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SUMMARY
 

The rationale for USAID/India's in-
volvement in irrigzition and water resources 
is substantial and compelling. In monsoonal 
regimes such a India's, year-round access to 
a reliablesupply of water through irrigation 

infrastructure is central to agricultural 
growth and consequent generation of rural 
income. India's public investments in irriga-
tion are huge and continuing vet most svs-
tems perfcrm below potential, leading to 
waste of water and financial resources and, at 
worst, deterioration of theresourcebase. The 
U.S. has considerable technological and in-
stitutional experience in water resource de-
velopment which can be brought to bear on 
the cost effectiveness and systems manage-
ment constraints in irrigation and water re-
source development in India. 

Irrigation can be broadly conceptual-
ized as the interrelation of three physical and 
socio-economic systems and related techni-
cal and institutional issues: a waterresource 
macrosyste.'n, a watersupply hydraulic s-,s-
tern, andanon-farm orproductionmicrosys-
tem. Two dimensions cut across these: the 
interacting hydrologies of ,urface waterand 
groundwaterand 'he var. usforms ofpublic 
and private ownership and control. irriga-
tion performance depends on the manage-
ment of these systems. 

The USAID irrigation/water resource 
program currently consists of four State
specific and one National support project 
totalling approximately $270 million fo
cused primarily on small surface irrigation 

systems. Until recently, USAID's program 
rhetoric has generally been directedat thecn

farm issues related to agriculural water 
management and its interface with the v.ater 
supply system. Meanwhile, USAID's loans 
for the most part finance main system infra
structure. Hence, although the projects in

cluded comprehensive technology packages, 
a dichotomy e.xisred between what USA[D 
talked about and what it wasfunding. Con
struction also dominated much of the the 
USAID-GOI dialogue. 

The experience of the past four years 
clearly indicates that reliable Main system 
sMpiLy s ma or constraintto sustainability 
and perfrmance, and is prerefluisite to 
downstream, on-farm development. Our 
analyses indicate high returns to mainsystem 
improvements and operationswhich ensure 
reliable supply. On the other hand, initial 
returns to on-famn investments have been 
disappointing. In new systems, efforts in 
initialplanningandoperationscan also yield 
high mar-inal returns. 



\Vith these lessons learned, and the 
evidence of sustained productivity from 
predictable water, USAID is shifting atten-
tion towards the planning, operations, and 
performanceof the water resource / irrig.-
rion P3srems. This st-ategy focuses on the 
funda!mental technical, economic and institu-
tional aspects of surface and ground water 
supply which are prerequisite to cropping 
shifts for more productive use of a resource 
under stress. 

The program is currently focused on 
technical and institutional improvements in 
public surface systems in the Indian Deccan 
due to initial project investments and the 
potential for employment generation from 
hih-value crops in a resource-poor area. 
This involves improved planning, design and 
operations of specific irri2ation systems, and 
concomit:t professional development and 
research. The institutional thrust is to re-
orient State Irrigation Departments (the pri-
mary controllers of water)froM pubic works 
to public service as well as to broaderplan-
ning and product'vi, issues, including re-
source conser,'ation, groundwater use, and 
non-public sector possibilities. Indo - U.S. 
professional exchange supported by studies 
and uilots will be key to this thrus., 

USAID will also be looking further 
upsrreamand underground.Activities have 
been initiated in the larger water resources 
environment, both at regional and site-spe-
cific subproject levels. This consists of: 
training professionals to apply analytical 
methodologies to basin-wide resource allo-
cation; professional exchange among re-
source planring institutions; collaboration 
with US AID foresu-v activities; and ira-
proved planning criteria. hydrological moni-

toringand watershed management in subpro
ject development. Groundwater will figure 
prominently in this effort. 

The o'z-farm prod:ction vystem will 
receive limited attention. (Focus will be on 
water conservation throueh discrete techni
cal and institutional studies and demonstra
tions necessary to complement the water 
resource and supply strategic thrusts./Pos
sible joint-programs and agrotechnology 
initiatives with USAID forestry and agricul
turalresearch activities are being considered. 

To implement this strategy. USAID is 
restructuring and consolidating its irrigation 
projects to better target assistance. Diy-burse
ments are being directly linked to systems 
performance indicators, rather than to con
s-uction. State projects are being consoli
dated into "programs" to encompass 
broader issues within their water resource 
sector. Staff is being shifted frem conscruc
tion and on-farn works towards planninig, 
operations and institutional issues. Grant
funded activities are bei.9 snreaniined to 
promote studies and technical exc.an e. . 
Public and private institutions concerned 
with irrigation issues are being assisted in 
analysis of performance and management 
questions. 

In sum, to build on past experience and 
investments and effectively concentrate cur
rent staff and fun dng levels, the Mission's 
strategy emphasizes program-tied assistance 
focused on the technical arid institutional 
improvements necessary to ensure reliable 
water sutply. The strate v targets svstemns 
manazement and institutional p-e''omance 
in waterresour___nning, suop 
bution for i-:igation. 
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INTRODUCTION 


A. The Importance
of Irrigation 

______________g_______.___e 

The commonly held view of Indian 
agricultural development is that the sector 
has maintained a stead., long-run overall 
Croth of about 3 percent per year since 

-independence. On the other hand, recent 
analvsis indicates that the long run growth in 
net agriculture domestic product has been 
only-1 percentnpe ,ahoehesm pro 

So, despite a curTent market surplus of gain 
in the Northwest -rowth in India's agricul-
ture on a per capita basis has not been satis-
factory. Indeed, Seckler and Sampath show 
that foodmrain availabilities are no better on 
aper capita basis than in the 1920s. 

Nearly 70 percent of India's popula-

Eon lives in rual areas and about 40 percent 
below the poverty line. In absolute numbers, 
the malnourished are estimated to increase by 
6.4 million per year." So, with a population
base that will reach the billion mark by 2000, 
overall economic ugowth and the creation of 
massive, new productive rural employment 
oppor-tunities is an imperative. Some 150 
million additional people will be seelng jobs 

Given the relative and absolute size 
of the Indian agriculture sector, its perform

ance will have to continue to be a basic engine 
of rapid economic growth. H-istoricallv 
economic growth has been a result of in
creased'ft rductvitv.. The green 
revolution in India exemplifies this. Seckler 
and Sampath underscore the fact that the 

anrm,. itiocn has_benemhi_"pp~i c'atiornof 

biochemical, co s-t redu.lciniginno \ationls toir 
T_rigaredland. One half to two thirds of Indian 

increases in foodgrain production can be 
attributable to production from irTigated 
land.6 And almost all increases in higher
value crop production (vegetables, fruits, 
etc.) are predicated on irrigation. De Jan,, 
and Subbtrao c Ja.andubbraourinmbiuou1Sl\ conclude that 
continted stron uconirII-dstrnaricLiltu1ral L-roWth is a pre

-al ecnoi
requisite for overalleconomicrowth-nd the 
alleviation of the massive pover 'n India.7 

They conclude that, with the expansion of 
cultivatible land essentially exhausted, ex
panding and intensifying irrigation is central 
andkey to increasing output. Future aaricui
tural gowth will continue to depend on irri
ration. eoior, Patnaik, Seter-nd others 
con . M e same.
 

conclude the same.
 

