factors 

as the number of requests for reports, the extent of utilizotior ,Vt 

both research results and staff doing the research, on site obs-rvation, 

and, of course, the object of it all - increase in food production. 

In the preparation of the Annual Report and in reviewing all of the 

factors involved it is felt that the reporting year indicated a 

distinct measure of success in accomplishing the set of goals. A 

critical assumption, however for continued sucess %ould be that
 

Colorado State University in cooperation with CID and the Tropical
 

Soils Consortium will continue to p.ai, conduct, and supervise
 

state-of-the-art studies and that after suffiient preliminary
 

planning is compl,ted, and the types of analyses needed are identified,
 

additional funding will be forthcoming for completion of those state­

of-the-art analyses which are mutually recognized by AID and the
 

universities as being of high priority.
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3. Accomplishments
 

a. Accumul ative 
Accumulative accomplishments for the first 5-year 

period is given in paragraph F. 

b. Reporting year
 

Water management for small irrigation reservoirsis a subject of great interest to many small farmers around the world. 
Recently, a study was made which evaluated in detail the design and 
operation of a small irrigation water reservoir in Northeast Thailand. 
This reservoir was one of over 100 irrigation projects uach operating
with small tanks or reservoirs. Consequently, the analyses and 
conclusions drawn should be applicable to other locations in the
 
northeast region and perhaps in othcr areas of the world having

similar conditions. 
 Ihe study was made by Dr. Robert C. Ward, 
Agricultural Engineering Department and Mongkol Chotissitorn of the
 
Royal irrigation Department, Ministry of Agriculture, Bangkok,
 
Thailand. 
The title of the report is, "Water Management far Smail
 
Irrigation Reservoirs in Northeast Thailand." An abstract of this
 
report may be found 
 in Appendix 3. Colorado State University
 
scientists who 
 reviewed this report were Professor Gaylord V.
 
Skogerboe 
 and Dr. Willis W. Shaner. The report is presently waiting 
review and approval by appropriate Thailand Government officials.
 

Construction of small earth dams is also of great interest to

the small farmer or group of farmers which the dam may serve.
 
Oftentimes such dams are 
 poorly designed and constructed, anyone of
 
which may become a potential cause of loss of 
life or economic loss.
 
During the reporting )'ear, a study was 
 published by Dr. E.V. Richardson, 
Civil Engineering Department, and his graduate research assistant, 
A.D. Wood entitled, "Design of Small Water Storage and Erosion Control 
Dams." The study indicates that if earth dams are designed and 
constructed properly they can be extremely safe and points out five 
critical areas that need careful consideration. An abstract of 
this publication may be found in Appendix 3.
 

Procedures and methods for 
more accurate measurement and 
improved management of water are continually being sought to make 
better use of water resources. 
Measuring devices are important for
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water conservation, equitable distribution of water, determining the
 
amount of available 
water, meet in; legal requi rements and, success­

fuliy managing the avai lable supply. One ;ater neasuring device is called 
the cutthroat flume. A bulletin on tois subject was prepared by 
Professor Gaylord v. Skogerbo,, Colorado State Iniversity, \gricultural
 
Engineering-Dlepartment and publihed as No. 11 ot the 
 Sril , of'
 
Technical Bullet ins by the Off cc of Agr,cul ture, fTchnical .\As s ance
 
Bureau, AID/, This bull tin is an outgrowth of research efl'ortv of 
Colorado State tniversity .:rstrengthening research and t'ailling 

capacity in irrinarion water dl eiAcry in order to a<s-is>t developinig 
nations in agricultural production, probILeIS on small farms. See 

Appendix 3. 
Efficient wate ut iii zation and its proper manag'ment on the 

farm is oie cf th: important elements in the new stratugy t7or 
agricultural develop',?nt in Pakistan. While new improved varieties 

of seed and increased agricultural input, are iportant to crop YiLd 
increases, irrigation wat ercoi e:; a'e, in general inadequate for 

proper division aid disl but ion o ;ater on small faims. Ihe above 
problems are discussed ina a report, "Improving hair (r Mtanaugemnt 

to Alleviate ,aterlogging and Salinity P-oblems in Pakistan" by 
Gaylord \. Skogerhoe, Agriculture Engineering Department. See 

Appendix 3. 

A three-dimensional, finite difference model was developed for 
simulating steady and unsteady, saturated and unsaturated flow in a 
stream-aquifer system by Catheri'ne E. Kraeger Rovey in partial 

fulfillment of che requiremept.s for the degree of Doctor of Phi losophy. 

An abstract of the disser1ntion entitied, "Nume rical Model of Flow in 
a Stream-Aquifer System" may be found in Appendix 3. 

In most countries of the world, earth channels aro extensively 
ised for water delivery and seepage from them is often substantial. 
In Pakistan, water losses from earth channels due to seepagq, wastagc 

through channel breaks, and evapotranspi rat ion by nonbenefici al 
plants frequently range from 30 to 5) percent of the avai lable flow 
and thus, in Pakistan, water supplies are often insufficient for 
maximum agricultural output. What can be done in a practical way 

to help the farmer reduce his seepage water losses? The farmer of
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a developing country might be greatly aided by changes in established
 
techniques- or new methods if they could easily be understood and
 
implemented by using available tools, labcr, and materials. 
A thesis
 
study by Stephen W. Smith entitled "Soil Puddling For Reducing
 
Seepage" offers a way within the reach of small 
farmers. Results of 
the rc earch shows that while mechanical puddling produces greater 
seepage reductions with less labor input, hand puidling can be 
accomplished with tooln already available to most agriculturists of
 
the developing countries. An abstract of this thesis may be found in
 
Appendix 3. 
Guidance in the preparation of this thesis 'as 
given by
 
Dr. William 
. Hart, Dr. Wyrn R. Walker, Dr. Robert C. Ward 
- all in 
the Department of Agricultural Lngineering, and Dr. Willis W. Shaner, 
Department of Me:hanical Engineering 

Th4 economical design of the side slopes in water storage
 
structures and conveyance channels is 
 often dependent on kno:ledge 
of the shear strength which develops along the contict between a buried, 
flexible, membrane andlining its overlying cover material. A study,
 
was 
 made under both dry and submerged couditLons to determine the shear 
strength which could develop between a polyvinyl chloride (PVC) l iing 
and five different soil cover materials. The results of this study 
are contained in a thesis entitled "Stability of Earth Cover Overlying 
PVC Membranes" by Roger )rury. Guidance for this thesis was given by
 
Dr. E.V. Richardson and Dr. J.D. 
 Nelson of the Civil Engineering 
Department, and W.R. Walker of the Agriculture Engineering Department.
 
An abstract 
of the above thesis may be found in Appendix 3.
 

Due to expansion of cities and 
 the increase demand for food
 
throughout 
 the world, there is a growing need to divert more water
 
from alluvial rivers 
for municipal uses and for irrigation. The
 
removal of sediment from canals 
 has become a major economic problem 
and, to a lesser extent, removal of sediment from rivers. In general 
canals have a greatly reduced capacity to transport sediment compared 
to the transport capacity of the river. An thesisM.S. entitled 
"Exclusion and Ejection of Sediment From Canals," by A.M. Melone, 
graduate research assistant, offers some specific sediment control 
methods. An abstract may be fcuhd in Appendix 3. 
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A state-of-the-art review paper on' "Salinity, Problems in
 
Agriculture" was 
started by Jim Riley (graduate research assistant) 
A wide range of topics was covered givJing people with a limited 
background in salinity a greater appreciation of the problem and the 
many 	disciplines that must be involved in solving, sallini problems in 
agriculture. Cuidance for this apei wa provided by Dr. M.L.. Albertson, 
Dr. ;.V. Skogvrboe, and Dr. F.V. Richardson. This report should he 

completed next reporting year A draft of the abstract may be 'ound
 

in Appendix 3.
 

A multiple crop irrigatton planning model was developed to 
determine crop acreages nnd irrtgation timng and amounts with two 
obiectives in mind (I) maximization of expected return and (2) mini­
mization of variance due to random precipitation. 'Iis study was
 
undertaken as a hD.Ir. d isqcrration by ;terbvrt ;. Blank and is
 
entitled "Optimal Irrgn.tion Dec is ions With limi ted Water." 1
 
is bel 
exed that the methods :'evealed in this dissertatiorn can he
 
readily app!ied to irrigation sites wtth limited water supplies 
in
 
many developing countrics. Ye \ppend ix .3 for an abstract of this
 
study. The disscrtation wiiI be completed next y'iar.
 

Professors George Radosevich, Evan VMacho s, and Gay lord Skogerboe 
working with Professor David twines , Utah State University, made all 
the necessary arrangements for a Glohbal Water law Conference 
to le 
held at Valencia, Spain, September 1-9, 1975. Sponsors are AID, CID, 
Colorado State Univeisity, Utah State University, NSI, Rockcieull r 
Foundation, City of Valencia, and Lommunity of Irrigators of Valencia.
 
The host will be the Spanish Kovernment. The expected outputs are 
a
 
dialogue on the various lawn and codes for administrating water
 
delivery and removal and a publication describing them.
 

A short paper was presented to the 211(d) Review Team from AID/W 
in July, 1974 entitled "Role of Water Law in Informing the Water
 
Delivery and Removabilities of the Farmer" by George F. Radosevich,
 

Economics Department. See Appendix 3 for this paper.
 

c. 	 Total expenditures
 

The accumulated total :or the first 5-year period
 
is shown as $166,167 (See Table IV, paragraph F). For the reporting
 
year the amount is 549,554. University expenditures in the fieid
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of water for agricultu-re exceeds $1,000,000. 
 Most of the funding
 
comes from the Colorado Experiment Station although some comes from
 

OWRT.
 

D. 	 Objective/Output #4 Advisory Capacity
 

1. 	 Narrative Description
 

The emphasis here is to acquire sufficient flexibilit)
 
to respond quickly and adequately to requests for technical assistance
 
to LDCs. 
 Colorado State University has mide significant progress
 
toward attainment of this flexibility as well as making available 
faculty me-,bers from a variety of discipl'nes. The grant has 
funded a small amount of consulting time to be provided in emergency
 
situations where individuals are needed on a very short notice and 
when 	 other means cannot be found or utilized without causing un­

acceptable delay.
 

During the reporting year 	faculty members taught, performed 
application-oriented research with special consideration to problems in 
developing nations, and participated in state-of-the-art studies. 

Re'ease time was provided for faculty members for advisory and 
consulting work in LDCs. Faculty were paid to substitute in the
 
classroom and laboratory for other faculty 'embers 
 who 	 accepted LI)C 
assignments. 
This provision afforded users of faculty resources a
 
wide range of talent which could not otherwise be available for LDC
 

programs.
 

Advisory capacity was maintained for the whole water chain in
 
addition to capability in 
water delivery and removal systems. This 
secondary capacity provided on expanded range of talent for cooperative 
efforts implemented by CID and 	 other appropriate organizations. 
Personnel from other univeisities and organizations including CID 
members were also called upon when needed.
 

The University worked with CID by means of advisory and 
 other 
services in developing and providing expertise in problem identifica­
tion and analysis and project design and evaluation, functions which 
AID anticipates will become increasingly important. For these 
functions and those related to operations and implementation, Colorado 
State University has identified faculty members and their specialties
 



21
 

for 	 inclusion in a CID talent bank. The grant program director be­
came the C1D "systems manager" for that portion of the talent bank
 
dealing with i rrigaton wate.r delivery and removal sytems.
 

Grant funds were used for short-term consult ing, :or relea:se
 
time of facultv members, 
 for staff training, and for the development,
 
improvement, and organi zat 
 i ,i th- talent bank. 

2. 	 Targets for Reporting Year 

a L-,rease advisory and consultant capability for
 
AID, LDCs, consulting firms, Wvorld 
 Bank, and others.
 

b. 	 Provide release time making 
it possible for any
 
professor to get away for 
a short period of time. 

C. 	 Train faculty to respond quickly to a consulting 

request.
 

The following statements which attempt to document the report ng year's 
request for advisors or consultants are tentimonials to the univerity',; 
capacity to respond to such requests. Other xrification factors-would be 
found in trip and project reports, peer evaluation, and donor rvcomiiicnda­

tions.
 

Colorado State iniversity's ability' to increase advsory and 
consultant capacity quick! y, depcads on (I) fund iry for rel ease tine, 
(2) that thcre is a real need for such consulting services, and (3) that
 
the availability 
and talent at Colorado State Univers,ov is known by the 

potential user.
 

3. 	 Accomplishments
 

a. 	 Accumulative 

Accumulated accomplishments for the first S-year 
period may be fo'nd under paragraph F. 

b. 	 Reporting year 

Tippett-Abbett, McCarthy Strattonand (TAHS) Con­
sulting firm in New York requcsted )r. S. Karaki, Civil Uingineeying 
Department, to visit Tarbela Dam site in Pakistan to advise them on 
valve problems that arose during the first season of oporation. His
 

trip took place August 31-September 18, 
1974. As a :esuiL additional
 
model studies will be conducted on the Tarbela outlet works.
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Dr. George E. Radosevich has been called upon a number of times in
 
an advisory OT consulting capacity with regard to water law systems

and the effect of such laws, rules and regulations, irrigation
 
practices. Primarily due to his efforts a Global Water Law Systems
 
Conference will be held from September 1-6 this year aL Valencia, Spain.


Dr. W.W. Shaner was called in an advisory capacity and sent to Pern

for the period November 21, 
1974 through January 11, 1975 to assist in
 
the analysis of small scale irrigation in the Andes.
 

Dr. W.W. Shaner in an advisory capacity was again called upon to
 
assist the USAID Mission in Peru on completing a loan paper from May 24
 
to June :4, 1975.
 

Dr. W.W. Shaner was requested to give a 50-hour course in Project

Planning to members of upper management in the Department of Water
 
Resources within 
the Ministry of Agriculture, Government ef Peru. 

At the request of CENTO, ShanerDr. gave a paper on "Planning

Integrated Rural 
 Development" at Islamabad, Pakistan.
 

