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Index of Key Tenns and. Acronyns 

AD - Agriculture Department 
CADA - Command Area Development Authority 
CCA - Culturable Command Area 
CCF - Construction Cost Factor 
CDSS - Country Development Strategy Statement 
Chak - Area of about 40 hectares served by a single canal outlet 

Conjuncti ve Use - Combined use of surface and groundwater in 
order to meet crop water requirements. 
Groundwater not only supplements surface 
water, it also reduces the risk of waterlog
ging. 

Created Irrigation - The areas within the command area 
Potential	 of existing irrigation systems

and thus having theoretical access to 
irrigation water. 

Cropping Intensity - Total area cropped in a year (all seasons) 
expressed as a percentage of CCA. 

OEA - Department of	 Economic Affairs 

Diagnostic Analysis - On-site multidisciplinary examination of
all aspects of an irrigation system, 
concentraing on the productive end and 
including agricultural engineering,
economic, educational, social and other 
factors to identify and address the con
straints to an optimally efficient 
operation. 

EGS - Employment Guarantee Scheme
 
ERR - Economic Rate of Return
 
FRR - Financial Rate of Return
 
GOI - Government of India
 
GOM - Government of Maharashtra
 
ID - Irrigation Department
 
Kharif - Rainy Season, June to October
 
MIC - Minor Irrigation Committee
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Rotational Water - Awater allocation system whereby the 
SUpply System guarantee is in respect to a given volume of 
(RWS)	 water to be supplied at a pre-established 

time. The farmer can allocate as much land 
as he chooses with his water allocation; 
however, if he does not irrigate his farms 
within the specified time, his turn is 
missed until the next rotation. 

MDU - Modeling and Data Unit of SAfC 
MESU - Monitoring, Evaluation and Survey Unit of SAEC 
O&M - Operation and Maintenance 
PACD - Project Assistance Completion Date 

Part I Works - Construction of water channels and appurtenant 
structures from the 40 hectare outlet. 

Part II Wor~s - On-farm land development, e.g., land leveling 
PVO - Private Voluntary Organization 
Rabi - Winter season, November to February 
RMIC - Regional Minor Irrigation Cell 

Shejpal i - Rotational water supply based on applications 
from individual farmers. Water is shared on a 
rotational basis by all farmers served by an 
outlet. The amount of water each farmer re
ceives is based on the requirments of the crops 
he indicated in his application that he would be 
growing each season. the system is extremely
flexible because the time during which irrigators 
may take water is not limited 

SMS - Subject Matter Specialist (water management), 
Agriculturp. Department 

SAEC - Special Analysis and Evaluation Cell 
SASC - Special Appraisal and Supervision Cell 
SSPU - Special Studies and Pilot Unit of SAEC 
VEW - Village Extension Worker, Agriculture Department 

WALMI - Water and Land Management Institute 
WMSP II - Water Management Synthesis Project II 
WOP - Without Project 
W/P - Wi th Project 
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PROJECT AUTHORIZATION 

INDIA	 Maharashtra Minor 
Irrigation Project 
Project No. 386-0490 

1. Pursuant to Section 103 of the Foreign Assistance Act of 1961, 
as amended, I hereby authorize the Maharashtra Minor Irrigation 
Project (the "Project") for India (the "Cooperating Country")
involving planned obligations of not to exceed Forty Six Million 
U.S. Dollars ($46,000,000) in Loan funds and Four Million U.S. 
Dollars ($4,000,000) in Grant funds over a three year period from 
date of authorization, subject to the availability of funds in 
accordance with the A.I.D. OYB/allotment process, to help in 
financing foreign exchange and local currency costs fur the Project. 

2. The Project is intended to increase irrigation efficiency in 
Maharashtra by improving the management and physical infra~~· ~~ture 

of irrigation systems and by improving the distribution, 
application, and utiliz2tion of water below the puh1ic outlet. 
Funds hereby authorized will finance the construction of 
approximately 90 minor irrigation schemes, including the 
rehabilitation of approximately 12 existing minor irrigation 
schemes, bringing 31,000 hectares of land under irrigation; research 
and technology development including special studies, pilot 
activities and diagnostic analyses; training fur appropriate 
agencies, associations, and community organizations as well as 
individual farmers and irrigation and agriculture professionals; a 
strengthening of the minor irrigation organizational str~cture 
within the Agriculture and Irrigation Departments; and the 
establishment of approximately 52 hydrological stations. 

The Cooperating Country will contribute the equivalent of 
$42,600,000 to the Project. 

3. The Project Agreement which may be negotiated and executed by 
the officer to whom such authority 1s delegated in accordance with 
A.I.D. regulations and Delegations of Authority shall be subject to 
the follOWing essential terms, covenants and major conditions, 
together with such other t~rms and conditions as A.I.D. may deem 
appropriate. 

a. Interest Rate and Terms of Repayment 

The Cooperating Country shall repay the Loan	 to A.I.D. in 
U.S. dollars within forty (40) years from the date of first 
disbursement of the Loan, including a grace period of not to exceed 
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ten (10) years. The Cooperating Country shall pay to A.I.D. in U.S. 
dollars, interest from the date of first disbursement of the Loa~ at 
the rate of (a) two percent (2%) per annum during the first ten (10) 
years, and (b) three percent (3%) per annum thereafter, on the 
outstanding disbursed balance of the Loan and on any due and unpaid 
interest accrued thereon. 

b. Source and Origin of Goods and Services 

Goods and services, except for ocean shipping, financeJ by 
A.I.D. under the Project shall have for Grant funds, their source 
and origin in the Cooperating Country or the United states, and for 
Loan funds, the Cooperating Country or countries included in A.I.D. 
Geographic Code 941, except as A.I.D. may otherwise agree in 
writing. Except as A.I.D. may otherwise agree in writing, ocean 
shipping financed by A.I.D. under the Project shall be financed only 
on flag vessels of the United States or the Cooperating Country. 

c. Conditions Precedent to Disbursement 

Prior to the first disbursement of loan funds, the 
Cooperating Country shall provide or cause to be provided evidence 
that the State of Maharashtra has established a Special Appraisal 
and.Supervision Cell, a Special Analysis and Evaluation Cell, and 
Six Regional Minor Irrigation Cells within its Department of 
Irrigation, and sanctioned adequate staff for each of these cells. 

d. Covenants 

1. (Part II Works). 
Except as the art es may ot erw se agree n wr~t ng, t ~ 

Cooperating Country agrees to make all reasonable efforts to assure 
the availability of sufficient funds to the Agriculture Department 
to complete the on-farm Part II works in accordance with the 
schedules to be established by the GOI and USAID for that work. 

2. GOI Project Staffing. Except as the Parties may 
otherwise agree in writing, the Cooperating Country agrees to 
establish an adequate number of positions, and post experienced, 
qualified staff to these positions as necessary to effectively 
implement all Project activities in accordance with Project 
schedules and budgets to be established, from time to time, by the 
GOI and USAID for the approved schemes. 

3. Water Users' Organizations. Except as the Parties may
otherwise agree In writing, the Cooperating Country agrees that 
within two years from initiation of the Project, a plan shall be 
submitted, satisfactory to A.I.D. in form and substance, describinf 
the organization, authorities, and responsibilities of water users 
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committees at the outlet level, and a schedule for activation of 
such committees in those areas involved in the Project. A.I.D. 
reimbursement for costs connected with completion of irrigation 
schemes shall take into aCC0unt activation of such committees in an 
appropriate number of Project areas. 

4. Post Training Employment. Except as the Parties may
otherwise agree In writIng, the Cooperating Country agrees that all 
persons trained abroad under this Project be required, immediately 
upon completion of, and return from, said training, to work in 
irrigation related activities for a minimum period of not less than 
two (2) times the length of the training abroad. A.I.D. reserves 
the right to dis~llow costs for training abroad for those persons 
who, without good cause, do not work in irrigation related 
activities in accord with the terms of this covenant. 

• 

Signature C"{.~~LJ.JJ 
n_ M. Peter McPherson 
f'O) Administrator 

Clearances: Initial Date 

Charles W. Greenleaf, AA/ASIA __~~~~~~~:::: 
Richard A. Derham, AA/PPC ~ _
 
Howard M. Fry, GC
 
. \ ~ ~ 
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III. Project Summary, Rationale, and Description 

A. Summary 

The project will increase irrigation efficiency in Maharashtra 
by improving the management and physical infras tructure of irriga
tion systems and by improving tl~ distribution, application, and uti
lization of water below the public outlet. AID will contribute $46 
million in loan funds and $4 million in grant funds over the six year 
project life to support tl~ planning, design, and construction of ap
proximately 90 new minor irrigation schemes; tl~ rehabilitation of 12 
existing minor irrt~ation schemes; research and teclmology develop
ment including F:pecial studies, pilot activities, and diagnostic 
analyses; training for appropriate agencies, associations, and com
munity organizations as well aa individual farmers and irrigation and 
agriculture professionals; a strengthening of tbe minor irrigation 
organizational structure within the Agriculture and Irrigation De
partments; and the establishment of 52 hydrological stations. The 
Government of India will contribute tl~ eqUivalent of $42.6 million 
to the project effort. 

conceptually, the project detines the problems of irrigation 
efficiency in term of those above the public outlet and those below 
although the proposed work plan itself is integrated. When USAID 
undertook its first irrigation project in 1978, the widely shared 
belief was that irrigation efficiency could be increased by improv
ing the design standards and cons truction practices for irrigation 
sy~tews. Tids above-the-outlet approach dealt primarily with tecir 
nical concerns or, more specifically, water delivery. USAID and the 
GOI, along with the World Bank, can take considerable credit for cre
ating an awareness of tl~ need to upgrade engineering standards and 
lor the ensuing improvement in tIle design and construction of tanks 
and canals, witlt enhanced efficiency in the delivery system. 1'he 
problem has proved, however, to encompass more than water delivery 
and its associated design and construction. 

1'lle asumption had been tltat once water was delivered to the 
outlet on a reliable and timely basis, the farmers and agencies that 
work with farmers would be capable of distributing water efficiently 
and equitably. It was also assumed that the knowledge and incentives 
required for the effici~nt application and utilization of water were 
or would soon be in place. Experience has shown these assumptions 
to be invalid. While the Government of India and USAID continue to 
believe that well designed, well constructed schemes are critical to 
irrigation efficiency, we now recognize that addressing constraints 
below the outlet, such as water distribution, application, and utili
zation, is equally essential to irrigation efficiency and substan
tially more difficult. Tids cl~nge in perception is reflected in the 
evolution of USAID's irrigation portfolio. it was first evident in 
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tt~ PID for tt£ Rajasthan Gommand Area Development Project submitted 
to Washington in July 1Y61. Tbe Maharashtra Irrigation Technology 
and Management Project authorized in FY lY62 and the l-1adhya Pradesli 
Minor Irrigation Project authorized in FY 1963 boti! reflect a rec
ognition of below-tiw-out1et constraints. Appreciation of tlIDse 
constraints and development of an approach to address those con
straints culminated in tlie Irrigation YJanagement and Training Project 
auttDrized in FY 1963. 

The GOl clearly recognizes that a broader range of organizations 
needs to be concerned willi water distribution, application, and uti
lization, including, among others, the state agricultural depart
ments, tt~ state rural development departments, and tt~ National Hank 
for Agriculture and Rural Development. Perbaps more importantly, 
there is a new awareness of the institutional complexity below the 
outlet. Tl~ role of communities, water user associations, and far
mers in tt~ diatribution, application, and utilization of water must 
be better defined and celatlonatdps to pertinent government agencies 
rationalized. The role of the agricultural regime itself and its 
relationship to irrigation development mUHt be fine-tuned. Gredit, 
knowledge, and extension 6yHtems must be better unde::stooa ,ll' 

applied. Ti£ GOl's awarene6S 01 tl~ constraints belOW the ,,;dcL 

and its commi tment to overcoming tbose conB traints d r:e mantfes t in 
recent institutional and policy adjustments at the c!:nt. L and in the 
states. Among tl£se is a policy extending the stale 'Ij responsitJi
lity for construction of irrigation cbannels to the eight hectare 
block,* thus making tt£ area below the outlet more manageable. 
While this mayor may not be tl~ Unal word on the issue it docs 
indicate the ldgh priority being placed on irrigation development 
and accurately reflects the existing inability to moblliz~ 

organizations and institutions to meet the delivery system further 
up tt~ watercourse. Another GOI effort to increase irrigation 
efficiency below tl~ outlet l~s heen the introduction of the Gommand 
Area Development Au tlIDri ty (CAVA) concept wl~reby varioua government 
agencies coordinate to ensure that all iUpUls and servicf'6 necessary 
for optimal crop production are available to the farmer. GADAs were 
initially envisaged only on major irriga tion schemes covering at 
least 100,000 hectareH. They are now being establist£d on smaller 
sclJemes in !:lome states. TIle GOl 1s also supporting the establislr 
ment of Waler and Land Management Int>titutes in key irrigation 
states to propaga te tt~ principles of water management. l't£se ini
tiatives reflect a revolution in thinking in regard to irrigation. 
It becomes much more clearly a support system to agriculture and 
thus a piece of a larger picture ratber ttJan a free-standing 
tectmical intervention and an end ill itself. 

*Maharasbtra has gone even further than the GOl policy requires and 
extends Government responsibility tor the construction of field 
channels to the two t~ctare block or tt~ farmgate. 
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Ihe Maharashtra Minor Irrigation Project is concerned with main
taining tl~ momentum created to upgrade engineering standards to en
sure efficient water delivery but it also seeks to identify and ad
dress constraints to efficient distribution, application, and utiliza
tion of water and to support the State's nascent commitment to deal 
with these issues. Ihe approacll to addressing these latter con
straints wh1cll we are defining as below the outlet constraints is not, 
at this point, fully defined, and it is tl~ objective of this project 
to build knowledge that can lend definition to the problem, test pilot 
approaches, and develop effective strategies for below the outlet. 

Increased farmer participation is important but the re:medy goes 
beyond that. An environment conducive to cooperation among government 
agencies, non government organizations (including business concerns, 
private voluntary agencies, water user associations, community organ
izations and cooperatives), educational institutions and farmers must 
be created. Delivery, distribution, application, and delivery of 
water must be related to particular agricultural, cultural, and 
political regimes. Perhaps most importantly, farmers must be expcsed 
to the benefits of applying water management principles and policies 
that encourage and reward efficient water management practices must 
be in place. 

This project includes a research and technology development com
ponent wldch will finance U long term interdisciplinary diagnostic 
analyses and several studies to increase the understanding of con
straints below the outlet. Particular attention will be focused on 
determining institutional and policy constraints and on identifying 
incentives for farmers to apply water management principles. Alter
native policies and new teclmologies will be tested on pilot schemes. 

The project will involve farmers and define the role of communi
ties and water user associaUons in planning water distribution 
systems below the outlet, determining water allocation patterns, and 
operating and maintaining water channels. To learn more about farmer 
mobilization and what makes it happen, the project will finance a 
study on experience to da te in organizing irriga tors in India. The 
study will be completed in the second year of the project so that 
lessons learned can be applied. Approximately two years prior to tt~ 

scheduled completion of tile irrigation system, a village extension 
worker (V~W) will be assigned to each A.loU. financed scheme, as 
appropriate. He will have been trained under the project and his 
responsibilities will include helping farmers organize outlet com
mittees and familiarizing farmers with water management principles. 
Farmers need to understand the soil-plant-water relationships and 
must learn to apply the proper amount of water at the proper time. 
Tt~ move from dry to wet farming is not axiomatic. The importance of 
on-farm land development and proper use of complementary inputs must 
be emphasized to maximize irrigation efficiency. The YEW will be 
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assisted by a subject matter specialist (~M~) in water management 
which the Agriculture Department has agreed to appoint to each dis·· 
trict with an A.I.D. financed scheme. TIle lessons taught by the YEW 
and the SMS will be visually reinforced by the establishment of two 
demonstration chaks in each sche~e. Finally, to further enhance the 
farmer~' understanding of irrigation technology and their grasp of 
the potential that the teclmology crp.ates, special workshops, field 
days, and short training sessions will be sponsored for farm families. 

To increase cooperation among the various relevant government 
agencies, the project proposes an institutional structure that en
courages communication as well as joint planning and implementation. 
The project also provides joint training opportunities that include 
representatives from private organizations when appropriate. Tids is 
the first state specific proj~ct to solie! t the act! ve partic!pa tion 
of tl~ agricultural universities. 

Finally, recognizing tha t both irrigation teclmology and social 
science intervention must be rooted in a firm understanding of the 
resource base, tl~ project includes provision for the establisbment 
of 52 hydrological stations. 

B. Ra tionale 

1. AID Irrigation Strategy 

U~AIV's approved assistance strategy tor irrigation in 
India ia based upon irrigation's key role in accelerated agricultural 
growth and poverty alleviation and the high priori ty attached hy the 
Government of India (GOI) to irrigation development. Ind1.a' s popula
tion of nearly 750 million is growing at over two percent annually, 
or by 15 million or more eactl yedr. 1'0 ieed and clotbe tlds growing 
population and gradually reduce unemployment, poverty and malnutri
tion, agricultural production will !lave to grow by nearly 4 percent 
per year for the r~mainder of the century, as compared witll histori
cal growth rates of under 3 percent. Since very little additional 
land can be brought under cuI ti va tion, produc tion increases will have 
to come primarily by raising cropping intensities and yields, both of 
which depend hea vi 1 :' on reliable wa ter supplies. TIle scope for yield 
increases is indicated by tl~ estimates tl~t actual average foodgrain 
yields are 0.7 metric tons per. hectare (l1T/~) on unirrigated land 
and 1.7 MT/ha on irrigated land. 110reover, foodgrain yields with 
available seed varieties can be increased to 4-5 MT/!~ annually with 
good water management and appropriate fertilizer applications. 

About 30 percent of India)/:) cultivated area of 140 million 
hectares receives enougll rainfall to p: oduce a t leas t one crop per 
year. Given the seasonal rainfall pa ttern c~racteristic of India's 
monsoon climate, irrigation is needed in LllCse areas to permit double 
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and triple cropping. Another 25-30 percent of the net cultivated area 
receives low rainfall but can be reacted by irrigation. Tims irriga
tion can ultimately cover about 55-flO percent of net sown area. To 
da te about half of this area has beeD reached. The GOI hopes to 
create the remaining irrigation potential by the year 2000 or s~Drtly 

therefore. Tids implies a growth rate of irrigated area of over four 
percent annually for the rest of the century. 

Irrigation wat~r can be provided from surface sources 
(rivers, reservoirs, "tanks") or underground sources ("groundwater"), 
including dug wells and drilled wells ("tubetiells"). Surface irriga
tion in India is classified as "major" (covering over 10,000 hectares 
of irrigated area), "medium" (2000-10,000 hectares) or "minor" (under 
2,000 hectares). As of 1981-82, India had developed about 61.5 
million hectares (ha) of the 113 •., million ha of "irrigation poten
tial·· (area irrigated times cropping intensity). Surface irrigation 
accounts for over two thirds of this ultimate potential, and for about 
60 percent of the potential developed thus far. USAID's irrigation 
a6uistance has concentrated thus far on surface irrigation, since the 
problems in surface irrigation development (in India as elsewhere) 
are especially challenging. Groundwater irrigation g~nerally in
vol ves wells controlled by an individual farmer or small group of 
farmers and provides wa ter for a small area. Wa ter supply and use 
caD be regula ted rela t1 vely easily, and wa ter use efficiencies as 
well as crop productivity levels are generally high. Surface irriga
tion, on the other hand, involves the management of larger and more 
complex systems, and water use efficiencies (the proportion of the 
water diverted from its source that actually reaches the plant) have 
generally been low (i.e., in the 25-30 percent range rather than the 
50-55 percent range anticipated). Crop productivity under surface 
irrigation is often correspondingly low. Unless the efficiency of 
both existing and new surface irrigation systems rises closer to its 
potential, the prospects for achieving India's food production growth 
targets are poor. 

l're supply and use of water in surface irrigation systems 
may be regarded as two distinct parts: the system of reservoirs and 
canals built by the state irrigation departments, extending down to 
an outlet covering an area ranging up to 200 ha, but often averaging 
40 ha; and the area below the "public outlet," where farmers are 
responsible for distributing water among themselves to reach their 
fields. In most states the Agriculture Department is responsible for 
assisting farmers in constructing the necessary field channels below 
tl~ outlet and adopting the practices appropriate to irrigated 
agriculture. In the past decade tt.e problems of irrigation water 
management in both parts of the system have received a great deal of 
attention from the GOl and otlerc. Given tl~ complexities character
izing the interactions among technical, biological, administrative 
and social systems in surface irrigation, the constraints to improved 
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water management and increased irrigation efficiencies are numerous 
and varied. However, the basic problem is that too few farmers in 
surface systems receive adequate supplies of water from the public 
outlet with the degrees ot reliability necessary to make it attrac
tive to srdft to scientific intensive agriculture. 

At the technical level, designs are often inadequately 
adapted to site conditions and do not include the control structures 
required for precise management of water flows within the main sys
tem. Little data is available on actual system performances. Below 
the outlet, tecJll1ical gUidance for construction and maintenance of 
field channels and drainage works by farmers or contractors is not 
generally available; irrigation departments feel trat tteir technical 
responsibilities end at the outlet,. and agriculture departments do 
not have sufficient staff trained in on-farm irrigation development. 
'this bifurcation of bureaucratic responsibility also reaults in a 
fragmented understanding of irrigation and related farming system 
problems and poor coordination between irrigation activities and 
complementary agricultural activities such as extension, input supply 
and marketing. These institutional shortcomings are compounderl h" 
the failure of public sector agencies to involve farmC' ':s in ass" .. ~ug 

and solVing system problems, and by the absence of prf.vate sector 
alternatives to complement or perhaps compete wi th public sector 
irrigation services. 

Tt~ GOI recognizes tl~ need for qualitative improvements in 
irrigation as well as continued system expansion, and J~s introduced 
several reforms. In order to deal with tl~ issue of coordination 
between irrigation and agriculture departments in addreElsing water 
use problems below the outlet, the GOl introduced tr~ (;olDlDand Area 
Development (CAD) program tor major irrigation projects. More 
recently, tbe GOl reduced the size of the block ("chak") to be served 
by each public outlet from 40 ha to 8 l~, thus reducing the magnitude 
and complexity of tt~ task facing farmers in field channel construc
tion. The GOI is also encouraging the introduction of the rotational 
water supply (RWS) or "warabundi" systems of northwestern India 
(Punjab, Haryana and western Uttar Pradesh) to surface irrigation 
systems throughout India. Under tids system, each farmer witMna 
block receives an amount of water proportional to his holding, 
according to a predetermined schedule wtdcll is strictly followed. 
This system tas the advantage of administratively established scarcity 

*Until 1~80, the GOM was responsible for completing the distribution 
system to the 40 hectare outlet. Further work of constructing 
field channels was left to the irrigators. Since 1980, the GOM 
has had responsibility for completion of field channels up to the 
8 tectare block. 
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as well as predictability, and encourages efficient water supply and 
use. Ihis contrasts sharply with surface systems prevalent 
elsewhere in India, which generally have no organized procedure for 
water distribution among outlets or below the outlet. In addition, 
the Sixth Five Year Plan called for increased emphasis on 1) 
analysis of water losses 'In various parts of the system and 
development of appropriate corrective measures; 2) coordinated use 
("conjunctive use") of surface and groundwater sources; 3) higher 
water charges; 4) improved monitoring af system performance; 5) 
irrigation research by agricultural universities; and 6) training of 
irrigation staff in efficient operation of completed systems. 

AlD shares the GOI's object!ves of increased food produc
tion and rural employment through irrigation development. Limited 
resource availabilities, however, dictate that AID concentrate its 
efforts on selected aspects of the GOI's irrigation development pro
gram. Within that program, returns to efforts to increase efficien
cies on existing and new surface irrigation systems are likely to be 
especially idgh, since efficiencies with current designs and manage
ment approaches :ire quite low, as noted above. I'tAls USAID's sub
sector goal i~ to assist the GOI and selected states to bring about 
a gradual rise in overall surface irrigation efficiencies, from 
permps 25-35 percent at present to 50-,5,) percent on a significant 
number of aystems by the year 2000. Improving efficiencies at this 
rate will require continuous improvements in water management tl~ough 

s ta te-level 1mplementa lion of policy reforms, mobiliza tion of the 
creative energies of farmers and private sector suppliers of irriga
tion expertise and services, adoption of better technical solutions 
to problems of water supply and use in surface irrigation systems, 
and a reorientation of the irrigation establisbnent toward more 
systematic management approaches to problems. Establishing the 
human resource base to bring about long-term changes of this 
magnitude affecting tens of millions of hectares of irrigated land 
in many states will in turn req\\ire a sustained program of water 
management training for professionals and farmers, based on the 
design, construction and operation of actual systems. ~tds implies 
a package of AID inputs combining investments in construction of new 
or rehabilitated irrigation systems with technical collaboration and 
training, all focused on ti~ four strategy elements of policy reform, 
private sector mobilization, research and technology development, and 
institutional reorientation. Given tite scale and construction times 
of l:lurface irrigation projects in the "major" category, AID must 
limit itself to direct involvement with medium and minor surface ir
rigation; similarly, AID cannot work directly with more than a 
limited number of India's states at anyone time. 

Ihe approved assistance strategy for AID support. of GOl and 
state irrigation development efforts covers a portfolio of five ex
isting projects and three projects sci~duled for authorization in FY 



- 12 

19&4 or FY 1985 (one of which, Rajasthan CAD, will probably be an 
amendment to an existing project). The five existing projects are 
the three state madium irrigation projects (Gujarat, Rajasthan and 
Maharashtra), the one state minor irrigation project (Madhya 
Pradesh), and the Irrigation Management and Training (IM&T) project. 
The IM&T proje<".t supports irrigation studies and training in the 
four above states and in Tamil Nadu (as well as similar efforts at 
the center), and is the "core" project for AID's irrigation assis
tance in India. The Hill Areas Land and Water Development and Maha
rashtra Minor Irrigation projects proposed for FY 1984 add two more 
minor irrigation programs to the portfolio, and each provides im
portant new opportunities to work with state governments on key tecir 
nical and institutional problems in irrigation. Tt~ Rajastr~n Com
mand Area Development (CAD) amendment proposed for FY 1985 will ex
tend the CAD approach (wldch has heretofore been confined to "major" 
projects) to medium irrigation. 

USAID is not proposing any irrigation projects tor autho
rization in l"Y 1986. AID assistance to irrigation development for 
the period FY 1987 and beyond will be the subject of an assessment 
to be carried out by outside irrigation experts in la te FY " ' .. 
This assessment will review experience thus far ·.ndnr existing 
projects, analyze prospects for progress with respeet t,. ·28ch of tl~ 

four strategy elements, and recommend future Glr~ctions for co
llaboration between AID~ the GOI, and the states in l~lping irriga
tion realize its outstanding potential contribution to accelerated 
agricultural growth and rural poverty alleviation. 

2. Opportunities in Mal~rashtra 

The state of Maharashtra covers an area of 30.8 m111ion 
hectares and has a population of approximately 62.8 m111ion people, 
making it India's third largest state in terms of land area and 
population. In terms of population, Maharashtra ranks as the fourth 
largest recipient of A.I.D. development assistance, behind India 
itself, Indonesia, and Bangladesh. Although Maharashtra is India's 
most industrialized state, two thirds of tl~ labor force are 
employed in agriculture. 

During the period of 1960-61 to 1978-79 Maharashtra had an 
average annual growth rate of 1.77 percent in foodgrain production. 
This was well below tl~ all-India average, coming far closer to the 
low of 1.19 percent in Orissa than to the high of 8.01 percent in 
the Punjab. Moreover, during the same period, the average popula
tion growth rate of 2.19 percent per annum outstripped the foodgrain 
production growth rate, resulting in a substantial foodgrain deficit. 
In 1981-82, Maharashtra accounted for 11 percent of India's area 
under foodgrain cultivation and 34 percent of its cotton area. Yet, 
foodgrain production was only 8 percent of the national total and 
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cotton only 19 percent. Tt~ average cropping intensity of 107 per
cent is one of the lowest in India. Given the concentration of rain
fall during the short monsoon season and the scarcity of rainfall in 
many regions of the state, the intensity of cultivation in Maha
rashtra cannot be significantly increased without irrigation. 

currently of the 22.7 million hectares of cultivable land 
in Haharashtra, 1.9 million. hectares or about 8 percent are irri
gated. A 1962 government survey indicated that if all water re
sources were developed, seven million hectares or about 30 percent 
of the arable land would be under irrigation. More recent estimates 
of ground water supply may expand the total to over eight million 
hectares. 

As indicated above there is considerable scope for improv
ing agricultural production in Maharashtra and for increasing the 
number of irrigated hecterp.s. Moreovf.!r, the institutional climate 
in the state is such that Util'.lD believes it possible to have a sub
stantial impact on the Agency o~jectives of technology transfer, in
stitutional development, policy dialogue, and private sector initia
tive. 