With the need to increase factor rro
ductivity and maximize the returns to scarce 
resources, one of the major strategicchal
lenge-sfaciIndiais "f-icreasing t-
producrivir'ofwater used for a--icultura 

production. In that context, increasin the 
effectiveness of water used for irrigated agri
culture will be of most importance. This in 

by 2000 - a 69 percent increase over 1980,uns translates to focusing tne reiableand~~tn~ annlaetoseiiabeioJ,esimto fousn.Z ononmilio 
and an esimated 75 million tons of addti'onal supplies of water for agiculture production. 
food grain will be recuired merely to meet E.t.erience shows that reiiabilin, leads to 
current per capita consumption level, increased cropped area, crop Vields and, 

most cririca!for thefuture, crop diversifica
tion. For example, in 1982 in Ma-harashtra's 
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Ghod project, reliable irrigation led to a per 
hectare annual increase in output seven ,imes 
(roughly S1000) geater than production on 
nearby rainfed land. This was realized 
through area and yield effects, but most 
impor-antlyfrom sienificantshiftstoarmixof 
higher value, more labor i:tensive crops 
(from cereal grains requiring 40-SO person 
davs to vegetables, groundnuts, cotton, ba-
nanas requiring 100-500 person days per 
ha).' Similar results are reported by Chan-
bers2/ 

Irrigation continues to be funda
mentai to agricultural growth in India. Given 
the U.S. technical and institutional expci
ence. USAID can effectively focus resourcus 
on better husbandry of the water resource 
base in general, and more specifically on 
improving the supply and delivery of water 
used for aLgricuture. This paper reflects on 
USAID's current irrigation program and 
building on that experience, suggestsastrate
gical frame-work for future efforts. 

B. India's Irrigation Development and Potential 

India's irrizated hecta-ea ie as of 1984-85, and remaining poten
tiallv irrigated hectareage is presented by state in the table below. 

A.R.EA DEVELOPED 

State


(ranki r.d 

Uttar Pradesh 

Andhra Prazesh 

Pu444 

Eihar 

Harvana 
Orissa 

Rajasthan 

West 5engal 

Madhva Pradesh 

Ta-i 1 Nadu 
Karnataka 

Maharashtra 

Gujara-

Kerala 

Jammu & Kas ir 
Assam 

Maninur 


SL=-ACE :pRRA'r': 

(TO 1985) 


t '9 a) 

5511 

1017 

234
 
2170 

_745 

1508 

1476 

1475 

1305 

1225 

1076 

1700 

748 

543 

1:3 

78 

26 


Himachal Pradesh 4 


Source: Gcver C-ent Seventhcf india, 

ON
 

POTENT7AL AREA
 
State


(-=,'v n-,r; -) t'0¢0r h-.. 

Uttar Pradesh 69-7
 
Madhya Pradesh 4695
 
h 


Maharashtra 3268
 
Gujarat 252
 
Orissa 2092
 
Andhra Pradesh !983
 
Karnataka -427
 
Raiasthan 1274
 
Haryana 1255
 
Assam 892
 
West Bencal 82
 
Punjab 556
 
Kerala 457
 
Tamil Nadu 275
 
Jarmnu & Kashjir 137
 
Manipur 1 09
 
Himachal Pradesh 45
 

Five Year ?lan, 1935-90,
 
Vol. 1T. Planning Co'mT-ssion, New Delhi, 1985 o 88. 
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!RP-ICTION FROM GROUNDWATER
 

AREA DEVELOPED (TO 1985) 


State

(rank rerr'O0 

Uttr.r Pradesh 

Punjab 

Bih: r 
Rajasthan 

Gujarat 

Harvana 

Maharashtra 

Madhva Pradesh 

Andhra Pradesh 

Tanni Nadu 

West Bengral 

Orissa 

Karnataka 

Assam 

Kerala 


ha) 


11414 

3060 

2216 

1613 

1437 

1366 

1265 

1261 

1254 

1229 

674 

471 

470 

91 

62 


Himacha' Pradesh 9 
Meghaiava 8 
Jar.u &Kshm:_r 6 

Source: Government of India, Ministry 
'"Groundwater Develooment in 

India's goaliszoharnesstheremain-
ing irigation potential over the next twenty 
years, irrigating roughly one-half of the 
countny's cropped arca. Given the seasonal, 
erratic and exneme nature of the monsoon 
rainfall pattern across India. the gains from 
increased surface irrigation infrastructure, in 
terms of more stabilized hydrology and 
therefore aericultural production and in-
creases in factor productivit,', are powerful 
arguments for continued investments. Public 
investments have created 20.8 million hec-
tares of i-mgation potential from 1951 
through the Sixth Plan (1984). Financial 
requirements to achieve the remaining sur-
face irrigation potential are estimated to be on 
the order of $50 billion. Groundwater devel
opment is not reflected in this figure, but ac-

PCTENTIAL AREA
 

State
(rank ort!-r) (,'000 ha) 

Utzar Pradesh :2000 
Bihar 4000 
Pun3ab 3500 
Madhva Pradesh 3000 
West Bengal
Andhra Pradesh 

2500 
2200 

Maharashtra 2000 
Rajasthan 2000 
Gujarat 1500 
Harvana 1500 
Orissa 1500 
Tamil!Nadu 1500 
Karnataka 1200 
Assam 700 
Kerala 300 
Jamfmu & Kashir 150
 
Himacnal Pradesh 50
 
Meghaa-,a 15 

of Water Resources 
india,'' 1986, D. 32. 

counts for nearly one half of all irI-igated 
acreage. Although largely privately deve!
oped, groundwater is usually augmented by 
surface systems and command areas and also 
benefits from credit subsidies and rural elec
trification. 