Dr. William E. Hart, 
 Agricultural Engineerinjg Department, visited 
Pakistan in an advisory capacity to assist the C'lorado State University
Water Management Team in developing a more efficient and less expensive 
water turn-off gate for irrigation purposes.
 

Dr. William E. Hart 
later visited Peru as 
an irrigation engineer

to advise on irrigation scheduling. 
Dr. Hart coud not have performed

this activity had it not been for release time for Dr. James F. Ruff,

Civil Engineering Department, paid for by 211(d) g.'ant funds. 
 Dr. Hart
 
used George Hargraves, USO, evaporation equations very successfully.
 
These were provided immediatmly and George Olsen. also of USO, was
 
very cooperative. 
This provides 
a good example of inter-university
 

(CID) cooperation.
 

Dr. Donald R. Wood, Department of Agronomy, participant in a
 
sever, man mission assembled by CID fcr USAID to review agricultural
 
research in Kenya and Tanzania, January 29-February 17, 
1975.
 

Dr. E.V. richardson, Civil Engineering Department, director of
 
the 211(d) grant project at Colorado State University, took part in 
the NAS, "U.S.-[igyptian Workshop on Research Planning and Management"
in Cairo, May 3-8. He also spent two days in Rome consulting with
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officials at FAO or: soil and water problems affecting the small farmer
 

and in developing linkages, May 3-S, 1975.
 

Dr. E.V. Richardson also visited the Mexican National Center For 

Arid Zones "Antonio Narro", Sal til lo, in an advisory capacity, March 2-8, 

1975 and gave a numbcr of lectures on small dam const cction and preven­

tion of erosion.
 

Dr. kenneth G. Bren,! e presented a series ot lectures on drylanl
 

farming at "Antonio Narro" Center in Saltillo, Mexico, March i-10, 1)75.
 

Dr. Robert C. Ward, in an advisory capacity, completed a study 

and coauthored a report ith Mongkoi Chotisasitorn on Water 

Management For Small Irrigation Reservoirs in Northeast Thailand in 

April 1975. 

Dr. II.J. lorel-Seytoux went to Les Cayes, IHait in May 1975 un 'er 

a consulting contract with Lngineering Consultants Inc. of Denver to 

help with work on an AID contract. Dr. Morel-Seytou\ advised tie chief
 

engineer with an assessment of the hydrology of the area but mo>t
 

particular!, ,ith inveotigagt iny the potential of" the a luvil aqulfer 

for domestic and iirigation ;ater supply. In Dlecembc r i075 Dr . Morel-

Seytoux wil1l1 Itctur Co two weeks at the Ceni tro [Inwravrwe"icans de 

Desarollo Integral de Aguas y'Tierr.,,, Merida, Venezuela for a post 

graduate course on land and Wiater Resources Deve lopment. In the
 

summer of 1976 he has an offer from the iird Foundation to develop a
 

course in the area of "Systems Planning with Reference to (round Water 

Resources" at the Univers ity of Roorkee, Roorkee, !dia. 

i. Daryl h. Simons, Associate Dean, College of lngineerin.g,at tie
 

request of t he State Departmrn t conducted a brief strudy of tie Iquitos 

area of the Aria,on Rivtr. le is also a consultant for Lngneering 

Consultants, Inc., karachi, Pakistan, a member of the Mekong Rivar 

Commission, Bangkok, Thailand. Recently he was appointed to the 

Advisory Board for the Kalabaugh t m on the Indus River. This darn 

is to be n3ed for additional water supply to improve crop production
 

Kn Pakis.an.
 

Dr. Cleon V. Kimberling is presently the coordinator of the Kenya
 

Veterinary Program which started in 1963 and is due to phase out in
 

1978. The total program involved the step by step process of establish­

ing a College of Veterinary Medicine within the University of Nairobe
 

http:Pakis.an
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capable of high level accomplishments. 
Many Colorado State University

verterinary personnel have served and are serving in Kenya and many
participants have come to Colorado State University, as well 
as to other
 
institutio.,s, for formal degrees in Veterinary Medicine.
 

E.V. Richardson, G.V. Skogerboe, M.K. Lowdermilk, and S.A. Bowers,

took part in AID's Soil and Water Management Workshop, February 17-21, 
1975 in Washington, D.C.. Professor Skogerboe and Dr. Bowers presented
 
discussion papers.
 

Dr. Wendell H. Bragonier, Dean of the Graduate School, 
visited
 
Korea from September 1 through October 6, 1974 where he served as
 
coordinator of Americanan team of an educators' advisory mission to 
the Seoul National Uiiversity. 
The group evaluated the university's
 
graduate programs in physics, chemistry, mathematics, biology, and
 
earth science. The evaluation was 
to determine for AID the eligibility
 
of the institution for a seven million dollar loan. 
 The university
 
will be moving soon to a new one-hundred million dollar campus 15 miles
 
south of Seoul.
 

Dr. Donal D. Johnson, Dean of the Colleges of Agricultural Sciences,
 
upon request from AID/W went to Bolivia. May 16-23, 1975 to negotiate
 
a contract in agricultural and water resources development between CID
 
and Bolivia.
 

Drs. J.M. Cheney, Department of Veterinary.Medicine, and
 
':.D. Bonham, Jr., Department of Range Science, took part in an AID
 
design team for a livestock program in Senegal Africa. Dr. Cheney served
 
as team leader.
 

Dr. Vearl N. Smith, Profes-'or of Animal Science, is 
a member of
 
a continuing Rural Development project in Iran for CID.
 

c. Total expenditures
 

The accumulative expenditures are estimated
 
to be $282,063. 
 See Table IV, paragraph F. For the reporting year

the amount is $7,975 and for the univeristy and other sources $20,000.
 

E. Objective/Output #S Linkages and Networks
 

I. Narrative Description
 

The recent revision of the 211(d) reporting guidelines

emphasizes stronger relationship with a network of exis irg domestic
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and multilateral organizations for the purpose of collaborating in a
 

joint problem-solving approach developing cooperative research and 

becoming more effectively involved in informnation exchange and 

dissemination. 

2. Targets For Reporting Year 

a. Naintain a close collaborative and professional 

relPLionship with AID Missions and the Regional and Technical A;sistance 

Buieaus in achieving the purposes of this grant. 

h. Strengthen linkages with the other members of CID. 

Principal domestic linkages include CID and the Tropical Soils 

Consortium. Fstablish very close relations with the other 211l(d) 

directors in the water chain. The Colorado State lUniversitv Grant 

Program Director will become the systems leader wi thin CII) for 

i rrigation water del ver) and rvmoval/drainage s vstems and linkage s 

between that and dry land farming, watershed manaqcment, and on-farm 

water management. The grant will provyde )FuIC Inding for of"m support 

the newly ass.gued leadership and coordinatiun role of CIIl. 

c. Miaintain close linkage with toe Tropical Soils 

Conso-tium and its constituent organizations to carry out the state­

of-the-art reports which will he produced on the subject of soil and 

water management for erosion control, water management for heavy soils 

and waterlogging and salinity. 

d. Strep then linkages with institutions working in 

water for food production in Africa, Near East, Pakistan, and Latin 

America. Establish linkages with several worldwide and regional 

organizations. Of these, the primary organization will he FAD. 

e. Linkages supporting Colorado State University's 

state-of-the-art studies on water delivery and removal systems will 

be sought with regional agricultural organizations, LDCs, etc. to assure
 

that the studies are relevant to LUC problems, particularly to water
 

related problems for food production to help the small farmer, and to
 

provide data and information for such studies.
 

During the reporting year many joint programs were developed with
 

other institutions including seminars and training sessions particularly
 

with the CID universities. But linkages with the other institutions
 

such as the Tropical Soils Consortium were also strengthened. , lance
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by Colorado State University personnel at International Conferences
 
sponsored by such organizations as 
FAO, CENTO, AID placed Colorado
 
State University scientists in contact with scientists in the 
same
 
field of activity from other areas 
of the world thus broadening
 
linkages and the network system. 
 hese linkages are mentioned below. 
However, if these linkages are to be maintained AID asssitance and 
support is 
quite essential for universities by themselves cannot 
support
 
that type of grant outreach. 
Cooperatior by participating universities
 

with AID is also necessary.
 

3. 	 Accomplishments
 

a. 	 Accumulative
 

A summary of accumulative accomplishments may be
 
found in paragraph F. For a detailed account see the 1973-74
 

Annual Report.
 

b. 	 Reporting year
 

A very important linkage in direct support of
 
grant purpose was the completion of plans for an International
 

Symposium on Global Water Law Systems to be held in Valencia, Spain,
 
September 1-6, 1975. The planning effort took more than a year
 
and will result in the first International Conference on Water Law
 

Systems ever held. 
 The originator and main instigator of the
 
international conference idea is Dr. George E. Radosevich of Colorado
 
State University's Department of Economics. 
 Dr. Radosevich's interest
 
in international water law systems was aroused when he was exposed to
 
various water law systems in foreign countries through funding provided
 
by the 211(d) grant and other university grants and contracts. During
 
the latter important stages in formalizing the conference, Dr. Radosevich
 
was ably assisted by Professor David Daines of Utah State University, also
 
an expert in international water law particularly in South America.
 
Working closely with Dr. Radosevich at Colorado State University in
 
certain aspects of water law systems during the reporting year were
 
Dr. Evan Vlachos, Social Science Department, and Professor Gaylord V.
 

Skogerboe, Agricultural Engineer. 
The total planning activities for the
 
conference was a joint effort of Colorado State University, Arizona
 
University, and Utah State University. 
The purpose of the conference is
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to produce a reference document on water laws as existing in the LI)Cs. 

It is anticipated, or course, that many important and meaningful l inkages 

will accrue from the conference. Some linkages that already have been 

established may be found in Appendix 4. 

Dr. Willis W. Shaner was one of four official U.S. delegatw, 

requested by USA[D to attend a CENTO (Central Treaty Organization) 

Seminar (January 24-February 3, 1975) and present a paper together with 

Dr. John ..Fisher of Arizona University on "Problems in Planning 

Integrated Rural Development (IRD)." Also present were delegate.s from 

Pakistan, Iran, Turkey, and England. IRD is the comprehensive and 

coordinated development of economic, social, and political conditions 

in the rural sector of CENTO countries. Dr. Shaner established and 

remains in contact with a number of the high ranking attendeen. 

In addition to the above, Dr. Shaner performed valuable services in 

Peru with expressed commendation from USAII) and AlD/W thus enlarging 

and cementing linkages with host country and AI). 

At the request of USAID working through CID, (olorado Stat,. 

University provided the services of Dr. Donald R. Wood to participate 

in a 7-man mission to review agricultural research ti Kenya and 

Tanzania. Dr. Wood established and maintains a number of meaningful 

contacts with important officials in both countries. 

As a direct result of taking part in the NAS, U.S.-Egyptian 

Workshop on Research Planning and Management in Cairo, May 3-8, 1975 

severil very important linkages were developed by Dr. F.V. Richardson 

which may lead to requests for assistance in the water management field. 

Dr. E.V. Richardson's Pld Dr. Kenneth G. Brengle's visits to the 

Mexican National Center for Arid Zones, University of Agriculture, 

"Antonio Narro" at Saltillo to present lectures and in an advisory 

capacity were accomplished in full coordination w.l- CID. Agreements 

for an interchange of information and technical assistance are in 

effect. Not only have Colorado State University and CID scientists 

actively participated at Saltillo but the University officials 

from Saltillo have visited the CID campuses to further strengthen
 

relationships.
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Dr. Robert C. Ward strengthened linkages that Colorado State
 
University already has in Thailand through his ties with the Royal
 
Irrigation Department, Ministry of Agriculture, Thailand and production
 
of a report coauthored with his counterpart in Thailand.
 

Dr. William E. Hart also strengthened ties and linkages that
 
exist in Pakistan with Colorado State University through his work with
 
Dr. Doral Kemper, Chief of Party, in Pakistan. In addition, Dr. Hart
 
made a valuable contribution in Peru thus strengthening linkages there
 

too.
 

The dissemination of information is very important if meaningful
 
linkages are to be maintained and prevent network linkages from Falling
 
apart. 
 In order to receive information from outside sources vital 
to,
 
let us say, state-of-the-art studies and to positively identify
 
problems it is 
essential for Colorado State University to communicate
 
freely through meetings, correspondence, telephone calls, personal
 
contact and dissemination of reports and literature with all interested
 
outside institutions and organizations. 
This is being accomplished at
 
an increasing rate.
 

In general, 
Colorado State University recognizes that linkages
 
and networks mean little unless some action 
or response is stimulated.
 
Since revision of the grant (beginning of reporting year) and under
 
new leadership, great progress has been made in focusing down on 
the
 
primary issues and setting into motion state-of-the-art studies and
 
appropriately using existing university talent to bring into full
 
play Colorado State University's competence in helping solve LDC
 
problems with water delivery and removal for the purpose of increasing
 
food supply and helping the small farmer. 
Factors contributing to this
 
progress include the close relationship between directors of the 211(d)
 
grants to CID universities, renewed and revitalized ties with USAID
 
Missions and with AID, and these in turn have stimulated ties and
 
linkages with outside agencies and organizations concerned with water
 
management and food production.
 

The attendance and participation of 211(d) grant personnel at
 
CID "in-house" meetings are, of course, important from the standpoint
 
of coordinating research activities and cooperating in carrying out
 
such activities. Such meetings are a major source 
for strengthening
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linkages among CID universities, other universities, and between CID
 

and AID/W the sponsoring agency. The meetings held were:
 

1. The CID meeting at Fort Collins, Colorado,
 

July 9, 10, and 11, 1974.
 

2. The CID meeting with AID/W participatlion held
 

at the TWA Ambassador's Club Conference room at Stapleton International 

Airport, July 17-18, 1974.
 

3. Special meeting of CID Board of Trustees and
 

211(d) grant Directors in Tuscon, September 12 and 13, 1974.
 

4. The CID meeting at Riverside, California, 

January 13 and 14, 1975. 

5. The CID-CALI meeting with the African Bureau
 

in Washington, D.C. on February 4, 1975.
 

6. CID-Southwestern Universities Meeting,
 

June 29-July 2, 197S.
 