Technology Transfer: The GOM has a high interest in quali
tative improvement as well as quantitative expansion in its irriga
tion sector and has repeatedly shown itself open to considering 
changes that hold promise for increased productivity of land and 
water. 1n dealing with the Irrigation and Agriculture Departmenta, 
both USAID and the World Bank have been impressed with their Willing
ness to consider new ideas objectively and accept or reject them on 
the merits. Under this project, irrigation practices not yet widely 
applied in Maharashtra will be tested and demonstrated on 90 AID
financed schemes. There are 30 districts in Maharashtra and USAID 
intends to finance at least one scheme Is each district in order to 
involve all climatic zones and ensure tl~ widest possible dissemina
tion of technology and approach. Also, new designs and analytical 
procedures for minor irrigation schemes will be developed taking 
joint Indo-U.S. experience into account. Indo-U.S. collaboration 
will be fostered through study tours, jointly sponsored workshops, 
and u.S. and Indian technical assi~tance. 

Insti tutional Development: Both the Irrigation Department 
and the Agriculture Department have an active intere~t in increasing 
the effectiveness and efficiency of their programs. Mai~rashtra has 
been in the vanguard of analyzing deficiencies in irrigatio~ systems 
and moving decisively to address those problems. Tie state's irriga
tion commission published a report identifying the clJronic pl:oblems 
associated with irrigation a decade before the All Indian Commission 
undertook a similar exercise. When the GOI introduced the concept 
of Command Area Development, the GOM rapidly adopted the idea and 
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created CAD authorities to enhance coordination between irrigation 
programs and agricultural support services. More recently, the GOM 
has begun a major in-service training program geared toward familiar
izing officials with the perspective from the farmers field up as op
posed to that from the reservoir down. Toward this end, the Water 
and Land Management Institute (WALMI), established in Aurangabad with 
World Bank assistance and supported under the AID financed Irrigation 
Management and Training Project, has become the prototype for similar 
institutions in several other Indian states. 

Institutional development is a primary tl~ust of this proj
ect. Activities set forth in the project description are designed 
to enhance the government's grasp of the teclmical, managerial, and 
social problems that exist in the irrigation sector and develop the 
capability to address those problems in an efficient, economical, 
equitable manner. Organizations to receive attention under the proj
ect include the Irrigation Department, tile Agriculture 1Jepartmeut, 
the Groundwater Survey and Development Agency and selected agricul
tural universities. Less formal and non-governmental associations 
of farmers and community institutions will be identified, engaged. 
and nurtured. 

Policy Dialogue: :t'tle history of active pUbl1 ',:.:Ltor in
vol vement in irrigation development reaches back to .. ue IH76 famine 
fund. At that time, irrigation was seen as a meaUb to ensuring the 
availability of water during periods of drought wi tl! the driving 
objective being to stablize rather than increase foodgrain produc
tion. Many of Ule existing policies and practices can be directly 
traced to that early objective of assuring foodgrain production. 
One of the most obvious examples i6 tile government policy of design
ing minor irrigation reservoirs on the basis of 50 percent reliabil
ity. AnoUler example is the policy ot controlling the types of crops 
grown with surface irrigation water and exercising that control to 
favor the production ot food grains over the production of cash 
crops. This policy has induced many farmers with adequate capital 
to invest in wells and lift schemes and use tile publicly controlled 
surface water selectively, aE; a complement to their own reliable, 
unfettered source of water. Pilot ac.tivities will demonstrate the 
impact of alternative policies in regard to optimal sizing of res
ervoirs, farmer determination of cropping patterns, and other 
issues. The conjunctive use of groundwater will be stUdied to help 
the GOM identify policies that will promote the equitable distribu
tion of the benefits of conjunctive use. Other pilot activities, 
etudies, and diagnostic analyses will be undertaken to assist the 
GOM explore its policy options and assess the impact that various 
policies have or could have. Professional development ac tivi ties 
will alao enhance the GOM's capability to identify and absess policy 
options. Finally, USAID and tile teclmical assistance team will 
maintain the dialogue wldch began with the GOM during the project 
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design stage on all aspects of irrigation policy, procedures, and 
practices. 

Private Sector Initiative: Irrigation projects represent 
an investment in India's most important small businessman, tl~ far
mer. By helping him to gain access to a reliable water resource, 
this project will enable the farmer to maximize the efficiency of lds 
land and labor resources and thus increase the productivity and pro
fitablityof his enterprise. The project also supports the formation 
of water user associations and, through them, the "privatization" o~ 

public functions. Local private sector construction contractors will 
benefit not only from the increased demand the project will create 
for their services but from tl~ opportunity the project affords them 
to upgrade their technical skills and increase their familiarity with 
improved construction practices. l'he experience and expertise of 
PVOs may be drawn upon to participate in several of tl~ studies and 
pilot activities supported under the project. 

In addition to the opportunities it holds for technology 
transfer, institutional development, policy dialogue, and private 
sector initiative, Maharashtra has a demonstrated commitment to al
leviating rural proverty. In tids campaign, the Government has es
tablished two fronts. The first is an effort to extend irrigation 
and introduce new agricultural technology to areas most vulnerable 
to drougllt, often by-passing areas which offer a potentially higher 
financial return to do ao. Tt~ second is a bold program guaranteeing 
work to all those who seek it called the Employment Guarantee Scheme 
(EGS). By 1977, this program had created an estimated 390,000 person 
years of employment for adults at the base of the socio-economic 
pyramid --- tl~ landless, the unskilled, women, tribals, and those 
of set~duled castes. Included in this program is the construction 
of irrigation tanks and tt~ir distribution networks. 

Minor irrigation projects in particular have a positive 
impact on equity. They focus activity in remote areas of the upper 
reaches of the watershed were, because of poor land conditions and 
limited water availability, farmers tend to be on the bottom rung of 
the socio-economic ladder. Often, the beneficiaries are tribals or 
members of the scheduled castes. Moreover, the benefits of minor 
irrigation are realized in a relatively short time. A generation of 
farmers may pass from the scene in tt~ time elapsed between the pre
para tion of a blueprint for a major dam and the first release of 
water. For minor schemes, the gestation period is only three to 
five years. Relative to major and medium schemes, minor irrigation 
schemes offer more scope for innovative and user oriented design and 
provide greater opportunity for operation and management by users. 
While canals for the larger setJemes traverse many communi ties, in
habited by Villagers who do not know or trust one another, the scale 
of minor projects is such that participants have long-established 
patterns of interaction. 
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This project will develop direct linkages with the special 
studies and training programs currently being implemented in Mshara
shtra under the Maharashtra Irrigation Technology and Management 
(MlT&M) Project (38ti-048l) ana th~ !rt'igation Management Rnd Train
ing (lM&T) Project (3136-0484). The stud;'.es and pilots pruposed under 
this project complement tlwse being carried out under the above two 
projects. A concerted effort will be made to ensure that tt~ results 
are applied to both state specific irrigation projects and transfer
red through the Technology Transfer Unit being established under the 
IM&! Project. For example tl~ groundwater studies recommended by the 
Msbarashtra Minor design team will be incorporated in the proposed 
groundwater utilization and water balance studies being carried out 
under the MlT&M Project. Tl~ training workst~ps proposed under both 
irrigation projects will be combined whenever appropriate. In addi
tion it is proposed tt~t some of the training activities be carried 
out at WALMI or that WALM~ provide trainers tor the on-site worksl~ps 

to ensure that there is unitormity ana consistency in the approaches 
and technologies recommended. WALMI is receiving AID support under 
the 1M&T Project. Other agencies such as the engineering staff col
lege of the GOM and the agricultural universities will also provlrl" 
training support. 

3. Other Donor Activities in Maharashtra 

Wi tb two active loans totaling $280 million, tbe World Bank 
is Maharaslttra's largest single donor in the irrigation sector. The 
Bank. 's projects concentrate on the construction of major irrigation 
projects, the modernization of roads in the command areas of tl~ 

projects, and the provision of vehicles and equipment reqUired In 
relation to the projects. With a contribution of $50 million the 
International Fund for Agricultural Development is collaborating 
with the Bank on one of its projects. Total Bank Bnd 1FAD support 
will bring approximately 620,000 hectares of land under irrigation. 

lJuder the Bank's projects, support is also being provided 
to the Water and Land Management Institute (WALML) located near 
Aurangabad. USAID is working closely wit h the World Bank and the 
GUM under the Irrigation Management and Training Project to expand 
WALMI's capabilities and to develop a curriculum at WALMI tl~t 

promotes water management concepts and communication among irriga
tion officials, agriculture officials, and farmers. 

c. Project Description 

1. Sector Goal and Purpose 

USAID's goal in the irrigation sector is to increase food 
production and rural employment. 
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Tl~ purpose of this project is to increase irrigation 
efficiency in Haharashtra by improving the management and physical 
infrastructure of irrigation systems and by improving the 
distribution, application, and utilization of water below tl~ public 
outlet. 

2. Project Componen~ 

a. Construction and Rehabilitation of Irrigation Schemes 

The project will support the construction of an esti 
mated ninety new minor irrigation schemes, bringia~ approximately 
31,000 additional hectares of land under irrigation. Twelve existing 
scl~mes will be renovated. Each scl~me represents an opportunity to 
inculcate tt~ value of improved design criteria, iucreased user par
ticipation, and increased coordination among the various relevant or
ganizations. Design standards for A.loD.-financed schemes can be 
found in tl~ technical analysis. All scl~mes will be equipped to 
measure daily wind run, solar radiation, minimum and maximum daily 
temperatures, rainfall, relative humidity, evaporation, and the 
water levels of tanks. Two demonstration cooks will be established 
on each 3cheme to exposp farmers to tested land development and 
water utilization practices. Village extension workers and subject 
matter specialists will be assigned to each A.loD.-financed scheme 
as appropriate to assist farmers in organizing outlet committees and 
to impart to farmers an understanding of water management principles. 
Eight of the new scl~mes and all of the rehabilitated schemes will 
serve as sites for studies and pilot activities. Twelve schemes will 
be selected for diagnostic analyses case studies. 

b. Institutional Development 

Under tlds component, AID will ,support studies, pilot 
acti vi ties, and training to enbance the knowledge and skills of 
individuals with a role in irrigation development and an institu
tional reor~an1zation and tl~ establishment of a computer data 
management competency to enbance tl~ capabilities of institutions 
with a role in irrigation development. 

1.) Studies and Pilot Activities 

To acquire a better understanding of water manage
ment issues and to test proposed solutioIls to tt~ problems identi 
fied, AID will grant finance a number of studies and pilot activi
ties. Several of the studies will be exercises in the collection 
and analysis of data, including baseline data. Twelve will be 10ng
term case studies of existing scl~mes designed to identify con
straints to irr1gation efficiency. 1'1~ case studies will employ the 
diagnostic analysis approacll whereby a comprehend ve interdiscipli 
nary analysis is undertaken on an operational irrigation system. An 
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underlying assumption 1s tllSt known technical problems are often 
symptoms of more fundamental problems embedded in the institutional 
and social fabric and that solutions will have to include institll
tiunal as well as teclmical modifications while taking social issues 
into consideration. 

Recognizing the tremendous cost of operating and maintain
ing irrigation schemes in terms of manpower and fiI~ncial resources, 
the Government of Maharashtra is interested in exploring ways of 
shifting these responsibilities over to farmer organizations. Tt~re 

exist a few long-standing farmer group-managed irrigation systems in 
Maharashtra, but, very little information is available on how and 
why these systems work. The project will finance a study to deter
mine the manacement elements which could be applicable to publicly 
owned irrigation schemes. 

An illustrative list of the types of topics on which the 
project will support other studies includes farmer participation ot! 
government financed schemes, the effectiveness of different water 
allocation systems, rate of silt load accumulation, the optima' 
sizing of the reservoir and command a:r~aJ and the cOt-"~ of spri _t'< 

systems as opposed to tt~ cost of land leveling and btupln~. 

Pilot act! vi ties will be laun,.hed on selecterl sd~mes to 
test the recommendations of studies financed under the Irrigetion 
Management and Training Project, the Maharashtra Irrigation l'edmo
logy ana Management Project, and this project. In addition, several 
pilots proposed by the project design team have been approved for 
support by USAID and the GOL 1'llE!se include testing ne,,, technold
gical innovations, e.g., a closed distribution system; experimenting 
with demand scl~duling of irrigation water deliveries; involving far
mers in determining crop mix; involving farmers in construction below 
the outletj introducing catckment treatment interventions; and empha
sizing the inclusion of women in extension programs. to explore ways 
to optimize tl~ conjunti ve use of ground and surface wa ter, pilo t 
activities will be coordinated with pilots supported under the Maha
rashtra Irrigation Technology and Management project. All pilot 
act! vi ties will promote increased farmer participation in the deci
sion making process and increased interaction among irrigation pro
fessionals and farmers. 

Pilot activity planning and monitoring will be the respon
sibility of committees created for each separate pilot activity. 
Leadership of the committee will depend upon the nature of tlte 
activity. For example, an activity testing land development pro
cedures will be led by an official of the agriculture department 
whereas an act! vi ty designed to optimize conjunctive use of water 
will be under the leadersldp of the Groundwater Surveys and Develop
ment Agency. All committees will be interdisciplinary and will 
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include representative& from the relevant government agencies, agri
cultural universities, representatives from other participating or
ganizations, and farmer irrigators. Other participating organiza
tions could include private voluntary organizations. 

To ease the project implementation and monitoring burden, 
the pilot act!vi ties will be concentrated in two of the Maharashtra 
Irrigation Department's six administrative regions. Eight new 
sctemes and ~iO existing sctemes will be involved. About ~O separate 
investigations will be conducted and reported on (some schemes will 
serve as the site for more than one pilot). 

2.) Training 

Short courses, workslDps, and seminars will be spon
sored in India for officials of the Irrigation Department, Agricul
ture Department, and the Groundwater Survey and Development Agency. 
PVOl> , private firms, and the agricultural universities will be in
vi teet to send participants when appropriate. These activities will 
supplement and be coordinated with the larger multi-state profes
sional development program of the Irrigation Management and training 
project. The training will be coordinated by WALMI or by U.S. and 
Indian consultants and will be designed to sharpen the water manage
ment knowledge and skills ot participants and to encourage produc
tive communication among the representatives of the various organiza
tions. An illustrative list of the types of topics that will be 
covered includes computer simulation modeling and information manage
ment; irrigation systems management; field irrigation management; 
diagnosis, prevention, reclamation, and management of soil salinity; 
mettwds for designing and implementing pilot activities; and farmer 
organization models. 

Special workshops, field days, demonstrations, and 
short training sessions will be held for farm families on topics 
such as water management practices, the application of fertilizer 
and pesticides, and land development. The objective of these pro
grams will be to increase the productivity of water, land, and labor, 
and to increase interaction between farmers and irrigation and agri
culture professionals. 

Opportunities for short term training and study 
tours in tt~ U.S. and possibly other Third World countries will also 
be available under the project. In addition to enabling the parti
cipants to acquire topic specific knowledge, these trips will expose 
participants to the strengths and weaknesses of other irrigation sys
tems, l~ighten their awareness of wt~t is being done outside of India 
in the irrigation field, and encourage them to sort through new ideas 
to determine those which can be adopted in India. 
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Following is a summary ot tl~ project's training plan. 

SUMMARY TRAINING PLAN 

Description of Training 

a.	 Short course on computer 
simulation modeling and 
information management 
(Three weeks) 

b.	 Short course on opera
tion of minor irrigation 
model (Four weeks) 

c.	 Short course on irrigation 
system management under 
demand scheduling 
(l'wo weeks) 

d.	 Short course on field ir 
rigation practiceH like 
flow measurt~ment, com
puting and measuring 
crop water requirements, 
and evaluat:Lon ot on-farm 
water managt~ment practices 
(One week) 

e.	 Workshop on irrigation 
methods UD·'·l/pllot; 
AD-2/pilot; farmers-3/ 
pilot) (One week) 

f.	 Planning and layout 
of minors, uater course 
and field cl~nnels (20-10 
day worksllo]?s for 20 
participantli each) 

Target Audience 

Irrigation Department 
5 (state) 

10 (region) 

Agriculture Department - 5 
Groundwater Survey and 

Development Agency - 5 
Uni versi ty - 5 

Irrigation Department - 15 
Agriculture Department - 5 
Groundwater Survey and 

Development Agency - 5 
University - 5 

Irrigation Department 
10 (state) 
30 (region) 

Irrigation Department - 50 
Agriculture ilepartment - 50 
Uni versi ty - 10 

Irrigation Department - 10 
Agriculture Department - 20 
Farmers - 30 
University - 5 

Irrigation Department - 100 
Agriculture Department -300 

Person 
MontJ!S 
of TA 

2 

1 

1 

6 

6 
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Person 
Months 

Description of Training Target Audience of TA 

g.	 Short course on soil fer Agriculture Department - 60 
tility and soil moisture University - 10 
interactions in crop 
yield; as well as diagnosis, 
prevention, reclamation, 
and management of soil 
salinity (2 subject 
matter specialists/ 
district • 60) 
(Two weeks) 

h.	 Train subject matter 30
 
specialists (SMS) in
 
on-farm water management
 
Long-term course at WALMI
 

i.	 Workslx>ps on farmer Irrigation Department - 50 2 
organiza tion Agriculture Department -10 

j.	 Workshops for training Irrigation Department - 30 
trainers for agricultural Agriculture Department -150 
development chaks (30 dis
tricts x 5 Agriculture 
Department and 1 Irrigation 
Department • 180 
(Two weeks) 

k.	 Workslx>p for training Farmers - 1000 
farmers at each scheme 
(10 x 100 schemes) 
(One week) 

1.	 Train field level ex- 100 
tension staff for water 
management (On~ week) 

m.	 Train field level exten- Agriculture Department - 10 
sion staff capable of 
working with and assisting 
female farm operators. 
(10 participants - One week) 

n.	 Train local contractor and 360 3 
Irrigation and Agriculture 
Departments supervisory staff 
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Person 
Months 

Description of Training Target Audience of 'l'A 

in proper construction metl~ds, 

quality control, and so forth, 
pB rUculary in Part I and 
Part II works (J regional 
le vl~l worksoops .. 18 work
s !lOpS X 20 participants Cl 

J60 participants -
One we~k) 

o. Observation tours for Irrigation Department - 20 
mid-level and senior Agriculture Department - 5 
officers in the U.S. 
and other countries to 
observe irrigation 
water management 

J.) Institutional Reorganization 

Within the irrigation establistment of the Govern
ment of Maharashtra, priority is assigned to matters concerning major 
and medium irrigation schemes. 'l'!~ central apparatus set up by the 
state to plan, implement, and monitor minor irrigation scl~mes does 
uot !lave the staU to pertorm satisfactorily all the tasks for whJch 
it is responsible. Its linkages to the operation level are tenuous 
and no mecr~nism is in place to ensure communication within the state 
wide minor irrigation network. To increase the Gmt's capability to 
manage its mino~ irrigation portfolio, this project will strengthen 
one existing unit and form one new committee and eight new units. 
Many of the positions in the new units will be filled by reassigning 
existing staff. 

i. ~Unor Irrigation Committee 

The Hinor lr riga tion Committee will be chaired 
by the Secretary for Irrigation with membership consisting of rep
resentatives from the Irrigation Department, Agricultural Depart
ment, Rural Development Department, Financial Department, Planning 
Department and other agencies as appropriate. The committee will 
provide overall operational guidance and be the final authority for 
the approval of schemes under this project. It will also make re
commendations in regard to budget and staffing requirements. 

ii. Special Appraisal and Supervision Cell 

This cell will be headed by a superintending 
engineer, assisted by two executive engineers, four assistant en
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gineers, one economist, one statiatician, two deputy directors from 
the Agriculture Department, and supporting staff. It will be re
sponsible for: 

preparing appraisal reports of individual minor 
irrigation schemes and forwarding them to the 
Minor Irrigation Committee for approval; 

coordinating the planning and design of minor 
irrigation schemes in accord with project pappr 
criteria; 

moni toring and supervising the implementa tion of 
the project and conducting periodic project 
reviews; 

maintaining a quaJ.ity control program for project 
financed sct~mes; 

maintaining liaison with the implementing 
agencies and USAlD and the GOl; 

developing and monitoring the training program; 

This cell will have three separate units. Two 
units will be responsible· for schemes appraisal/approval, 8upei:vi
sion, and implementation. The other unit will be responsible for 
the training program. 

The superintending engineer of the cell will 
serve as member/secretary of the Minor Irrigation Committee. 

iii. Special Analysis and Evaluation Cell 

This cell will be headed by a superintending en
gineer, assisted by three executive engineers, five deputy engineers, 
two economists, two agronomists, two statisticians, one sociologist, 
and supporting staff. One of the five Regional Cldef Engineers will 
be designated to act as the Coordinating Chief Engineer for the proj
ject and this cell will report to tdm. Three units will be created 
wi t tdn t W.s cell. 

Tl~ Special Studies and Pilots Unit will be 
responsible for: (1) special studies, (2) pilot schemes planning and 
design, including preparation of scheme report, and (3) the twelve 
diagnostic analyses. 

The Hodeling and Data Unit will be responsible 
for: (1) development of the minor irrigation system model, and (2) 
data collection and model application. 



- 24 -


The Monitoring, Evaluation and Survey Unit will 
be responsible for: (1) benclmark and follow-up surveys through con
tracts to the agricultural universities, (2) compilation and scrutiny 
of reports on the studies, pilot activities, evaluation, etc. to be 
sent to GOM/USAID, (3) monitoring of institutional and socio economic 
variables, and (4) preparation of claims for reimbursement. 

iv. Regional Minor Irrigation Cell 

A Regional Minor Irrigation Cell will be created 
in each of the six administrative regions of the Maharashtra Irriga
tion Department. Each cell will be headed by an executive engineer 
assisted by two deputy engineers, two sub-division agricultural of
ficers, four junior engineers and support staff and will be respon
sible to tre Regional Chief Engineer in tbe respect!ve region. The 
cell will be responsible for: 

monitoring project construction and assisting 
regular circles prepare scheme reports; 

monitoring and coordinating soil and topograiJlt" 
surveys, distribution system plar.ning, and .l.aud 

development work on the minor irriga I:ioll schemes 
in tile region; 

data collection and minor irrigation model 
application for preparation of scheme reports; 

quality control on minor irrigation schemes; 

monitoring and evaluation of minor irrigation 
schemes in the region. 

v.	 Existing Circles 

The exis ting circles under the regional chief 
engineer which are currently responsible for planning and construc
tion will construct all of the minor irrigation schemes. The plan
ning and design of pilot scl~mes will be done by the Special Analy
sis and Evalutation Cell. TCle existing circles will plan and design 
all non-pilot schemes, assisted by the Regional Minor Irrigation 
Cells. , 
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4) Computer Data Management Program 

This program will be the responsibility of the Model
ing and Data Unit within the Special Analysis and Evaluation Cell. 
The unit will build a computerized data library and set up an in
formation processing system. It will collect and systemize basic 
hydro-meteorological data from existing and new schemes, groundwater 
profiles, and agricultural land use patterns. A minor irrigation 
model will be developed and two existing schemes having good opera
tional data will be selected from each region to test the model. The 
model will be used to design and analyze each pilot activity and, 
after being fully developed and tested, used on all schemes financed 
under tIe project. Micro computer hardware and software will be pro
vided to each region and to the Special Analysis and Evaluation cell. 

c. Establishment of Hydrological Stationo 

In order to establish a more aCI::urate and extensive hy
drological data base for improved design of all types of irrigation 
projects, the GOM has proposed an instrumentation and data collec
tion program to be financed under the project. Currently empirical 
formulas are used to determine water yields, rainfall/ runoff ratios, 
and other data crucial to irrigation planning. These formulas cannot 
match the accuracy of modern measurement devices in providing data 
required to estimate watersl~d yields, flood flows, and other infor
mation required to calculate design specifications for irrigation 
tanks. The GOM, with the assistance of various donors, intends to 
establish 275 additional hydrological stations throughout the major 
river basins of the State. The stations will be of different grades 
depending on the sophistication of the equipment provided. In addi
tion, micro-computers will be establisled at tt~ headquarters of the 
superintending engineer (Bombay) to facilitate analysis of the data 
for basin-wide studies as well as individual projects. 

Tl~ Grade "A" station will incorporate instrumentation for 
measurements of evaporation and evapotranspiration, temperature, wind 
velocity and direction, sunslune l~urs, humidity, water quality and 
silt load. In addition to ordinary and automatic rain gauges, ar
rangements for discharge measurements with current meter (or floats 
in case of Grade B stations) will be included. Each type of station 
also includes tl~ necessary infrastructure, such as buildings at tt~ 

river gauging sites for operation and maintenance of tl~ station. 

Of the 275 stations, 52 will be financed under this Proj-. 
ject, thirty Grade "A" and twenty two Grade "B" stations. Thirty 
Grade "A" stations are estimated to cost $1.35 million, including 
$30 ,C... j in l"X costs for imported equipment. Twenty-two Grade "B" 
stations are estimated to cost $6S0,OOO, for a total of $2 million. 
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These costs are broken down as follows: $840,000 for equip
ment to be financed under the project (including $30,000 grant fi 
nanced and $810,000 loan financed); $1,070,000 for site preparation 
and buildings to be financed by the GOM; and $90,000 in annual estab
lishment costs for operation and maintenance, also to be financed by 
the GOM. 

3. Project Inputs 

Tte project components will require inputs of tectmical as
sistance, training, construction, specialized equipment, and institu
tional support. The tectmical assistance team, known as the Liaison 
and Coordination Unit (LCU), will be grant financed for approximately 
three years full time and three years at one third time. It will 
consist of appropriate water management specialists and may in1clude 
an expatriate expert. (Tt~ expatriate expert may be required to be 
resident only for the first three years of the project.) Approxi
mately thirty nine person monthB of short term technical assistance 
will be procured to supplement the services of t~ resident t~am. 

The LCU will be responsible for organizing traininr, progran, toll 

India and in the U.S.; assif:lting in the coordinatlO1l, !lJ!plementa
tion, and analysis of the studies and pilot act1 V1tief>; monitoring 
the design and construction of irrigation schemes; and, assisting 
tt~ GOM to establish the units introduced in tt~ project description 
as vigorous and competent entities. GOl/GOM will be consulted for 
tl~ activities described above. 

Training and professional development will also be grant 
financed. In-country this includes procuring the services of in
8tructors, and financing tt~ purchase/lease of training aids and 
training sites. Out of country tlus includes international air fare, 
course tuition or fees, and a per diem allowance. 

Two thirds of the eligible construction cost of each scheme 
will be loan financed by USAID with the remaining third financed by 
the Government of Haharashtra and in-kind contributions by farmers. 
Costs eligible for AlD financing will include construction of head
works, control works, canals, distributaries, water courses, and 
field channels to carry the water to the farmgate. Also eligible 
are drainage works, roads, communication systems necessary for scheme 
construction and operation, civil works for resettlement of reserv01r 
oustees, and other such physical worka a8 may be required to ensure 
effect!ve water storage and efficient conveyance of water to farm 
fields. 

Except for some specialized imported equipment, such at> 
water measuring devices, hydrological data gathering paraphernalia 
and various drip and 8prinkler irrigation equipment, commodities 
will be loan financed. 
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In order to facilitate the early establishment of the in
sti tutional units and the early sanctioning of appropriate staff, 
staff assigned and working on the project in the SASC, the SAEC and 
the RMlCs will be fully loan financed for the first three years of 
the project. Village extension workers and subject matter special
iots will be fully loan financed for the first four years. Subse
quently, the GOM will be fully responsible for all staff costs. 

4. Project Outputs 

The project will have both physical and non-physical out
puts. Tl~ physical outputs will include 90 newly constructed irriga
tion sct~mes; 12 ~ehabilitated sct~mes, 1500 trained irrigation pro
fessionals; 1000 trained farmers; 6 completed studies; 12 completed 
diagnostic analyses; 30 completed pilot activities; 4 sets of base
line and follow-up surveys; and 5Z hydrological stations. 

rl~ primary non-pl~sical output will be the increased 
productivity of irrigation water. Contributing to the increased 
productivity will be well designed and constructed minor irrigation 
schemes; improved distribution, application, and utilization of 
water; improved communication and cooperation among irrigation and 
agricultural officials, agricultural universities, and farmers; im
proved information systems and capability to react to feedback; en
hanced awareness of the factors contributing to inefficient use of 
water resources and an increased understanding of the technical, 
managerial, and sociological measures too t can be taken to improve 
scheme performance; increased farmer participation in planning sys
tems, determining tDW water is allocated, and maintaining watercourse 
channels; and increased understanding of water management principles 
among farmers. 

Other project outputs include increased employment 
opportunities and higher incomes. 

IV. Implementation Plan 

A. GOI/GOM Implementation Arrangements 

1. Planning and Budgeting 

The Irrigation Department of the State of Maharashtra de
velops a five year plan for surface irrigation that is adjusted each 
budget year. Tl~ plan, wtdch includes a minor irrigation component, 
is reviewed by the State Planning Department and concurred with by 
the GOl Planning Commission. Once GOI concurrence is received, the 
State Irrigation Department proceeds witl, detailed project develop
ment. 
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During the current five year plan (1~60-85), tt~ Irrigation 
Department is constructing 437 new minor irrigation sct~mes at a cost 
of Rs.2,622,OOO,OOO (approximately $245 million). The Seventh Five 
Year Plan (1985-1990) calls for the construction of 843 new minor ir 
rigation schemes at a cost of Rs.5,lOO,OOO,OOO (approximately $476 
million). Under this proJect approximately 90 minor irrigation 
schemes will be constructed at a cost of approximately $77.8 million. 
Of that total, A.I.D. will provide $42 million. The COM Irrigation 
and Agriculture Departments will provide tt~ remaining required funds 
wldch approximately total the equivalent of $35.6 million. In addi
tion, the Agriculture Department will contribute $3.5 million for 
Part II works and ensure that these works are completed on project 
financed schemes. 