From the map on the following 
page, itcanbe seenwhere the existing surface 
and groundwater irrization development has 
occurred (generally within hydrologic basins 
in the North and Northwest) and where most 
of the remaining potential lies: groundwater 
in the Eastern basins and in surface catch
ments of the Deccan. 
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Thus, ther,, is a degree of cer

taintv around which cropping and input useC. The Problern and 
decisions can be made. Under these circum-

Opportunity stances farmers in this area tend to switch to 

higher vaile. but more stress sensitive crops. 
-These w,, supply systenis. along with other 

India's irrigation and water re- input factors, result in over 50% of the 

source opportunities and constraints are best Nation's food-gain production sumplied by 

identified and dis. assed in the context of four this region. 

distinct water re:;ource regions. 
2. Central and Western 

1. Northwest basin areas Deccan Regions 

The sigr.ificant characteristics of The central and western Deccan re

the hvdrology of these relatively arid areas gions (most of Rajasthan, Madhva Pradesh, 

(Punjab, Haryana, Nor:hern Rajasthan and Andhra Pradesh and Maharashtra) have 

Western Uttar Pradesh) are regular surface highly irregular and m.ore limi.edsupplies of 

flows from Himlayan sources and substan- both surface and goundwater. Supplies for 

tial -roundwater in undr.lying alluvial aqui- gravity svstens depend on an erratic mon

fers. These characteristics are reflected in the soonal regime. In this area irngation is still 

level of acricultural development in these in an expansion phase often concentrated on 

areas. Irrigated wheat vieidc3 in Punjab. for new project identification and construction 

example, are about 60% higher than those rather than on operations. Groundwater 

achieved in Madhva Pradesh LT. This is sources are limited and localized. Generally 

iarcelv due to the relatively more stable andj groundwater supply is ifficult :o predlct. 

more reliable water supply provided by sur- However, where surface irr1gatmori systems 

face systens supplemented by private provide a source of recharge, groundwater 

can be a significant supplemental supply.groundwater sources. 

In the case of zoundvater, the The more liited and less predict

reliability is due to the fact that water control able supply of water, and the increasingly 

rests in the hand of the cultivator. Farmers competitive demands for it, coupled with 

can access aquifers and usually use ground- more chall ning hydrology, topography 

water conjunctively with rationed surface and soils, demands careful planning and 

supplies. In surface systems, more regular manaement of irrigation. Given the excel

inflows due to snowmelt, a scarce but rea- lent azro-climatolozical cor.dinins for 

sonably assu-.d supply, and the fairly wide- higher-value crops and access to recgional and 

spread adoption of rationed, rotaional water international markets, the returns to =-,a

disuribution (Warabundi) provides fa-rmers tion can be extremely high. 

with limited but fr.-I.Irl, reliable supply of 
water. 



Up unti', this decade, india hasjusti
3. 	South India fied widepread surface irrii-acion invest

ments primarily in terms of foodgrain self
sufficienrcy, relief from the vagaries of the 

The southern areas (Tamil Nadu and monsoon (drouuht), and achieving a more 
Kerala) have largely harnessed the available geographically balanced agricultural pro
surface irrigation potentials. These States duction base) Now, as food grain production 
now face the challenge of managing existing is increasingly secured, irrigation is becom
svstems bctter. Despite somewhat higher ing responsible for large changes in :he tradi
rainfall than in the Deccan, seasonal water tional mix of irrigatecd rice and wheat crops to 
shortiacs ann intcr-statc competition for oilseeds, fruits, vegetables, spices, etc for 
water are imPOrtant issues in the recion. growing urban markc:s at home and abroad. 
Irrigation development in these areas is in a this chance combined with the escalating 
mature phase with emphasis on rehabilitation construction costs and recognized Itics in 
and better operation o5 existing 	systems as surface system performnance is generating 
well as comprehensive effors in water re- pressure to "intensify" irrigation develop
source systems planning and management. ment by accelerating the completion of on

going construction, financing of smaller 
minor svstems, innprovinc efflci,. . cx-

Eastern Gan getic Plains isting systems, expanding command area 
(on-farm) development, and exploring con
junctive use possibilities. Furthermore, 

These fertile plains (Eastern Uttar environmental concern has called attention 
Pradesh. Bihar, West Benal) contain major to the neative impacts andwaste due to poor 
alluvial acuif.rs, both shallow and deep, as sys:emr planning and performance. 
well as monsoon fed surface sources. Flood
ing and drainage are the major physical Noted Indian analysts (B.B. Vohra, 
consrainms. The larcest unexploited irri-a- B.D. Dawan, etc.) as well as senior-most 
tion potential lies here - about P million officials inciuding the Prime Minister him
hectares. The deep, fertie soils, combined self bemoan the high-cost and poor perform
with the large underutilized groundwater ance of public surface irrigation, while 

potential in this area hold future promise for stressing the need for cost-effective design, 
high pay offs in tec= of production, employ- judicious operations, minor ir'gation and 
ment and poverty alleviation. However, this conjunctive goundwater use. An emphasis 
potential remains elusive due to the complex on costeffectiveness and performL.nce is 
problematic socio-economic and insdtu- Flearly enunciated in the Seventh Plan 
tional constraints, i.e. land tenure, socio- /(1985- 1990).!'.URealisminprojectselection 
political power sz-ucture, input delivery sys- and concern over management are also in
terms, and the under investment in roads and creasinglv evident in many State Irrication 
rural elecuification. Departments. SeckJler,12 Chambers1l' and 

others point to the discrepancy between the 
performance of surface irrigation in the 
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developed Northwest and the poor perform- more dependable operations and conjuntive 

ance clsewher,.and the consequent potential use. USAID is and will continue to actively, 

for major improvements achievable from although quietly, support and implement 

D. Status and Evolution 
of the Current 

Irrigation Portfolio 

1. Scope and Location of A.I.D. Involvement 

Since 1980. USAID has funded seven projects concentrated mainly in the central 
Deccan and drver western areas of Gujaa and Raj asthan. Below is a brief summary and chro

nology of irrigation projects to date. USAID funding represents approximately 55% of the 

total cost of these projects. 