Other meetings attended by Colorado State University personnel
 

relating to grant objectives are:
 

1. Soils Consortium Meeting at Cornell Uiniversity, 

Ithaca, New York and at the University of Htawaii, Honolulu, lawaii, 

attended by Dr. E.V. Richardson.
 

2. Soil and Water Management Workshop held in 
Washington, D.C., February 18-20, 1975, attended by Dr. E.V. Richardson, 

S. Bowers, i. Lowdermilk, and Professor G.V. Skogerboe.
 

c. Total expenditures
 

The accumulated expenditure as given in paragraph F, 

Table IV amounts to $S50,370. For the reporting year the expenditure 

was $15,100 and for non-211(d) grant expenditure or university or 

other support the amount is estimated to be $30,000. 

F. Accumulative Accomplishments
 

Excerpts from 1973-74 Annual Report
 

"A. Principal Accomplishments
 

1. Summary of accumulated accomplishments
 

During the initial five-year period of the 211(d)
 

institutional grant, CSU has, within the major objectives, studied the
 

optimum utilization of water resources with emphasis on water delivery
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and removal systems and relevant institutional development. 
The
 
1973-74 Annual Report gives a detailed report on the initial 5-year
 
period. 
A brief description of what has been accomplished is as 
follows:
 

a. 
 Increased the competence of the CSU faculty
 
in research, and teacking it has developed irstitutional capabilities to
 
work with AID, World Bank, United Nations, and others in helping to
 
develop LDCs to increase their econowic and social conditions through
 
increased agricultural production. 
In accomplishing these objectives
 
CSU has increased the faculty by twenty-two (22) now members who are all
 
working in the area of water resources development. Thirtaen (13) of
 
these positions were fully or partially supported initially by the
 
211(d) grant funds which enabled the departments to employ these faculty
 
and thereby increase the competence and capabilities of CSU.
 

b. 
 CSU in the past five years has expanded its course
 
offerings by improving eighteen (18) 
courses and adding eleven (11) 
new
 
ones. 
 These courses are now being fully supported by University funds.
 
These course offerings have established an interdisciplinary program for
 
students interested in water resources to receive a cross section of
 
courses from both the engineering and social sciences aspects of this
 
field. Prior to the grant the existing courses were taken primarily by

students in the department in which courses 
were taught. As a result of
 
the grant, however, 
 many of these courses have been revised and new ones 
added. 
 Furthermore, engineering and agricultural students are taking
 
social science courses and vice versa.
 

c. Research on water deliver), and removal systems
has been further expanded by the wide variety of new funding which has
 
been generated by the faculty as a result of 
 the grant funds. The
 
211(d) grant 
 funds have stimulated an interest to develop an approach 
to research in the full dimension of water resources problems as it 
pertains to the economic, sociological, and technical fields. Joint 
research programs have been established both at CSU and with the other 
CUSUSWASIf universities. Through the results of this type of research, 
assistance is being furnished to the LDCs to help eliminate problems
 
encountered in water delivery and removal systems. 
The total expression

of the research program at CSU was outlined in Appendix B of the 5-year
 
report.
 



31 

d. The competence of the CSU Staff, to serve the
 

needs of LDCs was increased. This competence was utilized in the
 

LDCs. The details are given in Chapter 111 and Appendix iHof the 

5-year report.
 

e. By the use of the 211!td) funds over the past 

five years, CSU has been able to develoo and interdisciplinary teaii 

approach which is showing significant payoff. One major factor in 

developing this interest and activity is the interdisciplinary seminar 

which was established from 211(d) grant funds. The seminar is now being
 

offered as a course for credit for graduate students by the university
 

and is supported by three colleges and six departments. CSH also has
 

research contracts which involve four or five colleges and many
 

departments.
 

f. The potential operational significance and 

benefit to the LDCs has been demonstrated by (1) the request for use of 

the services of the CSU faculty; (2) the added courses for the benefit 

of foreign graduate students; (3) the increanu in research funding which 

has worldwide application; and (4) the publications on research projcts 

which will benefit both the economy and the agricultural production of 

LDCs. 

g. Joint and cooperative activities were carried 

out with the other CID universities. Details of these activities are 

given in Chapter IllI and VI of the 5-year report." 



Table IV--Supplementary Table I
Distribution of 211(d) Grant Funds and Contributions From Other Sources of Funding*
 
Reporting Period 23 May 1973 to 
22 May 1974
 

Grant Objectives/Outputs 211(d) Expenditures
Period Under 
 Cumulative Projected Projected to 
 Non 211(d) Funding**
Review 
 Total 
 Next Year 
 end of Grant 
 Amount

1. Center for collecting, 
 20,274 
 112,770 
 24,000 
 136,770
evaluating and dissemi­

nation of knowledge
 
2. Education and training 
 24,116 
 139,025 
 17,605 
 156,630

3. Adaptive Research 
 29,000 
 166,167 
 38,000 
 204,167

4. Consulting Capacity 
 48,954 
 282,063 
 7,000 289,063

5. Linkage and Utilizing 
 12,680 
 50,370 
 13,000 
 63,370
 

Total 
 135,024 
 750,395 
 99,605 
 850,000 
 1,750,000
 

TOTAL
 
*These figures are best estimates
 
**Other AID projects are included
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IV. 	 IMPACT OF GRANT SUPPORTED ACTIVITIES IN ACHIEVING GRANT PURPOSE 
The various water resources programs of research and education 

at Colorado State University constitute one of the largest such
 
graduate programs in the world, and of this a significaitly large 
number of specifi c rada .e priograns are committed to foreign lesea ich 
activities. The university has continued to exp,.d its internat ional 
activities during the grant period and has a cont inoirig comm ilte' to 
do so in the future. The impact of the 21 1(d) grant program urn
 
stimulating university involvement in foreign research 
 act ivi ti c has 
been very significant and is continuing to grow. Course otfferini gs 
have been expanded through improvement of 22 courses n;aridadd inrg 12 
new ones. These courses are now being rul I, supported h,
 
university funds. An int2rdisciplinary 
program for strident , interested 
in water resources and international development has beei evatal'lished. 
Research on water delivery and remova1 systems has been e'panded by 
new funding generated by' faculty partially as a result of the gront.
 
211(d) grant funds also to the
were used stimulate developmnit of an
 
approach to 
research in the fu I spectrum of watecr resources p'ob1lems
 
pertaining to economic, sociological, and technical frield,, hoth in
 
the U.S. and in developing countries. In accomplishing the 211(d)
 
grant objectives, 
 Colorado State Iniversity has increased the aicul ty
 
working in the area of water 
 resources development by 23 new
 
members. Fourteen of these positions were 
 fully or partially nulipOrt'Ld
 
initially by 
 the grant, enabling the departments to employ these
 
faculty and thereby incr'ease the competence aNd capability of Colorado
 
State Iniversity. The acti.'itICS supported 
 by the grant werv widely 
spread not only through the engineering sciences hut also through 
such divergent disciplines as economics, anthropology, water law, 
and 3ociology. Research competency, teaching capability, and
 
institutional 
capacity, and capability have all been significantly 

increased.
 

While the operant knowledge base of the university has been 
tremendously broadened, what needs to be done is to bring this 
operant base of knowledge into precise focus on particular problems.
 
The basis has now been laid for a critical focus on the problems of
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water delivery and removal systems as 
they affect the small farmer.
 

Recent grant revisions, and under new grant leadership put into effect
 
during the reporting year, have resulted in a significant increase in
 
the impact of 211(d) grant funding both as to accomplishment of
 
specific grant objectives and as to grant management and program
 

effectiveness.
 

An important spin-off is the contact provided to participating
 
university departments between the formal courses on one hand ajiu
 
the on-going field research in the developing countries on the other.
 
These contacts have provided the necessary impact for a continual
 
revision of course ma:erial relating to developing countries. Not
 
only has the impact of 211(d) grant funding led to strengthening
 
the university's competence in water delivery and removal but has
 
had a domino effect in making it possible for the university to
 
respond relatively quickly to international requests for long- and
 
short-term assignments.
 

Colorado State University has succeeded in refocusing on many
 
specific aspects of water delivery and remova' and thus has increased
 
the total overall impact. However, to successfully find research
 
solutions to many remaining problems in this area, the university
 
looks with great seriousness to AID/W for assurances that the
 
competence built up at considerable effort and cost will not be
 
left hanging just at the poirnt of greatest return both to the
 
developing nation and to the United States Government.
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V. OTHER RESOURCES FOR GRANT-RELATED ACTIVITIES 

Through the support of AID and other organizations, Colorado 

State University conducts an International Schoci for Water Resources. 

The school was established to provide a structare to meet the need for 

improviag professional personnel in water resources engineering LO 

learn new techniques, to encompass up-to-date knowledge, and to broaden 

outlooks.
 

The school provides a tailored-made program to meet the needk of 

each individual and agency. The International School has no faculty of 

its own but utilizes existing faculty in the various departments of' 

the eight colleges at Colorado State University. The flexibility of 

the program and the time periods allowed by the International School 

permits, participants to conform to the stipulations of many 

different sponsorinn ,qnncies. 

A list of partioLpants as of January 1975 is attached in Appendix 1. 

A bulletin giving more detailed informatton on the International School 

is available i-'sn request to Professor Victor A. Koetzer, Director, 

International School for W'iater Resources and Associated Prog,rams, 

Colorado State IUniveis1ty. 

The Colorado State University College of Agricultural Sciences 

offers an International Agricultural Program. The program is designed 

to assist in coordinating and supporting programs involving foreign 

students, trainees, and visitors sponsored by AID/W, IISAID/Misqions, 

FAO, IE, and other organizations in accordance with formal or 

informal agreements on a case by case basis. '[he program al.so provides 

for coordination and support of programs of training and orientation 

for Colorado State University students prepartng to go overseas. The 

average length of study of each student is approximately two (2) years 

and about 90 percent of the students are in he Graduate School. 

The program has also been expanded to provide agriculture seniors 

and post-graduate agriculture students to participate in a work-study 

program in Latin America and an Agriculture Intern Frogram in
 

Trancophone, West Africa.
 

James R. Graham, Associate Divector .nd Foreign Student Advisor
 

of the Office of International Education, assists foreign students in
 

their housing, registration, social, and economic aspects and in general
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helps out in many of the foreign student needs at Colorado State
 

University.
 

Research under Colorado Project 125 altd AID Water Management
 
Research Contract was continued under the direction of Dr. W.T. Franklin
 
to evaluate the effect of water quality and methods of irrigation on
 
the salt content of return flows used in the irrigation system.
 

Major water related projects which have grant related activities
 

are as follows:
 

Project 


Grand Valley Salinity Control Demonstration 

Project
 

Irrigation Practices, Return Flow Salinity, 

and Crop Yields
 

Irrigation Return Flow Quality Literature 

Abstracting
 

Water Quality Control in Mine Spoils 


Water Data Bank 


Transport of Salts in Irrigation Return Flow 


Consolidation of Irrigation Sy3tems 


Quality of Water Literature Abstraction 


Recycle and Utilization of Livestock Manure 

through Subsurface Injection
 

Animal Wastes and Runoff Affects 


by Manual iarvesting
 

Salinity Control Technology in Grand Valley 


Irrigation Practices 


Irrigation Return Flow 


Agricultural Salinity Control 


Technical Services 


Water Resource Optimization 


Water Resources Hydraulics 


Groundwater Management 


Hydrometeorology 


Soil Salinity and Irrigation Water Quality 


Economic and Institutional Analysis of Water 

Quality Standards and Management
 

Farm Investigation Water Management 


Funding Agency
 

EPA
 

EPA
 

EPA
 

EPA
 

Colorado State Eng.
 

OWRR
 

OWRR
 

EPA
 

EPA
 

EPA
 

EPA
 

EPA
 

EPA
 

EPA
 

AID
 

Colo. Exp. Sta.
 

Colo. Exp. Sta.
 

Colo. Exp. Sta.
 

Colo. Exp. Sta.
 

Colo. Exp. Sta.
 

Colo. Exp. Sta.
 

Colo. Exp. Sta.
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Propject Funding Agency
 

Optimal Operation of Sprinkler Irrigation Colo. Exp. Sta.
 
Systems
 

Quantification of Water-Soil-plant Relation Colo. Exp. Sta.
 

for Efficient Use 

Solubility of Heavy Metals ,n Soils Colo. Exp. Sta. 

Irrigation Practices, Return Flow Salinity Colo. Exp. Sta. 

Energy Production from Agriculture Products Colo. Exp.Sta. 

Design Criteria for Interceptor Drains Colo. Exp. Sta, 

Irrigation Flow Metering Colo. Exp. Sta. 

Mathematical Modeling of Small Watersheds Colo. Exp. Sta. 

Experimental Investigation of Small Colo. Exp. Sta. 
Watershed Floods
 

Subsurface Hydrologic Models NOAA
 

Sediment Yield From Watersheds USFS
 

Asian Institute of Technology AID
 

Salts in Irrigation OWRI' 

Role of Water Reuse OWRT
 

Study of Salt Control in California OWRT
 
River Basin
 

Feeding Programs in Developing Countries ERS
 

Solar Energy NSF
 

Alluvial Channel Mechanics in Pakistan NSF
 

Because of the heterogeneous--social, political, agricultural,
 

systems engineering--make-up of the Irrigation Management Program as
 

a subcommittee of the Integrated Approaches Committee of CID, each
 

member institution has been able to develop broader as well as
 

deeper insight into the various components, and their interrelation­

ships, of an irrigation water management system as related to
 

irrigation water delivered to, or retrieved from a farm field. The
 

delivery of irrigation water to a field, for example, might satisfy
 

the soil moisture requirement of the crop, but failure to recognzie
 

the need for drainage--water retrieval--will usually lead to the
 

subsequent establishment of undesirably high water table and/or salinity
 

conditions within the soil profile as evidenced in the Indus Basin
 

of the Pakistan-Indian subcontinent.
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VI. 
 UTILIZATION OF INSTITUTIONAL RESPONSE CAPABILITIES IN DEVELOPMENT
 
PROGRAMS
 

A. 
 Requests for Assistance (Tables III-A and III-B)
 
The utilization of institutional response capabilities 
as
shown in Table III-A and III-B includes mainly grant-supported activities
 

and the technical services of individuals supportced in part by 211(d)

grant funds. 
All AID requests are reported and all non-AID requests
 
for assistance in LDC development programs.
 