The GOH will contribute $2.6 million and AID $4 million in 
loan funds for catchment treatment, hydrologic equipment and instal
lations, and special staff. AlD will prOVide $4 million in grant 
funds (see Financial Plan for details.) 

2. Scheme Design and Appraisal 

Scheme design will be the immediate responsibility of the 
execut1ve eng1ne~~r in the appropria te regional circle and will be 
completed only after extensive soil and topographical surveys have 
been prepared and discussions with farmers regarding channel layout 
1.ave been held. Once a design has been comple ted and a sc heme re
port prepared, an appraisal report will be prepared by the Special 
Appraisal and Sup~rvision Cell. The appraisal report will be for
warded to the Hino~ Irrigation Committee wldch will review the report 
to ensure that the design is sound and that project criteria estab
lished in Volume II of this project paper have been met. Summaries 
of approved appraiual reports will be sent to USAID. 

3. Scheme Implementation 

The Irrigation Department will be responsible for construc
tion of civil works down to the forty hec tare block. Oversight of 
construction activities will be done by the supervising engineer and 
the executive engineer. A deputy engineer will be charged with im
plementing the construction activities. He will be assisted by five 
junior engineers. Contractors will be hired on a compeUtive basis 
to do the actual construction work. It is estimated that construc
tion will be initiated on twenty sctemes the first year of the pro
ject, forty schemes the second year of the project, and thirty 
schemes the third year of the project. 

Tie Agricul tural Department will be responsible for con
structing all irrigation and drainage works from the forty hectare 
block to the farm gate (Part 1 works) and for individual on-farm 
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development which includes land leveling and shaping (Part II works). 
A Sub-Divisional Soil Gonservation Officer will supervise construc
tion of the Part I and Part II works in each Sub-Division of a dis
trict. He will be assisted by five agriculture supervisors and 25 
agriculture assistants. Actual construction work will be a accomp
lisl~d by contractors hired on a competitive basis and farmers. An 
extension agent from the Agriculture Department will be assigned to 
each scheme, as appropriate, at least two years before the scheduled 
release of water to promote water user organizations and to familiar
ize farmers with irrigation tectmology. 

4. Water Allocation and Management 

On mo~t canal irrigation systems, the distribution of 
water is permissive and offers enormous scope for improvement. Very 
often water is allowed to flow continuously without rotation. Head
reachers then receive too much water and tailenders too little, if 
any at all. Tt~ essence of water allocation and management then is 
probably to be found in water distribution. General principles for 
allocating water amongst farmers are set forth tn the Maharashtra 
Irrigation Act of 1976. These provide ttat i~rigators desiring 
water service must make application in advance. The applications 
are approved on the basis of proposed crop mix and are subject to 
the availability of water. An even more ambitious scheme to get at 
the issue of water distribution is found in attempts to introduce 
water allocation systems which gv~rantee water in respect to a given 
volume to be supplied at a preestablished time. The rotational water 
system which minor irrigation systems financed under this project 
will follow is such a system. The process of introducing the rota
tional water system, including calculations of the rights of each 
farmer, the erection of a board at the outlet showing entitlements, 
and the installation at the outlet of a measuring device which 
farmers can monitor, will raise awareness and strengthen demands for 
water on the part of farmer groups; and this in turn is likely to 
encourage improved main system water distribution. 

A program to accelerate groundwater use will be developed 
by the GOM. 

5. Staffing Implications for GOM 

Eight full time special units requiring the creation of 81 
new positions will be established under this project to strengthen 
tt~ minor irrigation program of the GOM. The Special Appraisal and 
Supervision ~ell calls for eleven professionals, the Special Analy
si~ and Evaluation Cell calls for sixteen professionals, and each of 
the six Regional Minor Irrigation Cells calls for nine professionals. 
Tl~ GOM actively participated in determining the staffing and respon
sibilities of these cells and fully concurs that they are necessary 
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to the success of the project. The Agriculture Department will 
assign a village extension worker (VBW) to each A.I.D. financed 
scheme, as appropriate, and a Subject Matter Specialist (SMS) in 
Water Management to each district with an A.I.D. financed scheme. 

The Irrigation Department organizes sub-divisions consist
ing of one deputy engineer, five junior engineers, clerks, and other 
staff for tl~ construction of irrigation schemes. TIds project will 
require 327 sub-division years for construction and 23 sub-division 
years for planning and design to complete the project supported 
schemes. Ten new planning divtsions and 101 new construction sub
divisions will be established. 

The Agriculture Department organizes bub-divisions consist
ing of 1 sub-divisional soil conservation officer, 5 agricultural 
supervisors, and 25 agricultural assistants. The project will re
quire about 41 sub-division years to complete Part 1 and Part II 
works assuming completion of 750 hectares per sub-division year. 
Thirteen new sub-divisions will be establisbed. The Agriculture 
Department may, in some instances, contract with private firms t" 
assist in the survey and/or constructioll process. 

B. USAID Implementation Arrangements 

1. Project Responsibi~~ties 

USAID/India has designated a Project Officer who will be 
responsible for the overall management and implementation of this 
project and the Maharashtra Irrigation Teetmology and Management 
project. He will ensure that activities under the two projects and 
the portion of the Irrigation Management and Training Project operat
ing in Maharashtra are coordinated and, wl~n possible, will maximize 
the resources under each project to benefit the others. He will be 
assisted by mission staff as required. The Project Committee wi th 
representatives of all relevant USAID offices, will assist, as appro
priate, in implementing required USAID actions. 

At the field level, a Liaison and Coordination Unit (LeU) 
will be created. This unit will be headed by an appropriate senior 
irrigation specialist. It will be responsible for consulting and 
working with the GOM in the implementation of all project activities 
at the field level. It will spend about half ot its work time on 
technical assistance activities related to the various pilot investi
gations, studies, and training programs. The other half will be 
devoted to monitoring and assisting in the implementation of the 
planning, design, construction, operation, maintenance, and on-farm 
water and land management of tl~ 90 AID supported ir.rigation schemes. 
Tl~ L~U will also assist the GOM, as required, in the implementation 
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of the activities being carried out under tt~ Maharashtra Irrigation 
Technology and Management Project. The unit will be required full 
time for the first three years of the project and one-third time 
during the last three years. 

USAID will make the necessary grant funds available to the 
Water Management Synthesis 11 Project (WMSP) for the recruitment and 
support of tt~ Leu. Requirements include 36 person months of resi
dent expa tria te assis tance, 140 person months of long-term Indian 
assistance, and 39 person months of short term expatriate assistance 
(see Annex 2 for Scope of Work). For several reasons, USAID intends 
to tap WMSP to provide the technical assistance for all of its state 
specific irrigation projects.* ~irst, USAID hopes to build a lasting 
relationship between the Indian irrigation establislment and the uni
versities involved with WMSP. This relationship, which promises to 
benefit both parties, is still in an embryonic stage, and requires 
extensive and continuous contact in order to grow. Second, the use 
of one contractor eases what could prove to be a formidable coordina
tion problem, given the size of USAID's irrigation portfolio. Under 
tl~ WMSP scenario, consultants' time can be used more efficiently and 
can be more easily split between different projects. Plus the con
trac tor can help USAID guard agains t collec ting a group of indivi
duals whose skills are redundant ratt~r than complementary. Third, 
it is useful to I~ve a core group of individuals become as familiar 
as possible witl! the irrigation sector in India, including its 
strengths, weakness, and key actors. Tids heightens their efficiency 
and increases the likelihood that the same lessons will not have to 
be learned over and over again. Finally, and probably most obvious
ly, this saves the mission approximately 12 to 18 months in contract
ing lead time. With the WHSP, consultants can be brought out imme
diately to begin implementation and momentum gained during project 
design can be maintained. 

2. Management of Irrigation Portfolio 

By la te FY 1984, USAID' s Officer of Irriga tion Management 
(IRR) will have under implementation, the Irrigation Management and 
Training Project and five state specific projects. To manage these 
projects and design future projects, IRR will have a staff of three 
U.S. direct hire, one J"oint career Corps appointee, two Indian direct 

*Tecimical and professional services for the Irrigation Management 
and Training Project will be acquired separately through the 
competitive procurement process. 
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hire, four full time Indian PS~s, and two part time Indian PS~s. Of 
the total planned staff of twelve professionals (one full time Indian 
PSC yet to be recruited), f1 ve will be project officers and seven 
will form a technical resource pool available to assist in the imple
mentation and monitoring of all six projects. Tl~ Irrigation Manage
ment and Training Project will be managed by a U.S. direct hire with 
assistance from 3 indi viduals from the resource pool. Each of tl~ 

state specific projects will be managed by an Indian employee. Train
ing, special studies, and pilot activities are common to all tl~ pro
jects. To ensure maximum coordination, one FSN-PS~ l~s been assigned 
respollsibility for training under tl~ Irrigation Management and 
Training Project and will coordinate those training activities with 
the training in the state specific projects. Similarly, an FSN-PSC 
has been assigned rl~sponsibllity for action research and special 
studies under the Irrigation Management and Training project and will 
coordinate tl~ similar activities under tl~ state specific projects. 

The Office of Irrigation Management l~s technical expertise 
in the areas of irrigation management, on-farm development, socio
logy, extension, training, irrigation engineering, and construction 
quality control. Expertise in economIcs, contracting, procureme d , 

and voucher processing is available 1n other USAID off ices. 

C. Preliminary ~alendar of Project Activities 

1. Pre-Implementation Pr~se: 

Tentative selection of ~O possible minor irrigation 
schemes for support under the project and 12 existing 
minor irrigation schemes for basic data collection. 

Identification of individuals ~nd creation of positions 
to serve on the Hl~, SAS~, SAEC AND RMICs. 

Create positions required by tl~ Agriculture Department 
for topograpldcal surveying and water distribution/ 
drainage design units. 

Prepare project reports for first eight minor 
irrigation schemes. 

l. Implementation Phase (if signing of Project Agreement is 
delayed project implementation scl~dule will slip accordingly.) 

July 1984:	 GOl and USAID sign Project Agreement 
WMS Project begins recruitment of liaison staff 

August: USAID issues PIL No. 1 
GOM identifies 12 on-g01ng schemes, begins' 
data collection 



September: 

October: 

November: 

lJecember: 

January 
1985: 

lo'e bruary: 

March: 

April: 
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SASe finalizes project reports for first ten 
MISs to serve as model 

. General work plans are developed for the 
special studies, training activi ties, and 
pilots with TDY assistance 

Conditions Precedent to first disbursement met 
USAID and SAS(; review the first 10 model MISs 
and SAse finalize appraisal reports 

MIe approves first 10' MISs (10) 
SAse finalizes project reports for additiol'lal 
10 MISs 
Liaison team leader arrives 
Initiate literature review on organizing 
farmers 

USAID and SAS(; review additional 10 MISs and 
SAS(; finalizes appraisal reports 
Begin development of detailed scope of work 
for each of the special studies, pilots and 
in-country training workshops 
(;onstruction of first 10 MISs commences (10) 

~ue approve additional 10 MISs (20) 
SASC finalizes project reports for another 10 
MISs 

USAID and SASe review 10 MISs and SASe 
prepares appraisal summary reports 
Finalize scope of work for special studies 
Local training/workshop begins 
(;onstruction on additional 10 MISs commences 
(20) 

MlC approves additional 10 MISs (30) 
SASe finalizes project reports for additional 
10 MISs 
Begin design of pilot schemes 

USAID and SASC review 5 MISs and SASC prepares 
appraisal summary reports for additional 10 
MISs 
AID commences detailed topographic surveys on 
3U MISs and initiatiea working with farmers to 
help them plan for water use and on-farm 
improvements 
VEW's posted to first 30 schemes (30) 
Construction on additional 10 MISs commences 
(30)
 
Special studies commence
 



May: 

June: 

July: 

August: 

Fall 1985: 

Winter 
1985: 

Summer 
1986: 

Fall 1986: 
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MIe approves additional 10 NISs (40) 
SASC finalize project reports for next 10 MISs 
Report on organizing irrigators complete 

USAID and SASe review 2 MISs sad SASC prepares 
appraiaal summary reports for additional 10 
MISs 
eonstruct:Lon on additional 10 MISs commences 
(40)
 
Pilot project feaoibility reports completed,
 
reviewed and decision taken on the proposed
 
pilot activities
 

MIC approves additional 10 MISs (50)
 
SASC finalizes project reports of next 10 MISs
 

Workshops on irrigator organization 

MIC approves appraisal reports on 20 MISs (70) 
Construction commences on additional 20 MISs 
(60) 
SAse completes project reports lor next 20 MISs 
First annual project implement~t10n review 
AD commences topographical. ~t'.::veys on next 30 
MISs and ini tia tea working ",i tJI farmers to 
help them plan for water use 
VEW's posted to next 30 scl~mes (60) 

SASC finalizes appraisal reports :or last 20 
MISs MIG approves last 20 MISs (90) 

Pilots on farmer participation in cropping 
pattern selection completed 
Gonstruction commences on final set of 30 MISs 
(90) 
Distribution system planning completed on 
firat 30 MISs (30) 
GOM/AD commences topographical survey on last 
30 MISs and initiates working with farmers to 
help them plan for water use and on-farm 
improvement 
VEWs posted to last 30 schemes (90) 

Second annual project implementation review 
Distribution system planning completed on next 
30 MiSs (60) 



Spring 
1987: 

Fall 1987: 

Summer 
1988: 

Fall 1988: 

Summer 
1989: 

Fall 19~9: 

Summer 
1990: 

September 
1990: 

Fnll 1990: 

Janulii.~Y 
1991: 
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Results of special studies reviewed and 
incorporated into ongoing subproject designs 
Distribution system planning completed on last 
30 MISs (90) 
Third annual project implementation review 
first in-depth evaluation 

Demonstration chaks started on first 20 MISs 
(20) 
Headworks, 75 percent distribution system 
completed (20) 

First 30 MISs become operational (30)
 
Outlet committees organized (20)
 
Fourth annual project implementation review
 

Demonstration c}~ks started on next 40 MISs
 
Headworks, 75 percent d~8tribution system
 
completed (60)
 

Next 40 MISs become operational (60)
 
Outlet committees org~nized (60)
 
Fifth annual project implementation review
 

Demonstration chaks started on last 30 MISs
 
(90)
 
Headworks, 75 percent distribution completed
 
(90)
 

Final 30 MISs operationa~ (90) 
Outlet committees organized (90) 

EOP in-depth evaluation 
Liquidate final request for reimbursement 

PACD 

v.	 Cost Estimates and Financial Plan 

A.	 Summary Cost Estimates 

Total project costs are estimated at $92.6 million. The 
A.I.D. contribution includes $46 million in loan funds and $4 million 
in grant funds. The GOI/GOM will contribute the rupee equivalent of 
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$42.6 million. Project costs are summarized in Table 1. Projected 
GOM budget requirements and AID disbursements are srown by GOl and 
USG fiscal year in Table 2. Table 3 gives grant budget details by 
fiscal year. 

1. Loao Budge t 

The. construction of 90 minor irrigation schemes will re
quire $77.8 million, of which AID will contribute $42 million and 
tt~ GOI/GOM, tt~ equivalent of $35.8 million. In addition, the GOI/ 
GOM will budget the equivalent of $3.5 million for the construction 
of Part 11 works on farmer fields. Because the construction of Part 
11 works is not initiated until other construction works are nearly 
complete, tt~ GOI/GOM will not make final expenditure for Part 11 
works until 19~1, one year after the PACD. This final expenditure 
is expected to amount to t~ equivalent of $735,000. 

In addition to construction, the AID loan will support 
catchment treatment pilots ($1.8 million), climatological and hydro
ogica1 equipment and its installation ($1.2 million), and GOM staff 
support ($1 million) for t~ special organizational units and other 
key staff inputs required under tt~ project. 

Contingency costs are incorporated in all loan financed 
items. Construction cost estimates have been increased for in
flation at t~ rate of seven pl!rCent per year. 

2.Grant Budget 

Of the $4 million AID grant, $2.5 mi1110n will be for 
foreign exchange costs and $1.5 million for local currency costs. 
An estimated $750,000 of t~ foreign exchange is for the Liaison and 
Coordination Unit. An additional $845,000 of foreign exchange will 
be provided for pilot activities, special studit!s, and diagnostic 
analyses. The remaining foreign exchange will finance training 
estimated at $350,000, project evaluations estimated at $200,000, 
and commodities estimated at $215,000. Commodities include computer 
hardware and software, some hydrological equipment, and various drip 
nd sprinkler irrigation equipment. 

Local currency costs consist of the rupee equivalent of 
$440,000 for demonstration chaks, diagnostic analyses, agricultural 
university contracts for the pilot activities, and special studies; 
$525,000 for in-country training; and $296,000 for the Liaison and 
Coordination Unit. 

Grant contingency and inflation allowance for foreign 
exchange 1s $140,000 and for local currency, $239,000. 
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3. Ezp1anation 01 Table 2 

Table 2 provides estimates over the life of tt~ project of 
GOM budgetary requirements and AID loan and grant disbursements. The 
data are separated into categories for the construction of 90 minor 
irrigation sche.es, other loan financed activities. and grant fund
ing. 

Column (6) smws the total budgetary requ~rements by fiscal 
year for constructing the 90 minor irrigation schemes. Budgets will 
increase gradually to a peak in 1988 and 1989. Irrigation Department 
and Agriculture Department budgetary requirements are smwn separate
1y. including the Part II works which are not being financed under 
the AID loan. l'he Agriculture Department will budget $3.5 million 
for Part II works and assure that they are completed on each project 
financed scheme. 

Ttds estimate for Part II works assumes a unit cost of 
Rs.3,OOO/ba on about 40 percent of the total command area of 31.000 
ha. Part 11 works are not started until the construction work is 
nearly complete and the availability of water is assured. For each 
tranche of schemes initiated -- 20 in year one. 40 in year two and 
30 in year three. the initiation of Part 11 construction was lagged 
t!~ee years and assumed to be 20 percent completed in year three. 30 
percent in year four. and 50 percent in year five. This will delay 
completion of the final tranche of Part 11 works into 1991. one year 
after the PACD. However. funds for 1991 Part II works are included 
in the totals in Table 1 and 2. 

Normally, Part 11 works are financed by farmers with insti
tutional credit. The bureaucratic and administrative difficulties 
in obtaining loans, plus the fact that a large proportion of farmers 
are expected to be ineligible for institutional credit. requires the 
adoption of different procedures by the GOM for financing Part 11 
works. As in the case of the Maharashtra Irrigation Teclmo10gy and 
Management Project. the funds will be budgeted and tt~ work carried 
out by the GOM. Arrangements suitable to tl~ GOM will be devised to 
recover these costs from farmers. 

Co1ullll (7) gives AID loan disbursements for construction 
by fiscal year. Disbursements increase gradually to the fourth year 
and then level out at almost $10 million per year. 

Column (8) is merely a residual (Column (6) minus Column 
(7)). The important column from the project point of view is Column 
(6). tl~ GOM budgetary requirements. 
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The fi~ures in Column (11) represent GOM costs for site 
preparation and buildings for the ';2 hydrological stations to be 
established. Column (12) is the estimated AID cost for equipment 
for the S2 stations aud for instrumentation on the minor schemes to 
be financed. 

The fiscal year data in Column (13) do not include $40,000 
required for YEW staff costs in 1991. However, the $40,000 1s 
included in the total. 

The fiscal year data in Columns (18) and (20) do not 
include COM costs of $600,000 for Part II works, $360,000 for 
training and $40,000 each for YEWs and evaluations. These items are 
included in column totals. 
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I AID G 0 H I 
I ITEM GWa' J I IPart ill Total GWID I 
I I.oan ~ITotal m I MJ W>rlcs rorAL I 
I I I 1 I 
11. Pilot Eqleriments 1755 270 270 I 540 I 2295 I 745 745 3l4O I 
I am l>3Ialstrat::1.<D ~ I I I 
I I I I 
12. Studies and D1at' I I I 
I matie Anal}'8CS 575 170 I 745 745 I 745 
I I I 
13.'~ 350 525 875 875 2601 100 360 1235 
I I 
14. (:cmoodit1es 1200 ill ill 14~ ll60 I 1160 2575
 
I I
 
15. 00i Spec1al Staff ll1D I 890 2000 2(XX) 

I Support I 
I I 
16. t\8luat1on 200 200 200 20 I 20 40 240
 
I I
 
17. I.1a1 sm am 7:IJ 296 .1D46 1046 I lO46
 
I Coordlllation I
 
I I
 
18. (Onstruction I 
I MIS (Ex.oept Part II) (43045) (43045) (29545) I(5210) I 1(34755) (nooo) I 
I Part II Wnics I I I I 1(3500) I( 3500) ( 3500)1 
I Total QmtIUctim I a>45 1 4.l>45 I 29545 I 5210 I 3500 I 38255 I m.:m I 
I 1 I I I I I I I 
19. TOL\L I 46000 12360 11201 3b21 49621 I 32095 I 6965 I 3500 I 42560 I 92181 I 
I lntlatioo am I I 140 I 2J9 379 379 I I I I I 379 I 
I Qmtingezry I I I I I I I I I 
I I I I I I I I 1/1 1/1 
110. CJ<AND TOI'AL I 46(XXJ 12500 I~ «XX) 50000 I 32095 I 6965 I 3500 I 42560 I 92560 I 

1/
 
-l'otals 1I¥:1We $735,000 to be spent by tiE <Dim 19')1.
 



'1Bble 2: QM BlJIXE'TARY RF4JIl9£N'lS BY 001 FIOC.AL YEAR AND AID DISBURSfl£N'IS BY U.S. FUQL \EAR 
(in Millions of Dollars) 

1:__r----:::-=-~MIS=-=~~~~T_:=::____r--_r.1 -=-~:__..,__ I	 I~-<:r11D~~UWi:-:-_::FlNAN:_=:-~M,..)
I I Ii) ~ ITotal lAID IPilot IHydro1qp.ca11 Special IA-I.D. QWI) 'lOTAL I 
Fiscal lID I IPartr IQM lloan laM Catcl1lentslInstallationl Staff TOT A L IGrant I 
Year l!b!getlKIs I n ITotal l!b!get Dislurs.IShaIe aM I AIDI <nf I AID I aM AID <nf AID IDishJrs. 

(1)	 (2) 1(3) I (4) I (5) I (6) (n I (8) (9) 1(10)! (ll) I(u) 1(13) (14) (15) (16)1 (1n
 
I
 

1985	 -.08 4.151 4.07 
I 

2.16	 6. 631 8. 79 
1 

110.40 7.Hil17.56 
I I 
115.m 110.77125.79 
I I I 
113.56 110. 67124.43 
I I I 
I .50 110.58110.88 
I I I 
I 4/1 1 4/1 
142.56 150.00192.56 1 
1 1 I I 

1/
 
-1Icluies $(OJ. <XX) for Part II works in 1991.
 

2/
 
-Does not i.nc.hxie $9O,<XXVyear for operatioos wh1ch will. be absorbed by the <nI's on-go~ hydrologic data co1lectim units.
 

3/
 
1:rcluies 540, COO for \e¥ staff in 1991.
 

4/
 
-~lldes $fOO, 000 for Part II a>rks, $40, 000 for ~ staff, $3 ~ 000 for tr~ CL ! $40, <XX) for evaluatiat.
 



Table 3: GWa' BlJIU:T IETAIlS BY FISCAL YEAR 
(in tlnJsanis of dollars) 

-Total -FY 85 -FY86 -FY fSl -FY88 -FY~- -FY90-
FX LC Total FX LC Total FX LC Total FX LC Total FX LC Total FX LC Total FX LC Total 

Pilot ExperlDents 
& llEDorstrations 270 270 540 00 15 95 00 20 100 50 5 55 20 00 80 20 80 100 20 90 110 

Stmies and 
Analyses 575 170 745 290 75 3ffi 180 5 185 35 5 40 35 30 ffi 35 20 55 35 35 

'l'raini~ 350 525 fSl5 225 200 425 200 200 300 75 50 75 50 50 25 25 

Equ1pDent 
ccmputers 
1qxJrts for MIS 

135 
50 

135 
50 

135 
50 

135 
50 

I 

~ 

1JIlpotts - state 30 30 30 30 w· 

Sub-Total (215) (215) (215) (215) 

Tbiem and 
Coordination 750 295 1~6 150 45 250 200 50 250 200 50 250 6J 50 117 6J 50 117 6e 50 116 

&aluations 200 200 100 100 100 100 

Total 2300 1200 3&6 800 536 1250 6ro 275 935 400 100 500 122 190 ill 122 175 297 186 175 359 
Inflation Factor 1.00 1.00 1.~ 1.07 1.08 1.14 1.12 1.22 1.17 1.31 1.22 1.40 

TOTAL 2500 1500 4<XX> 800 336 1250 686 294 981 497 114 al 137 232 3m 143 229 372 227 245 472 
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B. Disbursement Procedures 

1. Loan Funds for Minor Irrigation Scheme Construction 

Traditionally, AID tas used the fixed amount reimbursement 
mect~nism or some modification thereof to disburse against completed 
construction targets in irrigation projects. If the primary objec
tive of a project is to construct irrigation schemes this medanism 
makes sense. The central objective of this project, however, is not 
construction but il\stitutional development and improved irrigation 
performance below the outlet. Consequently, a performance-based dis
bursement mechanism that reflects the objectives and proVides incen
tives for actdevement of the objectives is proposed. 

For each minor irrigation scheme, agreement will be reached 
between the GOM and USAID during the appraisal/approval process re
garding costs allowable for (1) land acquisition, (2) headworks (3) 
irrigation distribution and drainage system up to the 40 hectare out
let, (4) Part I or community works (field channels, control struc
tures, surface drainage network ~ithin the outlet command, and grarlf~ 

bunds for diverting excess runoff £:-O"l wi thin the 01~ tlet comm' . ...0 

the natural/main drainage system), and (5) resettlE:wed. These costs 
will be based on competitive biading experience in Maharashtra and/or 
Irrigation Department scheduled rates. AID will reimburse at 67 per
cent of eligible costa. (Eligible costs do not include land acquisi 
tion costs and identifiable laxes.) It is expected that AID's portion 
of total scheme costs will run between SO and 55 percent. 

AID will reimburse its portion of the eligible costs for 
each of the approximately 90 irrigation schemes against the accomp
lislJDent of four pre-established performance benchmarks. The first 
bencbuark is to improve the planning of irrigation schemes. Upon 
completion of the plan for an individual scheme, appraisal by the 
Special Appraisal and Supervision Cell, approval by the Minor Irriga
tion Committee, and acceptance by USAID, fifteen percent of the AID 
portion of eligible scheme costs will be disbursed. 

lJenchmark two addresses the issue of faulty construction of 
the irrigation distribution system due to inadequa te design and the 
issue of farmer participation in channel layout. Specific and de
tailed criteria for the design of the db tribution system have been 
agreed upon (see Annex 1). Upon completion of the planning of the 
distribution system and the Part I works for the entire command area 
according to the specified criteria and upon acceptance by the farmers 
of the distribution layout below the outlet, fifteen percent of the 
AID portion of eligible scheme costs will be di~bur8ed. 

The third bendmark will seek to correct the frequently 
encountered problem of headworks being completed but no, or very 
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little of the distribution system being completed to get stored water 
to farmers. Upon completion of the irrigation and drainage system 
for 75 percent of the command area, completion of Part I works for at 
least 30 percent of the command area in composite blocks, completion 
of land acquisition for the distribution system, and completion of 
the headworks, 45 percent of the AID portion of eligible scheme costs 
will be disbursed. 

'l'he final benchDark is speedy completion of the entire 
scheme and the establishment of outlet committees to assure that t~~ 

scheme is effectively utilized. Up to this point, the GOM will have 
been reimbursed 75 percent but will have incurred about 80 to 85 
percent of scheme costs. This final disbursement is intended as an 
incentive for rapid completion of the schemes so that GOM can receive 
full reimbursement. Upon completion of the remaining 25 percent of 
the irrigation and drainage system, the remaining 70 percent of Part 
1 works, tl~ resettlement of any displaced land owners, and the or
ganization of outlet committees in at least lslf of t~ command area, 
AID will disburse the final 25 percent of its portion of scheme costs. 

lo'ollowing is a summary of the proposed reimbursement pro
cedure: 

Percentage 
AID Contribu
tion to be 

Benctmark Disbursed Verifiable Indicator 

(1) Sct~me planned by USAID parti~ipation 

Regional Circle, in appraisal process 
appraised by Special 15 on a selected basis 
Appraisal and Super
vision Cell and USAIJ) review of 
approved by Minor appraisal reports 
Irrigation Committee approved by MIC 

(2) Design completed for Detailed maps of 
distribution system command area and 
and Part I works proposed distribution 
Farm~rs participate in system 
determining layout of 
channels below the outlet 15 Topographical anrl soil 

survey reports 

l>ocument signed uy 
village leader certi
fying farmer partici
pation in process and 
acceptance of final 
plan 
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Percentage 
All>	 (;ontribu
tion to be 

BencbDark	 Disbursed Verifiable Indicator 

(3)	 Completion of headworks, GOM Reports 
75 percent completion of 
irrigation and drainage Random USAlD 
system of the command 45 spot checks 
area, 30 percent comple
tion of Part I works of 
the command area, completion 
of land acquisition tor dis
tribution system 

(4)	 (;ompletion of remaining 25 25 GOM Reports 
percent of irrigation and 
drainage system, remaining Random USAID 
70 percent of Part I works, spot cher.ks 
resettlement of displaced 
land owners and organization 
of outlet committees in at 
least half of command area 

2. Staff Support 

Implementation of the project according to agreed design 
and implementation criteria will require the GOM to create additional 
organizational units in the Irrigation Department and will require 
more intensive staffing of both the Irrigation and Agriculture Depart
ment than is normally the case. 