USA!DU- S- D 

(i000S $) 

Ju 973 G.arac edium :rr aIon : 30,000 6/30/34 

june 30, 1980 ajaszhan Medirn Irr. Project L 
G 

35,CO 
1,250 

6/30186 

Aug. 3:,1982 Maharashzra irriaaZ or 
&.:ec--hiccy. rciecz 

M. L 
G 

44,000 
3,250 03/7 

J'"Iy 30, 19 Madhva "radezh Minerirritation Project G 11 000 = 00 09/?9 

JuPy 3:, 1924 Maharash-ra Minor irrigatir. = 46,000 09/90
 
_-rrigazion Prcect G 4,000
 

50,000
July 31, 1934 Mill Areas Land and wa.er 


Development Prcet 4,n00 09/91
 

T T ' S LO.-1; 236,000
 
GR _.:~92~
 

A review of the fi.nancia! performance status and pipeline of the portfolio are 

presented in Annex 11. 

The Map on the nextp,", shows the location of the US AID Prnjects. 
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paddy production increasing from 3.5 tons 

2 Background per ha to 6 tons on 52.000 more h-ciares (27 
percent increase) with 20 percent less water. 
In addition. large a second crop of black-

First, it is critical to this discus- gram on 15,000 ha is being planted v here 

sion to understand that water resources and none had been cultivated previously.Li 

irrigation in India are of a scale and complex
ity unparalleled in any country which USAID 
assists. India alr-ady i;i-ates ore Land than The State projects in USAID's 

all of the other countries in the ANE Bureau portfolio were primarily developed to intro

combined. Planncd GOI investments in irri- duce, adapt and demonstrate the improve

gation for the Seventh Five-Year Plan total ments in public surface sv'stem efficiency 

S13 billion. Also, irrigation development is achievable by usig \'igorous econormic and 

inpilernented and largely' financed by 22 design standards, complete on-farm devclop

difference State zovernments; the Central ment and increased farmer, paiticipation. A 

government OI,, provides general ,uidance brief description of these design criteria is 

and flinanial" assistance. except, in major in- contained in Annex 1I. Since 19M3 the port

ter-Staie projects. Therefore, US.-\ID, de- folio shifted from working with the lr.'er 
Siter-State 1*elti"e Sieo ",, tS portfo- medium iMigation y.stems (2.000 to 10.000spite the rltv ~eo t .na~ 

lio, is a minor, supporting actor on an hectare command areas') to smalltr minor 

enormous and diverse water resource s.age. (below 2.000 hectares), and ev-n -'mcro' 
schemes Liven the shorter constructior and 

USAID's involvement in pub- maturation period of the latter and th- oppor

lic, surface system development in the\WVest- tunity for farmer involvement that these 
ern and Deccan areas initially responded to provided. 

the GOI's desire to more rapidly exploit the 
potential of medium and minor projects in The Irrigation Management and 
these drought-prone areas. The 1978 Training Project was also developed to 

Linbiom Report' and subsequent 1981 backup these improvements by strengthen-
Water Management Synthesis Project report ing irrigation managewent capacity urirn.tar

on irrigation develonmen: options indicated iiy through targeted state training institu

that a combination of better designs and dons. It was intended to suport training and 

improved managiement of sys,.tems could at action rese,-rh for the institutional changes 

least double current ir-igated crop vields in and technical and management skils neces

these areas.!i' this premise is corroborated in sar to complement the ph'sical 'esia and 

a pilot area of the large Nagajunasagar proj- operations irmprovements introduced 

ect, in Andhra Pradesh where better opera- through the State projects. Increasing con

tions, specifically the integration of main cern for watershed issues and for the closer 

canal operation, development of water budg- integration of management of vater source. 

ets, earlier release of water, intermittent supply, dis-ribution, and application compo

water deliveries, and other management nents, let to an integrated design for the Hill 

practices, has over three years lead to average Areas Land and Water Development Project. 
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The micro-scheme and small watershed in projec t composition based on experiences 
context in Himachal Praidesh provides a in the field arid closer working relationships 
useful laboratory for testing and acyusting in- with the GOI/States. Grantfu,,cci software 
stitutional. and'echnical approaches to water activities have increased: the institutional 
resource development and managemelt. and demonstrative effects ofsmall.r:chemes 

were stressed: and abroader view of the wxater 

Thus, it can be seen, that there resource ;,'Ln develop d 
has been a radual but significnt evolution 

3. Principal Conclusions and Lessons Learned 

The proiec.s' basic 'desi.n crieria' vhich emphasized 
improved technical and operational desi ,n-w sno: n 
However, project staff conc.ntrated on the financial and 
construction demands of numerous subnrojects which over
wheiried dialogue on the criteria, system development and 
performanc'.e, and the insituional structure, procedures and 
policies necessary to .omalement it. 

in focus bet the loan 
assistance on main in.'eon systems and, the I-igation 
Departments (whose prim:na responsibilliv is above the 
public outlet) and the grant assistanc lareelv on lowr 
system and on-farm activities and different sets of institu
ional actors (i.e. A 27icultural Dep1arments, Faner Organi

zauons and Universities). Relatively less grant support has 
been aimed at s-engthening systems planning and operation 
to impro,; reliability. 

There is generally a difference Cen 
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CONCLUSIONS, lessons learned 

Close involvement and working relationships bez,,een the 
local USAID Project Officers (who also act as technical 
advisors) and the Irrigation Departnents in Madhva Pradcsh 
and Maharashtra seem to have surprisingly significant ef
fects on Departmen: leadership on the importance of improv
ing system design and operations. Collaboration and profes
sional respect is the key to dialogue and can make local 
advisory assistance hiahlv effective. 

Implementation of erant-funded activities, and in paurticular 
anumber of small, butimportant studies and pilots have been 
problematical due to State budgetary constraints. State and 
Central Government departments have difficulty ensuring 
priority for many of these and fail to allocate budgel. accord
ingly. As studies and pilot ,re key, to change, extra budgetar, 
modalities to carry them out are being identified. 

Comprehensive economic analysis of the impact and contri
bution of i-igation developinent on incomes and employ
ment is needed, particularly with respect to changes in hv
drologv/land-use, infrastructure/technological costs and 
manage ment/deliver-, al:ernatives. Ex-post analysis of 
public surface ir-igation project- have simply not been 
conducted- One World Bank paper estimated ex-post returns 
of 12-14 percent on four large projects.) Other indicators 
are variable or incompiete, but generally show high returns 
to irrigation by pumping (particularly in Lrrigated com
mands) ard to operational improvements in surface irriga
tion systems. 