B. 
 Specific Information
 

1. 
 Nuiber of Foreign Graduate Students from LDCs
 
During the spring quarter of 1975 there were 329
 

foreign students registered at Colorado State University. 
The totat
 
number of countries represented was 67. 
 Ph.D. candidates numbered
 
112 and M.S. 168. 
 Nearly one-third 
(31%) of the total number of
 
students were enrolled in the College of Engineering. 
A list of
 
the countries and the number of students from each country is given
 
at the end of this section.
 

2. 	 Number of On-Campus Visitors or Consultations
 
The number of visitors or on-campus consultations
 

with regard to matter specifically relating to water management
 
or research ranges from 500 to 750 half of whom are from foreign

countries. 
 Some of these are directed to the univcrsity by U.S.
 
federal agencies having water mangement responsibilities.
 

3. 	 Known Use of Research, etc. Developed Under Grant
 
Dr. Willis W. Shaner, specialist in engineering­

economic planning developed a special 50-hour course 
in project

planning related to 
the water resources field. 
The 	request for such
 
a course came directly through Dr. Cornejo, Director of the Department

of Agriculture, Lima, Peru to be given to members of upper management.

In addition, Dr. Shaner helped initiate and later helped to finalize
 
an agricultural loan paper for the USAID Mission in Peru. 
 Dr. Shaner
 
could not have been available to perform either of these two activities
 
without 211(d) grant support funding.
 

Dr. William E. Hart, specialist in design of field irrigation

systems, hydrology, hydraulics, irrigation engineering, and related
 
fields, used his specialized knowledge to assist Dr. William D. Kemper
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in Pakistan for a short period of time to develop a stronger, more
 

durable, and far cheaper irrigation gate for the Pakistani farmer.
 

Later, Dr. Hart's services were requested in Peru as an Irrigation
 

Engineer for assistance in irrigation scheduling. T- -esponse
 

capability of the university could not have been met these two
 

instances if it had not been for 211(d) grant support.
 

The same can be said for Dr. G;eorge 1.. Radosevich, specialist 

in international water law, who has succeeded in establishing an 

International Conference on Global Water Law S'stems scheduled for 

1-6 September 197S at Valencia, Spain. lie was assisted in part by 

Dr. Evan Vlachos, specialist in methodology, demography, and 

comparative social structure; also by Professor Gay lord V. Skogerboe, 

Agricultural Engineer. 

4. Significant Graduate Roles
 

It is a little early vet to outl ine the significant 

roles played by uni versity graduates who wer, benefited by 211(d) 

grant funds. Undoubtedly, most of them wil assume positions of
 

leadership either in governument, in the educational field, or
 

private sector. Recent graduates are:
 

Dr. Larry ('aswell
 
Dr. Mohammad T, Chaudhry 
Dr. Alfred J. Tambur
 
Dr. Lemma Wendim-Agegnehu
 
Mr. Qurban Ali Fhan
 
Mr. Alta Mohammad Nazar
 
Mr. Bailey F. Wharton
 
Mr. Anthony 1M.Melone
 

5. Personnel Working on Development Programs
 

a. Reporting year personnel
 

Dr. Everett V. Richardson
 
Dr. Maurice L. Albertson
 
Dr. Kenneth G. Brengle
 
Dr. William E. Hart
 
Dr. Khalid Mahmood
 
Dr. George E. Radosevich
 
Dr. James F. Ruff
 
Dr. Willis Shaner
 
Prof. Gaylord Skogerboe
 
Dr. Evan C. Vlachos
 
Dr. Robert C. Ward
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le above and other faculty members working on development programs

and eligible for advisory service are listed in section VII including,

for each, 
a brief statement of his field of expertise.
 

b. 
 Utilization of Colorado State University's competence
 
The Board of the Colorado Association for 

International Education (CAIE) is made up of participants from eighteen
(18) universities, colleges, and instituticrns, seventeen (17) 
of which
 
are in Colorado. 
The association is organized for the purpose of

enabling the institutions of higher education to develop cooperative
 
programs in the field of international education. 
One of the five (5)
seminars held during 1974-75 was hosted at Colorado State University
 
on International Development. 
One of the guest speakers was from
 
ATIW. 

At the present time CAIE is developing a computerized information
 
retrieval system for the purpose of compiling an information bank of
 
the i:ternational experiences, talents, and interests of faculty

members in the member institutions. 
 'lhis will identify 
to those faculty

who are interested in activities and assignments of an 
international
 
nature. 
It also identifies the competence and expertise available
 
for international activities.
 

This illustrates one of the man)- wys that the competence of the
 
faculty is being utilized as a result oF grant funds.
 

6. 
 Progress in Establishing and Maintaining Linkages
 
This activity is described in section IIIE.
 

7. 
 Utilization of Institutional Response Cap'cities

During and After Grant Expiration
 
The utilization aspects of response capacities on


solutions of LDC problems during the remainder of the grant term are
 
implied in the Work Plan for the next two years.
 



Table Ill-A
 
Requests For Assistance Received During Reporting Period May 23, 
1974 to 	June 30, 1975
 

A. Requests Attended
 

Description of Request 

for Assistance 


Irrigation engineer to 

develop 	irrigation 


scheduling

Increase efficiency and 

costs of irrigation 


gates 

Confer with FAO in Rome 


on soil 	and water 

problems affecting small 


farmers
 
Evaluate efficiency of 

small irrigation reser-


voirs in Northeast
 
Thailand
 
Valve problems at 


Tarbela 	Dam 


Problems in planning 

integrated rural 

development. Paper 

given at Istanbul, 


Pakistan 

Develop an inter-

national conference 

on Global Water Law 


Systems 


Whom did you Who Requested Who Funded Size of Effort
 
Assist? Assistance Assistance 
 Dollars Man 
 Results 	of Assistance
 

governments, 
USFA, farmers 

Peru 211(d) 5500 

governments, Pakistan USAID 5500 
USFA, farmers 

211(d) AID 211(d) 200 

governments, Thailand 211(d) 4500 
USFA, farmers LISAID 

Pakistan TN'IS T.MS 4000 

CENTO CENTO CENTO 2500 

governments, AID 211(d) 9262 
U.S. foreign 
assistance, 

farmers 

Days
 

60 	 Scheduling system greatly
 
improved
 

60 New type of gate costing
 
far less will soon be
 
produced
 

2 Help decision making
 

process 	in allocating

211(d) grant assistance
 

68 	 Increase government
 
assistance to farmers
 

19 	 Additional model studies
 

on Tarbela Dam Outlet
 
works. Increase linkages


16 	 Broaden scope of IRD.
 
Increase knowledge, dis­
semination of information,
 
and cooperation with an
 
international organization
 

90 	 Conference schedule for
 
1-6 September 1975 at
 
Valencia, Spain
 



Description of Request

for Assistance 


Present course on dryland 


farming at Mexican 

National Center for Arid
Zones, Saltillo, Mexico 


cultAe
in Kenya and Tanzania 


Seven man mission 

One man from CSU
Analysis of small scale 


irrigation in Peru
Finalize USAID 

agricultural loan 


paper in Peru
Problem of erosion 


on banks of Amazon River 

Short tour with CSU 

field team in Pakistan 


on on-farm water
 
management (Reuss and
 
Johnson)
U.S./Egyptian workshop 

on res.eg ar plingk p
on research planning 


Whom did you 

Assist? 


governments 


U.S. foreign
 
assistance,
farmers 


governments,
U.S. foreign 


assistance,
 
farmers 

governments, 


USFA, farmers
governments, 

USFA, farmers 


governments, 


USFA, farmers
 
GOP 

USAID 


NAS 

AD

AID 


Table III-A (continued)
 

Who Requested 
 Who Funded 
 Size of Effort
Assistance 
 Assistance 
 Dollars Man 


Mexico 
 211(d) 
 5000 45 


Kenya
Tanzania 211(d)
USAID 
 4204000 27 


Peru 
 211(d) 
 5000 51 


Peru 
 211(d) 
 2500 21 


Peru 
 AID 
 4000 
 7 


USAID 
 AID/W 
 7175 
 S2 

USAID 


NAS 
 NAS
 
N3000 
 15
Aid 


Results of Assistance
 

Course gave vital boost-to
 

strengthening educational
can be given to other LDCs
 

Identification of problems
and recommendations for
 

problem solving
 
Strengthening emphasis on
 

helping the small farmer
Loan to help eliminate
 
lack of credit to small
 
fa-rme-r and others
Vital information to
 

Probably 2-year assignments
 
for each of 2 men
 

Meaningful linkages for
 
possible use of CSU
competence 


in water
 
research and management
 



Table III-B
 

Requests For Assistance Received During Reporting Period May 23, 1974 to June 30, 1975
 

B. Requests Not Fulfilled
 

Description of Request Whom did you Who Requested Who Funded Size of Effort
 
for Assistance Assist? Assistance Assistance Dollars Man Why not met?
 

Days
 

Water resources Nicaragua AID Fulfilled from other
 
economist 
 resources
 

Bill Shaner
 
Robert Young
 
Ronald Tinermeier
 
Ken Nobe
 

Technical advisor Bolivia CID Still under negotiation
 
for Bolivia 
 L4 



Foreign Students Attending Colorado State University
 

Number of 
 Number of
Country 
 Students Country Number of
Students Country 
 Students
 
Afghanistan............ 
6 Hungary .............. 
 2 Pakistan ................ 17
Algeria............... 1 
 Iceland .............. 
 1 Panama .............
 1
 
Argentina. . . . . . . .. 3 
 India .............
....
 14 Paraguay. .......... 1

Australia............. 
6 Indonesia .... 
 ......... 
 13 Peru............ 
 2
 
Austria. . . . . . .. . 2 
 Iran................ 
 25 Philippines.... ......... 1
Bangladesh ........ 
 1 Iraq...............
. 1... 
 Saudi Arabia .... ........ 4
 
Brazil .......... 
 Israel............
.... 
13 5 Senegal................ 
 1
Canada ..... 
 .......... 15 
 Ivory Coast .... ....... 1 
 South Africa .... ........ 1

China, Republic of . . . 28 Jamaica ..... 
 .......... 1 
 Sri Lanka..... .......... 2
 
Columbia . . . . . . . . 7 Japan ............... .10 
 Sudan...... ............ S
Costa Rica 
. . . . . . . . 1 
 Jordan..............
.... 2 
 Tanzania ..... 
 .......... 2
 
Czechoslovakia 
......... 1 
 Kenya .............
.... 3 
 Thailand .............. 20
Dominican Republic 
. . . 1 Khmer Republic.......... 2 Trinidad & Tobago........ 
 1
 
Egypt..............
.
 I...1 Korea .............
.... 5 
 Tunisia..... 
 ........... 3

Ethiopia ......... 10 
 Kuwait. .................
 3 Turkey .S.......... 
 5

El Salvador ............ 
I Libya .S.......... 
 15 United Kingdom ... ....... 2
Fiji ........... 
 1 Malaysia..... .......... 2 
 Uruguay.... ........... 1

Finland. ........ 
 . 1 
 Mexico..............
.... 8 
 Vietnam..... 
 ........... 5

France .............. 3 
 Nepal ............... 1 
 Venezuela...............
 14
 
German, Fed. Rep. ...... 
2 Netherlands ......... 
.. 7 Yugoslavia .... 
 ......... 1
Guatemala.... 
 ......... I 
 New Zealand .... 
 ........ 
 1 Stateless..... 
 .......... 1
 
Honduras ............. 
2 Nigeria .............. 
5 Total number of students 329
Hong Kong............. 6 
 Norway..... ........... 1 
 Total number of countries 67
 

Total number of new students 19
 
PhD candidates 
 112 Non-Degree 17
 
Masters candidates 168 Undergraduates 32
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VII. NEXT YEAR'S PLAN OF WORK AND ANTICIPATED EXPENDITURES
 

Work Plan 211(d)--May 23, 1975 to June 30, 1977
 

The work plan to obtain the outputs indicated in the proposal for
 

continuing support under AID's 211(d) program is given in this report
 

and in Table 2. Estimated man power and dollar inputs for each output
 

are given in Table 3.
 

1. Information Capacity
 

A. 	Library Acquisitions
 

Library acquisitions in the field of water delivery and removal
 

systems to improve food production and the living conditions for the
 

small farmer will be maintained by Colorado State University. However,
 

some books and periodicals will be purchased as requested by staff
 

working on the grant in order to get a quick response to his needs.
 

The purpose of all acquisitions will be to maintain CSU's excellent
 

library in this field and to serve staff working on the grant in a timely
 

manner.
 

B. 	Information Storage and Retrieval Systems
 

Working with the other CID universities, some of the library
 

materials on water delivery and removal systems will be incorporated
 

into a computerized information storage and retrieval system. 
Money
 

will be provided for travel of library staff to member institutions to
 

irteract with their stpff and attend workshops. A workshop is scheduled
 

in the early Fall of 1975 at Arizona University.
 

C. 	Publications Dissemination
 

Several series of papers on hydrology, hydraulics, water
 

resources, economics, agronomy, etc. are published by the University.
 

These reports are published by the various colleges, the experiment
 

station and by private publishing firms. Upon request, publications
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will be disseminated to LDC researchers and libraries, FAO, AID missions,
 
the other members of CID, etc. with funds from the giant. 
 Some of these
 
reports, especially those produced by grant funds, will be furnished to
 

AID's publication dissemination service.
 

2. Education and Training
 

A. 	International School for Water Resources
 

The International School for Water Resources is supported by
 
Colorado State University with a half-time director who spends his
 
time interfacing with the officials from AID missions, FAO, LDCs, UNDP,
 

donor agencies, etc. making them aware of the course contents and
 
availability of this school. 
 The director designs course programs
 

for the students; 
and interacts with various government bureaus and
 
consulting firms such as Bureau of Reclamation. Corps of Engineers,
 

Agriculture Research Service, Geological Survey to obtain specialized
 
training for the students. The Director of the 211(d) Program helps
 
with the advisory and with contact with the LDCs, donor agencies, and
 
potential training centers. 
 No man months from the grant are budgeted
 
for this activity but some travel of the director may be paid for.
 