For the Irrigation Department, the project proposes the 
creation of three new types of organization units -- tt~ Special Ap
praisal and Supervision (;ell, the Special Analysis and Evaluation 
(;ell, and the six Regional Minor Irrigation Cells. It is critical to 
have all eight units in an operational capacity as soon as possible. 
The GOM would be fUlly responsible for these staff costs. 

For the Agriculture Department, there are two stafiing 
requirements that are essential to project success. One is the re
cruitment, training; and posting of Village Extension Workers (VEWs) 
in the command area of the schemes. The VEW will have an important 
role in transfering irrigation technology to farmers and in assisting 
with ti~ organization of outlet committees. 
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The other important staffing action by the Agriculture De
partment is the recruitment, training at WALMl in water management, 
ftnd posting of Subject Matter Specialists (SMSs) for water management 
in each District having project financed schemes. SMSs will provide 
training and technical backstopping to YEWs and other extension 
workers in the field. The expected cash flows are estimated below. 

Table 4:	 Estimated Cash Flow ($000) 

Units I---------------------years--------------------- Total 
_____1 1 l 3 4 5 6 7 

I 
RMlCs I 100 115 115 115 110 85 640 
SAEC 1 45 55 55 55 50 40 300 
SASC I 25 30 30 30 30 25 170 

-------------1----------------------------------------------- -------

Total ID I 170 200 200 200 190 150 - 1,110 

-------------1----------------------------------------------- -------

YEWs	 1 25 25 25 25 25 125 

1 45 45 45 45 45 225 
1 35 35 35 35 35 175 

SMSs	 I 30 50 70 70 70 70 360 
-------------1----------------------------------------------- -------


Total AD I 55 120 175 175 175 150 35 885 
-------------1----------------_·_----------------------------- -------

Grand Total	 I 225 320 375 375 365 300 35 1,995 

I 

3. Grant Funds 

AID grant funds will be used for direct financing by AID 
for the foreign exchange costs and local currency costs of the Liai
son and Coordination Unit, off-shore training, and expatriate short
term technical assistance. AID will also directly finance the special 
imported equipment. 

In addition, AlIJ grant funds will be used to finance the 
local currency costs of pilot activities, studies and analyses, and 
training. USAID will transfer at periodic intervals, the dollar equi
valent of these costs into the New York account of the Reserve Bank 
of India, and will advise the Department of Economic Affairs (DEA) 
when this has been done. DBA will then arrange to have the rupee 
equivalent amount credited to the GOM current general budget. 
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An advance of one fourth the expected grant expenditures 
during any given year will be provided by USA!D. The GOM will submit 
quarterly abstracts of expenditures, which will liquidate the advance 
and provide the basis for an advance of the next quarter's projected 
grant expenditures. Vouchers supporting tt~ abstracts will be 
available in respective divisional GOM offices for verification if 
necessary. 
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~able 5: Disbursement Procedures* 
($000) 

A.l.D. Amount 
Project Activity Disbursement Method Loan Grant 

1.	 Construction Reimbursement against
 
performance benclaarks 43,000
 

2.	 Catcl.ent Treatment Direct payment to GOI
 
Pilots (3 month advances) 1,800
 

3.	 Hydrological Direct payment to
 
Equipment supplier 1,200
 

4.	 Technical Direct payment to 
Assistance supplier 1,050 

5.	 Pilot Activities, Direct payment to GOr 
Special Studies (3 month advances) 1,285 
Diagnostic Analyses 

6.	 '.fraining Direct reimbursement 
to GOr/Direct payment 
to supplier 875 

7.	 Commodities Direct payment to 
supplier 215 

8.	 Evaluation Direct payment to 
supplier 200 

9.	 Inflation and 
Contingencies	 375 

Tot a 1 46,000 4,000 

*Prepared per the requirements of the Payment Verification Policy 
Statement. 
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VI. SU~~ES OF ANALYSES 

A. Teclmical Analysis 

1. Agro-Climatic Conditions and the Implications for Irrigation 

The Irrigation Department of Maharashtra recognizes six ag
roclimatic zones in the state. They are tl~ coastal zone, the transi
tion zone, t~ scarcity zone, t~ assured rainfall zone, the moderate 
rainfall zone, and the tdgb rainfall zone. 

a. coastal Zone 

The coastal zone, also known as the Konkan region, is a 
narrow stretch of land between the west coast and the crt!st ot the 
Sahyadri Mountain Range. The region enjoys year round warm tempera
tures and au average annual rainfall of about 2,~OO mm. Unfortu
ua tely, 94 percent of the annual rainfall occurs during die sou th
west monsoon season from June through September, and most oi the 
rivers are almost dry several monttw later. 

Tl~ ultimate irrigation potential 01 tb region is 
469,000 hectares or 55 percent of tlLe total cultivated area. As of 
1980, only 35,000 hectares of that potentiCll had been created. The 
construction of storage tanks in the Konkan 1s much more expensive on 
a per unit at water stored basis than in other parts of the state. 
This is because the valleys of the region are narrow with stet~p 

slopes, and the heigttt at dams must be higlter than average. The 
soils have 11mi ted wa ter holding capacity and drain rapidly. 'l' ILls, 
taken with the steeply sloping lands, means that a short, 5-7 day 
rotation period is required for lands under irrigation and that land 
shaping and leveling is critical. 

Tie predominate crop is paddy, which is primarily 
rainfed. Low quality cereals such as jowar and millet are also 
grown. Irrigation would extend the growing season and increase the 
cultivation of fruits and vegetables. 

b. Transition Zone 

The transition zone is made up of three subzones: the 
high ridge line of the Sahyadri Mountain Range with high elevations, 
low maximum and minimum temperatures, and as much as 5000 mm of rain
fall per year in some places; a narrow strip of land east of tr~ ridge 
with lower elevations and an average annual rainfall of 1750 mm; and a 
wider strip of land with low elevation, high temperatures and an aver
age annual rainfall of 700 mm of rainfall. In the ridge area, the 
soils are slallow, located on slopes, and capable of sustaining only 
inferior types of hill millets. In the adjoining strip of land on the 
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eastern side, the conditions are suitable for paddy. It is the final 
strip of land where rainfall is low but so11s fertile that holds the 
grea tes t potent' (:~l for irrigation development. Currently, paddy, 
bajri, jowar and groundnut are tt~ primary crops, but with irrigation, 
cash crops, such as cotton and sugar cane, could be promoted. 

The transition zone has a total cropped area of 3.086 
million hectares. An estimated :;'.41 million hectares are irrigable. 
As of 1980, approximately 354,000 t~ctares of that potential had been 
created through surface irrigation schemes. 

c. Scarcity ~one 

l'he scarcity zone is in central Maharashtra where the 
rainfall ranges from 500 mm to 750 mm annually, the topography is 
comparatively flat, and the soils have a low water retentive capa
ci ty. Due to the agro-climatic conditions and the absence of an 
assured wa ter supply, 65 percent of the cropped area is sown in 
drought-resistant, coarse grains. With irrigation development, the 
current cropping intensity of III percent could be increased to 140 
percent and the gross cropped area could be increased from 5 million 
t~c tares to 6.28 million hectares. Maximum potential for irrigation 
development is estimated at 1.93 million hectares. Because ot the 
flat topography, the primary constraint to developing the irrigation 
potential is identifying sites for storage tank construction. 

d. Assured Rainfall Zone 

The assured rainfall zone is to the immediate east of 
the scarci ty zone. Rainfall ranges from 700-900 mm annually and as 
in the rest of the state, occurs primarily 'during the southwest mon
soon season from June through September. The predominant soil type 
is black cotton soil with varying deptllB. Shallow soils with low 
water retention capacity are found on tl~ high topographical areas, 
medium soils that are water retentive with good drainage are found in 
the intermediate areas and deep, finely textured soils are found in 
the low lying areas. The deep soils slow the transmission of soil 
moisture and being on flat topography suffer from improper drainage. 
With low rainfall, deep soils risk salinity and alkalinity wh2reas 
wi eli assured rainfall wa terlogging can be a problem. On the woole, 
conditions in the region are favorable to irrigation development 
provided proper soil conservation practices are adhered to. For this 
zone, the maximum irrigation potential is estimated to be 2.24 
million bee tares of t l~ b. 91 mililon hec tares of gross cropped area. 
By 1980, 401,000 hectares of irrigation potential had been created 
through surface irrigation schemes. 
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e. Moderate Rainfall Zone 

l'he moderate rainfall zone in eastern Maharashtra re
ceives between 900 and 1200 mm of rainfall annually. Tbe soils are 
similar to those in the scarcity and assured rainfall zones. Also 
similar to the scarcity and assured rainfall zone is the flat topo
graphy and, hence, the problem of identifying suitable sites for 
storage tank construction. Under rainfed conditions, coarse grains 
and cotton are cultivated. Under irrigated conditions, paddy, wheat, 
f~uits and vegetables become the principle crops. Tt~ maximum poten
Ual of surface and groundwater development is estimated at 1.499 
million hectares against a cropped area of 2.71 million hectares. In 
19ijO, tt~ created surface potential stood at a little less than 
22ij,OOO t~ctares. 

f. High Rainfall Zone 

l't.e high rainfall zone in eas tern Ma haras htra receives 
between 1250 and 1700 mm of rainfall annually, with 90 percent of the 
rainfall accurrring from June to September. TI~ soils of the region 
are fertile and highly responsive to irrigation devP.1opment. 0,.; 

main crop of tbe zone is paddy. TIle irrigation potei,tial is i. "-79 
million hectares, whicL! is equal to the total croppec1 area. The 
potential for surface water is assessed to be 1.022 million hectares. 
By 1980, tl~ created surface irrigation potential was lij9,500 hec
tares. 

2. Minor lrrigation in Ma baras htra 

Minor irrigation scl~mes are those with a cultivable cum
mand area of less th::in 2000 hectares. The Nahamshtra Irrigation 
Depa~tment recognizes seven classes of minor works: tanksj bandharas 
or direct flow diversion; tank and bandhara rehabilitation; land 
drainage; tubewellsj lift irrigation schemesj and dugwells. This 
project will be concerned with the construction and rehabilitation of 
tank schemes. In addition, policies and practices that enhance the 
conjunctive use of surface and groundwater will be explored. 

a. Tank Schemes 

Tt~ minor irrigation tank is a small reservoir impounded 
by an earthen dam constructed acrQSS a small non-perennial waterway. 
An overflow spillway is constructed at one side of tt~ dam to relieve 
flood flows. Water is released tl~ough a }~adregulator in the dam to 
an unlined canal distribution system branching away from the dam. 
The tanks can also be usea as percolation structures to recharge the 
aqUifer and improve the yields of nearby wells. In 1980, Maharashtra 
had 1091 irrigation department tanks in operation and 437 under con
struction. An additional 2000 sites had been identified for future 
construction. 
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The irrigation department employs qualified engineers 
and has many years of successful experience in the design and con
struction of dams and spillways. Until rec,ently the state responsi
bility fo~ construction ended with the provision of an outlet capable 
of providing 30-45 litres of water/second at the 40 hectare level 
(25-30 farmers). The GOM now provides funding to extend the channel 
down to the farm holding or to the two hectare level, whichever is 
larger. 

b. Conjunctive Use 

Groundwater is an important but vastly underutilized 
resource in Maharashtra. . The Groundwater Survey and Development 
Agency estimates that 939,000 dug wells are annually sup~lying 7,471 
MM3 of water from a potential supply of 34,996 MM3. Assuming 
average withdrawal rates, new well development potential is ap' oxi
mately 1.8 million wells. Groundwater is a readily availabl .. re
source in those areas served by an irrigation tank. Aquifer recharg
ing occurs as a result of conveyance seepage, deep percolation from 
tanks, and increased infiltration of water because of land develop
ment and sustained runoff conservation. Groundwater is not control
led by the irrigation department and consequently, affords the 
irrigator the flexibility to alter crop mix to meet market demands. 

3. Agricultural Practices 

a. Wa ter Delivery 

Wa ter delivery is on a rota tion basis called the Shej
pali system. On or about October 1 of each year, the irrigation de
partment assesses water availability and, based on that availability, 
sanctions the app1irations of farmers who apply for water for approved 
crops. Under the Shejpali system, turns are allocated among the irri 
gators beginning with those most distant from the tank. The system is 
extremely flexible because t}~ time during which irrigators may take 
the water is not limited. 

1'0 overcome the problems with Shejpali, the Irrigation 
Department has devised an alternative system known as rotational 
water supply (RWS). Tlie RWS is a rigid, time bound system whereas 
Shejpali, while basically incorporating the principle of RWS, keeps 
the scheduling in R 
in Maharashtra. 

rotation flexible. T}~ RWS is not in general use 

b. Cropping Patterns 

The agricultural year in Mabarashtra is divided into 
three cropping seasons, each from 120-123 days in length. The three 
seasons are kharif (mid-June to mid October), rabi (mid-October to 
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mid-February), and hot weather (mid-february to mid June). Crops may 
be seasonal, i.e., sown and matured over a single season, like sor
ghum, pulses, and oi1seeds; may require two seasons extending through 
all or part of kJarit and rabi like ctd11ies and some cotton; or per
ennial like sugar cane and some horticulture crops. 

Traditional cropping patterns have evolved in such a way 
as to minimize risk and provide a self-sufficient, non-market oriented 
approach to farming. Where an assured water supply is not available, 
crops that are drought resistant and of relatively low economic value 
dominate the croplands. Irrigated cropping patterns vary from year to 
year depending on water supply. Government policy distributes water 
supply in such a way as to maximize the number of farmers reed ving 
irrigation. Policy would have the farmers apply tl~ir water in such 
a way as to maximize crop output per unit of water applied and concen
tra te on food grains. evidence indica tes, howe ver, that indivi dual 
farmers are inclined to dis tribute their allotted water in such a way 
as to maximize returns from a system that includes food grains but 
also cash crops when possible. 

c • .1"ertilizer and Pesticide Applica tions 

It is generally recommended that an1"lal lllanllres be used 
to maintain soil fertility. However, the use of manures as fertiliz
er must compete with tile use of manures as a household fuel. Con
sequently, major reliance must be placed on chemical fertilizers for 
soil fertility. 

Malarashtra soils are lacking in nitrogen and phosp~,o

rous and occassionally, in zinc, boron and iron. Potassium content, 
on the other tand, is generally high. Research and extension agen
cies strongly recommend the use of complete or balanced nitrogen
phosphorous-potassium fert.ilizers. Ttds practice is questionable 
because of the high s01 t reserves of potassium and because the re
siduary effect of phosphorous makes applica tion necessary only every 
second or third year after the first application. The main concern 
in soj.l fertility for irrigated agriculture is the interaction be
tween nitrogen and soil moisture. Too little nitrogen will sharply 
restrict soil moisture use efficiency wt~reas too much soil moisture 
will reduce nitrogen effectiveness. 

Pesticides are used primarily on improved varieties and 
on cash crops such as cotton, sugar cane, and wl~at. 

d. On-Farm Development 

Most agricultural lands have been developed to utilize 
the monsoon raintall. Fields lave beeu bunded and shaped to collect 
and distribute the rainfall BS evenly as possible. '1'0 optimize the 
benefits ot irrigation, fields need to be leveled and sJaped. 
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4. Design Standards for A.I.D.-Financed Schemes 

a. Water Supply: 

'I'he hydrology of the A.LD. financed irrigation schemes 
will be planned in accord with the 1983 "Manual of Minor Irrigation 
Works in Haharashtra State" unless modified for selected pilot 
schemes. Reservoirs will be designed on the basis of 50 percent re
liability unless modified by the special study to be undertaken on 
this subject. 

b. water Budget Analysis: 

Currently, there are not enough stream gauges installed 
in the watersheds and potential yield (inflow) from the watersheds is 
being estimated using an empirical formula linking yield with precipi
tation and taking into consideration the topographical and vegetative 
characteristics of tt~ watersheds. The accuracy of water supply esti
mates for future schemes will improve with the hydrological data bases 
set up under the project. A monthly or rotation water budget analysis 
will be made to determine the acreage to be commanded, canal and dis
tributary capacities, and delivery rotation. Crop water requirements 
will be calculated according to the cropping patterns developed by the 
Agricultural Department and the climatological data from the area or 
nearby area using the modified Penman method. 

c. Dams and Tan1~s: 

The Maharashtra Irrigation Department has many years of 
successful design of tanks, dams, and spillways. Ccnsequently, little 
assistance is required i!l this area.. One area that requires study 
however, is the calculation ot silt carried by the stream into the 
tank and tl~ implications of silt load on the design of a tank. De
signs would be according to existing standards unless modified by 
studies on silt load and associated design criteria. Evaporation los
ses from the reservoir will be estimated as for crop water require
ments. 

d. Distribution and Conveyance Network: 

Conveyance design and layout will start with field 
channels and water courses and move toward the canal and dam. Only 
sandy or murrum substrata areas will be lined. Hydraulic con
ductivity tests will be made along canal alignments to identify 
potentially high loss areas. 

e. Surveying and Happing: 

Detailed soil and topographic surveys will be completed 
prior to the design of each system. 
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f. Land Development: 

Land leveling/grading will take place on a uniform field 
slope tlst minimizes the depth of soil disturbed. 

g. Groundwater Development: 

The state will evolve a suitable methodology for exploit
ing groundwater availahle in the command area and integrating it with 
the system of surface irrigation. 

h. Water Allocation and Rotation 

Water on all AID-financed sct~mes will be allocated 
under a rotational water system. Under the RWS the guarantee is in 
respect to a g1ven volume of water to be supplied at a pre-establ
ished time. The farmer will be charged for water according to the 
crop area per present system of assessment approved by the GOM. the 
farmer can irrigate as much land as he cbooses with crops having 
similar water requirements with his water/time allocation. If 
does not 1rrigata his farmtl wi thin Li.e specified tirJe, his turn 1s 
missed until the next rotation. 

1. Operation and Ma1ntenanr.~ 

Tc~ Irrigation Department will be responsible for O&M 
up to tl~ outlet in the early years of a project. Fi~ld clannels will 
be maintained by farmers. The Irrigation and Agriculture Department 
will organize farmers in outlet committees to eventually take over re
sponsibility for O&M. 

B. Social Soundness Analysis 

1. Socio-Economic Setting 

a. 'J.' he People 

Ma haras htra is India' tl mos t indus trialized and urbanized 
state. One-third of its popula tion of 62.8 million lives in urban 
areas, with most of tl~ industrial development concentrated in metro
politan Bombay and Pune. Two-thirds of the state's labor force 
remains in agriculture. 

The distribution of population in tt~ state is quite un
even. It ranks nintb among Indian states in terms of population den
sity. Its average rate of 204 persons per square kilometer is rougluy 
comparable to the national average of 221. Yet the range 1n density 
1s enormous. There is an average of 1.,,644 persons per square kilo
meter in J50mbay, which includes Asia's most populous slum, Dharavi, 
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where 40,000 persons are squeezed into a few square kilometers. In 
some rural tracts, however, the landscape is desolate. The eastern 
district of Chandrapur, for example, contains only 79 persons, per 
square kilometer. 

Before 1971, Maharashtra's population growth rate ex
ceeded the national average, but the latest census suggests the growth 
trend may have abated. The rate of increase between 1971 and 1981 was 
only 24.6 percent, which was precisely the same as the national 
figure. 

Seven per cent of the state's population belong to the 
statutorily-designated "scheduled castes", representing traditionally 
disadvantaged socio-economic groups. They are dispersed throughout 
the state, but bij per cent live in rural areas. Another 9 per cent 
of tt~ population belongs to scheduled tribes, who are largely concen
trated in tie hill tracts of northwestern Maharashtra. The tribal 
peoples generally practice subsis tence-1e vel agri cu1 ture • They are 
among the poorest groups in Matsrashtra. 

ti. Regional Variations and Development Strategy 

The differences among the state's agroc1imatic regions 
are reflected in the contrasting settlement patterns. Abundant rain
tall in the coastal and eastern districts has promoted paddy cultiva
tion and a patchwork of microacopic farms. The average farm size in 
the coastal region is 2.6 hectares, while the average number of per
sons per cultivated hectare is 4.86. In areas traditionally consid
ered handicapped due to lack of rainfall, population density tends to 
be closer to the state average of 1.8 persons per cultivated hectare, 
and farm sizes are larger than the state average of 4.3 hec- tares. 

Since 46 per cent of Maharashtra's five million farms 
are below two hectares, the small owner-cultivator is' an important 
figure in the state's agriculture. The state government has endea
vored to reach this population through the provision of irrigation, 
so that the scarce water resource is not monopolized by large farmers 
with greater financial resources. 

c. EmplOyment and Migration Patterns 

For decades, the only escape from rural desolation 
seemed to lie in migration to Bombay. It has attracted millions of 
job seekers from every corner of India, and displaced Calcutta as 
India's industrial giant. 

Ttere has been a long-established trend of migration from 
soiDe parts of Maharastra where agri~u1ture has remained particularly 
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stagnant. Emigration las starved the countryside of its most produc
tive labor force and thereby perpetuated its underdevelopment. It has 
also accelerated the proliferation of slums in Bombay, where tl~ pop
ulation soared by 44 per ~ent between 1901 and 1971. 

l'he migrants are overwhelmingly male. In 1971, Bombay's 
population included about ~,478,000 men as compared to 2,500,000 
women. Tlus, while the agricultural areas can with irrigation devel
opment offer promising scope for agricultural development, particular
ly in important cash crops, the labor needed for such enterprises is 
conspicuously absent. In order to increase on-farm employment oppor
tunities, and thus keep its male population on the land, the govern
ment has attached high priority to tt~ provision Of irrigation. 

In other unirrigated parts of Maharashtra, where there 
iu no established tradition of urban migration, a vast pool of sur
plUS labor 1s dependent upon an agricultural sector cl~racterized by 
low yields and slow growth. A series of devastating droughts during 
the early 1'J70s caused massive unemployment and hardship for this 
population. 

In 1974, Maharashtra took the bold a1.. ~ic l"ering step 
of promising work to the rural pOOl through a stc:t-.·-. :el program, 
the Employment Guarantee Scheme (~GS). The EG.> aimeJ to provide 
employment in rural areas to :111 able-bodied adu1 ts ~ ho sought it. 
Legislation requires the state to provide jobs on demand to a group 
of at least 50 persons and the work must be carried out within 8 
kilometers of tile employment seekers' location. By 1977, ~GS was 
estimated to have created full employment for up Lo 390,000 unskil
led laborers. The EGS offers a rare example of an equal opportunity 
employer, for perhaps 65 per cent of its workers are women. Furt}~r, 

lISle and female EGS employees are paid equal wages for equal work. 
Statistics indicate that a considerable number of the workers belong 
to scheduled castes and tribes. 

d. Landholding Structure and Tenancy 

Ai ter independence, in a wave of land reforms ordered 
throughout India, Mal~rahstra's large estates were abolisl~d, as were 
all intermediaries between the cultivator and landowner. In addition, 
laws were framed to give tenants security of tenure. However, tenancy 
is not characteristic of Maharashtra's agriculture, since 92 per cent 
of holdings are fully owned, 5 per cent partly owned and partly rented 
and 3 per cent WIDlly rented. 

2. Socio-Cultural Feasibility 

Minor irrigation has a long history in Maharashtra. !o'or 
centuries, farmers in the nortlMest have operated an equitable system 
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wldch distributes water from weirs. Tanks have dotted the landscapes 
of eastern Maharashtra t s Bandhara and CI18ndrapur districts for at 
least 400 years, and they are familiar in the Vidarbha region also. 
Elsewhere in the state, farmers may be unaccustomed to irrigation and 
it may take time for them to adjust their cropping practices and 
organize equitable water distribution systems. 

While cult!vators invariably opt for private irrigation 
systems wherever possible in order to maximize control over the tim
ing and delivery of water, rotational water distribution systems rep
reaent a major technical advance for application in Maharashtra. The 
field-to-field flood irrigation which is widely practiced does not 
permit the use of advanced agricultural technology. Since farmers 
cannot control the amount or timing of water received, the element of 
risk is very high. Rotational systems seek to provide a measure of 
predictability to water distribution, so that farmers can plan their 
crop patterns and invest in inputs whose efficient use requires ir
rigation water. 

Even wt~re farmers recognize the advantages of rota
tional distribution, it may prove difficult to adopt. Several pre
requisites seem essential for its successful use: a scarce water 
situation, farmers cooperation, effective and fair administration by 
irrigation department officials, and favorable technical factors, 
such as distributary, field channel and land development, and a main 
system that can deliver the water. 

3. Benefit Incidence 

a. Impact on Incomes and Nutrition 

TI~ per hectare net income for the developed region in 
the la te 1970s averaged 1<.s. 23~9, as against Rs. 449.70 in the less 
irrigated and therefore underdeveloped region. The average annual 
income in the developed region (Rs. 11,600) was about one and a half 
times mGre ttlan that of the underdeveloped region (Ra. 6900). Employ
ment opportunities for agricultural laborers were also greater in the 
developed region, and the laborers' incomes were 1.4 times higher 
than in tt~ underdeveloped one. 

Irrigation development should also result in nutritional 
improvement in the project areas. Studies have shown clear associa
tions between consumption patterns and income. In Maharashtra, in
creaaed income leaas rural house holds to switch from coarse grains 
such as sorghum to wheat, and to decrease the overall proportion of 
cereals in their niets. 
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b. Spread Effects 

In areas parched for centuries, the introduction of ir
rigation and irrigated agriculture may be watched somewhat cautiously 
by farmers not served by a given project. It may take time before 
non-beneficiary farmers demand tl~ir own project, but if the irrigated 
scheme has the desired impact, it is likely that others will want to 
follow. This process is illustrated by the construction of percola
tion tanks, which l~ve been in great demand by local leaders and their 
constituents. Innovations are also spread widely tl~ough patterns of 
labor migration and marketing. 

c. EmplOyment Effects 

Irrigation officials estimated that the implementation of 
90 proposed minor irrigation projects commanding 31,000 ha would in
crease on-farm employment by up to 1.3 million person/days per year. 
It furtl~r estimated that project construction would create joba to
talling 52 million person/days over a six year period. Some minor 
projects are cons tructed under the ElDpluyment Guarantee Sc~me, \-,hIe'} 
requires that 60 per cent of expenditun~ be on unskilled labor. 

The Irrigation Department projects a sizeahle increase in 
the need for agricultural labor due to yield increases, crop pattern 
changes and the expansion of area under cult!vation. A few statis
tics offer supporting evidence. For example, the main product of 
sorghum amounts to 1.4 tons per l~ctare under rainfed conditions, but 
the projectea yield under irrigation is 3.5 tons per hectare. While 
the former requires 80 person days of labor per hectare, irrigated 
sorgl~ needs 110 person days. Wheat yields were expected to register 
a five-fold increase with irrigation, from .50 tons per hectare to 
2.5, while the labor requirement would double, from 55 person/days to 
110. Vegetable yields could increase from 12 tons per hectare to 20 
tons, while the labor requirement would jump from 199 person days to 
332. These figures do not take into account corresponding increases 
in labor involved in marketing and processing. 

d. Effects on Women 

Tl~ conventional notion of an Indian farmer centers on the 
man behind the plough,', a sturdy figure clad in a dust-colored loin
cloth. Yet in many parts of India, and particularly Maharashtra, the 
farmer wears a sari. 

Statistics clearly show tl~ pivotal role wluch Indian women 
play in agriculture. They sow the seeds, weed the fledgling plants 
and reap the harvest. In Maharashtra, there are 85 female landless 
laborers for every 100 males, compared with the national figure of 50 
laborers per 100 males. 
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There are often wide disparities between the wages paid to 
men and women. This is true in agriculture, where custom often 
dictates the sexual division of labor and assigns different values to 
various agricultural operations. Ploughing is generally a male pre
serve, as are transportation by bullock carts and large scale market
ing. As a result, these tasks are considered more prestigious than 
those associated with women, such as weeding. According to a na
tional survey conducted in 1':)74/75, male agricultural laborers were 
paid Rs. 3.72 per day for sowing while women were paid Rs. 2.60. 
Women were paid Rs. 2.35 for plougldng while men received Rs. 1.00 
more. Weeding paid Ra. 3.11 for men and Ra. 1.95 for women. Part of 
the problem may be that a work day is defined as a seven to nine hour 
shift, whereas many women must use a portion of that time in household 
pursuits. A large proportion of her wages may be deducted as a 
result. 

The construction of a minor irrigation project representn 
important employment opportunities for women in a given community. A 
second benefit wtdch becomes available immediately is water which may 
be used for domestic purposes. Ttds can have a great impact on 
women's energy levels and the t~usehold's levels of sanitation and nu
trition. Ttus project will support one pilot activity whereby women 
become the primary target of t.he extension agent's attention to demon
strate tr~ impact of increasing women's familiarity with water 
management principles. 

C. Administrative Analysis 

1. Administrative Set-up 

a. Irrigation Department 

The Government of Maharashtra Irrigation Department (ID) 
is headed by a Minister, who is assisted in tus work by a Minister of 
State and two Secretaries, one for Irrigation and one for Command 
Area Development on major 8ct~mes. 