Most public surface itrigation syvstems in India are 'supply

constrained", i.e. the supply is inadequate for intensively 
irrigated crops ov-.r the entire command area selected. This 
politically-induced reality leads to two important prenises: 
the Irrigation Departments must ration public water, there
fore operational performance is erucial; and, intensified ir
rigated cropping pa.erns are only possible through highly 
reliable surface operations or conjunctive use by pumping 
from canals, drains or _roundwater. 
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CONCLUSIONS, lessons learned 

The effects of conjunctive 1roundwater use and chances in 
surface system opraion on production and cropping mix are 
not well understood not quantified. In many of the sabpro
jects there appears to be substantial increases in wells and 
changes towards higher-value crop mixes which would 
geatly improve rates of return resulting from lower than an
ticipated utilization. 

Water resource and land use issues figure increasingly in 
subproject planning. The State projects, and in particular in 
Himachal Pradesh, confront wate'shed and competitive use 
constraints. The hydrological planning for surface systems 
(watershed yields and Water budgeting) has moved us to
w,%a.rds watershed, water resource and allocation issues for 
which the ITigation Depar:,nents are askin, for assistance. 

In the few instances when short-term U.S. technical assis
tance has been possible it has generally been effective 
working with the irri cation D-eca-,ments on technical prob
lers. it is, however, difficult to deliver. The Cenral 
government's clearance of foreign consuhlants has been a 
principal problem. Liring U.S. firms with Indian counter
par: fi -rs appears to help. 

4. Accomplishments 

First, it must be noted the even optimistically down played in the roject 
the minor irrigation systems (less than 2,000 Papers. It is however, still possible to point 
ha) require at least three to four years for to a number of accomplishments which, 
constuaction and perhaps six to ten years to while important, are obviously partial since 
reach operational maturity. None of the ultimate pay-offs are yet to be realized: 
USATD's projects are that old. This fact was 
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ACCON IPLISHI-I NIENTS 

Irrigation management concepts and applications are now 
considered and discussed widely in India -- at the Center, 
in the States and, over the past three years, in over 200 
conferences/seminars -- whereas in the 1970s this subject 
was of lirited interest. USAID 's concern and involv.ement 
has clearly helped stimulate this and continues to shift 
dialogue to planning and operational performance issues. 

More riTorous economic and technical appraisal has been 
adopted for medium and minor irrigation development in 
the five states where USAID is, orhas been, involved. Prior 
to that, little or no attention was given to vigorous analyses 
for minor and, in some cases, medium projects. In Mahar
ashtra and Rajasthan these standards and criteria were 
extended to al! new- medium schemes, and in Madhya 
Pradesh to all new minor schemes, not just those receiving 
USAID support. 

Irrigation planning and management training is being 
funded by Irrigation Departments in ten states, in response 
to the joint effort of the World Baik and USAID. Corupre
hensive manpower planning and improvement studies are 
being, taken up in three states. Previously, almost no 
traning was sys:er-aically planned or provided to irriga
tion oficers. 

Farmer involvement is on the policy discussion agenda at 
both Center and state !z-vels and the subject of numerous 
meetings and seminars. The Government of Rajasthan is 
reviewing its entire water code to incorporate provisions to 
legally cover water user orEanizations. The Government 
of Maharashtra is acvelv encouraging the formation of 
water user cooperative s/associations. USAID has directly 
promoted and stimulated this interest. 
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ACCOMPLISHMENTS 

Increased emphasis is on institutional s:rengthening in 
Himachal Pradesh, N aharashtra ad Ntadlhya Pradesh. 
Grant assistance has been rewcsted and is being pro

rammed to directly strengthen the central design organi

zations in the Irrigation Departments in two of those 
St.,tes. This estab!ishes a critical design organizations In 
the Irrigation Depqartmcnts in two of those States. this es
tablishes acritical institutional link between tle learning 
acqu. 'din USAID assisted projects and the broader 
work of I.-rigation Departments. 

Under the IM&T Project, curriculum and training pro
gram development assistance is now, to be provided to a 
ten-state network of irrigation management in-service 
training insitutes (WALMs) rather than the five origi
nally identified in that project. 

II. The Irrigation Strategy
 

From the preceding discussion of agricuiure. To accomplish t.is objective, 
India's needs and the conclusions from USAID's Lrgazion acivities and resources 
USAID's present assistance, the following will be focused on specific proolenms/oppor
defines the objective, direction and content tunities within each of the three sub-systems
:f the irrigation snategy. 	 of irrigation. In order of priority these ae as 

follows: 

A. Strategy Objective
and Focus 	 Water Sumolv Hvdral.lic Sv, tem: 

Reliable Operations through 

Technical and Performance 
The broadobjective of the USAID Improvements and Institutional 

rogramis to increase and sustain the pro- Reorientation. 
Jucrivit, ofIndia'ssufaceandgroundwater I 
"esources primarily for irrigated 
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\Vater Re'nurc'e \Q.,r-, ,,.m: n-Fami Microsvstem: 
Analysis and Pla:mig 'hrough Conservation throueh 
Tecmo[,g. Tra,,nfcr and Demonstration and 
nstimuiot:alDevelopmett Technology Spread. 

These three areas offer important, but different targets for concentrated USAID effort 

Providing reliable irrigation warer su ply through better 
planned, designed and operated surface and groundwater 
systems is a precondition for growth in agricultUral prodiuctiv
itv and can enhance the resource base: 

Better nerandig and allocationof water resources is in
creas ilgiy necessa-y for continued developmcnt in the face of 
mounting population and economic pressures and resultant 
competitive Uses: 

Surface water and moisture corserarionfrom watershed to 
farm field is important for crop produc.ion and critical to 
enhancing and preserving the land base necessary for sustain
able zrowt': and 

Groundwarer-use is increasingly vital to guarantee, supple
ment and expand water supplies for irrigation production, as 
topographical, economic, social and environmental con
sraints limit further development of surface sources and sites. 

I'i 



sponsiveness to beneficiaries and secondian 
B3. Waer Supply water conservation benefits, irriration in the 

Deccan is fund.metal -o th- IascmentHydraulic System: lution" to high value crop " sther: and, 
Reliable Operations USAID has alread.v zained experience andcredibility with the problems and institutio:s 

in the region. 