B. 	Watershed Short Course
 

A watershed short course to train the middle manager and top
 
level policy maker on the importance and need of watershed management
 
to prevent erosion and increase food production will be prepared by
 
Arizona University in cooperation with the other CID Universities. 
 The
 

pilot short course will be developed by 1977.
 

C. 
Short Course on Irrigation Water Delivery and Removal Systems
 

A short course 
involving practical aspects of irrigation water
 
delivery and removal systems will be developed 'for presentation in LDCs.
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This 	will involve faculty resources from CID institutions and LDC
 

representatives. 
Colorado State will assume the primary responsibility
 

for organizing the course on behalf of CID but the other member
 

Universities of CID will contribute faculty resources. 
 The course will
 

be for decision makers and technicians responsible for resource planning,
 

development and application. The purpose is to help the participants
 

understand the importance of and problems associated with delivery of
 

water to and removal from the farm. The course will be developed on a
 

pilot basis for testing and refinement with the ultimate goal being
 

widespread LDC use subject with local modification in approach as the
 

needs indicate.
 

A manual will be written for use in conjunction with the short
 

course. The course syllabus, manual, and necessary materials will be
 

completed by Fall 1976.
 

D. 	On-Farm Water Management Short Course
 

A short course in practical aspects of on-farm water management
 

will be developed by Utah State University. Colorado State University
 

will participate by reviewing the syllabus and by assisting in the
 

presentation as required.
 

3. 	 Expanded Knowledge BLse
 

A. 	Waterlogging and Salinity Control
 

A state-of-the-art report will be prepared on the present status
 

of research and knowledge on the problems of waterlogging and salinity
 

and methodology to prevent or control them. 
Part 	of the report will
 

describe state-of-knowledge on the duty of water under various irrigation
 

systems, cropping patterns and climatic conditions. Utah State
 

University will actively contribute to this report.
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B. 	Sediment Control
 

A state-of-the-art paper describing the sediment problem at the
 

lower end of the irrigation system and on the farm will be produced.
 

The 	paper will use sediment transport equations to illustrate why
 

sediment is such a probl3m at the lower end of the system and will
 

describe methods to aller,-A'e the sediment problem on 
the small farms.
 

A draft report will be completed by Spring of 1976 with final
 

reports by January of 1977.
 

C. 	Water Delivery--Rules and Procedure
 

Working with Utah State state-of-the-art papers delineating
 

various legal and administrative systems and pointing out the constraints,
 

advantages and disadvantages of each system will be prepared. 
One
 

paper will L. a follow-up of the Global Water Law Conference that CSU
 

is presenting this year in collaboration with USU and the University of
 

Valencia, Spain. 
Also specific papers will be prepared describing how
 

water delivery is administered in specific countries 
or 	regions. The
 

first paper will be prepared by Spring of 1976 and the follow-up paper
 

or papers the following year.
 

D. 	Pumping Systems
 

A state-of-the-art report will be prepared on irrigation pumping
 
plants. This study will be accomplished by literature review, by
 

consultations with appropriate LDC's AID personnel and in cooperation
 

with sister universities, and in consultation with pump manufacturers.
 

Emphasis will be placed on 
the 	simplest means of water lifts such as
 

the wind mill, hand pump, Persian wheel, etc. and will consider the
 

efficiency and energy aspects as 
rlated to the small farmer. The
 

resulting document will be a thorough review of all available sources
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of information and will delineate problem areas, potential solutions
 

and recommend research areas. The report will )e completed by the end
 

of 1916.
 

E. Erosion Control
 

Colorado State University will cooperate in the preparation of
 

the state-of-the-art paper described in Arizona's Work Plan. 
To wit
 

"The University of Arizona will develop a state-of-the-art
 
paper on the present status of research and knowledge, a
 
review of present management practices and a consideration
 
of the problems associated with erosion control technology
 
in the small watershed often found in LDCs. This document
 
will be an outgrowth of the planned 1976 Erosion Symposium
 
and will be completed by April 1977."
 

F. On-Farm Water !ianagement
 

Colorado State University will participate in the preparation
 

of state-of-the art reports on water management in heavy soils and
 

water oriented food production technology for which USU will provide the
 

leadership.
 

4. Advisory Capacity
 

A. Consulting Service
 

During the two year period of the grant $9,300 is budgeted to
 

provide consulting services in emergency situations where individuals
 

are needed on very short notice and when other instruments cannot be
 

used without causing unacceptable delay.
 

B. Release Time
 

Five (5) man-months during the two year period of the grant are
 

budgeted to provide release time for a faculty member so that he can
 

respond to AID's request for consulting service. This method was done
 

in 1974-75 whereby Professor James Ruff was paid to take Dr. Hart's
 

course on the design of farm irrigation systems, and prepare himself
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to 	teach a similar course the following quarter. 
He 	was thus able to
 

release Hart to go to Peru to 
serve as an advisor on an irrigation system
 

design project. The training Ruff obtained has expanded our advising
 

capabilities.
 

C. 	Improving Advisory Capacity
 

It is anticipated that top AID or other personnel will be available
 

to present one week short courses to be attended by CID university
 

personnel. These short 
courses would be designed to improve the com­

petence of the university personnel in the areas such as project planning
 

and design. 
 It is expected that several members from each CID University
 

would attend such short courses. Presently, no funds are allocated for
 

this acitivity. A supplemental appropriation may be requested for this
 

activity once the courses 
and sites at which the course is to be taught
 

are identified. 
The first course is expected to be presented in
 

April, 1976.
 

S. 	Linkages and Networks
 

A. 	CID Support
 

CID will promote meetings where CID engineers and scientists
 

will meet and exchange views, the results of their scientific work, and
 

discuss LDC problems.
 

This will be a working symposium, where people working on mutual
 

problems will get together. State-of-the-art problems will be
 

discussed. 
 Items of discussion will include present objectives, future
 

objectives and present status of programs with regard to the LDC. 
 It
 

is expected that the soils consortium will also take part in these
 

meetings.
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B. 	Establishing Linkages
 

Money is budgeted for salary and travel of faculty members to
 

establish viable linkages with CID, LDC's Tropical Soils Consortium,
 

research and service organizations, FAO, and other regional agricultural
 

organizations. 
 Faculty members will be expected to develop linkages with
 

regional agricultural organizations and LDC institutions for use in
 

developing data for state-of-the-art statements and will contribute
 

data generated through these contacts to such studies in which CSU is
 

involved. Where possible CSU's sabbatical leave policy will be utilized
 

in the development of these linkages.
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WORK PLAN
 

APPENDIX
 



Name 


William T. Franklin 


Neil S. Grigg 


William E. Hart 


Robert A. Longenbaugh 


Max K. Lowdermilk 

Kalid Mahmood 

David B. McWhorter 

If.J. Morel-Seytoux 

G. E. Radosevich 


E. V. Richardson 

James F. Ruff 


Willard R. Schmehl 


Edmund F. Schulz 


Willis Shaner 
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Table 1. CSU Staff Consultants
 

Field of Interest 
 runctionA 

Diagnosis and reclamation of salt-affected 1, 2, .', 4,
soils; water management related to water 5, 6 
quality and soil fertility; soil mineralogy
 

Water resources, water supply, urban drainage, 1, 2, 3, 5, 6 
flood control, water management, hydrology 

Irrigation systems, drainage, waterlogging, 1, 2, 3, 5, 6
 
field machinery 

Groundwater hydrology, hydrology, water 
 1, 2, 3, 5, 6 
resources, operations research or systems 
engineering 

Extension work, irrigation systems planning, 1, 2, 3, 4, 
water management, adaptive crop research 5, 6 

Alluvial channel mechanics, river control, 1, 2, 3, 5, 6 
hydraulic structures on alluvial channels, 
model studies
 

Theoretical and practical aspects of flow in 1, 2, 3, 5, 6
 
porous media and groundwater hydraulics and 
hydrology
 

Hydrology, water resources planning 1, 2, 3, 5, 6 

Water law and administration, agricultural law, 
 1, 3, 5, 6, 7
 
environmental law, economics of natural 
resources
 

Experimental fluid mechanics, turbulence and 1, 2, 3, 5, 6,
diffusion, open flow,channel fluvial hydraulics, 7 
fluid measurement, stream morphology and water 
managemert 

Hydraulics, hydrodynamics, hydraulic structures, 
 1, 2, 3, 5, 6
 
remote sensing, open channel flow, closed conduit
 
flow 
Soil fertility, clay mineralogy, soil 1, 2, 3, 4, 5,
 
management 
 6, 7
 

Hydrology, flood runoff, small watershed 
 1, 2, 3, 5, 6
 
hydrology, water resources, and flood plain
 
planning
 

Water resource planning, engineerir, 1. 2. 3. 5
 
economics
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Table 1 cont'
 

NamJe 
 Field of Interest 
 Function*
 
Gaylord V. Skogerboe Waterlogging, salinity, irrigation systems, 1, 2, 3, 5,
 

water measurement, drainage
 
Daryl B. Simons 	 Erosion and sedimentation, river mecahnics, 1, 2, 3, 5,
 

hydraulics, stable channel design, open

channel flow, flood control and navigation,
water resources development, stream gaging,

hydraulic structures.
 

Numbers under the heading Function refer to the following:
 

I - Problem identification and analysis
 

2 - Program or project design
 

3- Education and training
 

4- Extension
 

5- Advisory -capaity pnd 
 , £ess~anarzbakopi~g
 

6 - Research
 

7 - Evaluation of mission program
 



Table 2. Project purpose, objectives (outputs and means of verification).
 

Narrative Summary Objectively Verifiable Indicators Means of Verification Important Assumption 

Project P irpose 

To maintain and sus-
tain an institution-
al response capability
in water delivery and 
removal practices and 
systems with specialemphasis on improving
the quality of life of 
the quali f le ofthe small farmer in-
the LDCs. In cooper-
ation with CID to -
focus on problems of 
watershed management 
and on-farm water man-
agment. 

a) Colorado State University is 
recognized as a center of excel­
lence for information, personnel,
adaptive research and knowledge on 
water delivery and removal systems, 
watershed management and 

b) Continuous and significant
involvement and linkages with LDCinstitutions. 

c) Linkages and networks with 
other significant institutionsutilization. 
working on food production 
problems in the LDCs. 

a) 

c) 

Peer evaluation 

Annual report 

a) That additional 

ilcasesor staoe 
ments will result in a 
gradual increase in 
utilization. 

b) Utilization will in­crease available fundingand staff capabilities. 

These in turn will in­cese i ati on. 

c) That meaningful pro­
blems will be identifie 
in the LDCs and adequate 
adaptive research will 
be performed. 



Table 2. Project purpose, objectives (outputs and means of verification).
 

Narrative Summary Objectively Verifiable Indicators Means of Verification Important Assumption 

Project Output 1 

Information Capacity. a) Distribution of reports docu-Collection evalua- menting research results.tion and disseminatior 
of information relate b) Expand printing and publication
to water resource capabilities of CSU.to wterresorcec) 
utilization 

a) Annual report and on 
site visitation, 

b) Receipt of publications 
Documentation of data 

.a) LDCs, CID and donor 
agencies will provide 

inputs and utilize the 
information system.

c) Increase the size of the library storage and retrival pro-.

collection on water delivery and 
 grams.

removal systems.
 
d) A developed information storage
 
and retrieval system.
 

Un 



Table 2. 
Project purpose, objectives (outputs and means of verification).
 

Narrative Summary 


Project Output 2 


Education and Training 


Several short courses 

will be developed and 

use will be made of on
going activities such 

s SURGE and the 

International School 

for Water Resources, 


Objectively Verifiable Indicators 


a) Development and revision of 


courses 

b) Increase of students from LDCs 

in both conventional graduate 

training and International School 

for Water Resources. 

c) Development and presentation of 

short courses and training sessions 

on drainage and delivery of water 

to the small farmer. 


d) Development of contracts to 

improve training in LDCs research 

institutions and universities.
 

e) Seminar in a LDC on soil and
 
water management for erosion control
 

f) Global Water Law Conference in 
1975 to develop an understanding of 
legal and administrative constraints
 
on water delivery and removal.
 

Means of Verification Important Assumption
 

a) Annual report with a) There is a need and
 
specific numbers and exam- demand in the LDCs for
 
ples of accomplishments, the training and educa­
b) Number of students and tion so that funds will
 
countries using Internationa be provided for students
 
School toparticipate in the
 

training.
c) Final reports on semin- b Coperation by LDC
 

ars or conferences. ititu tion for 
institutions for
 

d) Symposium proceedings traihing and education
 
e) Manuals developed for programs.
 

short courses.
 



Table 2. 
Project purpose, objectives (outputs and means of verification).
 

Narrative Summary 
 Objectively Verifiable Indicators 
 Means of Verification 
 Important Assumption 
 "
 
Project Output 3 
 a)


Knowledge 
Identification and evaluation of a) State-o£-the-art-reports a)
rem 	 Effective help from
valand 
 elieyytes
VExpanded Knowledge practices utilized by LDCs in water 
b) Annual report. AnD LDs inoientnB aserem nd eli ery yst ms .an
val 


d LDCs in identifying
Emphasis will be -_b),..Design and adapting new techni- c)
placed on-state-of-the ques for water removal that have low d) 	
On site observations, problems or needs and

Utilization of both
ification relating 'o 	

conducting the research,art and problem ident- energy demand, can be utilized byf6ieal pojct research results and stafffarmers and existing irriga-	 etc. 
small farmes in LDCs. 	

doing the research. by 211,ntiueitct
b) Continue ithon projects 	 interaction e Requests for reports 
 y 211) directors withc) Adaptive research on water 
 AID, LDCs and CID to
delivery to small farmers that 
 f) Increase in food 
 identify research prior­decrease water loss and improve crop Production. 
 ities.
production. 

g) Peer review.
 

d) State-of-the-art reports on
water delivery and removal systems
 
and relevant institutional
 
development.
 

e) Studies on salinity control t,­inerease crop production and
 
decrease loss of land from
 
production.
 

f) 
Low cost and energy demand
 
pumping methods for both drainage

and water supply. State-of-the-art
 
reports on pumping systems.
 
g) Handbooks on the design ofdrainage systems, salinity control,

sediment handling methods, operation

of irrigation systems, etc.
 

h) State-of-the-art report on
sediment problems at lower end of
 
the irrigation system.
 