The Irrigation Secretary is responsible for minor irriga
tion schemea and is assisted by a Chief Engineer with supporting staff 
at Mantralaya. The minor irrigation sector at the operational level 
is tl~ responsibility of the six Regional Cluef Engineers whose head
quarters are at Bombay, Nasik, Pune, Aurangabad, Amravati, and Nagpur. 
The Regional Chief Engineers are responsible for the surveys, plan
ning, design, implementation, monitoring, operation and maintenauce 
of minor irrigation schemes along with major and medium irrigation 
schemes under their ct~rge. The surveying, planning, design, imple
mentation, operation and maintainance are actually done at the divi
sional level by the executive engineer and his staff. Between the 
regional chief engineers and the executive engineers are superintend
ing engineers. Under the executive engineers are deputy engineers 
and junior engineers. 
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l'he GOM/ID staff includes about 9000 engineers, 3000 of 
whom are graduate or post graduate en~ineers. The staff is highly 
competent in reinforced concrete and masonry design, hydraulics, 
hydrology, geology, and soil mechanics. Additional training in 
systema operation and water management is needed. 

b. Soil Conservation Division, Agriculture Department 

Tbe responsibility for carrying out the Part I and Part 
II works rests with tt~ Department of Agriculture, Soil Conservation 
Section (An/SC). The AD/SC responsibility under this project in
cludes all improvements from tt~ ending point of tt~ ID responsibility 
at the 40 hectare block to tt~ individual farms in the command area, 
including improvement on tl~ individual farmers' fields. 

The AD/SC has 40 Soil Conservation Divisions and 200 Sub
divisions under the supervision of the Deputy Director of Agriculture 
(DDA) for carrying out land development works. Of these, 8 Divisions 
and 40 Subdivisions are working on land development for winor and me
dium projects and soil conservation. 

SC technicians are diploma graduates (J!if:,r. School plus 
two years). Some t~ve had up to six months in-Iwuse general soil con
servation training but the majority of field tectmicians lack essen
tial engineering teclmical background. 

c. Groundwater Survey and Development Agency 

Tt~ Mat~rashtra Groundwater Survey and Development Agency 
(GSDA) is organized in tl~ Department of Rural Development and has re
sponsibility for development and utilization of groundwater potential 
in the State. It is well staffed with professionals. It assesses the 
potential and extent of groundwater development in the State's 1,481 
watersheds. About one-ttdrd of tt~se l~ve been completed and comple
tion of the remainder is sct~duled within five years. Well develop
ment is financed individually, usually lt~ough institutional credit, 
principally with the Land Development Bank (LDB). Control of over
exploitation is tla:ough credit control with GSDA certifying availabil
ity of groundwater in connection with loan applications. 

2. Assessment of the Irrigation Establishment 

The Irrigation Department is the lead agency in the con
struction of minor irrigation schemes, with an important supporting 
role played by the Agriculture Department. Other technical inputs 
are made by the Groundwater Survey and Development Agency, central 
government research and planning groups, and state unlversity research 
and teaching institutions. Existing standards of practice have been 
gauged agajnst five general criteria: 
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Is there a fundamental technical unC1erstanding of the 
irrigation system? Are the catchment, storage, dis
tribution, application, drainage, and groundwater com
ponents each considered 8S a collective and integrated 
part of a wl~le hydrologic system? 

Is there an appreciation of engineering interaction with 
agronomic, economic, social, and institutional factors 
necessary to make irrigated agriculture function prof
itably? 

Is there a central strategy outlined for the processes 
of project conceptualization, planning, design, construc
tion, operation, maintenance and rehabilitation which 
can be practiced? 

Is there interaction among the research, executive, 
management, and user communities? 

Is there a monitoring and evaluation process in place 
that is utilized for not only updating irrigation 
practices from conceptualization through implementation 
but also for manpower planning and inservice training? 

Technically, the concepts of irrigated agriculture in 
the Maharashtra setting are well understood. The problems encount
ered in the field are discussed, a willingness to explore various 
solutions exists, and experiences outside of the state government 
agencies are studied. However, as is generally the case around the 
world, the tectmical personnel are primarily concerned with specific 
components of the irrigation system. In this instance, the compo
nents receiving the most attention are the tanks, dams, and the dis
tributary canals. Tl~ attention accorded these components is evident 
in the high quality construction througl~ut the state. Water courses, 
field channels, and drainage structures and their relationsldp to the 
rest of the system receive less attention and the subtle interactions 
within a system are not always understood. Nevertheless, on the 
wl~le, the first criterion 1s met. 

The technical expertise in Maharashtra is more strati 
fied than 1s optimal. Institutions are not always cognizant of the 
capabilities and activities of other ins1tutions, although some ef
for ts are being made to coordina te ac t1vities, exchange data, and 
plan collectively. A greater interdisciplinary effort will be neces
sary to realize more fully the benefits of irrigated agriculture. 

Regarding the third criterion, central strategies are 
developed and standard procedures that support those strategies are 
pUblished in Widely distributed manuals. 



- 64 -

Interaction among various concerned parties, cri terion 
number four, is often a problem. Communication is largely from the 
top down, and gaps exist between the research and implementation. 
The problem is most severe at the on-farm level where useful inter
action between farmers and irrigation professionals is rare and the 
available extension services are weak. 

In regard to monitoring and evaluation, the fifth cri
terion, there is a remarkable statistical awareness of what is hap
pening in Haharashtra irrigation. The Irrigation Department, the 
Agriculture De~rtment, and the Groundwater Development Survey Agency 
all collect and publish substantial amounts of data. In several 
cases, the methods of calculating the data need to be revised and ana
lytical skills need to be upgraded. The design of minor tanks depends 
on yield estimates developed nearly a century ago. Sediment yields 
from catcbnents are standardized estimates that have proven inac
curate. Seepage 10sseB from the canal network should be known from 
monitoring and study of existing projects or estimated prior to con
struction in test pits. lo'inally, there is practically no feedback 
from observa tions of wa ter applica tions on indi vidual fields wIJ (.l-, 
would help to estimate water infiltration and thus tl:e eff!c!e~ _ .JJ. 

water applications. 

D. Economic Analysis 

Economic viability of the project was examined using time
discounted cash flow analysis of a sample of four proposed sub
projects. Description of the subprojects, methodology used for 
analysis, and the results of seasitivity tests for certain assump
tions are summarized. 

1. Mett~dology Used for AID analysis 

Using World Bank (WH) projected 1990 world economic prices 
expressed in 1983/84 price level and "backed" to farm gate, t!ds AID 
analysis developed indiVidual crop budgets at economic prices. WB 
estimates of present rainfed yields and projections of "Without Proj
ect" (WOP) and "With Project" (W/P) yields for Maharasbtra were used 
to determine the gross value of crops produced per hectare. 

TiM:! WB's estimates of inputs per hectare were used. Labor 
was shadow priced at Rs.3 per day while the economic cost of draft 
animal labor per day was taken to be Ra.lO. Fertilizer, in terms of 
N was priced at Rs.4/kg for the present case and Rs.4.8/kg for the 
WOP and W/P cases. 

Costs in this analysis included (a) capital investment 
needed to achieve the projected income, such as reservoirs and 
associated works, the distribution systemi (b) cost of land 
development at dM:! rate of Rs.2220/ha of cultivable command area 
(CCA); and (c) operation and maintenance (O&M) costs. 
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Direct benefi ts in this analysis included incremental net 
farm income from crop production. Credit was taken for income from 
reservoir bed cultivation in the rabi season. Incremental net farm 
income was calculated as W/p net farm income minus WOP net farm 
income, excluding transfer payment. 

Estimates of benefits took full account of transition per
iods involved in land and irrigation development and in the develop
ment of projected levels of agricultural productivity. These transi
tions were applied successively to each incremental area brought: 
under irrigation. To reduce calculations, a combined transition ob
tained by multiplying area and product!vity transition factor for 
each successive increment for each year was applied to W/p l1~t 

return. 

Subtracting annual costs from annual benefits the annual 
stream of incremental benefit (or cash flow) was derivp.d for each 
scheme. The annual cas h flow entries were then discounted by the 
Present Worth (PW) factors tor various rates of intereBt. Following 
AlD's traditional procedure, the base year's values w(:re discounted 
by a factor of LO. The economic ra~e of return (Elm) was deter
mined through an iterative procedure. 

2. Description of Schemes 

Kode: Located in western district of Kolr~pur, the scheme 
consists 0~460 meter long earthen dam across Jambali Nalla, a 70 
meter spillway and a lift network to irrigate 491 hectare out of a 
CCA of 5f:i9 hectares. Present cropping pattern includes inferior 
cereals, some paady in kharif and sugarcane as a perennial crop. W/P 
cropping pattern is proposed to include irrigated rabi crops; high
yielding varieties (HYV) of wheat and maize and vegetables. 

Gavase: This scheme ia located in the same district of 
Kolhapur and consists of a 340 meter long earthen dam across a local 
Nalla, a spillway of 40 meters, lined main canal, field channels and 
drains. It is designed to irrigate 191 hectares out of a CCA ot 239 
hectares. Cultivation at present is rabi oriented (wheat, maize, 
gram and vegetables), though some paddy, sorghum and vegetables are 
grown in a small area in kharif. The proposed W/P cropping pattern 
does not introduce any new crops. 

~: Located in the eastern district of OSll8nabad, the 
schr~me consists of an earthen dam 1620 meters long across the Waki 
Halla. It is designed to irrigate 1150 l~ctares. Presently cultiva
tion is reatricted to kharif season, the principal crops being sor
ghum, pulses and groundnut. Projected cropping pattern W/P includes 
shifte to two seasonals and rabi crops like wheat, gram, HYV sorghum. 
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DWle: this scheme in the northern district of Jalgaon 
consisits of a 1284 meter long earthen dam and canal network to ir 
rigate 232 hectares in a CCA of 412 t~ctares. Present cropping pat
tern includes mostly kharif crops -- sorglaum, cotton, pulses and 
groundnut. Irrigation will enable cultivation of rabi crops -- HYV 
wheat, sorghum, gram and vegetables. 

3. Economic Rate of Return 

Using methoci.ology 
Return (ERR) for the schemes 

outlined previously, 
were calculated. 

Economic Rates of 

Subproject 
Capital Costl ha 
with CCF (Ra.) 

ERR 
% CCA (ha) 

Kode 
Gavase 
Waki 
Dtule 

9,640 
14,870 

8,403 
9,405 

lb.03 
9.43 

17.14 
12.80 

589 
239 

IISO 
412 

Tt~ estimated ERR varies a good deal from one scheme 
another. All schemes, except Gavase, yield an ERR gteater than 12 
percent, which is generally taken to be the opportunIty cost of 
capital in the Indian economy. Two factors seem to liave been respon
sible for the low ERR in the case of Gavase: (a) it is obviously a 
high cost schemej and (b) w/p cropping pattern 1s almost the same as 
the WOP cropping pattern without any sldft to high value crops. '£lae 
Gavase scoome would not be financed under this project unless 1 t 
changed its cropping pattern to increase the ERR. 

4. Sensitivity Analysis 

Sensitivity analysis was carried out in respect of con
struction period, initial period of release of water, shortfalls in 
area irrigated f and costs. First, completion of construction work 
was assumed to be delayed by one year with consequent delay in the 
start of tt~ benefit stream. Second, water was assumed to be re
leased one year ahead of schedule, other assumptions remaining the 
same as in the base case. Tbird, t he scheme was assumed to have 
provided water to only 60 percent of the designated irrigated area. 
Finally, costs were assumed to be 10 percent (a) greater and (b) 
lower than the base case. The impact on the ERR of tt~se variations 
in base case assumptions is shown in the following table. 
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Project Kode Gavase Waki Dhule 

1. Completion delayed 
by one period 15.78 8.83 15.85 11.75 

2. Benefits start 
one period ahead 
of schedule 19.52 10.51 19.47 14.47 

3. Costs increase by 
10 percent 10.21 8.69 16.13 11.92 

4. Costs decrease by 
10 percent 18.39 10.28 18.35 13.81 

5. Irrigation provided 
to 60X of designate
area 

d 
7.32 1.81 12.85 7.86 

6. Base case 16.03 9.43 17.14 12.80 

The results soow that the rate of return is sensitive to 
an early release of water and advancing the benefit stream by one 
year ahead of the usual schedule. The physical construction sched
ule for minor irrigation schemes usually includes a four-year period 
of planning and construction and release of water in the fifth year, 
though it is frequently eight to ten years before water is available 
throughout the area that can be commanded. The design and construc
tion schedules under the Project are intended to make water avail 
able, to at least part of the command, during year four. 

However, tt~ most important factor affecting scheme viabil 
ity is the degree to which tbe system is operated to its design 
capacity. A review of the evidence regarding existing minor irriga
tion schemes shows that most schemes have been underut1lized. An 
analysis by the ID of 49 schemes in Nasik, Doole and Jalgaon Dis
tricts showed an average rabi ~tilization rate of about 40 percent 
over the life of the schemes. Variability from scheme to scheme was 
great, ranging from ten percent to 89 percent. 

At rates of utilization currently prevailing on Maha
rashtra minor irrigation schemes they are clearly an uneconomic in
vestment. Factors causing this underutilization are many and varied. 
Most frequently metnioned in the studies that have been done is the 
lack of reliability of tl~ physical system to deliver water to far
mers. This takes many forms -- from actual lack of a distribution 
system, through poor quality construction, to improper operation and 
maintenance. Design criteria and implementation procedures under 
this Project will eliminate, or at least minimize, these factors. 
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Another significant factor is the variability of rainfall. 
Dams and reservoirs will be designed at 50 percent reliability, wrdch 
means that in only half the years during scheme life can full utili
zation of the system be expected. Tids is a deliberate policy choice 
by the GOM which is intended to provide water to a larger number of 
beneficiaries than if the system were design for more reliability. 
USAlD has concurred in this design procedure with the proviso that 
GOM subject it to a thorough engineering, economic, and social 
analysis. 

Some of the more intractable factors influencing underuti
lization are institutional. Water allocation laws in Maharashtra 
under the Shejpali system give farmers the choice at various times 
during tr~ year of requesting water if it is needed; or not request
ing water, and therefore not paying for it, if it is not believed by 
the farmer to be needed. Thus, in good rainfall years wren a full 
irrigation water supply is likely, it is also likely that farmers 
will not request tM full water supply. In this situation, water 
will likely remain in the reservoir at the end of the rab! seaso'
ana could be released for hot season ~ropti, even though hot p" • ••,ou 
irrigation is not designed into minor irrigation schemes. The ID 
will analyze demand scheduling aa an alternative to U,e shejpali 
system for water allocation. Tt~ GOM is also exploring the 
possibilities of a minimum c}~rge for irrigation water availability 
so as to encourage farmers to take water. Trds ct~rge has not yet 
been imposed. 

Another institutional variable is ti,e land ceiling law 
which imposed smaller ceilings on irrigated land. ThiS has made 
farmers in some areas reluctant to utilize irrigation water that is 
available to them. 

It tss also been observed that farmers newly introduced to 
irrigation have not been given Bufficient education in its use and 
are therefore reluctant to use it. Agricultural development demon
stration chaks on each scheme financed under the project, trained 
YEWs and trained SMSs, and the organization of outlet committees 
will remove this institutional constraint. 

This is not an exhaust!ve list of the factors affecting 
irrigation water utilization, nor of the measures under considera
tion by the GOM. It does, however, focus on those factors to be 
specifically addressed under tl~ project. 

5. Economic Criteria 

Economic evaluation of schemes will use the discounted 
cash flow analysis. 
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A 12 percent ERR will be required for scheme approval. ex
cept in tribal. drought prone. !<onkan or other areas where GOM policy 
provides concessions. In these areas schemes will qualify with a 10 
percent ERR. 

E.	 Financial Analysis 

1.	 Financial Rate of Return 

The Financial Rate of Return (FRR) was calculated for one 
project. !<ode. by using market prices for outputs and inputs. In
puts. in tids case. included interest on working capital. deprecia
tion of machinery and implements. water charges. taxes and miscel
laneous financial expenditure. Construction costs ~ere not adjusted 
by the CCF. The estimated FRR for this project was 10.8 percent 
compared to an ERR of 16 percent. 

2.	 ,lo'arm Income of the Average Farm 

To ascertain the impact of irrigation on the net income of 
a two-hectare farm. a financial crop budget was developed. The 
present cropping pattern included the usual rainfed kharif crops with 
fallow land of 10 percent. With irrigation the cropping pattern was 
assumed to include rabi crops of wheat and maize. l'lle results of 
tide exercise are show in the following table. 

Farm Income 

Total Net Net Income 
Time Income (Rs.) Per ha (Ra.) 

Present 1.071 535 
Future Without Project 1.470 735 
Future With Project 7.820 3.910 

3.	 Cost Recovery 

Current policy of the GOl and GOM is not to recover the 
capital costs of irrigation facilities. Tl~y do intend. however. to 
recover operation and maintenance costs through the imposition of 
water charges. The rates vary from crop to crop depending on crop 
value and its requirement for water. Current water rates are given 
in Table 6. 

These rates are adequate to cover all O&M costs with a 
margin left to pay for collecting the charges and other administra
tive costs. In the case of the !<ode Scheme. current water rates 
would yield over Rs .100 .000 based on the proposed cropping pattern. 
O&M costs of Ra. 80/ha and tl~ cost for a canal inspector total about 
Rs .60 .000. Collections are more than adequate to cover recurrent 
costs. 
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Table 6: Water Rates ~harged on Flow Irrigation Schemes 
(Major, Medium and Minor Irrigation Works) 

Water Rates Per 
per Hectare Acre 

Name of Crop of Season (Rs.'> ($) 

1. Sugar ~ne and Plantains 750.00 33 

2. Other Perennials 500.00 22 

3. Kharif Seasonal Crops 50.00 2 

4. Rabi Seasonal ~rops 75.00 3 

5. Hot Weather Seasonals 150.00 7 

6. Hybrid vommercial Crops 50.00 2 
a. Kharif Season 50.00 2 
b. Babi ~rops 75.00 3 

7. Hybrid Seed and Foundation ~rops 

a. Kharif Season 100.00 4 
b. Rabi Season l50.0U 7 

8. Hot Weatt~r Cotton 
(Water supply from March 1st) 400.00 18 

9. Hot Weather Groundnut 300.00 13 

10. Hot Weather Paddy 150.00 7 

11. Pre-seasonal Watering 75.00 3 

12. Post Seasonal Watering to Kt~rif 

~rops in Rabi Season 20.00 1 

13. Post Seasonal Watering to Babi 
Crops on Hot Weatt~r Season 25.00 1 

4. Recurrent ~osts 

Recurrent O&M costs are adequately covered as indicated 
above. Since it is planned to complete the 90 sct~mes financed under 
this project, the recurrent costs that l~ve been a factor in some 
projects where AID is financing a time slice of a construction pro
gram will not be a factor in this project. 
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The SASe will likely be disbanded on completion of the 
schemes. If the SAEC and RMI<':s are found by the ID to be particular
ly effective, they l118y be retained for implementation of the GOM's 
irrigation programs. If 80·, costs for these units would be a part 
of their nOl'lll8l establisllllent costs and covered when projects are 
sanctioned for construction. 

In the case of the AD, the YEWs will have essentially com
pleted their work. on project schemes by the PACD. They will be well 
trained and effective workers in irrigation water management and can 
be expected to re_in a part of the regular staff of the AD. They 
will be transferred to other irrigation projects or to other activi
ties of the AD. While this reflects a recurrent cost obligation, it 
is one that GOM can be expected to support. Tt~ Bame will be true 
of the SMSs. They will have been incorporated into the regular tech
nical staff of tt~ AD and can be expected to continue working in ir
rigated agriculture. Their role in this project was not a full tiae 
one in any case. They are expected to provide the teclmical back
stopping and training for YEWs working on Project schemes but will 
have other duties in addition. 

A significant number of construction subdivisions for both AD 
and ID will have been created to implement project schemes. Staff 
composition of these subdivisions will include both regular and tea
porary employees. If tt~ GOM irrigation program expands as expected 
in the seventh and eighth plans these subdiviaions will be reas
signed to other new projects. If not, both the AD and ID have the 
administrative capacity for retrencbDent in staff numbers. There
fore, it is not expected that the construction subdivisions will 
create a recurrent cost problem. 

Overall, it is concluded that tids project, while it l118y 
create some recurrent costs for the GOM beyond the PACD, these costs 
can be managed or avoided so as to eliminate any recurrent cost pro
blems. 

F. Environmental Analysis 

1. Background 

USAlD/New DeHd submitted the Maharashtra Minor Irrigation 
PID to AID/Washington in Occtober 1982. In the PID, USAID maintained 
that an assessment of the environmental impact of irrigation develop
ment was unnecessary because the relevant issues had been identified 
aud analyzed under the AID financed "Maharashtra Irrigation Manage
ment and Training Project" as well as other AID financed irrigation 
projects in areas with similar agro-clilll8tic and topographical con
ditions. Moreover, USAID has been monitoring the environmental im
pact of its ongoing irriga tlon portfolio and has yet to detect any 
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signs of significant environmental degradation caused by irrigation 
development. USAlD did, however. plan to examine under tlds project 
tl.e environmental impact of the construction of access roads to proj
ect sites. The APAC which met on October 29, 1983 s had no issue 
with tlds approach. 

The following is a scopiug statement identifying the poten
tially negative effects of road construction on the environment. The 
scoping statement has been prepared in accordance with the procedures 
outlined in 2~ CFR 216 and approved by the Asia Bureau Environmental 
Officer. 

2. Adverse Impacts 

a. Erosion 

Some of the access roads for the construction of the 
dams and teaaworks will be in hilly areas. Road widths are narrow. 
designed primarily for one way traffic. The standard practice in 
constructing these roads is to cut a bench along the contour :lll" 

push the spoil over ttle down slope side. Erosion can ensue if l.llt:! 

earth is not properly shaped and compacted, embaukmants are not 
seeded, and drainage channels are nol constructed to properly con
trol tie flow of runoff. Retaining waJls witll internal drainage 
must be built to stabilize those soils ttlBl have a low angle of re
pose. Most of the Maharashtra irrigation schemes will be in more 
level to rolling areas wltere erosion hazards are not serious. 

b. Diversion of Natural Drainage Routes 

Construction of access roads can block and thus force 
Ue diversion of natural drainage routes. Here, planners must not 
only consider tlte potential for erosion created by the new routes. 
but the environmental consequences of depriVing the flora and fauna 
existing along the natural route of tt~t particular source of water. 
Diversion can be averted by ttle construction ot cuI verts and other 
cross drainage structures where appropriate. Current hydrologic pro
cedures used in Maharashtra are satisfactory to determine the runoff 
potential for sizing the drainage structures. 

c. Migration of Wildlife 

While it is recognized ttl8t road construction is often 
responsible for the displacement of wildlife, it is doubtful t~~t the 
construction of access roads will have any substantial effect on 
animal movement. This is primarily because of the existing presence 
of mankind in the areas identified for project activities, the rela
tively narrow width of ttJe roads and the limited anticipated use. 
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3. Issues to be ~liminated from In-depth Analysis 

The issues identiU~d above were reviewed by the design 
team and Government c£ Mal~rashtra officials during the initial de
sign stages ot this project. It was determined tl~t in-depth anal
yses would not be required during project design. The Government of 
Mat~rashtra is aware of tl~ measures that must be taken to minimize 
the threat road construction poses to tt~ environment and has incor
porated tLem into their standard construction procedures. USAID will 
monitor construction at project sites to ensure that these procedures 
are followed. 

V1I. Monitoring and Evaluation 

A. Monitoring 

1. GOM Monitoring 

~ront line responsibility for monitoring project construc
tion activities will rest with the respective Regional Minor Irriga
tion Cells. The RMICs will regularly forward comprel~nsive progress 
reports to the Monitoring, Evaluation and Survey Unit of the Special 
Analysis and Evaluation Cell. 'these reports will provide complete 
pl~sical and financial details for each minor irrigation sct~me under 
construction and will identity existing or forseen constraints to 
construction progress. The MESU will compile these reports on a 
semiannual basis and do an analysis of the strengths and weaknesses 
of t he cons truction ac t1 vities ~ l'he reports will be forwarded to 
U~AID ana senior officials of the Irrigation and Agriculture Depart
ments for review ana comments. 

MESU will also moni tor the progress of the studies and 
pilot activities being supported under the project. It will lIeet 
regularly witlj groups conducting the studies and pilot activities, 
undertake random spot ct~cks ot tt~ pilots, and compile and scruti
nize reports that groups conducting studies and pilot activities are 
required to submit. 

1'0 help it object!vely measure the project achievements, 
~SU will contract agricultural universities to conduct benclJDark 
and follow up surveys of socio-economic and technical conditions. 

The Special Appraisal and Supervision Cell, drawing from 
.information prOVided in the MESU reports and from its own site 
visits, will periodically review project progress. It will also be 
responsible for monitoring the training program. 
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2. USAID Monitoring 

l'tle Liaison and Coordination Unit contracted under the 
project will be responsible for tile day-to-day monitoring of project 
activities. It will pl'epare quarterly reports on project progress, 
specifically discussing construction activities, studies and pilot 
activities, the professional development program, the institutional 
reorganization, the computer data management program, and the est,ab
listaent of hydrological units. 

USAlD wEI monitor progress by reviewing tt.e reports pro
vided by i:he J.ell and ~tle reports provided by the GOM. In addition, 
the project office.r will, on ttle average, make two trips per month 
to Maharashtra. On~ of the trips will be to monitor progress under 
the Maharashtra Irrigation Tectmology and Management Project and the 
other to monitor progress under tids project. His particular empha
sis will be on monitoring construction progress, although other proj
ect activities will also receive his attention. Over the six year 
life of the project, the project officer will travel to Maharashtra 
approximately 50 times in support of this project. He will vis! t 
each of the 90 schemes under cons truction a t leas t once. 1L,)':;l:: 
schemes on wUch implementation constraints have b~en identified 
w:Ul be visited more than once. Tl.e percentage covcr,'lge will be 
higher in the initial years because f~wer sHeD will be active. 
Fuller coverage il::i critical at tile beginning however, to assure that 
new criteria are applied, new practices followed, and farmer parti
cipation taking place as planned. The PSC responsible for pilot 
activiUes in USAID's irrigation portfolio will also visit Maha
rashtra regularly. Training activities too will be monttored by 
misl::iion tllaU, particularly ttlOse being introduced for the fi1.'st 
time. 

B. Evaluation 

1. Annual Evaluations 

l'tle Government of India, the Government of Maharashtra, 
and USAlD will conduct joint project evaluations on an annual basis 
to determine physical and financial progress of the project; extent 
of farmer participation; effect ot demonstration chaks; impact of 
special studies, pilot activities and diagnostic analyses; and 
effectiveness of new organizational units. Af'>;er identifying the 
constraints to project progress a plan of action will be developed 
by the joint evaluation team to improve project implementation. 

2. In-depth Evaluation 

An in-depth evaluation is scheduled for the enu of the 
third year of tt~ project. The evaluation team will look at, among 
other things, (a) construction progress, quality of construction, 
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and acceptance of design and construction standards introduced under 
tie project; (b) the extent of farmer participation compared to that 
on non-AID schemes and the differences increased farmer participa
tion have made in operation of tie schemes; (c) coordination between 
the various relevant departments; (d) the findings of the special 
studies pilot activities. and diagnostic snalyses and how the find
ings are being applied; (e) the effectiveness of the training pro
grams; and (f) the performance of the special institutional units. 
1'he evaluation team. after discussions with various USAlD and GOM 
officials and farmer irrigators. will propose recomaendations to in
crease the effectiveness of project activities. 

At the end ot the project. an evaluation will be conducted 
to assess the impact the project Iss lsd on the irrigation sector in 
Mal~rashtra and to consolidate tie lessons learned. 

Bot.h evaluations will draw upon the information acquired 
during the project monitoring process. The baseline surveys and 
follow-up surveys conducted by the agricultural universities will be 
particularly useful. 

Evaluation 1s a covenant to the Project. 

VIII. ~onditions and Covenants 

A. ~onditions Precedent to Disbursement 

Prior to the first disbursement of loan funds the Cooperating 
Country will prOVide or cause to be provided evidence that the State 
of Mtiilarashtra has established a Special Appraisal and Supervision 
Lell. a Special Analysis and Evaluation ~ell. and six Regional Minor 
Irrigation ~el1s within its Department of Irrigation. and sanctioned 
adequate staff for the Special Appraisal and Supervision Cell; the 
Special Analysis 
Irrigation Cells. 

and Evaluation Cell; and each of the six Minor 

IS. Covenants 

1. On Farm Part II Works. Except as the Parties may otber
wise agree in writing. tbe Cooperating Country agrees to .make all 
reasol~ble efforts to assure the availability ot sufficient funds to 
tie Agriculture Department to complete tile On-Farm Part II works in 
accordance with the schedules to be estllblislled. 'by the GOI and USAID 
for that work. 

2. GOl Project Staffing. Except as ti~ Parties may otherwise 
agree in writing. tl~ ~ooperating Country agrees to establish an ade
quate number of positions. and post experienced qualified staff to 
these positions as necessary to effectively implement all Project 
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activities in accordance with Project schedules and budgets to be 
established, f~om time to time, by the GOI and USAID for the approved 
schemes. 