Dependable irriation water ,all The prram ,,I enphasi:e 
be achieved in ranv ways over the range of Th p

c han Les in State irrILcaton Deparn CTItSvarious ravity and lift (and combination 	 c
thereof') svsterns. For dependable supply, 	 (currently the primary suppliers of water)and other relevant institutions necessary to 
there are two sets of institutionat! issues: the (a) apply planning, design, an 
competence and accountabiliiN of the suO- d
plier pierorniza ,., a' th n - s . . " 'ln," and the forms adn t ,,s iomorovements•o to USAID-assted scheres,",,' ,-	 a 

lemonronstrations and pilots, (b) to monitor andof arerornniatonan cotrl.Su p internalize the results, in order to aSess "ancl
and delivery also involves a wide range of I 
technical issles which m ahripih in complex- unCers,,and the efficiency ,nd rciiabil1v 

benefits and acvantait" with scale, from individu.l small pumps 	 es, 
n 

and
k,

(c) io ta
to sophisticated analysis and modeling for 	 tionalize more r:gorous operational d-,i ,a

and planning imporovements. Institutionall a rge s y s t e m s.I 	 reorientation from administering public irni. I - . . 

0tuies cited earlier indicated the 	 gation works to planning and provid:nz irri
nration services will be the underivin~z theme.potentially stubstantial returns which can be - , I 

attained from not only s-mple chances; in op- Given that the USAID-assisted systems are 
erations, u from ulainn, and aacsizunan. a. only' a small fraction (less than 5%) of the 

.1io., States' total medium and minor svsterm desystem,1 to SitI tnoIse o1)eratiOnS. SQcSIDisaread enaged i substantial .'etopent, the potential spreadUSAIDUSAID~ ~ 	 eifft.cts of', ..... is 	 SAID ins.....~ asfotni-~ ~US! 	 provere ~ isr.e 	 imra-,eE:,zdIs consider
surface water oeveiopment program in two .red imromens is co
 

able.
large states in -he In',ditn Deccan. t,e zatesi 
concentration of staff effort and uroject re- Syszem development v,'ill b-e Cori,
sources in the na:- :em will be directed at 

c ;,,o .	 rangeaccelera~ingele,,zoid ...., re,,nd, irnpiroved .,ri-"-- piemented by a of primarily grant6 rrfunded efforts (a) improve State irrigationgario, Is3remy Dla,m,im"g dcsign anLI Opera-	 Z a 0 0 	 cadre and organizations through in-servic
rions in :hese e-isrhng srateprojects. L-ainin g,imu povver asse-ssments, monitoring 

The focus will be prirmariiy Oil units, and special studies, (b) to develop andI test new methodology and technology
smaller (minor) irrigation in the Deccan for
several reasons: rninor systLems md theirde- through special studies, pilots, applied research at key irrigation insttuions, and (c) to 
velopment are more responsive to change sn 
due to their smaller size, simplicity and strengthenotherinstitutionsandgroups rel
speedier implementation; minor svstems gan aion performance (Private fi=S,NGOs, --ourndwater boards, etc.) 	 through
appear to yield good returns due to the re- srunier ars, et. Thu. 

seminas, studies and research orats This 

http:cotrl.Su


will in turn raise and expand the levels of In the USAID irrigation program.
institutional and policy dialocue of irrigation this thrust represents a rel:tively small porand water resource iSSUCS. tion of the overall pro.ram resources, h't has 

Equally inrportamn arc the techn-
cal and institutional oppo-rtiies to under-
stand, improve and encourace groundwvater 
supply ssitcms in and outiside of the public 
sector. analysis and ud' will be initinted in 
conjuncti,., use prnning Whin surface svs-
ters. system levl :rourdwater mai-ing,and 
monitoring, needs of groundwater agncies/ 
organizations, and policie's to sti.mulate 

groundwater development. 

C. Water Resource 

TN'/acro sys ter: 
Aiialvsis a dPIanning 

in Qmonsoonal clima.:tic recme with 

rapidly increased land use ar,, -. p ti-
pressuret . ":- : thk-"a ........ 
water resor:rcc is aieesi:.t both f.o 
and macro-levels. As compfetitive indu 1 s 
and domeswc demands (5q now to 

by 2000). wat.r re.orce issues w ill become 
an increasine-' com~lex and contentious. 
Water resource anzalysis and idannins ranges 

. 'from urcliminarvinti', ..na ton of,.th v-, 
ogv and water use at subproject sites to 
resolution of basinwi alocation issues. 
The interactions of surface and g-Iounwater 

broad inplications for the Statcs ,nd the 
Nation as a whole. It consist; primadel!) of 
two efforts: (a) inprovcmnts::n icro-h.evel 
water resoLrce tlnn.,a.. ,:h.-, 
guidelines for s, eme app ,sal and corn1 le
mentary dialogue at the State level, and (b) a 
major tainia initiative in macro- level water 
resource systems anal vsis and pLanning with 
the Central Water Comnssicr and Ministrv 
of Water Resources. 

At the micro-level, the irri,ation 
schemes proposed for USAID assistance will 
include analysis of the lacr wa,'ershed/ 
water resou.... 's.vdroiog -a! and 
sedimenta,,tion :ortoindn, and a,:Ass. 

s nd in .rrayland use, considr-.ations, t on 
up andd s 

present and future uses, 
pacts, flood control, andpat,' ;co,.pe 

on supply v%.'l 
subprotect appraisal and n 

g roundvatter im
t-t. e

p..part of theI 
.easinLI iimo

• ,,-.,tivode

restmatd5of.c Srshi,, Ssources piannin vill also be a focus 

tant in the pro,..ra.m. Special stuotes on s.c~,1 111 .... r ates, Wf'...rShiec ,,_.-"---v,,..d
 
ei sh!
 

water baoance -- 'icn. will help o improve 
these guidelines. Furtheralore, w'ater 

of 
subproject and state-level dialogue. 

maco-leel effort in ,tbasin 
planning currently consists of establishing

aconsatestso esaliin 
Nationa and State water resource phainirig, 
and management capability throuch .,rainin 

ently' aa 

hdroloies also figure inWewith the Central Waterhy~olog es a ti-s ~ promin~ently in these Commission and 

systems analysis and planning efforts. A 
variety of insituions are involved including 
Central Cormmissions, Boards and .\inisu-ie,C d
and State Irri zatio n, Con d Area, 
Groundwater and Planning Authorities. 

-State Irrigation Dena -tmen. Basic analhti-
Cal co,.ise -vor-k, so- ',isticatcd rnetiodolo

icalcourwork, cazis, atcd baodo 
iescorputer applications, and actual basinplanning case studies, will be taught. Otherelements of this thrust are participation by 
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USAID in relevant water resources planning 
and managcement for a professional/te chnical 
excngr.c vith experienced U.S.plaung in-
sttutions, and close collaboration whh 

'USAID/forestr RNi) pianning activities. 