Table 2. Project purpose, objectives (outputs and means of verification).
 

Narrative Summary Objectively Verifiable Indicators 
 Means of Verification Important Assumption 
Project Output 4 a) Over 36 faculty are available a) Annual report documenting a) There is a need for
Advisory Capacity for consulting on optimum water
management for improved crop requests for consultants, these consulting ser­bvices.
 
Advisory and consultant production. These are in the field ) Trip reports thce
capability for AID, of civil engineering, irrigation c) Final project reports bility and talent at
LDCs, consulting firms, engineering, watershed sciences, on- d) 
Peer evaluation Colctado State niver-
World Bank and other farm water management, agronomy and 
 sity io no byatedonors. Provide 
 dryland farming. 
 e) Donor recommendations sity isknownby therelease time, Allow 
 potential user.
 
faculty to respond 
quickly to a consulting 
request. 

tD 



Table 2. Project purpose, objectives (outputs and means of verification).
 

Narrative Sumnary 
 Objectively Verifiable Indicators 
 Means of Verification 
 Important Assumption
Project Output 5 
 a) 
Establish or strengthen our 
 a) Annual report
Linkages and Networks a) AID assistance and
linkages with institutions working
Linkages and networks in water for food production in b) NumberAfrica, Near East, Pakistan and seminars of joint programs sport.wit istiutonsco-
Lti Amria.programs and training
that have b) The cooperation ofbeen the other institutions.with institutions con-cerned with water Latin America.b) Strengthen our linkage with the 

developed with other
institutions.
resource utilization 
 other members of CID. c) Linkages and networkfor food production. c) Establish very close relations basis for utilization 
of institutionalEmphasis on waterremoval and delivery, with the other 211(d) directors in

the water chain. 
d) Establish a network of
institutions working on water and
water related problems for food
production in the LDCs.
 

e) Establish linkages with the
 
centers and consortiums working to 

increase food production to help

the small farmer.
 

0 
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Table 3. Estimated Man Power and Dollar Inputs by Outputs.
 

INPUTS
 

OUTPUTS 
 Man Months Dollars
 

Faculty GRAs
 

1. Information Capacity
 
A. Library Acquisitions 
 - - 2,000
 
B. 	Information Storage
 

Revetment 
 - 12 13,000

C. Publication Dissemination ­ - 2,000
 

TOTAL 	 - 12 17,100 

2. Education and Training
 
A. International School 
 -
 -	 600
 
B. 	Watershed Short Course
 

(S.C.) 
 1 - 5,600 
C. 	Water Delivery & Removal
 

(S.C.) 
 6 12 27,100

D. 	On-Farm Water Management


(S.C.) 2 
 - 7,000 

TOTAL 
 9 12 40,300
 

3. Expanded Knowledge Base
 
A. Salinity Control 
 4 12 24,300

B. Sediment Control 
 4 6 21,300
 
C. Water Delivery Rules 
 5 - 14,300
D. Pumping Systems 
 6 6 23,300

E. Erosion Control 
 1 - 4,000

F. On-Farm Water Management 1 	 4,000
-


TOTAL 	 21 
 24 91,200
 

4. Advisory Capacity
 
P. Consulting Service 
 2 - 9,300
B. Release Time 
 5 	 14,100
 
C. 	Improving Advisory
 

Capacity _ _
 

TOTAL 
 7 - 23,400 

5. Linkage and Network
 
A. CID Support 	 2 
 - 25,000
B. Establishing Linkages 
 4 	 13,000
 

TOTAL 
 6 - 38,000
 

TOTAL 
 43 40" 210,000
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VIII. INVOLVEMENT OF MINORITY PERSONNEL AND WOMEN
 

In adding faculty and graduate students to the University,
 
a c nscious effort has been 	 made to add minorities and women. We have 
been 	more successful with students than 
faculty because there are
 
so few technically trained minorities and women. Unfortunately, it has 
been difficult to convince mincrities and women that there are 
opportunities in a technical career. 

The College of Engineering sends out faculty to area 
high schools
 
with predominantly minority students (Blacks and Spanish Americans).
 

Several of these schools are in the Denver area. The university 
has a summer intern program for Blacks. These programs have not been 
attracting a sigpificant increase in minorities. We think, however, 
that 	 in time this will change. 

We have increased the number of women enrolled In engineering 
with a significant increase each year in freshman women engineering 
students. This twoyear women engineers; received Ph.D.their degre.s 
in Water Management. These ladies were 	Drs. Catherine E. Kraeger Rovey 
and Della Laura Bennett. They were partially supportcd by the 211(d) 
grant. Dr. Rovey is now an Assistant Ptofessor Civilof Kngineeri g 
at Oregon State Univ:sity. I)r. Bennett is a housewife.
 

The following U.S. mn.. itics 
have 	been involved in the program. 

FaculIty Graduate Students 
Women 2 2 

Blacks
 

Spanish Americans 
 I
 

American Orientals 
 4 
 2
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IX. 	TABLES 1, II-A and 1I-B
 
Table I shows the distribution of 211(d) grant funds and
 

contributions from other sources of funding for the reporting period
 
23 May 1974 to 30 June 1975.
 

Table II-A shows the 211(d) actual and projected expenditure
 

for 	the reporting year.
 

Table I-B shows the detail expenditures for the reporting year.
 



Table I
 
Distribution of 211(d) Grant Funds and Contributions From Other Sources of Funding*
 

Reporting Period 23 May 1974 to 30 June 1975
 

211(d) Expenditures
 
Grant Objectives/Outputs 

Information Capacity 

Period Under 

Review 

1,975 

Cumulative 

Total 

114,745 

Projected 

Next Year 

8,550 

Projected to 

end of Grant 

8,550 

Non-211(d) Funding** 

Amount 

100,000 

Education and Training 10,123 149,148 20,150 20,150 50,000 

Expanding Knowledge Base 49,554 215,721 45,600 45,600 1,000,000 

Advisory Capr.city 7,975 290,038 11,700 11,700 20,000 

Linkages Pad Networks 15,100 65,470 19,000 19,000 30,000 

Total 84,727 835,122 105,000 105,000 1,200,000 

* These figures are best estimates
 
**Includes other relevant AID projects
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Table II-A
 

211(d) Expenditure Report
 

Actual and Projected Summary
 

Under Institutional Grant AID/csd-2460
 

Reporting Period 23 May 1974 to 30 June 1975
 

Expenditures 
 Projected
 
to date Expenditures
 

Reporting Cumulative
 
Period Total 
 Year
 
6 1 2 3 
 4 5
 

1974-75 1969-70 1970-71 197L-72 1972-73 1973-74
 
Salaries 48,412 388.125 55,460 
 53,587 84,594 79,566 66,506
 
GRA 18,850 219,366 21,977 37,044 59,695 52,426 29,374
 
Travel 6,916 63,491 4,351 
 19,470 13,188 16,232 3,334
 
Equipment 826 4,253 213 3,118 ­ 96 -


Office Expense

and Computer - 124,262 13,132 19,291 
 28,082 33,465 30,292
 

Library and
 
Publications 1,487 27,389 
 6,077 1,188 9,515 3,604 5,518
 

84,727! / 835,122 101,210 133,698 195,084 185,389 135,024
 

!/Includes CID Support
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Table II-B
 

211(d) Expenditure Report
 

Reporting Year Detail
 

Und. Institutional Grant AID/csd-2460
 

Reporting Period 23 May 1974 to 30 June 1975
 

I. A. Professional 


M.L. Albertson 


K.G. Brengle 


W.E. Hart 


K. Mahmood 


A.M. Melone 


G.E. Radosevich 


E.V. Richardson 


J.F. Ruff 


W.W. Shaner 


G.V. Skogerboe 


E.C. Vlachos 


R.C. Ward 


B. 	Clerical 

Library 

Other nonprofessional 
 0
 

C. 	Fringe Benefits-Retirement only 
 4,338.75

9.5% of Gross Salary
 

II. Student Support 


H.G. Blank 


A.M. Melone 


J.A. Riley 


S.W. Smith 


M. Svendsen 


D.M. Temple 


A.D. Wood 


% of Time Salaries
 

11 3,311.10
 

4 1,791.82
 

22 3,711.16
 

22 4,000.00
 

14 1,225.00
 

12 1,722.92
 

32 7,944.69
 

22 3,618.00
 

22 4,377.79
 

22 4,545.06
 

11 2,044.44
 

25 4,255.02
 

Total Professional 42,547.00
 

1,526.23
 
0
 

$48,411.98 
Country Amount 

USA 4,650.04 

USA 300.00 

USA 3,150.00 

USA 2,700.00 

USA 2,400.00 

USA 2,700.00 

USA 2,400.00 

18,300.04 

http:1,526.23
http:42,547.00
http:4,255.02
http:2,044.44
http:4,545.06
http:4,377.79
http:3,618.00
http:7,944.69
http:1,722.92
http:1,225.00
http:4,000.00
http:3,711.16
http:1,791.82
http:3,311.10
http:4,338.75
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Table II-B (continued)
 

III. 	A. Consultants 
 0
 

B. 	Guest Lecturers 
 0
 

IV. 	Travel
 

A. 	Domestic (14) 2,449.73
 

B. 	Foreign (8) 4,465.90
 

Total 6,915.63
 

V. Equipment 	 826.25
 

VI. 	Library Acquistions
 

Thesis & Dissertations, Reports, Papers, etc. 1,224.80
 

VII. Other
 

Telephone
 
Postage 262.80
 
Computer
 
Miscel laneous
 

CID 	support 8,235.00
 

Grand Total $84,726.50
 

http:84,726.50
http:8,235.00
http:1,224.80
http:6,915.63
http:4,465.90
http:2,449.73
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Table III-A
 

Table III-B
 

These tables are shown in section VI of the report
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Appendix 1
 
Studencs in International School
 

for Water Resources & Associated Programs
 
January 7, 1975
 

Abraha, Berhane, Regional Manager-Co-Manager on Water Supply Project,
National Water Resources Commission, Addis Ababa, Ethiopia.

Sponsored by: 
 United Nations-Oleg Kalashnikov
 
Dates here: 9/74-6/75
 
Local Address: 612 Durward Hall
 
Phone: 491-4576
 

Brayhon, Henry, Senior Hydrologist, UPRP-NIA, Quezon City, Philippines.

Sponsored by: 
 Engineering Consultants, Inc., Denver
 
Dates here: 1/75-3/75

Local Address: International Centnr, 614 Mathews
 
Phone: 493-9820
 

Bhorntus, Chavalit, Highway Department, Material Testing & Research Div.,
 
Bangkok, Thailand.
 
Sponsored by: 
 Royal Thai Embassy

Dates here: 9/74-6/75
 
Local Address: 519 S. Meldrum, #320
 
Phone: 484-4151
 

Campos, Jose Humberto, Hydrologist Engineer, Direccion General de Recs. Nat
Renov., San Salvador, El Matasano Soyapango, El Salvador, Central
 
America.
 
Sponsored by: World Meteorological Organization
 
Dates here: 1/75-6/75
 
Local Address: College Inn, 601 S. Howes
 
Phone: 484-3704
 

Duarsa, Putra, Manager for Operations & Logistics, Brantas Multi-purpose

Project, Director General of Wacer Resources Division, J.L. Surabaya 2/
Malang, Indonesia.
 
Sponsored by: 
 Aid though Bureau of Reclamation, Denver
 
Dates here: 1/75-3/75
 
Local Address: 645 Remington
 
Phone:
 

Hample, Karoly Ferenc, Deputy Leader of the Department of Ilanning
Works Institute for Hydraulic Planning, Budapest, Munnich F.-u.26.
 
Hungary.
 
Sponsored by: FAO, R. Doan
 
Dates here: 1/30/75-6/75
 
Local Address:
 
Phone:
 

Jafar, Ata Mohammad, Executive Engineer, Irrigation/Power Department,

Government of Baluchistan, Quetta, West Pakistan.
 
Sponsored by: 
 AID, George Armstrong

Dates here: 1/74-3/75
 
Local Address: 705 S. Washington, Apt. 308
 
Phone: 482-1462
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Lackhan, Narine Praim, Deputy Conservator, Ministry of Agriculture, St.
 
Clair, Port of Spain.

Sponsored by: 
 FAO, Gary Fleming for R. Doan
 
Dates here: 10/74-10/75
 
Local Address: 1600 West Plum, Apt. 28A
 
Phone: 493-6849
 

Liao, Tsung-shen, Associate Engineer, Taiwan Land Resources Development

Committee, 182, Nan-King Road, Taichung, Taiwan.
 
Sponsored by: AID-Chinese Embassy pays

Dates here: 1/75-12/75
 
Local Address: 1301 Remington
 
Phone: 484-0774
 

Palteng, Serafin A., 
Chief, Plan Formulation Section, National Irrigation

Administration, Quezon, Phillippines.
 
Spoilsored by: 
 Engineering Consultants, Inc., Denver
 
Dates here: 1/75-3/75

Local Address: International Center, 614 Mathews
 
Phone: 493-9820
 

Soriano, Bernardo, Senior Meteorologist, Pagasa, Quezon City, Phillippines.

Sponsored by: World Meteorological Organization.
 
Dates here: 1/75-3/75
 
Local Adress:
 
Phone:
 

Tharatabhand, Chalood, Soil Fertility Officer, Kalasin Project, Dept. of

Agriculture,, Ministry of Agriculture, Bangkok, Thailand.
 