3. Water Users' Organizations. Except as the parties may 
otherwise agree in writing, the Cooperating Country agrees that 
within two years from initiation ot the Project, a plan shall be 
submitted, satisfactory to A.l.D. in form and substance, describing 
the organizations, authorities, and responsibilities of water users' 
committees at the outlet level, and a schedule for activation of 
such committees in those areas involved in the Project. A.!. D. 
reimbursement for costs connected with completion ot irrigation 
schemes shall take into account activation of such committees in an 
appropriate number of project areas. 

4. ~Ject Evaluation. The Parties agree to establish an 
evaluation program as part ot the Project. Except as the Parties 
otherwise agree in writing, the program will include, during the 
implementation of the Project and at one or more points thereafter: 
(a) evaluation of progt"ess toward attainment of the objectives of 
the ProJect; (b) identifJ.cation and (!valuation of pr,-blem are' co 

constraints which may inhibit such attalnmentj (c) i:U: .'s~l!lent 01 how 
such information may be used to help overcome such prcJIJ111'.S; and (d) 
evaluation, to the 1egree feasible, of the overall development 
impact of the Project. 

5. Post 1'raining Employment. Except as the parties may other·· 
wise agree in writing, the Cooperating Country agrees to require and 
enforce that all persons trained abroad under thil:i Project be re
quired, immediately upon completion of said training, to work in ir
rigation related activities for a minimum period of not less than 
two (2) times the length of the training abroad. AID reserves the 
right, in consultation with the GOl, to di~allow costs for training 
abroad for those peraons who without good cause do not work in irri
gation related activities in accord with the terms of this Covenant. 
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ANNEX 2 

RESPONSE TO APAC ISSUES 

1. Local ParticipatioiH The APAC noted that sll8ll-scale nature of 
minor irrigation schemes presents an excellent opportunity for the 
project to increase local participation and sU8gested that the mis
sion explore methods of involving farmers in the design of water 
course~, contractor selection and supervision, planning for water 
dist~ibut1on, and identification of training needs. APAC also sug
gested that feasibility of farmer organizations controlling payments 
be explored. 

Farmer participation will begin wi th the planning of the water 
distribution system. Irrigation and agriculture officials will dis
cuss the proposed plan with the farmers and respond to farmer com
ments as to how it could be adjusted to best serve community in
tereats. It is proposed tbat the village leader will sign a doc
ument that certifies that the discussions were held and that the 
design selected was acceptable to the majority of individuals af
fected. Approximately two years prior to the scheduled completion 
of the irrigation system, village extension workers (VEW) from the 
Agriculture Department will be assigned full-time to A.I.D. financed 
schemes. They will have been trained under the project and will be 
responsible for helping farmers organize outlet committees. The 
YEWs and the outlet committees will establish water allocation pro
cedures and determine maintenance responsibilities. To learn more 
about farmer organizations and what makes them work, A.I.D. will fi
nance a study on experience to date in organizing irrigators in 
India. The study will be cOllpleted in the second year of the pro
ject so that lessons learned can be applied. As explained in more 
detail in the project financial plan, farmer participation is part 
of a disbursement trigger for two separate perforaance benchmarks. 

Ways to further increase farmer participation will be explored 
under two pilot activities financed under the project. One pilot 
will have farmers responsible for all earthwork construction below· 
tl~ outlet. The GOM will contribute technical assistance and assume 
responsibility for all structural construction. Tl~ other pilot 
will increase farmer participation in deterillining crop mix by 
increasing the variety of their crop choice. Current GOM policy 
restricts the cultivation of crops other than foodgrains on fields 
irrigated by surface water. 
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In addition to promoting increased farmer participation, the pro
ject will familiarize farmers with the principles of water manage
ment. ~'armers need to understand' the soil-plant-water relationship 
and must be taught to apply the proper amount of water at the proper 
time. The importance of on-farm land development must be emphasized 
to maximize irrigation efficiency. Uirect responsibility for famil
iarizing farmers with water management principles will lie. with the 
YEW. He will be assisted by the water management subject matter 
specialist which the Agriculture Department has agxeed to appoint to 
each district with an A.l.D. financed scheme. To further enlv.iDce 
the farmers' understanding of irrigation technology and rds grar.p of 
the potential the teclmology creates, two demonstration chaks will 
be established in each scheme. Finally, special worksmps, field 
days and sr~rt training sessions will be sponsored for farm families. 

The design team considered APA~ recommendations tt~t farmers be 
involved in contractor selection, supervision, and payment, and in 
the identification of training needs and discussed these recommenda
tions with the GOM. Both parties agreed that, at trds point, neither 
AID nor the GOM had enough experience with farmer organizations in 
Ii:&dia to prepare farmers to undertake these types of tasks. It.'· 
agreed that rather than tempt failure by jumping teo far too fast, 
the approach smuld be to tackle realistic targets, :HJJ increase 
farmer participation incrementally. 

l. Evaluation and Monitoring: APA~ called for a strong monitoring 
and evaluation component to formalize tr~ining process. 

The project will create a Special Analysis and Evaluation Cell 
which will, among other tbings, monitor the progress of the special 
studies, pilot activities and diagnostic analysis; conduct benchmark 
and follow-up surveys; and monitor iD~titutional and socio-economic 
variables. To facilitate the monitoring pr.ocess, a computer data 
management capability will be established. To ensure that lessons 
learned are applied in the future, a link will be developed with the 
Technology Transfer Unit being supported under tr~ Irrigation ~wnsge
ment and Training Project. A Special Appraisal and Supervision ~ell 

will monitor construction progress. A.IoD. monitoring requirements 
will be accomplished by the regularly Bcheduled visits ot tl¥! 
project manager and by the reports of the technical assistance team. 

3. Operation and Maintenance: APAC was interes ted in how 
operations would be financed and the role of beneficiaries in 
maintenance. 

The GOM recovers operation and maintenance costs through the 
imposition of water charges. These rates are shown in Table 6 of 
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tt~ Project Paper. They a~e adequate to cover all O&H costs with a 
margin left to pay for collecting the charges and other 
administrative costs. 

Beneficiaries will be responsible for maintensnce of the water
courses below the 40 hectare outlet. The Argicu1ture Department 
will assist faraers to develop this maintenance capability and will 
monitor maintenance actiVities. 

4. Infrastructure Support: APAC requested that the PP outline a 
mechanism which would enSI.Are coordination for provision of infra
structure and other essential inputs. 

A ~tlnor Irrigation Committee, which includes representatives from 
all relevant government agencies, will be estab1isied under the Pro
ject. The KIC will meet regularly to ensure the coordination of 
inputs and proVide overall operational guidance. 

5. Attracting Contractor and Government Support: APAC noted 
remoteness and small size of minor schemes and asked whether 
adequate incentives existed to attract contractor and government 
support. 

USAlD does not foresee a problem in this regard. Tie GOM las an 
active policy ot extending irrigation to areas most w1nerab1e to 
drought, often by-passing more accessible areas which offer a fi
nan-cially higher rate of return. Contractors also have not yet 
proved to be a problem. If, in certain instances, contractor 
services cannot be acquired, the GOM will construct the schemes by 
force ac- count. 

6. Absorptive Capacity: Given two World Bank projects and with this 
project, the two A.loD. projects, APAC questioned GOH absorptive 
capacity in terms of budget and manpower. 

During the current f1 ve year plan (1980-85), the Irrigation De
partment is constructing 437 new minor irrigation schemes at a cost 
of approxill8te1y $245 m111ion. The Seventh F!.ve Year Plan (1985
1990) calla for the construction of 843 new minor irrigation schemes 
at a cost of $476 million. The World Bank projects, both of which 
were initiated before 1980, and the AID projects are all within the 
GOH's bUdgetary absorptive capacity. 

The Irrigation Department manpower levels are increasing in 
accord with the budget increases. Training capacity has been 
substantially enhanced witb the creation of WAUU. The Agriculture 
Department could face manpower constraints. 
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7. Project Analyse..!: The APAc.; directed USAID to examine costs of 
minor irrigation schemes carefully and to examine land tenure issues. 

The Project Paper estimate of tt~ aYerage cost of minor irriga
tion schemes is $2623 per hectare; it exceeds the earlier PID esti
mate by about $123 per hectare. or by about 5 percent. This estimate 
is based on the details of costs of recently approYed schemes and 
seems reasonable. 

Land tenure will not be an issue under this project. As indi
cated in the Social Soundness Analysis only 3 percent of Maha
rashtra's agricultural holdings are wholly rented. 

8. Staffing: APAC directed tl~t PP identify type of staff support 
project will require and discuss t~w support will be provided. 

The Project Paper Implementation Plan thoroughly discusses USAID 
staffing arrangements. 



ANNEX 3 

Summary of Criteria and Conditions 
for Approval of Subprojects 

Each individual Minor Irrigation Schemes (HIS) will be designed 
by the Executive Engineer of the respective regions, appraised by 
the Special Appraisal and Supervision Cell (SASC) and approved by 
the Minor Irrigation COllllittee (HIC) and will be based on the 
criteria described hereunder: 

1.	 An Econoll1c Rate of Return (ERR) of 12 percent or more, or 
10 percent in tribal/drought prone areas. 

2.	 All designs comply wi tb the standard engineering design and 
cos t es timation cri teria es tablis bed by COl-V ID and AD, and 
the Indian Standards Institute for various components of the 
scheme. 

3.	 Dam and conveyance system of each HIS constructed within 
four years of initiation including the distribution network 
(Part 1 works) to indi vidual farms or to tbe point tha t 
serves up to two ha block whic1.ever is suller. 

4.	 Complete surface drainage system is designed and constructed 
in the entire CCA to remove rainfall intensities of a 5-year 
recurrence interval rapidly enough to avoid crop damage. 

5.	 Crop water requirements calculated according to the cropping 
patterns developed by AD and using the climatological data 
from the area or nearby area. The conveyance system 
capacity to be based on maximum irrigation require-ents of 
the system. 

6.	 Estillates of monthly available water supply based 'i)L'. a 20 
year reservoir operation study. 'l'be live storage capacity 
of tbe reservoir should be based on estimated 50 or 75 
percent dependable flow as per "Manual of Minor IT.rigation 
Works in Haharashtra State, 1983" till results of special 
studies and pilot projects become available. 

7.	 The layout of the water conveyance and distribution syatem 
should be based on detailed soil and top(·s,raphic surveys and 
finalized after reviewing the possible technical alterna
tives with farmers. 
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8.	 Sufficient hydraulic head to be provided to assure the de
signed flow between outlets and watercourses, watercourses 
and field channels, and a minimum of 15 CID. head between 
field channels and the highest point wi thin the commanded 
fields. 

9.	 Delivery system capable of delivering streams of 30 liters 
per second to gated outlets serving about 5-8 he on a 
rotational basis. 

10.	 Distribution system to be designed starting with farmer's 
field and moving upward through the system to the main canal 
outlet level. 

11.	 Conveyance channels adequately designed and regulated with 
control structures to permit full deli very to each outlet 
even when main sys tem is opera ting at 50 percent of des ign 
capacity. 

12.	 Water measuring devices to be provided at the head of the 
main canal, at each offtaking distributary/minor and along 
the distribution system as required to deli very meaSlJ; 
flows among users. 

13. Conveyance system adequately protected by cross-drainage 
structures and escapes as needed at the end and at various 
points along tl~ canal alignment. 

14.	 Conveyance/distribution system to be selectively lined based 
on detailed soil survey da ta and hydraulic conduct!vity
seepage loss correlation. 

IS.	 Wa ter conveyance efficiency mUI:l t bf; supported by seepage 
tests on the soils that canal passes tl~ough• 

.1.6.	 Water is cllocated according to the rotational water system 
as detailed in project paper. 
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SCOPE OF WORK 

For Water Managellent Synthesis II Project 

A. Objective 

The contractor will recruit staff for, establish and backstop a 
Liaison and COordination Unit (LeU) to be located in Maharashtr::t 
St:ate. The Unit will be operated on a full-time basis for three 
years and on a part-time basis for the following three years. 

B. Staff Recruitment 

The contractor will recruit an expatriate team leader for the leU 
who is an experienced and accomplished specialist in the field of 
irriga1:1on and water management technology, and opera tionally 
knowledgeable regarding micro-collputers and the software necessary 
for irrigation systems analysis. This individual should have at 
least ten years of experience; at least halt of which is in devel
oping cQuntries. Preference will be given to indiv1duals with South 
Asian experience in irrigation and water management. 

In addition to the LCU team leader, contractor will recruit two 
senior Indian irrigation engineers or water management specialists to 
work under the supervision of the LCU team leader. Adll1nistrative 
assistants, typists, drivers and other support staff will be re
cruited as necessary to make tl~ LCU function smoothly and efficient~ 

ly. 

C. Office Establishment 

Contractor will set up the LCU office at a location in Maharashtra 
to be deterained by the State and USAID. Contractor will lease space, 
furnish, and otherwise establish necessary office facilities. 

1). Equipment 

In addition to all ~~rmal off!c~ furnishings and equipment, 
contractor will purchase and set up in tlk~ offices of the LCU a 
lIicro-computer, or computers, cllmoaU.ble with the micro-computers to 
be acquired under the Project. 

Contractor will also install a hig~speed p'lain paper copier in 
the Special Analysis and Evaluation Cell to facilitate data 
dissemination throughout the State. 
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E. Technical Responsibilities of the Unit 

The L~U will be responsible for coordinating and assisting in the 
implementation of all project activities. 

1. The LCU will provide day-to-day counsel in water management 
and in the various aspects of the irrigation system planning, design, 
construction, operation and maintenance and management to the Irriga
tion and Agriculture Departments and other entities that are involved 
1n the Project. 

Specifically, the LCU will liaison closely wi th the Special 
Analysis and Evaluation Cell (SAEC) which is under t!~ control of the 
Coordinatins Regional Ctdef Engineer and the Special Appraisal· and 
Supervision Cell (SASC) wldch is under tIle control of the Chief 
Bngineer, Minor Irrigation, at tt~ State level. 

2. The LCU will assist the SASC in the manpower development 
activities proposed under the Project (see Attachment A). Working 
with the SASe, tbe LCU will prepare course outlines, sugge~· 

additional training activities that may be needed, and conduc) ur 
arrange for the conduct of tt~ in-country short coursey, workshops 
and seminars briefly outlined in Attachment A. 

3. The L~U will prepare suitable itineraries and ot!~rwise arrange 
for irrigation water management observation trips within India and to 
the U.S. and other countries for Irrigation and Agriculture Depart
ment senior, mid-level and junior officers. Such trips will be de
signed to broaden U~ experience and expose these officers to modern 
state-of-the~art irrigation management that may have some applicabil
ity in Maharashtra. 

4. A number of data collection, special studies and pilot activi
ties are proposed to be carried out under the Project (see Attachment 
Ii). The LCU will be responsible for, or arrange for the necessary 
technical assistance in tt~ design and implementation of studies and 
pilot activities and in tt~ overall data collection and processing 
effort. The LCU will work closely wi th the SAEC and the Regional 
Minor Irrigation Cells (RMIC) which have the implementation respon
sibility for t!~se activities. 

The LeU will prepare scopes of work for each of the above 
activities, arrange for, or help contract for the research talent 
required, assist in supervising the work, and assist the SAEC in 
incorporating useful results into scheme design criteria. 
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.5. The LCU will give continuing assistance to the SAEC and the 
RMlCs in the planning and design of about 90 MISSj to the SASC in the 
appraisal of the schemes and in monitoring their implemen",tttionj to 
the lUUes in the monitoring, coordination and evaluation of MISs 
financed under the Projectj and to the Department of Agriculture in 
the implementation of demonstration chaks. It is expected that the 
Leu will spend about half of its available staff time on these moni
toring and implementation activities. 



Attachment A 

SUMMARY :rWNING PLAN 

Description of rraining 

a.	 Short course on computer 
simulation modeling and 
information management 
(Three weeks) 

b.	 Short course on opera
~ion of minor irrigation 
model (Four weeks) 

c.	 Short course on irrigation 
system management under 
demand scheduling 
(Two weeks) 

d.	 Short course on field ir 
ri8ation practices like 
flow measurement, com
puting and measuring 
crop water requirements, 
and evaluation of on-farm 
water management practices 
(One week) 

e.	 Workshop on irrigation 
methods (ID-1/pilot; 
AD-2/pilot; farmers-3/ 
pilot) (One week) 

f.	 Planning and layout 
of minors, water course 
and field channels (20-10 
day workshops for 20 
participants each) 

Person 
Months 

Target Audience of TA 

Irrigation Department 2 
5 (state) 

10 (region) 

Agriculture Department - 5 
Groundwater Survey and 

Development Agency - 5 
University - 5 

Irrigation Department - 15 
Agriculture Department - 5 
Groundwater Survey and 

Development Agency - 5 
University - .5 

Irrigation Department 1
 
10 (state)
 
30 (region)
 

Irrigation Department - 50· 1
 
Agriculture Department - 50
 
University - 10
 

Irrigation Department - 10 6
 
Agriculture Department - 20
 
"'armers - 30
 
University - 5
 

Irrigation Department - 100 6
 
Agriculture Department -300
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Description of Train1ns 

g.	 Short course on soil fer
tility and soil moisture 
interactions in crop 
yield; as well as diagnosis, 
prevention, reclamation, 
and management of soil 
salinity (2 subject 
matter specialists/ 
district • (0) 
(Two weeks) 

h.	 train subject matter 
specialists (SMS) in 
on-farm water management 
Long-term course at WALMl 

i.	 Works hops on farmer 
organization 

j.	 Workshops for training 
trainers for agricultural 
development chaks (30 dis
tricts x 5 Agriculture 
Department and 1 Irrigation 
Department • 18(; 
(Two weeks) 

k.	 Workshop for training 
famers at eacll scheme 
(10 x 100 schemes) 
(One week) 

1.	 Train field level ex
tension staff tor water 
management (One week) 

m.	 Train field level exten
sion staff capable of 
working with and assisting 
female fara operators. 
(10 participants - One week) 

n.	 Train local contractor and 
Irrigation and Agriculture 

Tarset Audience 

Person 
Months 
of TA 

Agriculture Department 
University - 10 

- 60 

30 

Irrigation Department _. 50 
Agriculture Department -10 

Irrigation Department - 30 
Agriculture Department -150 

2 

Fa1'lllers - 1000 

100 

Agriculture Department - 10 

360 3 

Departments supervisory staff 
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Person 
Months 

Description of Training l'arget Audience of TA 

in proper construction methods, 
quality control, and so forth, 
particu1ary in Part I and 
Part II works (3 regional 
level workshops • 18 work
shops x 20 participants • 
3bO participants -
One week) 

o. Observation tours for Irrigation Department - 20 
mid-level and senior Agriculture Department - 5 
officers in the U.S. 
and other countries to 
observe irrigation 
water management 



Attachment e 

Data Collection, Studies and Pilot Activities 

A. Data Collection and Studies 

1. A computerized data collection and processing system will be 
developed to obtain and systematize basic hydro-aeteorological data 
froll exis ting and new schemes, including groundwater profiles and 
agricultural land use patterns. 

2. Diagnostic analysis, patterned ~fter the procedures developed 
in the Irrigation Management and l'raining Project, will be carried 
out on twelve existing schemes. 

3. A minor irrigation systems computer model for analysis of 
HISs will be developed. 

4. A compre hensi ve study of tbe in ter-l"ela tions hips between 
setting of sill levels, silt storage allowances, maximizing live 
storage, and other factors will be undertaken. 

5. An analysis of the pros and cons ot sizing reservoirs on a 50 
percent dependability and cOmKand area on a 75 percent dependability 
will be undertaken. 

o. Rotational water supply systems (RWS) will be analyzed and an 
RWS system for use on Project schemes will be devised. 

7. An analysis w:Lll be IIUlde of the extent and nature of 
"participation" by irrigators on existing HISs, including study of 
the Phad system in the Nasik region, the Khajana well in Deed 
District and Malguzari tanks in ctandarpur and Bhandhara Districts. 

8. Ongoing studies of how bes t to organize farmers to opera te 
and l18intain irrigation systems will be collected and analyzed and 
reported on by GOM at the end of the second year of project life. 

9. On the piped distribution pilot schemes, the AD will contract 
with a un!vers1ty to analyze the costs of Part II works reqUired 
under sprinkle irrigation and cOllpare with costs of Part II works 
reqUired for land shaping and levelling under surface irrigation. 

10. An extensive set of baseline surveys will be undertaken 
which will COvel" a sample of Project financed schemes, the pilot 
schemes, and samples of both beneficiary and non-beneficiary farmers 
in Haharashtra. These same sample sets would be surveyed for 
evaluation purposes. 
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B. Pilot Investigations and Demonstrations 

Pilot investigations/demonstrations are concentrated on key plan
ning and teclmical design issues. A planning team or committee 
would be created for each of tr~ pilot schemes and would be respon
sible for preparing a report with recommendations for the teclmical 
and organizational substance of the pilot activity widch will gUide 
tt~ design and implementation of the pilot schemes. 

1. Cropping pattern selection is a critical choice for irri
gators, who currently have very little input into the selection. 
All ten pilot scl!emes will go through tt~ analytical processes set 
up for involvement of irrigators and other institutions in cropping 
pattern selection. 

2. Development of groundwater and conjunctive well/canal water 
utilization has been identified as a key issue~in minor irrigation. 
Teclmical and institutional issues will be identified and analyzed 
in conjunction with tt~ Mallarashtra I'l'&M Project. 

J. Financing groundwater development las been icil~ntified '1. 

critical variable in optimizing conjuncl:i ve use on e;;J~.;..:in'5 schemes. 
An existing subproject under the Haharashtra 11'&/>1 Projll;t will be 
analyzed for groundwater development potential. l.ocal financial 
institution8 will be involved 1n planning tlud f)ffering a financial 
package tor Hew wells and tbe repair and renovation '-!f old wells. 

'.. New technological innovations will also be tested. Two or 
three new schemes in the Konkan region will be selected to experi
ment with a closed distribution system. '..:elected chaks in one or 
more of tt~Be schemes will experiment with gravity-fed sprinkler 
ir riga tion. 

5. Demand scheduling of irrigation water deliveries appears to 
have advantages over tl~ current Shejpali system. Demand scheduling 
provides a more reliable irrigation water supply but requires a user 
organization to make water sct~duling decisions. One of tc~ closed 
systems in the Konkan region and one other open system would be 
selected for experimentation with this new water scheduling system. 
The initial step will be an analysis and design by USAID provided 
technicians. 

6. All schemes financed under the Project will be required to 
develop demonstration chaks wtdch will show farmers the latest 
agricultural development technology, including optimum water 
utilization. All pilot schemes are included in this program. 
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7. The catchment of a minor irrigation tank iR a critical 
element in the overall scheme. The yield of water for irrigation 
and tl~ length of life ot the reservoir due to siltation are 
critical variables determined by tl~ nature and treatment of the 
catchment. Two existing scl~mes and three new schemes will have 
catcleent treatment programs that may be financed under the 
Project. The instrumentation to be installed on ea"ch scheme will 
measure 
content 
deposits estimated. 

water inflow 
of the reserv

and otl~r variables. The initial 
oir will be determined and annual 

sediment 
sediment 

8. One new pilot scl~me in the Aurangabad region will be 
selected to examine agricultural support programs for women 
agriculturalists that can be recommended, generally~ for irrigated 
agriculture. 
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Section 611 (e) Certification
 
Maharashtra Minor Irrigation Projec~
 

1'lds project will loan-tinance 67 percent of eligible construc
tion costs and grant-finance 100 percent of associated long and 
short-term technical assistance, training and research costs of 
approximately ninety minor irrigation schemes planned by the 
Government of Maharashtra to test and demonstrate ways to improve 
tt~ efficiency of irrigation in Maharashtra. 

1, Owen Cylke, Principal Officer of tt~ Agency for Interna
tional Development in India, do hereby certify that in my judgment 
the Government of India and the Government of Maharashtra have both 
the financial capacity and the resources to carry out, maintain and 
utilize this project effect! vely. Tlds judgment is based upon the 
analyses contained in the Project Paper, as well as upon the suc
cessful maintenance and utilization of projects in India previously 
financed or assisted by the United States. 

Owen Cylke, Director 
USAIDlindia 
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COUNTRY CHECKl.IST 

Listed below are, first, statutory criteria applicable generally to FA). 
funds, and then cri teria applicable to individual fund sources: De velopmen1 
Assistance and Economic Support Fund. 

A. General Criteria for Country Eligibility 

1.FAA Sec. 116. can it be demonstrated 
that the contemplated assistance will 
directly benefit the needy? If not, has 
the Department of ~tate determined that 
this government has engaged in a con
sistent pattern of gross violations of 
internationally recognized human rights? 

l.FAA Sec. 481. Has it been determined 
that the government of recipient country 
t~s failed to take adequate steps t~ 

prevent narcotics drugs and other co~
trolled substances (as defined by the 
Comprehensive Drug Abuse Prevention 
and Control Act of l~70) produced or 
processed, in wl~le or in part, in such 
country or transported tl~ough such 
country, from being sold illegally 
witrdn the jurisdiction of such country 
to U.S. Government personnel or their 
dependents, or from entering tl~ United 
States unlawfully? 

3.FAA Sec. 620(b). If assistance is 
to a government has the Secretary of 
State determined tr~t it is not con
trolled by the international Communist 
movement? 

4.FAA Sec. 620(c). It assistance is 
to government, is tl~ government liable 
ae debtor or unconditional guarantoL on 
any debt to a u.s. citizen for goods or 
services furnished or ordered wl~re 

(a) such citizen has ex:l~usted available 
legal remedies and (b) debt is not denied 
or contested by such government? 

The Assistance will 
directly benefit the 
needy. 

No. 

Yes. 

No. 
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5.FAA Sec. 620(e)(l). Ii assistance is 
to a government, has it (including 
government agencies or subdivisions) 
taken any action which has the effect 
of nationalizing, expropriating, or 
otherwise seizing ownerslJ.p or control 
of property of U.S. citizeno or entities 
beneficially owned by them without 
taking steps to discharge its obliga
tions toward such citizens or entities? 

6.FAA Sec. 020(a), 020(£), 020D; 
Continuing Resolution Sec 511, 512, 
and 513; ISDCA of 1980 Secs.7l7 and 721. 
Is recipient country a Gommunist country? 
Will assistance be provided to Angola, 
Gambodia, Cuba, Laos or Vietnam? (Food 
and r~manitarian assistance distributed 
directly to the people of Cambodia are 
expected). Will assistance be prOVided 
to Afghanistan or Mozambique wHbout a 
waiver? Are funds for El Salvador to be 
used for planning for compensation, or 
for the purpose of compensation, for 
tr~ confiscation, nationalization, 
acquisition or expropriation of any 
agricultural or banking enterprise, or 
property or ~tock thereot? 

7.FAA Sec. 620(i). Is recipient country 
in any way involved in tal subversion 
of or military aggression against the 
U~tted States or 8ny country receiving 
U.S. assistance or (b) the planning of 
such subversion or aggression? 

a.FAA Sec. 020(j). Has the country per
mitted or failed to take adequate 
measures to prevent the damage or des
truction, by mob action, of U.S. 
property? 

~.FAA Sec. 620(k). Does the program 
furnish assistance in excess ot 
$100,000,000 for the construction 
of a productive enterprise, except 
for productive enterprises in Egypt 
that were described in the Gon
gressional Presentation materials for 
FY 1977, t'Y l~80 or FY 198H 

No.
 

No.
 

No.
 

No.
 

Not applicable in this case.
 

AID Is not aware 
of any such involvement. 

No. 

No. 

c(\
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lO.fAA Sec. b20(1). It the country l~s 

failed to institute the investment 
guaranty program for tl~ specific risks 
of expropriation, inconvertibility or No. 
confiscation, ~s the AID Administrator 
within the past year considered denying 
assistance to such government for this 
reason? 

11.fAA Sec. b20(m). Is tc~ ~ountry 

an economically developed nation capable 
of sustaining its own defense burden and Not applicable. 
economic growth and, if so, does it meet 
any of the exceptions to FAA Section 
b20(m)7 

12.FAA Sec. 620(0); fisl~rmen's Pro
tective Act of 19b7, as amended, Sec.5. The country ~s taken no such 
If country has seized or imposed any actions against U.S. fishing 
penalty or sanction against, any U.S. activi ties. 
fishing activities in international 
waters: 

a.	 haa any deduction required by the 
Fishermen's Protective Act been made? 

b.	 has complete denial of assistance 
been considered by AID Administrator? 

13.FAA Sec. 620(a); Continuing Resolution 
Sec.51B. 

(a) Is the government of tl~ recipient
 
country in default for more than b months No.
 
on interest or principal of any AID loan
 
to the country?
 

(b) Is counry in default exceeding
 
one year on interest or principal on No.
 
U. S. loan under program for which
 
App. Act appropriates funds~
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l~.FAA Sec. 620(s). If contemplated 
assistance is development loan or from 
Economic Support Fund, has the 
Administrator taken into account the 
percentage of the country'~ budget 
which is for military expenditures, 
the amount spent for the purchase of 
sophisticated weapons systems? (An 
affirmative answer may refer to tl~ 

record of tl~ annual "Taking Into Con
sideration" memo: "Yes as reported 
In annual report on implementation of 
Sec. 620(8)". This report i6 prepared 
at time of approval by the Administrator 
ot the Operational Year Budget and can 
be the basis for an affirmative answer 
during the fiscal year unless significant 
cr~nges in circumstances occur). 