Substantial need also exists to im-
prove capabilities in ground water systems 
analysis and p:..n tn. _iven the National 
interest in increasing....cst-ef.ective. reliable 
irrigation coverage, aNd the large unex-
ploited grotndwater resoturces of the,(lancs, 

this implies shifting some of our iri gation 
resources to problems and opportunitics of 
Eastern India. The State aid Central G:-ond-
water Boards will be Lv to this initiative. 

D. On-tarm/Proeduction
Microsvs erns: L onSeEVatioQI_ I 

Further complexity arises from the 
enomlous, disaugretated numbers of land 
user-managers and their various individual 
motivation s and intrrehated effects on the 
soil and ,ater. 

Few institutional relationship:; and 
tested technologv/managenment packages are 
at hand 1o enable a Ma-Ir Lihrulto allevia,. 
current constraints. Therefore, effort in this 
arca will for the present be limited primarily
to discrete studies, pilots and s pecific training 

and demonstration et i'viiescritical todevel
onnt ofrparticularimodel s1bpruiects (e . 

upstream ca tchmnen piotection. land level
ing, sprinkler systems, etc). This is, however, 
of particular impor:ance in Himachal 
Pradesh w Crecue to the sm1ll size of the 

irrigation systm; s and vuincrat)ev -'-, 
ment, on-far" become ana2_e-Coordination a.nd evenjoint-p~rojectr .issues pro--mJnent. 

-_____________ Ime,"t wvith other UJSAID azricultural ..esea...
 

The interaction of water on soil and 
crops (or for that manter with any other end 
uses) is of course basic to rrocluction. It is 
also c Yilto 10n,-ter' Suszina':Daat.' orthc 
resource bas. Con .s"ri',e ,ranem. ,ntof 
water en-f..r:r inr:easevs be prodUCivh i 
and susaina wTatar withia or outsd 
of ,ri .aonc oanas. Ws is ecqually true 
for other domesic or iocial end uses: 
conservation is pru -',- t. 

However, these rnicrosyste:ns are in 
Lhe first instance totally dependent on the 
prerequiste of a 'ate:-suply. F,,:erore, 
although basic pti:cr;ies of soil-water man
agement are well-known, their applicaion3 
are pardcularly site soecfic and diverse rang
ing from public rainfed watc:shed lands to 
intensively cropped irrigated bottom lands. 

(On-farm \a'er Nlan gemat Subproj--t) 
and foresnv activities are also important. 
There are also interestin, oPpor-tuntes for 
acro-irniusrriai inlatives. But g-eneraly, 
such .arm-lvc' activities will rc.ain a suo
theme in the iNigation program, wim the 
:m cffort concentrated on the vrcv" iliiajor 
problems of ,rain systems reiabilt.. 
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III. STRATEGY AND PROGRAM
 
IIVIPLEM ENTATION
 

A. Steps being taken 
to Adopt a Program 

Approach 

USAID's approach to implement- I. Establishing State Prograrns:ing the s-rateuv will move beyond man, Tiin 

the portfolio as a set of discrete irrigTtion In States, where USAID currently has 
projects. Rather, a prograut ipproach is projects, opportunities for using those activi
evolvin ,hing providcs a more flexible ties to build institutional and outer"horizon
frarrcwork fo'- concc;;:riatin , endstit nen ,ertri.s"",: proaravn-ie\el stra-,-a inlade 
now rsour, ay:unst le criical strar-fets to btcx,,

snwa- assistance in 

areas... ie,.cinnifoe ur'plotted.Urn ainning toon (,. , )i'har
st"cn etrienin g the cenlying tec:hnical, inStutdiont, and paocv is- trai staff training and ciesi or-gaization s at 

sues ('ersus InC achievement Of phsior. <Nasik. Miadhva Pradcsh - support :i-anpower 
It illl ereovid&a mcans for the Of eSSSIInet and aion Ul n..). The 

Altsin .t CacratCd ,Nixof Pro,0ra - '7z .Sand Supportbuid on opor:nii speci 
through the o:! nal 9rojcc- :.nd t3 co tinL e a ar- bing sortd out in Ahnse 
rnovet ;:nt on tiac-e ouportunidcs even after States and te sources of Und,1t (State Prej
rie orginal projccs reach PACDs."="" 
 aect, 1,IN&T Or other}) to move the surate,' 

forward is being decidtd. Specifically:
To implement tihe Program approach a 

number of steps arc being, or will be taken: 

A Maharashn-tt Pro* rm Assessment (to include the two State 
projects plus an IM&T proect component), schedtuled for 
Summer 1987, will lead to a formal State Prcgrarn; 

..In-"vadhva t-ade sh ageneral urofile_of irrirated'. nariulture has'" 


been developed (statistical data complied, private sector studv 
performed ) and aprogram wvill be estabishecd later in 1907; 
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In Himachal Pradesh, high-level discussions have been initi
ated at the Mission and in the State to restructure the institu
tional arrangermnts for s-ren.th.liennTi pirticipation and inter
disciplinary, comprehentsivC subparojcct planning and implem
entation in the Hill Areas Project; and 

a joint GOJ/USAID internal review of IM!&T has been corn
pleted and inecinnisms are being developed to mke this 
project more responsive and complernentary to each State Pro
-ra.. In addition to USAID's assistance to the 
States vhere our major projects exist or have ben completed 
(Gujarat and Rajasthan), I,&T HOw iNcludes inlitiatives in 
training and research in Tamil Nadu, Bihar, Orissa, Uttar 
Pradesh as a re."ult 0fcollaborative at'anLc-2ents worked out 
with the (301 and the World Bank. 

2. Targeting and funding: 

As aareemlents emere t t'he State and Central levels on specific targets and anticipated 
achievemnents of the USAID assistance programs, tri. .rs'' and benchmarks are being
established and existing Sttte project and IMI&T funds aire being linked to :hese. A 
combin1tion of addionl mechanisms will be used to direct resources "oward oppoi-tunineS 
in priority pr,. T n activities. 

Deob-Reob wili be used to adjust and re-allocate existing funds 
in response to progam nee.d. 

a portion of the OYB funds allocated to the Bureau's ISPAN 
project will be used to fund short contr.cts or subgr'ants. 

PROAG anmet a besoughtin the case ofexistin proj
ects to extend, expand and/or further fund activities. 