Sponsored by FAO-Doan
 
Dates here: 6/74-5/76

Local Address: University Manor, Apt. 6, 109 West Myrtle
 
Phone: 493-8858
 

Thunya-Udom, Boripat, Field Crop Researcher (Rice), Office of the Under-
Secretary of State, Ministry of Agriculture, Bangkok, Thailand.
 
Sponsored by: FAO-Doan
 
Dates here: 6/74-5/76

Local Address: University Manor, Apt. 5, 109 West Myrtle

Phone: 
 Can be reached through Tharatabhand
 

Udomsiang, Prayoon, Extension Officer, Kalasin Project, Dept. of Extension,

Ministry of Agriculture, Bangkok, Thailand.
 
Sponsored by: FAO-Doan
 
Dates here: 6/74-5/76
 
Local Address: University Manor, Apt. 5, 109 W. Myrtle

Phone: 
 Can be reached through Tharatabhand
 

Vivero, Julio E., AID Engineering, IRIIE, Panama, Panama.
 
Sponsored by: World Meteorological Organization
 
Dates here: 1/75-6/75
 
Local Address: College Inn, 601 S. Howes
 
Phone: 484-3704
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Appendix 2
 

TITLE: 
 International Conference on Global Water Law Systems
 

SUBJECT: 
 Summary of action and conclusions of 8-12 September
 
meeting in Spain
 

On 8 September, Dr. George E. Radosevich left Fort Collins for
Valencia and Madrid, Spain to confer with Senor Vicente Giner and others
regarding various topics essential at this stage of the pre-conference
acitivities. 
Dr. D. Daires accompanied Dr. Radosevich during this
period of time, and remained in Valencia a few days more to wrap up
several details while Dr. Radosevich went to London to ¢-nfer with
the Director of the Water Resources Board of England.
 

The following issues were acted upon:
 

I. Time of Conference: 
 1-6 September 1975
 

It was concluded that this was 
the most ideal time for the
conference. 
Water uses for agricultural and other purposes 
are still
in process, the time just precedes harvests, the weather is stillwarm, and this date immediately precedes another major conference
in Valencia, and thus hotel accommodations remain available.
 

2. 
 Place of Conference:
 

Originally the conference was to be held at the beautiful Hotel
Monte Picayo overlooking the Valley of Valencia. 
However, rates during
September are far in 
excess of per diem allowances and believed beyond
ability to pay by persons attending from developing countries ($25
per night per person without food).

Senor Giner suggested the excellent facilities of the Faculty of
Law in Valencia and we discussed this proposicion with the Dean of
law, Senor Cobo. No obstacle 
appears; howev,-r, a formal request foruse of the facilities will be sent from Colorado State University to
 

Dr. Cobo.
 

3. Format:
 

The general format included in the proposal is acceptable. Changes
will have to be made as follows in order to reflect local 
customs and
allow for tours around the local 
area. Sessions will run as follows:
 

Sunday: Registration and tours 1200 
-

Monday: 0900 - 1300 1500 
- 1800
Tuesday: 0900 
- 1300 1500 
- 1800 2000 Reception and Social Ilour
Wedensday: 0900 ­ 1700 Tour of Huerta of Valencia
Thursday: 0900 - 1130 1200 Tribunal of Waters 
 1500 - 1800Friday: 0900 
- 1300 1500 
- 1800
 
Saturday: 0900 - 1300 
 1500 - 1700
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4. Outline of Topics:
 

Remains the same except for a few additions. In Part I a
discussion of the water law in the Canary Islands will be added to
the presentation on Spanish water law system. 
 In Part I, A.2.i.
specific cases, four minor water law systems will be disucssed. They
are: 
 Hindu-Bali; Hispano-Latin American; Israeli; Australian-Asiatic.

In Part IV B.1 on Human Environment and Water Law, g and i will bemerged and consist of major presentation with panel of water lawexperts assis-ing the fieldkey speaker questions. A now topic will

be added on transmountain diversions. 

5. Speakers:
 

There was no objection to the tentative list of speakers.

Senior Giner provided the suggestions for Spanish speakers 
 forseveral positions; i.e., Spanish Water Law Systems; Conjunctive Use
of Ground and Surface Water; 
Chairman for Part IV and addition of
 one paper covering transmountain diversions. Cable contact has been
made with all speakers on Appendix I, except for those 
contacted bytelephone (Part IV B.1, 3, 5, 7, 9, 10) and those who will be
contacted by Senor Giner (Part 
II 2.). 

6. Registration:
 

A fee of $10 pro-paid for all pre-registrants will be charged.
 

7. Conference Languages:
 

The conference will be carried out in two languages--Spanish andEnglish. This is a retraction of the previous position of Spanish­English-French. 
 Primary reason is cost involved; secondary reason
the conference complications and facilities. 
is
 

In this manner, only two
interpreters (oral translators) will be required and only one set of
 
microphones and earphones necessary.
 

8. Local Public Relations Work:
 

Senor Vicente Giner has agreed to take charge of all 
local
arrangements; i.e., 
tours, transportation, local public relations,
hostess services for wives and family of conferrees, banquets, coffee
hours, entertainment, etc. Communications between co-directors will
cover this topic more frequently as the conference date draws near.
 

9. Conference announcements, pamphlets, etc.:
 

Professor G.V. Skogerboe is in charge of this topic. 
 A draft
pamphlet will be taken to Madrid by Professor Skogerboe on 
5 November

for discussion/approval by Senor Giner and Commissioner of Water
 
Resources.
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10. Spanish Contribution:
 

Meetings in Valencia were held with the Governor of the Province,
Lord-Mayor of Valencia, President of the Tribunal of Waters, Administra­tive Chief of the National Water Resources Branch for Province of
Valencia, and Dean of College of Law, Valencia. 
 In Madrid meetings
were held with the Commissioner for Water Resources Bureau, Ministry

of Public Works and his chief advocate.
 

In terms of contributions: The Ministry of Public Works is
enthusiastic about the conference, has agreed to co-sponsor and
provide financial assistance. 
 The amount is not yet determined; it
will depend upon the new estimates to be obtained of translations
 
equipment, tape recorders, interpreters, small secretariat in
Valencia and other costs. 
 George E. Radosevich will formulate revised
budget and transmit to Senor Giner. 
Approximately $10,000 is
 
anticipated.
 

A banquet has been pledged by the City and Provincial Council in
the amount of 300,000 Pts. ($5,000) approximately. It is estimated
 
the Community of Irrigators will provide $3,000 
- 5,000.
 

11. Local Attendance:
 

Senor Giner estimated approximately 100 persons may attend from
 
Spain.
 

12. U.N. Association with Conference:
 

Discussions with the Associate Director of Resources and
Transport Division, U.N. and the Associate Chief of Water Resources
Section RTD concluded that the U.N. should be listed as 
a participant
in the International Conference and that results of this Conference
will serve as an input into the U.N. World Water Conference to be

convened in Buenos Aires, Argentina, in mid-1977.
 

In summary, the Conference is now launched. 
 Providing USAID
funding comes through within the very near future as Mr. Plucknett
has stated many times, then no real financial problems appear on the
 
horizon.
 

The next step is to immediately contact all identified speakers

and secure their commitments.
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GLOBAL WATER LAW SYSTEMS: REPORT FORMAT 

II. 	Spectrum of Alternatives: Existing Water Law Systems 

A. 	 Proceedings
 

1. Background of systems formulation through customl, religion,
and/or legislation

2. Elaboration of major identified water law systvims or vari­
ations Las descriptively out I ined in F gure I) 

a. 	 Roman and Modern Italian 
b. 	 Spanish
 
c. 	 Mo s l em 
d. 	 Chinese
 
e. 	 English Connon Law (Riparian Doctrine)

f. 	 French (Continental System)
 
g. 	 Russian
 
h. 	 North American (Appropriation and Riparian Doctrines
i. 	 Specific cases illustrating unique features, i.e., 

Israel, Bali, etc. 

B. 	 Procedures 

The specific format of summary presentations for each legal
system or sub-system (to be followed in hoth the written
 
report and the oral presentation) will include:
 

a. 	 Brief introductions into the 	 legal philosophy and frame­
work 	 of the water law system (national or federated)

b 	 Delineation of the policies of the law
 
c. 	 Status of the substantive laws regarding: 

(1) 	 Classification of waters 
(2) 	 Concept of ownership 
(3) 	 Manner of allocation and control, i.e., permit, 

water right, etc. 
(4) 	 Preference of useuses 	and status of preferred
(5) 	 Meaning and application of efficiency criteria, 

i.e., concept of beneficial use

(6) 	 Treatment of ground, surface, and other classes 

of water
 
(7) Relevance to both quantitative and qualitative
 

problems
 
(8) 	Implementation provisions

(9) Types and extent of enforcement previsions and
 

procedures
 
(10) Impact of law on the environment
 
(11) Constraints to rational water allocation and manage­

ment, i.e., appurtenancy doctrine, prevention of
 
investment opportunity


(12) Other particulars of the system: relation of water
 
law to taxes, subsidies, public project implementa­
tion and financing, and land 
use
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d. 	 Trans-national water dependencies (problems of
 
multi-national water systems)
 

(1) 	Legal doctrine
 
(2) 	Jurisdictional aspects
 

Spectrum of Alternatives:
II. 	 Water Institutions and Orrjanizational
 
Arrangements
 

A. 	 Proceedings
 

1. 	 For each major legal system described in Part II, specific

organizations and procedures for carrying out water
 
allocation, use, and control will be discussed
 

2. Analysis will concentrate around two dimensions:
 

a. 
 Description and operation of the organizational 
arrangement designed or developed to carry out
the water laws (including specific administrative
 
forms of public, quasi-public, or


b. 	
private systems)
Problems of management (Personnel, facilities, and
 

procedures)
 

B. 	 Procedures
 

1. 	 The specific format for the written paper and summary

presentations will 
include:
 

a. 
 Introduction into organizational philosophy and
 
framework (i.e., 
national or federated system
 
of management)
 

b. 	 Defining the levels of administration
 

(1) 	Public or 
governmental water organizations
 

(a) 	National, provincial/state, sectoral, or 
local water levels with thr functions, 
manners of administration, and degrees of

authority, specifically elaborating on
 
those charged with enforcement of
 
substantive laws--administrative agencies,
 
judicial bodies, etc.
 

(b) 	Identifying facilitators and/or organiza­
tional constraints in structures 
for ra­
tional water allocation and management 

(2) 	Private and quasi-public use and management
 
entities
 

(a) 	 Operation, scope of involvement, fundamental 
purpose of each with particular reference to: 
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- Types of water demands (agricultural, muni­
cipal, industrial) 

- Types of water uses (consumptive, stream 
flow, on-site) 

(b) Constraints and/or facilitators in structure 
to rational water allocation and management 
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Appendix 3-A
 

ABSTRACT OF DISSERTATION
 
NUMERICAL MODEL OF FLOW IN A S,'REAM-AQUIFER SYSTEM
 

A three-dimensional, finite difference model was developed for
 
simulating steady and unsteady, saturated and unsaturated flow in 
a
 
stream-aquifer system. 
The basis of the model is the finite difference
 
form of Richard's equation for unsaturated and saturated subsurface
 
flow. 
 Effects of streamflow on groundwater movement are treated by

applying the appropriate boundary conditions to Richard's equation.
 
Contributions of groundwater to river flow are quantified by including
 
seepage rates in the computation of river discharge. 
The three­
dimensional model was developed for use in this study to 
interact with
 
two-dimensional model segments, which were interfaced with the three­
dimensional model 
on its upstream and downstream ends.
 

The model produced results which match observed data for the
 
study area, which consisted of a 40 mile reach of the Arkansas Valley
 
of Southeastern Colorado. 
Computed estimates of river discharge at
 
each end of the study area and water table elevations throughout the 
region agreed reasonably well with observed data. 
An analysi3 of the
 
sensitivity of results produced by the model to variation in the
 
values of several input parameters was included as 
part of the study.
 

Catherine E. Kraeger Rove, 
Civil Engineering Department 
Colorado State University
 
Fort Collins, Colorado 80523
 
Fall, 1974
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Appendix 3-B
 

ABSTRCT OF 1tESIS 

STABILITY OF FARTH COVER OVERLYING PVC MEMBRANES
 

Knowledge of the shear strength which develops along the contact
 
between a buried, flexible, membrane lining and its overlying covei
 
material is of importance in the economical design of the side slopes 
in water storage structures and conveyance channels where such linings
 

are used.
 

Tests were done under both dry and submerged conditions to
 
determine the shear strength which could develop between a polyvinyl
 
chloride (PVC) lining and five different soil cover materials. Four
 
of these were freely draining sands and gravels while the fifth was
 
sand) with silt and clay iines. Seepage was considered qualitatively
 

but drawdown and 
wave action were not investigated.
 

The friction angle along the soil-lining contact, 01, 
was
 
essentially the 
same under both dry and submerged conditions for the
 
materials tested. 
 The value of 0 1 varied from ;round 18 to 28 
degrees for soils whose angle of internal friction, 0, ranged from 
about 32 to 50 degrees. Coarser cover material sizes and higher 
densities increased the values of 01 

Roger Drury
 
Department of Civii Engineering
 
Colorado State University
 
Fort Collins, Colorado
 
Spring, 1975
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Appendix 3-C
 

ABSTRACT OF THESIS
 

SOIL PUDDLING FOR REDUCING SEEPAGE
 

This thesis is a report of laboratory and field studies designed
 
to determine the potential of soil puddling for reducing seepage in
 
irrigation distribution systems.
 

'aboratory studies were conducted under ideal 
conditions of
 
thorough puddling, a screened soil, constant head, and nearly constant
 
temperature. 
Field studies were conducted under less controlled but
 
more realistic conditions. A 26-fuot, polyethylene covered, rectangu­
lar channel was constructed at three field sites, and seepage was
 
monitoi'ed before and after puddling the channel invert. 
 Hand and 
mechanical puddling methods were employed. 
 Labor input is less and
 
the effectiveness of the puddled layer greater with mechanical
 

puddling.
 

Results indicate that soil puddling has potential for reducing
 
seepage, particularly when the entire cnannel perimeter can be
 
puddled. 
This method can be labor intensive and adaptable to the
 
situation found in many developing countries.
 