15.FAA Sec. 620(t). Has the coulltry 
severed diplomatic relations with the 
United States? If so, have they been 
resumed and have new bilateral 
assistance agreements been negotiated 
and entered into since such resumption? 

l6.FAA Sec. 620(u). What is t}~ payment 
status of the country's U.N. obligations? 
If the country is in arrears, were such 
arrearages taken into account by tl~ AID 
Administrator in determining the current 
AID Operational Year Budget? 

l7.FAA Sec. 620A; ContinUing Resolution 
Sec. 521. Has the country granted 
sanctuary trom prosecution to any in
dividual group which has committed an 
act of international terrorism? 

le.FAA Sec. 666. Does tbe country 
object, on basis of race, religion, 
national origin or sex, to the 
presence of any officer or employee 
of tr~ U.S. there to carry out 
economic development program under 
FAA'I 

Not applicable. 

Diplomatic relations lave not 
been severed. 

India is not in arrears with 
its un obligations. 

No. 

No. 



- oJ -

19.FAA Sec. 069, 670. Has tt~ country, India has received no such
 
after August 3, lY77, delivered or equipment, materials or
 
received nuclear enriclme~t or re technology witcDUt specified
 
processing equipment, materials or safeguards. Based on informa

technology, without specified arrange tion from the State Department
 
ments or safeguards? Has it detonated the answer to tt~ second
 
a nuclear device after August .3,- 1977, question is also no.
 
although not a "nuclear weapon State"
 
under t~ nonproliferation treaty2
 

B. Funding Criteria for Country ~~igibi1ity 

1. Development Assistance Country Criteria 

a. FAA Sec. l02(b)(4). Have criteria Yes. India's Five Year Devel
been estab1isl~d and taken into account opment Plan as r~vised (1980-85) 
to assess commitment progreas of country is based on these criteria. T~ 

in effectively involving the poor in criteria are incorporated in the 
aevelopment, on such indexes as: {l) Country Development Strategy 
increase in agricultural productivity Statement. 
through small-farm labor intensive 
agriculture, (2) reduced infant 
mortality, (3) control of population 
growth, (4) equality 01 income dis
tribution, {.J) reduction of unemployment 
and (6) increased 1iteracy2 

b. FAA Sec. l04(d)(1). If appropriate,
 
is this developmeut (inclUding Sal~l)
 

activity designed to build motivation
 
for smaller families tl~ough modifica

tion of economic and social conditions
 
supportive of tl~ desire for large Yes.
 
fam~lies in programs such as education
 
in an out of sclwol, nutrition, disease
 
control, maternal and child ~a1th
 

services, agricultural production, rural
 
development and assistance to urban poor2
 

2. Economic ~upportive Fund Country Cr.iteria 

This section not applicable.
 
Assistance is provided under the
 
Development Assistance category.
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c. 5C(2) - PROJECT CHECKLIST 

Listed below are statutory criteria applicable generally to 
with FAA funds and project criteria applicable to lndividual fund 
Development Msistance (with a sub-category for criteria applicable 
loans)j and Economic Support Fund. 

projects 
t>ources: 
only to 

CROSS REFERENCES: IS COUNTRY CHECKLIST UP-TO-DATE? Yes. 

HAS STANDARll ITEM CHECKLIST
 
BEEN REVIEWED FOR THIS PROJECT? Yes.
 

A. General Criteria for Project 

1.Continuing Resolution Lnnumbered: 
FAA Sec.653(b)j Sec. 634A. (a)llescribe 
how Committees on AppropriationR of 
Senate and House lave been or will 
be notified concerning tt~ project; 
(b) is assistance witrin (Operatior~l 

Year Budget) country or international 
organization allocation reported to 
Congress (or not more that $1 million 
over that figure)? 

2.FAA Sec. 6l1(a)(1). Prior to obliga
tion in excess of $100,000 will tl~re 
be (a) engineering, financial and ot!~r 

plans necessary to carry out tt£ assis
tance and (b) a reasonably firm estimate 
of the cost to the U. S. of the assistance? 

3.!,'AA Sec. bll(a)(2). It further 
legislati ve action is required wittdn 
recipient country, wl~t is basia for 
reasonable expectation that such action 
will be completed in time to permit 
orderly accomplisl~ent of purpose of the 
assistance? 

4.FAA Sec. till(b)j ContinUing 
Resolution Sec. 501. If for water or 
water-related land resource construc
tion, Cas project met tl~ standards 
and criteria as per the Principles 
and Standards for Planning Water and 
Related Land Resources dated October 
25, 1973? 

(a) Formal Notification to 
Congressional Committees was 
given in AID's FY 84 CongreR
sional Presentation. A Con
gressional Notificp" .. will 
be forwarded prior to tl~ in
itial obligation of funds. 

(b) Yes. 

(a) Yes. 

(I.» Yes. 

Not applicable. 

Yes. 
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5.FAA Sec. 611(e). If project is 
capital assistance (e.g., construc
tion), and all U.S. assistance for 
it will exceed $1 million, has Mission 
Director certHied and Regional 
Assistant Administrator taken into 
consideration the country's capability 
to effectively ~intain and utilize 
the	 project? 

6.FAA Sec. 209. Is project susceptible 
to execution as part of ~egional or 
multilateral project? If so, why is 
project not executed~ IDformation and 
conclusion wl~ther as~istance will 
encourage regional development programs. 

7.FAA Sec. bOlla). Information and 
conclusious whetl~r project will eucourage 
efforts of tL~ country to: (a) increase 
the flow of international tradej (b) 
foster private initiative and competi
tion; (c)encourage development and use 
of cooperatives, credit unions, and 
savings and loan associations; ld) 
discourage monopolistic practices; 
(e) improve technical efficiency of 
industry, agriculture and commerce and 
If) strengthen free labor unions. 

ij.FAA Sec. 601Cb). Information and 
conclusion on how project will encourage 
U.S. private trade and investment abroad 
and encourage private U.S. participation 
in foreign assistance programs (including 
use of private trade crannels and the 
services of U.S. private enterprise). 

'J.FAA Sec. 6l~(b)i Sec. 036(11). Des
cribe steps taken to assure that, to 
the maximum extent possible, the 
country is contributing local 
currencies to meet the cost of con
tractual and other services, and 
foreign currencies owned by tl~ U.S. 
are utilized to meet the cost of 
contractual and other services. 

Yes. 

No. Regional development pro
grams are not pertinent to minor 
irrigation projects. 

(a)	 Not applicable. 
(b)	 Yes, in the letting of cer

tain construction and tecl~ 

nical assistanr.e contracts. 
(c)	 Yes, especially rural credit 

institutions, and water user 
cooperatives. 

(d)	 Not applicable. 
(e)	 Yes, especially in regard to 

irrigation tec~ology. 

(f)	 Not applicable. 

U.S. tecrnlical assistance will 
be provided under this projectj 
Indo-U.S. collaboration will be 
encouraged. 

The Government of Maharashtra 
will finance between 45 and 50 
percent of construction costs 
and is contributing sufficient 
amount of local currencies to 
meet the cost of contractual 
and other services. 
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lO.FAA Sec. 612(d). Does the U.S. own 
excess foreign currency of the country 
and if so, what arrangements have been 
made for its release? 

11.FAA Sec. 601(e). Will the project 
utilize competitive selection pro'· 
cedures for tl~ awarding of contracts, 
except where applicable procurement 
rules allow otl~rwise? 

l~.Continuing Resolution Sec. 522. If 
assistance is for the production of any 
commodity for export, is ttw commodity 
likely to be 1n surplus on world markets 
at	 the time tl~ resulting proauctlve 
capacity becomes operative, and 1s sudl 
assistance likely to cause substantial 
injury to U.S. producers of tl~ same, 
similar or competing commodity. 

B.	 Funding Criteria for Project 

1.	 Development Assistance Project 
Criteria 

a .fAA Sec. lO~(b)i 113: 2~la. Extent 
to which activity will (a) effectively 
involve the poor in development, by ex
tending access to economy at local 
level, increasing labor-intensive pro
duction and the use of appropriate teclr 
nology, spreading investment out from 
cities to 3mall towns and rural areas, 
and insuring wide participation of the 
poor in the benefit6 of development on 
a sustained basis, using the appropriate 
U.S. institutions; (b)l~lp develop co
operatives, especially by teclmical 
assistance, to assist rural and urban 
poor to help themselves toward better 
life, and otherwise encourage democratic 
private and local governmental insti 
tutions; (c)support tl~ self-help ef
forts of developing countries; (d) pro
mote the participation of women in the 
national economies of developing 
countries and tl~ improvement of 
women's status; and (e) utilize and 
encourage regional cooperation by 
developing countries? 

U.S. owned rupees are being used 
for various U.S. government 
agencies programs and adm1n1s
trative support. 

Yes. 

Not applicable. Agricultural 
products produced will be 
consumed 1n India. 

(a)	 These represent the entire 
intent of tl~ project. 

(b)	 Water user organizations 
will be created on a pro
totype basis. Cooperative 
modes may be tried. 

(c)	 This project entirely sup
ports Indian self-help in 
agricultural development. 

(d)	 A special pilot activity 
will encourage the increased 
participation of women. 

(e)	 Not applicable. 
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b.I-'M Sec. 103, 10JA, 104, 105, 106, 
~ 107. Is assistance being made 
available: (include only applicable 
paragraph wrdch corresponds to source 
of funds used. If more tt~n one fund 
source is used for project, include 
relevant paragraph for each fund source.) 

(1) ll03] for agriculture, rural devel
opment or nutrition; 1f so, extent to 
wldch activity is designed to increase 
productivity and income of rural poor. 

c. l107j is appropriate effort placed 
on use of appropriate technology? 

d.FM Sec. 110(a). Will tl~ recipient 
country provide at least 25% of the 
costs of tt~ program, project, or 
activity with respect to which the 
assistance is to be furnisr~d (or has 
the latter cost-sr~ring requirement 
been waived tor a "relatively least
developed country)? 

e.FM Sec. llO(b). Will grant capital 
assiGtance be disbursed for project 
over more than 3 years? If so, has 
justification satisfactory to tt~ 

Congress been made and efforts for 
other financing, or is tt~ recipient 
country "relatively least developed"? 

f.FAA Sec. 28l(b). Describe extent to 
which program recognizes tt~ particular 
needs, desires and capacities ot the 
people of tl~ country; utilizes tr~ 

country's intellectual resources to en
courage institutional development; and 
supports civil education and training 
in skills required for effective parti
ciption in governmental and political 
processes essential to self-government. 

The project is specifical~y 

designed to increase the agri
cultural productivity of small 
farmers. 

Yes, especially regarding agri
cultural inputs and improved 
water management. 

Yes, tt~ recipient country 
will provide at least 25% 
of the costs of the program. 

Not applicable. 

Tl~ project addresses the need 
for increased food production 
and will also minimize the risks 
of drought through the develop
ment of irrigation systems. In
stitutional development will bp 
fostered insofar as the host 
country's implementing agencies 
will acquire a strengthened 
capacity to design, execute and 
maintain an effective irrigation 
system. Cooperative water 
management activities will be 
strengtt~ned, encouraging local, 
self government efforts. 
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g.FAA Sec. l22(b). Does the activity 
give reaaonable promise of contributing 
to the development of economic resources, 
or to the increase or productive capaci
ties and self-sustaining economic growth? 

2.	 Development Assistance Project ~riter1a 

(Loans Only). 

a.FAA Sec. l22(b). Information and con
clusion on capacity of tI~ country to 
repay the loan including reasonableness 
of repayment prospects. 

b.FAA Sec. 620(d). If assi~tance is 
for any productive enterprise widch 
will compete in tt~ U.S. with U.S. 
enterprise, is there an agreement by 
the recipient country to prevent 
export to the U.S. of more tl~n 20% 
of the enterprise's annual production 
during the life of the loan? 

3.	 Project ~riteria Solely for 
Economic Support Fund Support Fund 

rtds section not applicable. 

Yes, especially land made more 
productive by irrigation. 

Tids $46 million loan is well 
within India's capability to pay 
and given India's track record 
tt~re is no reason to doubt tt~t 

it will be paid. 

Not applicable. 

\~

c 



UNCLASSIFIED 
C;uldal\l'l' Cable Annex 7

Dej)artnu?nt (~f ...';tate 
PAGE at OF 02 STATE 189Z34 9686 .22443 A1082'7 'STATE 1192J4 968L e2244~ AID8291 
OalGIN AID-DO 3. OPERATIOIIS AND HAINTENkNCE: APAC FEll lHAT PROJECT 

PAPER SHOULD HAVE DIRECtED 110RE Alt!HTIOIi AIID RESOURCES 
INFO TElE-OI B-110 IrSl A6 TO OPERATION AND HAINIENANCE Dr IRRIGATION SCHEMES. IT ._ ........ _._.... - .. -.. _..-..-----_ .. _.. .. .. _.. -_ .. _.. -.. -... _.- -._._ ...... _..... WAS NOTED THAT II1PROVED DESIGN AND CONSTRUCTION 
ORIGIN OFFICE ASPO-SJ STANDARDS PROHOTED UNDER PROJECt IIILL DECREASE 
INFO AAAS-Ol ASDP-e2 PPCE-lll ~OPR-lll PPPB-S2 Gr.-'I GCAF-'t MAINTENANCE REQUIREII~NTS. HOWEVER, to FURTHER ENSURE 

GCFL-'i STRD-SI ASTR-S2 STAG-1l2 SAST-SI AJRI-SI STFA-Sl SUCCESSfUL OPERATION AND ADEQUATE HAINtENANCE or SCHEMES 
RHO-'i I1ASt-': A$BI-1l2 11l2S At 328 IT WAS RECOHI1ENDEO tHAT fAPHERS BE INCLUDED EARLY ON IN 

.-----_ .. _.. ----.----._ .. -------_.-- ....... --.-.-.- .. _.. ---_.-----_ .. -.- DISCUSSIONS ON 0 AIID 11 AND THAT APPRAISAL REPORIS IE 
INFO OCT-llS £B-OB NEA-17 liltS R REVIEUED FOR SUFFICllNl 0 :'110 11 PLANS. IT IS AL'SO UMEO 

THAT THE IlISSIOll ExnORE He POSSIBILI1Y OF EXTENDING 
A. !,D.'S INVOLVEMENT IIIT~ AFEll or THE EARLY COHPLETED 
SCHEHES TO EXPERII1EIIT IIITH VARIOUS WAYS OF IMPROVING 0 
AND." PROCEDURES IIIIH ACtU~L COMHUNltY I1ANAGEMENr 
SYSTEI1S OPERATIONS, INCLUDIIlG FUllDlNG SUPPORT IF 
NECESSARY. 

4, POTENTIAL II1PLEI1ENTATION AND PIPELINE PROBLEI1S: 
APAC QUESTIONED GOI1 ABSORPTIVE CAPACITY IN tERHS or 
IUDGET SUPPORT AHO tRAINED MANPOWER, PARtiCULARLY IN 
VIEII OF I1AHARA~HTRA IRRIGATlOIi TECHHOLOc.~ AHD I1ANAGEHENt 
PROJECT ~ITII) UNDER WHICH GOI1 HA~ NOT YET PROVIOEO 
SUFFICIENT STArF AND ADEQU'TE FUtl~S. APAC VAS ALSO 
CONCERIIED THAT, IN VIEW OF THE LARGE VOLUI1E Of DESIGN 
AND CONSTRUCtiON IN THE I1ISSION'S PORTrOll~ REOUIRING 
ENGINEERING EXPERtiSE, 'tHE IllSSIOIi DID NOT HAVE tHE U. S. 
DIRECT HIRE ENGINEERING CAPABILITY to 1101liTOR 
CONSTRUCTION Of 192 SEPARAIE IRRitAtiON PROJECTS. GIVEN 

P 271126Z JUN 84 tHEst PERCEIVED COtlSTRAINt:, APAC FELT THAT 
FI1 SECSTATE WASHoe IIIPLEHEHTATIUN HIGHT MOVE TOO SLO~LY AND tHAt PIPELINE 
TO AI1EhBASSY hEW DELHI PRIORITY PROBLEI1S IIOULD ENSUE. MISSION RHRESENTilllVE IIIDICATED 

MISSION SATI~FACTlOIl IIITH PROGRES~ UIIDER THE Hltl1 
UIlCLAS SlATE IBnJI PROJECT NOtlllG THAT OVER 80 PERCEIIT or GDM 'PROJECT STAFF 

liAS IN PlACE AHD THAT PROJECT EXPENDI TURE RATE WAS 
AIDAC ACCEPTAILE. HE EXPRESSED COHrlUEhCE THAt lHE GOM WOULD 

PROVIDE SUHICIENT IUliOS AIID STArr fOR aiS PROJECT. HE 
LD. 11355: NIA ALSO EXPLAINED HOII I1ISSION StAFF ~AS ORGAIIIZED to 
TAGS: IMPLEI1ENT PROJECt AIIO ASSU~ED APAC or HI~SION'S 

SUBJEct: APAC GUIDANCE - IN~IA MAHARASHfRA MINOR ENGINEERING HOHltORING CAP~BIL IIY. APAC RECOMMENDED 
IRR IGAtl ON fROJECT (336-1149SI THAT IIIPLEI1ENTATIOIl AND HOHltORING BURDEH SE TAkEN INTO 

1. APJC REV IE liE 0 AND APPPDVED SUBJECT PP ON JUNE 6, CDNSIDERAlIOII IN OE1ERI11NIIIG SITES FOR USAID FINANCED 
~OLLOII!HG IS DISCUSSION or ISSUES AND REC~hI1ENDATIDNS. SCHEI1ES. 

2. FARI1ER PARtiCIPATION: APAC liAS CONCERNED THAT ~, DEGR£E AND TYPE OF INSTITUTIOIlAL CHAIIGE: A~AC FELT 
PROJECT WAS NOf DOING ENOUGN ;J INCREASE FARI1ER PP TO BE UNCLEAR AS TO DEGREE AIID TYPE or IHSTltUTIONAL 
PARTICIPATION, ESPECI~LLY GIVEN PROGRES~IVE ENVIRONI1ENt CHANGES THAT IIGULD BE ACCOIIPL ISHED tHROUG~ THE PROJECT. 
AND I1ATORITI OF INSTITUTIONS IN I1AHARASHTRA. II liAS PROPO~EO ASS[S5I1ENT or IRRtGAllOIl 3ECTOR ~HOULO IDENTIFI 
SUGGESTEO THAT SI~CE THIS IS AN EXPERIMENTAL PROJECt. I1ISSION'S ULlIr.AtE GOtLS AIID OUJEtTlVE5 IN INDIA'S 
THE I1ISSION AND GOI1 SHOULD BE IIILLING to TAHE MORE IRRIGATION SECIOR AlIO DISCUSS IIHEPE 1115SION \lILL BE IN 
RIS~S. APAC \lOULD HA~E LIKED PP TO INCLUDE GREAtER REGARD TO THE ACHIEV£I1ENT OF IHES[ GOALS AND OBJECTIVES 
FARIIER PARTICIPATIOtl IN CONSTRUCtiON or SCHEI1ES AND AS A RESUL T OF TH IS PROJECT. 
GREATER INVOLVEMENT or PVOS IN THE FORNAtlON OF IIATER 
USER ORGANIZAIIONS. AID/II WOULD CONSIDER IT A 6. TECHNICAL JSSISTAHCE: APAC ENDORSED PP PROPOSAL TO 
SUBSTAN}IAL ACHIEVEMEIlT Ir ORGANIZAtlOtl OF OUTLET TAP WATER I1AiIA'.EI1ENT $YNtHESIS PROJECT rOR tECHldCAL 
COI1HITTEES lOOK PLACE I~ AT LEASI HALF or tHE COMI1AN~ ASSISTANCE. IT WAS AGREED THAT THIS WOULD ACCELERATE 
AREA ON A. 1.0. FINANCED SCHEI1ES. ALTHOUGH THIS IS PROJECT II1PLEI1ENtATIOIl AND EHABLE THE M'SSION TO 
10ENTIriED AS PART Of THE fiNAL DISBURSEI1ENT tRIGGER, COORDINATE TA FOR lHI$ PROJECI ijltH TA BEING PROVIDED 
THE PP DOES NOT ELABORATE ON HO~ THE I1ISSION AND GOH UNDER OTHER STAtE SPECIFIC P~OJECIS., to COMPLEMENT 
WILL GO ABOUT ORGAIlIIING IHE CONHITTEES; NOH DD(S IT ENGINEERIIiG ~~ILLS or OLSEII AND TO FACILITATE GREATER 
DEFINE THE COMl1ltTEE$, A.AC RECOMHENDE~ A COVENANT FARnER 'ARTICIPATIO~ APAC RECOMHENOIIlG tHAt LOIIG tERH 

EXPATRIATE FUNDED UNDER THIS PROJECt HAVE STRONG SOCIAL 
WHICH REQUIRES THAt tHE GOI SUBHIT A PLAN IIITHIN tllO SCIENCE CREDENIIALS. HO~E\£R, HISSION'S STATED 
YEARS OF THE INITI~TION or THE PPOJECT THAT DESCRIBES INTENTION TO U'.E 1I11~ II FOF tA TO SEVERAL STATE LEVEL 
THE ORGANIZATION, AutHORitiES, AIID RESPOHSIBIL IllES OF PROJECTS RAISES SEVERAL INrORTANT ISSUES FOR IINS II THAT 
THE COMHltTEES AND PROVIDES A SCHEDULE fOR ACTIVAtiNG MUST BE RESOL VED. lHESE IIIClUD~ MANAGEI1EIIT OF tHE 
THE COMHITTEES. THESE COHHITTEES SHOULD HAVE ASSUREO ACTIVITIES (GIVEN THREE HA.OR PARIICIPATING UNIVER:;ITlES 
FUNDING FOR OPERATION~ AND I1AINTENANCE. IDEALLY, THEY IN THE 'RDJECT) AND THE LI~LIHOOD THAT THE PROJECT 
SNOULD HAVE DIRECT ACCESS TO USER FEES. rUNDING CEILING WILL IE REACHED BY FY 16. 

ur~CLASS IFIED 



UNliLA~~ I tTtT OUTGOING 
Depart111.ent ~f ~State TELEGRAM 

~AGE .2 OF.2 STATE 119234 9616 .2244] AID829' 
,. ECONO~IC ~IAIILITY: THE APAC NOTED THE PARTICULAR 
SENSITIVITY or IHE ERRS TO ASSUMPTIONS AiOUT THE PORTION 
OF THE DESIGNATED AREA TO WHICH IRRIGATION IS ACTUALLY 
PROVIDED, AS WELL AS THE UNCERTAINTY ABOUT UTILIZATION 
RATES lASED ON CJRRE"T PRACTICES. IN VIEW or lHIS 
SENSITIVITY, THE APAC RECO~MEHDED THAT THE ~ISSION, IN 
EVALUATIONS, ENSURE THAT DATA ARE AVAn.AILE THAT PERMIT 
RECALCULATION or ERRS THAT RULECT ACTUAL EKPfRIENCE. 

•. DISBURSE~NT PROCEDUR~S: r" CONCURRED WITH 
DISIURSEnENT PROCEDURES PROPOSED IN PP PROVIDED ACLEAR 
AUDIT TRAIL or MISSION MONITORING AND DISB~RSEMENT 

APPROVAL ACTIONS IS CREATED AIID ANNUAL REVIEIIS TAKE 
PLACE OF PROJECT RELATED rlNANCIAL RECORDS "AINTAINED IV 
THE GOtl. THESE REVIEWS CAN BE CONDUCTED BY GOVERHHENT 
AUDIT AGENCIES OR IliDEPENDENT ACCOUNTING FIRMS PAID BY 
LOAN PROCEEDS. 

9. PROJECT OUTPUT: APAC NOTED THAT THE rROJECT COSTS 
VERE lASED ON THE Co.T PER HEcrnRE OF IRRIGATION AND 

DRAINAGE SYSTEHS. AS SUCH THE APAC CONCLUDED THAT THE 
PROJECT PAPER SHOULD IE AOJUSIED SO THAT RATHER THAH 
"U~URS OF SCHEMES, THE OUTPUT WILL BE 31,.'" HECTARES 
IROUGHT UNDER IRRIGATION CONSISTING or APPROXIMATELY S' 
SCHEMES INCLUDI"G THE kEHABILITATIOH OF APPROKIMATELV 12 
ExiSTING SCHEMES. SHULTZ 

UI~CLASS IFIED
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(If C Pant) 

Belt Avaifable loeulUnt 

Dear 

Dr. RlchaXlrl ,". Br~"1'l. 
Act! I)J ()1rector, 
lift AtD, 
~p.w nelh1. 

4. I shall be grateful if. ~Olj CClJld kilYllr. give the 
earl~.st conslde~atlon to tois roqucst. 

3. The Inciian contributiofl fOT' lhis project 19 
expected to be ~ 42 ..6 :llUlicn. As the first instalment, 
1 t 1s proposod to provi de $ 21 mil 11 00, tho baLlnce WOJ 1~ 

be prov1di I in 8ubsaql.lent i n·;talmcnt3. 

" 

• 

~-, 

H C PANT 
OIRE(:Tlll CAe) 

I " • 'I III." r.1 • r JI. Ii I., (II" I I ::' '. !. ,I)"TELE. :.rrl~0'2o 
",iil:hl.n' ..r 1"11.:11\1" ;V.tla \1 l\lr;;llJ~dJ 

()lIl) '!""l"fl! '.! 1;""!lt,'llJ!' loll",,· \ 1./"1: " l:'ll')" • Ihha" 

• 

2. Government of rndi a 11'~raby request that an amount c;lf 

• 2~. 9 rni 11 t en ( ~24. 1 mi 111 (Il in 1oa n 3 nd $ 1 'ni 11 i on i n 
grant) IMy be pr~'tde::J for t.h1!l pJ.·oj act a5 the first 
tnstal,nent. Subsequent In~tatmont~ muy be providod towards 
"to's tot" 1 contrlbuti Oil ~1; 1nd when you havo rocci ve:i 
neco!'J:Jary all th 1%1 uti (J'l. 
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A.	 Overview of Minor Irrigation 

The State of ~harashtra l~s a total area of approximately 30.8 
million hectares ot which 22..7 million ha or about three-fourths are 
considered to be cultivatable. Of the 22.7 million ha culturable, 
some 18.5 million or 80 percent are in seasonal and perennial crops, 
the other 20 percent are in natural pasture and fallow. 

Of the 22.7 million culturable ha, two million or about nine 
percent are currently irrigated. A government study in 1962 
indicated that if all water resources were developed, it would be 
possible to irrigate seven million lla or about 30 percent of the 
arable land. 

Ot the two million ha currently irrigated, about 40 percent is 
from major, medium, and minor surface irriga tion schemes and 60 
percent from wells and lift Bcl~mes. 

Minor irrigation is defined as projects commanding less than 
l,OOO ha. As a matter of procedural practice those projects in the 
600-2,000 ha range are subjected to the same design standards as 
medium proj~cts. 

Hinor surface irriga tion is divided be tween two sets of public 
institut~ons, the Irrigation Department for projects from 100-2,000 
ha and tbe local community Zilla Parishad and Panchayat 
organizations for the under 100 he group. The 100-2,000 ha schemes 
planned, constructed, and managed by the Irrigation Department are 
known as "State Sector Minor Irrigation Schemes". The schemes under 
100 ha. wllich are constructed and managed by the Zilla Parishads and 
Pauchayats are known as "Local Sector Minor Irrigation Schemes". 

As of 1980, State Sector minor irrigation schemes had created an 
irrigation potential of 382,000 ha. Projects presently under 
construction are expected to add another 160,000 he by 1985, making 
a total potential of 542,000 ha. This Project would further add a 
potential of 31,000 he through the construction of 90 ~USs and 
modernization of 12 schemes. 

Unfortunately potential does not represent actual area 
irrigated. Rates of utilization vary from project to project and 
from year to year but seldom reach the design potential. An 
Irrigation Department study of minor tanks in the Bombay Region 1:/ 
showed an average utilization during the Rabi season of 40 percent 
and an overall utilization of 28 percent. 

1/	 "Minor Irrigation Works in Bombay Region, Report SumlJlaries," 
Minor Irrigation Surface Water Unit, Nasik. 
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The reasons for underutilization are varied and complex !:/ and 
will be the focus of special studies and pilot schemes as well as . 
the construction and otter design criteria to be required under the 
Project. Ineffective utilization of irrigated potential results in 
high costs per ha irrigated. An additional cause for high costIlla 
irrigated is that public systems are extensive systems purposely 
designed for a lower cropping intensity to maximize the number of 
beneficiaries under each scheme. While it is not expected that 
construction costs will be lowered under the project, it is expected 
that there will be major gains in water utilization resulting from 
increased efficieny of irrigation systems operation and thereby 
lowered costs per irrigated lectare (See Chapter VI, Economic 
Analysis). 

State Sector minor irrigation involves all of the traditional 
irrigation institutions - ID, AD, GSDA, LBD's, Cooperatives and 
un!versities to some extent, and farmer irrigators. This project 
will focus on improving the capacities of tlese institutions to 
plan, design, construct, 
irrigation schemes. 

operate, maintain, and manage minor 

B. Organization for Minor Irrigation 

The organizational structure for executing the project will 
require the creation of several additional organizational units (See 
Chart I). The organizational units to be created, their primary 
function, and staff composition are as follows: 

1. Minor Irrigation Committee (MIC) 

The MIC will be cOUlposed of the representitives of each 
Department involved, 1.e. Agriculture, Rural Development, Finance, 
Planning, etc. and chaired by the Secretary Irrigation. This 
committee would proVide overall policy and opertional guidance and 
control and would be tl~ final authority for approval of individual 
MI setemes under this Project. It would also recommend budget 
allocations among Departments and tl~ staffing required. 
Departments will receive tl~ budget required to carry out their part 
of the Project directly from tl~ Finance Department. 