A core Proram support project may be developed to fill in gaps 
or expa-nd on opDorunities generated through Pro-ram activi
ties. 
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- ,ormance Evaluation: 

Monitoring. ssesse.t and v\thsltsis of 

progress and of the S....e Pro
eram w,,ill continue to review,. dlocumnent mci 

build on resuirs, rsacss oyjectives and tar
gets, aad make a s ...modifica- .... 
don, as condi ioa sand oportu ities chang. 

The Prcr,.- a S e'iew 
will be caried ou: in au-t throu.li ruvic,v 
croups Consisting of PstVeC Sele01 txpe. 

OtuWii wC5ICvi On2 "ith USAID 

more direct] pwith thoset which are critical to 
irpl ementig this Strategy's principal e!c
ments. 

5. Collaboration with other Donors: 

O.i 

O o rtunitie, to build upon ac of t 

o rld Bank, arid to l;ser eanten -""or"'do-
nors,are reuhlar .,discussed (e.g. VALI s 
.t... tr: M aharashtra. systemMC im in 

desi enn itena., and basin planin.rin Ori., a). 
saf, a:dro;ih n i;siwcciAIsts (on re-., B k er' vuThe Mission and he Vorld Bank rerceive 

tainersand tAroh local I1Q-like con t 

4. Orientation of USAID Staff: 

USAID's " i-nd Divisios 
have redefined job functions as Pro-ramn: 
Managers for iNiidual Sta:es. As cc 
this role, the:v a-e require~d to loeek beyond the 

oriciNal vpeojwe s: coe to thi- u;i erli 
tnstttuttona!l .......,.y s w ithin theon an hA len q. 

State: and to eint p:ojcct resources ) 
d...;-,ic chan. ces n 

,an ac
tivittes. given. the shareci objectives in irri..a
tion includiag iistitutional s-rcn thcning for 

Sct).sn1icant ad,ant. .esin Coti n 

plannin .cand ito. system operat.ons.i..i.. 

The pro ran approch will seek to flexibly 

eiov A 

World Dank's capita] assistance. ru-ner
nore, we "vill share analyical work on tech
nical. economic and polic issues and seek to 

reinforce common irislitutional and policy, 
s) c. . t t themes in our dialocue vith secific State 

arid Center organizations. 

B.Expected impact from 
the Irrigation Program 

and Srate~y 

Sound, documerted analyses and irstituLontd adoption of effi
ciency and relibiii v imrnM,-ove ments in irrigation S 'Sterns derived 
from USAiD-assisted rmedium and minor irrigation schemes and 
supported by institutional chanLes (e.g. formal decisions by Irri
gation Deparments to cxtend ,- of design miT-ia to all projects; 
O&W cadre strenthen,: wter dlie,,-anin and pefor
ance measuablv iourovd, etc.) 
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Expected Inpacts 

Spread of irri-tion"s:.stcm performance improvezmnt, cxperi
en e and t,.c ni(q nes to other SItes throu gh reciprocal visits, c',.s 
study docuLM:Inration and trgaining progr'mn. 

I leasurable proiuctivitv and economic impnact g-airis from invest
ments in ,i,-'f,ir. ,,.nfFO ed wat,-r 
reliability. 

Significantly better water resources analysis and plarning by
inStitutions and )rogram; at the Center and the States to improve 
utilization of srarce waterresources under inte.sjfyiri pressures. 

Continued eCpI1siLn and intensifiation of g'oLndvater use e.n
cou,'a;ed touuh su',portive policies, technologies and pro
grais. 

Leadin. Indian instittutions andl programs linked and interacting

with other National, U.S. and International Co'uterpa.:-t institu
tions on mutually' reievant water rnalaMenent 2nd r-esource
 
issues.
 

Policies and models ].orimproved and sustained vter resource 

mage,,v2n: annifor bene fici ry i-nvolvemCnt in im ation s"hed

u!rig, mainten nce and inance t ana.-'. tse...
and r.fined
 
throuhi" rn,.hene loc al research enities.
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AINEX II
 

!RRiGATIOCI DESiGN CRITERIA
 

A sunm1ary listing of the "criteria" for USAID for the State Projects in

Maharashtra, M*adhya Pradesh and Hilnachal 
Pradesh as shown in the Project
Papers. Asterisks indicate those of most iportance. 

Identi fication 

Econmici/Financial 

iRR=12% (95 in tribal areas) 
"Standardized" cost estimating (Nat'l. Norms) 
Construction complete within prescribed time. 

Social 

75-85,? small farms (less than 2.5 Ha.) 
Socio-Economic i administrative surveys 

SourcCol 1ecti on 

Hydrol ogy 

* Plans for improving catchment 
Catchment yield based upon 751 dependable rainfall 
Develop and use .ater balarce models (Water in - out)
Ri'onthly ',-iater supUly based upon 20-yr reservoir study

*Rain and streamflow gauges installed and monitored
* Siltation rate based upon sedimentation study (Use avg. 238m/Km 
* Well Supply : Test pumped for yield 

Headworks/Cam 

* CYC Norms for design
* Construction quality control/monitoring 



Supply/Di s tributi on 

"Main' System 

* 	 Flow Measurements at Headgate/Regulator 
* 	 Plan of Oceration 
* 	Use of regulating reservoirs 

Canal Design and Construction: All 

* 	Size based upon:
 
Peak 24-hr crop-water requirement
 
CoiD,7and at 50. capacity


* 15 cm of "Hydraulic" heaa over field level
 
- Lining when justified by seepage rates (lost H2 0, hence area)
 
* Control gates as necessary to ensure hydraulic head, rotation, 

etc. 
* Cross-drainage structures as necessary
 
Design frcm tail reach to head
 

Minor and ">icro" System 

* 	Layout based on:
 
1:2000 topo mapping w;ith 20 cm contours
soil 	 survey - capab'iity map 
review with farmers 

* 	APMs or gated cutlets at 8 Ha. chak 
1 	Cusec discharge

Rotational supply schedule 

* 	 Farmer maintenance after "X" years 

Drainage
 

* Capacity to evacuate 5-yr maximum rainfall intensity
 

Groundwater 

* 	 Plans for conjunctive use 
* 	Promotion oF credit for shallow well development
 

Monitoring groundwatcr level
 

Application/On-Farm Manaqeiiment-Use 

* 	 Demonstration chaks in each system
 
Field channels to farm gate


• 	Fortnightly cropwater requirement with recommended crop 	pattern
Agriculture Department assistance For land leveling
 
Metrological Stations in Command Area.
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