Stephen W. Smith
 
Agricultural Engineering Dept.
 
Colorado State University

Fort Collins, Colorado 80521
 
Spring 1975
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Appendix 3-D
 

ABSTRACT OF DISSERTATION
 

METHODOLOGY FOR THE SELECTION AND TIMING OF WATER RESOURCES PROJECTS
 

To Promote National Economic Development
 

The methodology developed in this dissertaion is designed to
 

facilitate the selection and timing of water resources projects to
 

optimally achieve "a priori" specified national economic development
 

through desired strategies. The methodology is composed of several
 

analytical procedures. 

The input-outprt model is used to simulate the national economy 

thus further facilitating consistent projections of the elements of 

final demands in accordance with the national economic develovment 

objectives and strategies, and assessing the total and incremental 

requirements for sectoral outputs of goods and :erccs at designated
 

future time periods. A mathematical model for the selection and timing 

of water resources projects for their implementation, in other words for 

the formulation of an optimal national water resources development 

program, has been developed and its application demonstrated on an
 

example problem. The model incorporates important factors such as
 

economic efficiency of projects, demand targets for project outpucs of
 

goods and servict; necessary to achieve desired national economic
 

growth, resources capabilities and limitations, and project incerrela­

tionships. Incorporation of these and other related factors makes the
 

mode! reflective of the real world problem it is intended to aid in
 

solving.
 

The application on an example problem convinringly indicates it to
 

be a very useful tool indeed in the national economic planning process.
 

This exercise also reveals the avenues for further research lmprovement.
 

Lemma Wendim-Apognehu
 
Civil Engineering Department
 
Colorado State University
 
Fort Collins, Colorado 80523
 
July, 1974
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Apperdix 3-E
 
EXCLUSION AND EJECTION OF SEDIMENT FROM CANALS
 

BY
 
A.M. Melone, E.V. Richardson, and D.B. Simons
 

ABSTRACT
 

The various exclusion and ejection techniques for sediment control
 
are discussed. 
The utilization of these methods relies on a knowledge

of river mechanics concepts and on 
the proper analysis of the field
 
conditions.
 

Because each river system is unique, a sediment control structure
 
must be specially designed for each individual field situation.
 
Although the various methods discussed have been widely used, quantita­
tive design criteria, in general, does not 
exist. Only guidelines and 
design cautions can be presented. 

The successful design of a sediment control structure requires
that the engineer consider not only the local effects of the structure,
but also the river system and its upstream and downstream response
changes. The 

to 
key to successful design lies in the application of both 

sediment and river mechanics concepts.
 
The specific sediment 
 control methods discussed are 1) settling

basins, 2) guide walls and channel curvature, 3) guide walls and still 
ponds, 4) vortex tube, 5) guide vanes, 6) tunnel 
excluders, 7) combin­
ation tunnel-settling basin excluder, 8) combined relieveing weir and
silt ejector, 9) drop inlet diversion structure, and 10) combination
 
tunnel-guide vane ejector.
 

Appendices 
are included to aid in the collection of pertinent

river basin data, and in the event sediment discharge data is not
 
available, approximat.in techniques are presented.
 

http:approximat.in
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Appendix 3-F
 

DESIGN OF SMALL WATER STORAGE AND EROSION CONTROL DAMS
 

by
 

A.D. Wood and E.V. Richardson
 

ABSTRACT
 

The design criteria and construction methods for small earth and 
rock-filled dams are presented. The materials and methods to be used 
are considered for both mechanical and manuil labor. 

Several types of ponds, foundation conditions, and water une are 
discussed as dosign considerations. Special attention is given to the 
selection of appropriate outle, works and spillways. Fhe construct ton 
of earth embankments is quite dependent on av'ai lable materials, however 
placement of water barriers and drains allows some flexibility in the 
cross section design. An appendix is included to address the problem 
of seepage and its influence on design. 

KEY WORDS: Earth-filled dams, wate- storage, erosion control, seepage
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Appendix 3-G
 

ABSTRACT
 
WATER MANAGEMENT FOR SMALL IRRIGATION RESERVOIRS IN NORTHEAST THAILAND
 

by
 

Mongkol Chotisasitorn
 

The primary aim of this report is 
to evaluate the water use
 
efficiency of small irrigation reservoirs in Northeast Thailand.
 
These reservoirs are necessary for consistent agricultural production
 
in this region. Reservoir capacities are restricted by topography
 
and rainfall runoff is 
their source of water. Water management of
 
these reservoirs has to take into consideration the risk of a varying
 

rainfall distribution.
 

The method of evaluation used in this report is 
to synchronize
 
the cropping time with the probability of rainfall 
in order to mini­
mize the risk of wet-season cropping and to maximize utilization of
 

the reseroir storage for dry-season cropping.
 
The fluey Si Thon Project is used as a study area in this report. 

An analysis of the data indicates that the wet-season cropping schedule 
should depend on the amount of rainfall during May to June. Generally, 
the suitable cropping schedule of the wet-season crop (rice) should
 
begin in earl), July. During the wet-season cropping, the reservoir
 
storage should remain full. 
 The full reservoir storage can then be
 
used for dry-season cropping. 
If this remaining reservoir storage is
 
not used for dry-season cropping, much of the water will be lost by
 
evaporation and seepage. 
The relationship between the irrigable area
 
for the wet-seasoii cropping ard the optimal capacity should be
 
determined by the mean rainfall during the cropping period.
 
Increasing reservoir capacity to reduce the risk of wet-season cropping
 
will increase the service area for dry-season cropping. Trhe irrigable
 
area for wet-season cropping may be increased in the future if
 
further research indicates that watershed runoff can be successfully
 

diverted and stored in the rice paddies.
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Appendix 3-H
 

CUTTHROAT FLUMES FOR WATER MEASUREMENr
 

Gaylord V. Skogerboe
 

This bulletin describes a simple yet accurate method of measuring
 
water. 
It is especially suited for open irrigation channels on flat
 
terrain. 
The device is relatively easy and inexpensive to construct
 
and is self-cleaning. It should have application over a wide range
 
of conditions where irrigated agriculture is practiced.
 

The Office of Agriculture, Technical Assistance Bureau (TA/AGR) 
is issuing a series of technical papers on ofsubjects primary importance 
to the developing countries. As is the case with previous issues il
 
this series, this one treats its subject in a general sense and it does
 
not attempt to deal with the particular problems of a specific country. 
This bulletin is the outgrowth of research efforts of Colorado State 
University, who has received an AID 211(d) institutional grant for 
strengthening research and training capacity in irrigation water del ivery
in order to assist developing nations in agricultural production problems 
on small farms.
 

Additional ccpies of this Bulletin may be obtained 
Yrom TA/A(R,
 
through the U.S. Agency for International Development Missions 
(USAIlDs)
 
or through Regional Offices of AID overseas. Requests for more informa­
tion regarding this publication may be directed to the authors or to
 
this office.
 

Leon F. Hlesser
 
Acting Director
 
Office of Agriculture
 
Technical Assistance Bureau
 
Agency for International
 
Deve1opment
 

Was 1ington, D.C. 20523
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Appendix 3-I
 
IMPROVING WATER MANAGEMENT TO ALLEVIATE WATERLOGGING AND
 

SALINITY PROBLEMS IN PAKISTAN
 

Gaylord V. Skogerboe
 

Practical means for alleviating and/or controlling waterlogging
 
and salinity problems resulting from irrigated agriculture must be
 
developed. 
Where control measures are not readily apparent, re­
search is needed to develop criteria for effective solutions. A
 
unified research and development program requires careful planning,
 
which includes defining specific research activities necessary for
 
the successful implementation of control problems.
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Appendix 4
 
COLORAOO Linkages and Network
 

STATE department of economics 
UNIVERSITY 

FORT COLLINS 
COLORADO
 

80521 	 November 22, 1974
 

MEMORANDUM
 

TO: 	 E. V. Richardson, Director
 
211d Program
 

FROM: 	 G. E. Radosevich 'r
 

SUBJECT: 	 Developing U. N. Linkages
 

Regarding 	our recent telephone conversation concerning the
establishment of stronger ties with the United Nations, and in

particular, the 0N 
experts in the Water Resources field, I have

hereafter 	set out 
the key individuals located in New Ycrk. 
 If you
are interested in setting up 
an appointment with any of them, a call
could be placed to Mr. Fanu's number and his secretary can make 
the
 
arrangements.
 

Dr. Vladimir Baum, Director 
 Dr. Baum is Director of te Division
Resources 	 and Transport Division in charge 	 of Water, Energy, Geclogy,
United Nations 
 Mining, Cartography, and Transportation.New York, 	New York 
 He was previously the Director of
(212) 754-1234 Ext. 5555 
 the Ocean 	Science and Technology
 

Division of thc UN. 
A very reasonable
 
individual to work with. 
 You should
 
attempt to meet with him whenever
 
possible.
 

Mr. Pierre Najlis 
 Pierre Najlis was prcviously with the
Assistant 	to the Director 
 Water Resources Section, RTD/UN. 
He
RTD/UN 
 is an economist currently serving as
New York, 	NY 
 Baum's right-hand man. 
 If you should
(212) 754-1234 Ext. S553 
 like an appointment with Baum, it
 
might be best to get in touch with Pierre.
 

Karl-Erik Hannsen 
 Mr. Hannsen is the individuql primarily
Associate 	Director 
 responsible for conferences and reports
Resources 	and Transport Division 
 emanating 	from the Resources and
United Nations 
 Transport Division.
 
New York, NY
 

Mr. Alagappa Alagappan, "hief 
 Mr. Alagappan is the actual Chief of
Water Resources Section 
 the Section, however, he has been
RTD/UN 
 assigned to other details and is
New York, NY 	 not
 
directly in charge of the Section at
 
this time. See Mr. Fano
 

I
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E. V. Richardson
 
November 22, 1974
 
Page 2
 

Mr. Enzo Fano 
 Mr. Fano is directly in charge of the
Associate Chief 
 Water Resources Section. 
 He is an
Water Resources Section 
 Italian agricultural economist on
Resources and Transport Division 
 secundment from FAO. 
 By contacting
United Nations 
 him he can put you in touch with the
New York, NY 
 Water Resources Experts in the
(212) 754-1234 Ext. 5529 
 Water Resources Section.
 

You are probably familiar with the fact that there are two types
of personnel at the United Nations. 
 One is the UN staff which is

responsible 7or all of the UN programs at UN Headquarters including
much of the administrative details. 
 "he second class of personnel is
the techniical advisor, and here is where you will find your most competentwater resources personnel, the ones who opcrate out in the field andare in charge of the UNDP programs in the developing nations. Thefollowing is a list of these people in the Water Resources Section.
 

Mr. Andre Bouchardeau 
 Andre is in charge of the River Basin
Technical Advisoi Management Projects of the LIN that 
are primarily located in Africa. 
A
 
very key individual to contact. 

Mr. G. A..N. Rao 
 Mr. Rao is by far the most competent
Technical Advisor expert from the Indian sub-continent 
that I h-ve ever net. He is in charge
of the River Basin and Surface Management
schemes in Asia and the Middle East.
He was previously the Chief Engineer
of the Irrigation and Power Department

of India. Humble and extremely knowlecy eable. 

'Robert Dijon Mr. Dijon is a ground water hydrologist'Technical Advisor whose primary work has beep 4n Africa. 
Again, extremely competent particularly
 
with respect to development of ground
 
,;ater for meeting needs of rural population.
 

Karoly Szezty 
 Mr. Szezty is formerly the Director
Economic Affairs Officer 
 of the Water Resources Institute of
Staff 
 Hungary. He is an engineer, extremely
 
competent, has worked very closely
 
with Lucien Duckstein.
 

I believe that is about all of the people at 
the UN in LnC RTD
who are experts or could be considered competent in the fields we are
dealing in. 
 The UN hired a young attorney, Dominique Alhertiere, who
I interviewed, to take my place when I left. 
 They also have several
other people who are almost primarily involved with the administrative
 
aspects of the UN/RTD program.
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Append x 5 
ROLE OF WATER LAW :N IMPROVING TIIE WATER DELIVERY AND REMOVAL 

ABILITIES OF TiL I.FARMER 

Gaylord \. Skogerboe 

Abilities of the Farmer 

One o4 the major constraintq wh ich armers of today operate onter 
is water codes, laws, regulationi a:nd systeq of administration that 
were developed decades and in su':O cases, centuries ago. Inomodern
 
societies with dynamic 
 process c& change in lintegral part of legal
 
system. the water laws whi 
 h originally ,volved fron ctistora and
 
tradition, have been revised to at least 
 permit tmplementation of
 
new and improved technology ainrd irrya t i on practices.
 

However, to the farmer in man) ID('< hi, 
 mei thod of recciving
 
water and removing excesses art constriined to the tradition 
and custom 
of his forefather. lven though the laws ind r,,ulat ions are adopted
 
at the national and/or regional/provincil I lc'Is, Lhe impact is
 
ultimately upon the water user. IssueS :;uh a; iiih iiilv in tr ans­
ferring water to neighbors when not required, intntiv L' real_ ign
 
and maintain conveyance system and structures, irrlyia! ion p1ict I .eS
 
and water pricing are all affected by water Ia,,. H),c of the maor
 
concerns of 
small farmers today is costs associated with cons truiction
 
and maintenance of delivery and removal works. Yet 
 man', watcr codes
 
are void of any provisions which encourag;e formation 
 of water users
 

associations.
 

To identify and understand the system of water allocation and
 
control is iperative to any assistance program to farmers. Laws
 
and regulations in most e"ery country 
can be changed where the
 
constraints imposed are unduly preventing the wat'r user 
from
 

receiving the amount of water when and where he needl 
 it. Many 
systems, even in and around semiarid areas, have an 
adequate 
supply of water if proper distribution practices are employed. 

The program Colorado State University is undertaking under the 
direction of Dr. George E. Radosevich is to obtain as much data o) 

the major system of water allocation, distribution, utilization and 
removal and to make this information available in analytical forn to 
nations reqairing information and assistance in this field. 