2. Special Appraisal and Supervision Cell (SASe) 

The SAse will be headed by a Superintending Engineer, 
assisted by two Executive Engineers, two Dy. Directors-Agriculture, 
four Assistant Engineers, one Economist, one Statistician and 

21 See the Report Summaries, op cit, and the "Report of the High 
Power Committee" , Irrigation Department, Government of 
Maharasl~ra, November, 1~81. 
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supporting staff and will work under the control of the Chief 
Engineer-Jt. Secretary de~ling with Ml works at Goverument level. 

This cell would be responsible for: 
a.	 Preparation of appraisal reports of individual HI scl~mes to 

~bt~~n approval from HI Committee. 
b.	 Coordi.nation of planning and designing of HI schemes in 

accordance with the criteria agreed to in the Project Paper. 
c.	 Supervision of the implementation of the Project and 

periodic program reviews including quality control. 
d. 

e. 
f. 

Maintain liaison with tl~ implementing 
USAID and GOl. 
Manpower training and development. 
SE/SASC will serve as Member Secretary 
Irrigation Committee. 

agencies 

of the 

and the 

Minor 

This cell would have two separate units for scheme 
appraisal/approval, supervision, and implementation, and a unit for 
manpower training and development. 

3.	 S~ecial Analysis and Evaluation Cell (SAEC) 

This cell will be l~aded by a Superintending Engineer, 
assis ted by three Executive Engineers, two Economis t s, two 
Agronomists, two Statisticians, one Sociologist, f1 ve Deputy 
Engineers, and otl~r supporting staff. The SAEC will work under the 
control of the Regional Cldef Engineer whu will be acting as 
Coordingating Chief Engineer for implementation of this Project. 
ll~ee units would be created within this cell. 

a. Tl~ Special Studies and Pilots Unit would be responsbile 
for: (1) special studies, (2) pilot schemes planning and design, 
including preparation of scl~me report, and (3) diagnostic analysis.' 

b. The Modeling and Data Unit would be responsible for: (1) 
development of the minor irrigation system model, and (2) data 
collection and model application. 

c. The Monitoring, Evaluation and Survey Unit would be 
responsible for: (1) benchmark and follow-up surveys through 
contracts to tl~ agricultural universities, (2) compilation and 
scrutiny of reports on the studies, pilot activities, evaluation, 
etc. to be sent to GOM/USAID, (3) monitoring of inst1tutiotlJ11 and 
socio-economic variables, and (4) preparation of claims for 
reimbursement. 
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4. Regional Minor Irrigation Cells (RMlC) 

An RMlC would be created in each of the six ID 
administrative regions. Ttese cells will be t~aded by an Executive 
Engineer, with two Deputy Engineers, two Sub-division Agricultural 
Officers, and four Junior Engineers, with allied supporting staff 
and will work under the control of the Regional Chief Engineer of 
eac h region. 

The Cell would be responsible for: 

a. Monitoring and assisting regular circles in preparation of 
project reports for HI schemes in the region according to tt~ agreed 
design criteria. 

b. Monitoring and coordination of the ac ti vi ties of soil and 
topographic surveys, distribution system planning, and land 
development work on the MI schemes in tl~ region. 

c. Data collection and minor irrigation model application for 
preparation of project reports. 

d. Quality control on MI schemes. 

e. Monitoring aud evaluation of }U scl~mes in the region. 

5. Regular Circles 

The regular circles under the regional CE which are 
currently responsible for planning and construction would construct 
all of the MIS's. The planning and design of pilot schemes will be 
done by the SAEC assisted by the RMIC's. n~ regular circles will 
plan and design all non-pilot schemes, assisted by the RMIC's and 
the SAtC. 

In order to facilitate tt~ early establ:f.slJnent of these 
units and the early sanctioning ot appropriate staff, the costs for 
these special units will be fully loan funded for the first three 
years of the Project. Thereafter, tl~ GOM will be fully responsible 
for these staff costs. 

c. Project Elements 

The purpose of the project is an improved ability of 
institutions to plan, design, cOIlstruct, operate and maintain, and 
manage minor irriga tion sys tems ,efficiently and economically. As 
indicated above, tl~ institutiona;L focus will be on the ID and AD 
and other institutions involved in~ state sector minor irrigation. 
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Current standards and practices for planning, design, 
construction, Q&M and on-farm u3ter management have been analyzed 
and the results of this analysis are presented in the remaining 
chapters of this Volume II. 

The program elements evolved from this analysis that will 
achieve the project purpose of improved institutional capacity are 
(1) studies and pilot activities to explore new approaches to 
improving irrigation performance, including (a) improvements in 
basic data collection and analysis procedures to better understand 
how MIS systems work; (b) development and use of a minor irrigation 
model that will permit integrated consideration of the catchment, 
reservoir and the area under irrigated command; (c) diagnostic 
analysis aod renovation on 12 existing minor sct~mes; and (d) about 
30 pilot investigations that permit analysis and demonstration of 
new planning, design and management ideas in all regions of 
Mal~rashtra; (2) tl~ creation of four new organizational entities to 
enhance the GUM's capability to manage its minor irrigation program; 
(3) t}:.~ construction of 90 new MIS's using improved criteria fCl" 

increasing irrigation water utilization and therefore ~fficien(' 

economy; and (4) support for a state-wide hydrolo~ic data base 
improvement program. 

1. Studies and Pilot Activities 

An extensive system of data collection, diagnostic analysis 
and demonstration of minor irrigation scheme improvement is proposed 
to be conducted in the six administrative regions of the 10. The 
background and rationale for the studies and pilot schemes is 
included in tl~ Chapters wtdch follow and will not be repeated 
here. A summary listing and short description is prOVided. 

a. Data Collection and Analysis 

(1) Data Collection and Processing: A computerized data 
library and information processing system will be developed to 
obtain and systematize basic hydro-meterological data from existing 
and new schemes. A special effort will be made to include the 
collection of groundwater profiles and agricultural land use 
patterns in the data base. A high speed plain paper copier will be 
installed in the SAEC to facilitate supply of appropriate data 
throughout the State. (III.C .1) 

(2) MIS Instrumentation: New or augmented climatological 
stations will be established in the commands of each Project 
financed scheme. Appropriate lo/drologic instrumentation will be 
installed, including a continuous stage recorder on the tank and one 
on a stream gauge installed below the command of each scl~me 

financed under tt~ Project. (iil.C.l) 

\\\
 



1-7
 

(3) Diagnostic Analysis: !we1 VI~ existing schemes 
identified as basic data sources for the minor irrigation systems 
model development will a Lso be subjected to d:fagnostic analysis for 
problem identification ar'.d proposed solutions. (IIloC.2) 

(4) Minor Irrigation Model: Development of a computer 
model of minor irrigation syRtema and its testing will require 
extensive operating data from some existing schemes. For this 
purpose, two schemes ha',ing good operational ,lata will be selected 
from each region. The data will be assembled by the Regional MI 
Cells and provided to tl~ SAEC. 

The SAEC will be responsible for development of the MIS 
model and will organize, with appropriate TA, training programs for 
Regional HI Cells, AD, GSDA, and University staff in the model's 
use. '.rhe model will be used to analyze and design each pilot 
experiment and, after being fully tested and developed, will be used 
on all schemes to be financed under the Project. Micro computer 
hardware and software will be provided at each region and at the 
SAEC. (llloC .J) 

(5) Other Studies 

(a) Tl~ setting of sill levels for tanks, the accommodation 
of the silt load to be deposited in the tank, and maximization of 
li ve storage at each site are interrelated factors not well 
unders tood presently. Comprehensive studies and analysis of these 
and other factors will result in recommendations for more efficient 
and economical dam and tank design. (III.B.2.b) 

(b) The ID will analyze the pros and cons of sizing 
reservoirs on a 50% dependability (current practice) and the command 
area on a 75% dependability (not current practice) and propose 
design criteria for use on MIS's. (1II.B.3.c.) 

(c) 'fl~ ID will investigate rotational water supply (RWS) 
systems and devise one for application on project supported MIS's. 
An operational study using the MIS systems computer model will 
analyze rotational water supply and demand d~~i v~fy~f ~ate~ to 
water user associations to evolve tbe most effec~'1ve operational 
strategy. (III.C.8) 

(d) A survey and analysis will be made of "participation" 
on existing MIS's schemes, The purpose is to document the extent 
and nature of participation by irrigators in planning, design, 
construction, operation, maintenance, and on-farm water managementj 
assess d~ adeq'lacy of participa'::ionj and make recommendations for 
more effective participation, if, this appears either desirable or 
necessary. 

\00

\
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there are a number of participatory processes ttat have been 
tried in Maharashtra including the Phad system in Dhule District, 
the Khajana well in Beed District and the Malguzari tanks in 
Bandhara and Chandrapur Districts. The AD will contract with an 
Agricultural University to conduct an in-depth interdisciplinary 
analysis of these for comparison with on-going schemes. (II.D.I) 

(e) On-going sttJdies of how best to organize farmers to 
operate and maintain irrigation systems will be collected and 
analyzed by a committee appointed by the GOM. This committee would 
report at the end of the serond year of project life. (III.C.9) 

(f) On the piped distribution pilot schemes, the AD will 
contract with a Unl'versity to analyze the costs of Part II works 
required under sprinkle irrigation and compare with costs of Part II 
works required for land shaping and leveling under surface 
irrigation. (III.C.3.a.) 

(g) An extensive set of baseline surveys are proposed which 
will cover a sample of Project financ~d 8cbemes, the pilot SCheDIf". 

and samples of both beneficiary and non-benefic1ary farmerti in 
Maharashtra. These same sample sets would be sUlveyed for 
evaluation purposes. [II.B.3.b.(I)] 

b. Pilot Investigations and Demonstrations 

Pilot investigations/demonstrations are concentrated on key 
planning and tectmical design issues. A planning team or committee 
would be created for each of the pilot schemes and would be 
responsible for preparing a report with recommendations for the 
teclmical and organizational substance of the pilot act!vity which 
will guide tt~ design and implementation of the pilot schemes. 

Cropping pattern selection is a critical choice for 
irrigators, who currently tave very little input into the 
selection. All ten pilot schemes will go through the analytical 
processes set up for involvement of irrigators and other 
institutions in cropping pattern selection. [II.B.3.a.(I)] 

Development of groundwater and conjunctive well/canal water 
utilization has been identified as a key issue in minor irrigation. 
Technical and institutional issues will be identified and analyzed 
in conjunction with the Mll&M Project. (III.C.~.c.) 

Financing groundwater development has been identified as a 
critical variable in optimizing conjunctive use on existing 
schemes. An existing sub-project under tt~ MlT&M Project will be 
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analyzed for groundwater development potential. Local financial 
institutions will be involved in planning and offering a financial 
package for ne", wells and the repair and renovation of old wells. 
[ll.B.j.a.(2)] 

Nc:',. tee- tlOolgical innovations will also be tested. Two or 
three new 1-': .~(n~b in the Konkan region will be selected to 
experiment \1 Lcb a cloued di'3tribution system. Selected chaks in one 
or mort: of ttese schelll~s will experiment with gravity fed sprinkler 
irrigation. (III.C,5.a.) 

Demand scheduling of irrigation water deliveries appears to 
have advantages over tt~ current Stejpali system. Demand scheduling 
provides a more reliable irrigation water supply but requires a user 
organization to make water sct~duling decisions. One of the closed 
systems in the Konkan Region and one other open system would be 
selected. Experimentation with this new water scheduling system 
will oe initiated with an analysis and design by USAID provided 
technicians. (III.C.5.b.) 

All schemes financed under the Project will be reqUired to 
develop demonstration cbaks which will show farmers the latest 
agricultural development technology, including optimum water 
utilization. All pilot schemes are includen in this program. 
(IV.E.) 

The catchment of a minor irrigation tank is a critical 
element in the overall scheme. The yield of water for irrigation 
and the length of life of tt~ reservoir due to siltation are 
critical variables determined by tte nature and treatment I')f the 
catchment. Two existing schemes and three new schemes may be 
selected to have catcbment treatment programs that: may be financed 
under the Project. The instrumentation to he installed on each 
scheme will measure water inflow and other variables. The initial 
sediment content of the reservoir will be determined and annual 
sediment deposits estimated. (IV.F.) 

One nel' pilo t scheme in the Aurang3b~d region will be 
selected to examine agricultural support programs for women 
agriculturalists that can be recommended, generally, for irrigated 
agriculture. (V.C.5) 

Pilot scheme planning will be by teams created for each 
pilot. The analytical work and final designs report preparation 
will be the responsibility of the RMI Cell assisted by the SAEe. 
Leaderuhip of tbe planning team for eacll pilot experiment will be 
with various institutions depending on the nature of the pilot. 
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Crop mix planning would be under the leadership of the AD which is 
responsible for sanctioning cropping patterns for MIS's. 
Conjunctive use analysis and develop~ent would be under the 
leadership of the GSJJA. AD would handle the agricultural 
development chaks. l'he 1JJ would tak.e leadership on the remainder. 
Appropria t!: .ins ti tu tional re presentati ves from the region including 
farmer irrigators in all cases, would be on the planning team for 
each pilot ~xperiment. This integrated, multidisciplinary 
invelvement w.11l assist in actd.eving appropriately designed and 
implemented pilot experiments. 

After each pilot scheme is designed, it will be implemented 
at field level, gUided by the RMI Cell, and ".-ith participation of 
otl~r institutions in tr~ir normal roles, te, ID Circles for 
construction, AD for land development works and so on. 

The various pilot investigations and demonstrations 
identified above will invove eight new sclJemes and two existing 
schemes. About 30 separate investigations will be conducted a11' 

reported on as part of tIe improvement program for bUl .u~ng 

institutional capacity to plan, design, conSLr.uct operate, 
maintain, and manage minor irrigation schemes in MBharasl.cra. 

The planning and design costs of each of the pilot 
experiments will be loan funded, as will construction D.nrt other 
non-planning and non-design costs. Data processing, t~chnlcal 

dB8istauce, and imported equipment will.be grant funded. 

2. Construction Program 

Ninety new schemes will b~ constructed under the project. 
All will receive climatological and other instrumentation as part of 
an improved irrigation data base for Maharashtra. l'welve exiat:ing 
schemes that have a well documented hydrologic and irrigation 
history would be selected to provide the data base for the minor 
irrigation systems model. These schemes will be r~novated as 
suggested by tt~ diagnostic analysis. 

3. Professional Development 

The most important aspect of improving the capacity of 
irrigation Institutionv ir:; the training of staff in the tedmlcal, 
analytical, and manag~rial skills required for irrigation 
development and management. The following listing identifies the 
training, tl~ target audience and estimated TA requir~ments. 



Oe~cription of Training 

a.	 Short cours~ on computer simulation 
modeling and information managem~nt 

(Three weeks) 

b.	 Short course on operation or MIS 
model (Four weeks) 

c.	 Short course on irrigation B)st~m 

management under demand scheduling 
(Two weeks) 

d.	 Short cour~~ on field irrigation 
practices like flow measurement, 
computing and measurlng crop water 
requirements, and evaluation of 
on-farm water management practices 
(One week) 

e.	 Work~nop 0U ~rr~gation m~tnous 

(Id-l/pilot; AD-2/pllot; 
farmero-J/pilot) (One we~k) 

f.	 Planning and layout of minors, water 
course and field channels (LO - 10 day 
workshops for 20 participants each) 

g.	 Short course on soil fertility and 
soil moisture interactions in crop 
yIeld, as well as d1agn06is, pre
vention, reclamation, and management 
of soil salinity (2 subject matter 
specialists/district ~ 60) (Two weeks) 

1-11
 

Target Audience 
Person Moutl's 

of TA 

10-SAE~-

- 10 (region) 
AD-5 
GSOA-5 
Univ.-5 

5 (State) 2 

10-15 
AD- ,) 
GSOA-5 
Univ.-5 

ID-SAEC-5 
SASC - ~ 

30 

(State) 
(State) 
(region) 

1 

ID-50 
AD-50 
Vniv.-IO 

1 

ID-I0 6 
AD-20 
Farmers-30 
Univ.- 5 

10-100 
AD-3UO 

AD-bO 2 
Univ.-10 



Description of Training 

h.	 Train subject mat ter specia.L1sts 
(SMS) i~ on-farm wat~r management 
Long-t~Lm cour~e at WALMI 

i.	 Workshops on farmer organization 

J.	 Workshops for trainin~ trainer6 for 
agricultural development chaks 
(30 districts x 5 AD and 1 1D = l~O 

(Two weeks) 

k.	 Work6hop for training farm~rs at each 
6cneme (lU x lUO Scllt;!mes) (One week) 

1.	 Train field level extension staff for 
water management (One week) 

m.	 Train field level exten6~OIl otaf.\: 
capable of working wi th and U1Hlis ting 
female farm operators. (10 partici 
pants - One week) 

n.	 Train local contractor and 1D and AD 
supervisory staff In proper construc
tion methods, quality control, and so 
forth, particulary in Part I and Part 
11 works (3 regional level workshops os 

18 workshops x lU participants a 360 
participants - One week) 

o.	 Observation tours for mid-level and 
senior officers in the U.S. and other 
countries to observe irrigation water 
management 
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Target Audience 

30 

Person Months 
of l'A 

Air-50 
1D-I0 

AD-ljO 
llr  :W 

2 

Farmers-lOUD 

100 

Air-I 0 

3 tJO 3 

ID-20 
Air 5 
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4. lectmlcal Assistance 

The technical expertise required for various aspects of the 
new technology being proposed are listed below. These requirements, 
plus TA required for training, total 79 person months of work on the 
job. It is proposed to provide this TA through a resident team 
located in Maharashtra, plus srort-term expertise. A team, headed 
by an expatriate irrigation water management specialist and 
including two Indian irrigation specialists, would be required full 
time for at least the first three yeara of the Project and about 
one-third time during the last three years. As resident staff they 
would work half time to supply about 40 ~erson months of the 
required TA listed below. The remaining 39 pm would be supplied by 
short-term experts. The resident team would spend the other half of 
its time on monitoring aud implementation. 
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Total Person 

Description of Work TA Disc1plinuries &:quireuelt l-kxlths 

1.	 Developnent of a cCIIIp1terized Irrigation engr. 1 person Daltil 3
 
data library and infollDat1on CaIp.1terprog. for each
 
processing centers Soc1al sc1em:ist
 

2.	 Minor IrIigation SystEm fbiel Irrigation engr. 2 person mnths 12
 
Econcmlst per year for tw
 
Irrigation agron. year for each
 

3.	 1n.agoootlC AnalY~lf; lrri&ation engr. 1 person roonth 10
 
Irrigation agron. each in year tw
 
&ooanist am year four
 
Sociologist 1/2 person IOOnth
 

each	 in yl:!M five 

4.	 Water Measureuent Mawal Irrigation ~Ilgr. 2 person IOOnths 2 
5.	 Irrigation Fic.ld Guide Irrigation engr. 2 person mnths each 4
 

Ir~tion agron.
 

.J6.	 GraVity-ted P~ped D1striwtion Irrigation ~ngr. 3 person oxmths 
Netwrk an! Sprinkle Irrigation
 
Systt3lB Ul'¥ier MIS Tanks
 

7.	 ~ Delivery SCheduling Irrigation engr. 1 person oxmth per 4 
year for three years 

SociolO&1st 1 person mnth 

8.	 Cn-Farm Water Managem:!nt Irrigation agron. 1 person roonth per 5
 
year for fi~ years
 

~. Crop Mix Pilot	 Irr~ation agron. 1 person IOOOth 2
 
&onanist 1 per~l1 Iwnth
 

10.	 Conjunctive GrOUlldwater H,ydrogeologi6t 1 person IOOIlth 1 
U~ Pilot 

li.	 M:>nitorlrWEv-c1luat1on/Baseline Social sc1~ltist ~ person IOOnths 2 
Surveys 

12.	 \b:Den' E:l Pilot Sociologist 1 persoll IOOOths 1 

D.	 Survey am Analysis of Fal~ Social scientist 1 person IOOIlth 1 
Participition 

14.	 Ieservoir and CClDI&ld Area Irrigation engr. 2 person tOOflths 2 
Sizing Sttdy 

.lS. Analysis of Setting Sill Levels	 Inigation engr. 1 person lOOClth 2 
Ecooon1st 1 person toonth 
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5. Improvements in Hydrological Data Base 

In order to ha ve a more accura te and extensive hydrological 
data base for improved project design of all types of irrigation 
projects, the GOM has proposed an instrumentation and data 
collection program to be financed under tl~ Project. It is proposed 
to establish 275 additional hydrological stations which would be of 
different grades, depending on the sophistication of the equipment 
provided, and located throughout the major river basins of thp 
State. In addition, micro-computers would be established at the 
headquarters of tl~ Superintending Engineer (Bombay) supervising 
this work, to facilitate analysis of the data for basin-wide studies 
as well as individual projects. Tt~ computers would be grant 
financed under the Project. 

The Grade "A" station would incorporate instrumentation for 
measurements of evaporation and evapotranspiration, temperature, 
wind velocity and direction, sunsldne hours, humidity water quality 
and silt load. In addition to ordinary and automatic raingauges, 
arrangements for discharge measurements with current meter(or floats 
in case of Grade B stations) would be included. 

Each type of station also includes tt~ necessary 
infrastructure, such as buildings at the river gauging sites for 
operation and maintenance of the station. 

Of the 275 stations, 52 would be financed under this 
Project. Financing the remaining stations will be arranged by the 
GOM. Thirty Grade "A" and 22 Grade "B" stations would be financed. 
Thirty Grade "A" stations are estimated to cost $1.35 million, 
including $30,000 in FX costs for imported equipment. Twenty-two 
Grade "DOl stations are estimated to cost $650,000, for a total of $2 
million. 

These costs are broken down as follows: $840,000 for 
domestic equipment to be loan financed under the Project; $30,000 
tor imported eqUipment and $15,000 for computers to be grant 
financed; $1,070,000 for site preparation and buildings to be 
financed by the GOM; and $90,000 in annual establisment costs for 
operation and maintenance, also to be financed by the GOM. 

D. Proposed Planning Design and Implementation Criteria 

Following is a brief summary of proposed cri teria and 
requirements for effective execution of the Project. 
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1. Technical Consideration 

a. Water Supply: The hydrology of the proposed MIS's will 
be developed using the "Manual of Minor Irrigation Works in 
Maharashtra State; 1983", unless modified by the special studies and 
pilot projects. (III.D.l.) 

b. Water Budget Analysis: A monthly or rotation water 
budgeting analysis will be made to determine acreage to be 
cOllUl8nded, canal and distributary capacities, and delivery 
rotation. Details regarding calculating crop water requirements and 
conveyance and on-farm efficiencies are in Chapter III, Section D.2. 

c. Dam and Reservoir Design: De61gn would be according to 
existing standards unless modified by studies on silt load and 
associated design criteria. Evaporation losses from the reservoir 
would be estimated as for crop water requirements. (III.D.3.) 

d. Surveying and Mapping: Detailed soil and topographic 
surveys will be made. (Ill.D.4. and IV.G.9.) 

e. Distribution and Conveyance Network: Conveyance design 
and layout would start with field channels and water courses and 
move toward the canal and dam. Only sandy or murrum substrata areas 
would be lined. Hydraulic conductivity tests will be made to 
identify potentially high loss areas. (III.D.5.) 

f. Land Development: Land leveling/grading will be 
conducted on a uniform field slope that minimizes the depth of soil 
disturbed. (III.D.6.) 

g. Groundwater Development: The State will evolve a 
suitable methodology for exploiting groundwater available in the 
command area and integrating it with the system of surface 
irrigation. (III.D.7.) 

h. Water Allocation and Rotation: Water will be allocated 
under a modified Shejpali system that is strictly enforced. ID will 
study the applicability of RWS systems for Project supported MIS's. 
(IIl.D.8. ) 

1. Operation and Maintenance: 10 will be responsible for 
O&H in the early years of a scl~me. ID and AD will organize farmers 
in outlet committees to take over responsibility for O&M. (III.D.9. 
and Ll.D.3.) 
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2. Other Considerations 

a. A special effort to maintain quality of construction 
will be required, including quality control sub-units of the SASC 
located in the RHlC of each region. Involved contractors and AD and 
ID supervisory staff will receive training in construction quality 
control, particularly of Part I and Part II works. (VII.B.5.c.) 

b. Substantial additional technical and professional staff 
will be required to effectively execute tt~ Project. 

(1) Irrigation Department 

(a) The SASC and SAEC must be staffed at State and regional 
levels. (I.B.2. and 3.) 

(b) The Regional Minor Irrigation Cells as new units will 
require additional stafl'. (I.B.4.) 

(c) The regular Circles and Divisions will require 
additional staff for construction and for planning of non-pilot 
MIS's. (I.B.5.) 

(2) Agriculture Department 
(a) Subject Matter Specialists (SMS) in on-farm water 

management will be required at district level in all areas 
t~ving Project financed MIS's (IV.G.2.); 

(b) Field level extension staft for wa ter management will 
be required for each Project financed MlS's (IV.G.2.); 

(c) Field level extension staff capable of working with and 
assisting female farm operators will be required on one pilot 
(V.C.5.); 

(d) n~ Soil Conservation Section will require additional 
staft to handle Part I and Part 11 works (VII.A.2.) and the pilot 
catchment treatment program (IV.F.). 

(3) Other Departments 
GSDA, Cooperatives, etc, may also require addi tional 

staffing. These needs will evolve as project implementation is 
planned in detail. 

(4) Crea tion of new ID organization units (I.B.) and 
sanctioning of ID and AD staff required to carry out the Project 
will be a condition precedent to initial disbursement of loan 
funds. (VII.A.I. and 2.) 

c. The GOM will arrange compensation for persons left with 
uneconomic sized units as a result of land acquisition for Project 
purposes by way of giving them priority rights for tank bed 
cultivation by way of giving priority for tank bed cultivation 
(v.c.4.). 
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d. Budgets for schemes financed under this Project will be 
allocated directly at State level. (VII.B.2.) 

e. The AD will initiate extension activities in schemes 
commands two years prior to availability of irrigation water. VEW's 
for eacll sclleme will be trained and in place before initiation of 
extension activities. (VIII.B.5.b.) 

f. The II) will provide at least one resident Canal 
Inspector for each scheme. (VIII.B.7a.) 

g. The AD, CD, aud ID will organize outlet committees and 
water user cooperatives on each Project financed scheme. (II.D.3. 
and III.D.5. and 9.) 

h. Economic evaluation using discounted cash flow analysis 
will be required. An ERR of 12 percent, wi th some exeptions at 10 
percent, will be required. (VI.E.). 
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A. Introduction and Methodology 

Under this project it is intended to apply the methodology of 
"diagnostic analysis and search for solutions in live situations" to 
identify institutional models, structures, procedures and approaches 
which are actually working in the field. Once understood, these 
small or large successful experiments can be extended, expanded and 
replicated. Possibilities will also be identified where these 
successful institutional elements may even be grafted onto other 
institutional structures wl~re they would appear to be useful. 

It should be obvious that to be useful in suggesting expansions 
and transplants of successful institutional elements one must 
understand what is going on institutionally, be able to evaluate 
performance, and understand why certain things work and others do 
not. Though tha t is obviously an amb1 tious task, there does not 
appear to be an easier way to do the necessary analysis. 

The Mission's overall irrigation strategy is centered on 
institutional improvement in six functional areas: planning, design, 
construction, operation, maintenance and on-farm water management. 
This chapter focuses on the institutional analysis of these 
functional areas. 

B. Irrigation Planning 

The next f~w paragraphs outline what planning means and how it 
differs from design. 

1. Planning as Distinct from Design 

Planning is that process by wMch public and private entities 
develop a plan of action with reference to irrigation. It 1s the 
part of tt~ cycle where general guidelines, policies and approaches 
are developed, where technological alternatives are identified, and 
where crop mix strategies and design standards are developed. As 
defined, planning j s not project specific. It comes before site 
identifications and specific project designs are undertaken. 
Planning is }jQwever an ongoing process of updating strategies and 
standards baaed on experience with specific projects. By the above 
definitton, research and development activities, pilot and 
e~perimental projects, studies and evaluations are all a part of 
planning. The boundary between Planning and Design is crossed when 
one begins to identify sites for specific projects and begins to 
apply tl~ design standards at one of tlwse sites. 
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2. Assessment of Current Planning Efforts 

The distinction between planning and design explained above 
facilitates making a major point about irrigation instititions. The 
point is tt~t in tt~ Irrigation Department tt~re is a lot of 
reasonably adequate design and construction up to the outlet, but 
little real planning as defined above. Below the outlet there has 
been almost no real planning, design, or construction by anyone but 
farmers. Farmer performance in planning for flow irrigation use is 
seriously hampered by inefficient distribution procedures and 
non-existent distribution facilities. The ID and AD are now 
committed on sct~mes initiated after 1980 to constructing 
distribution works to the farm gate. Most of d~ other public 
sector entities (GSDA, Universities, and financing institutions) are 
isolated from any planning role in surface irrigation which is 
dominated by the ID. 

In groundwater and lift irrigation, the institutional entities 
are agroindustrial and marketing coops, individual farmers and 
public finance institutions whose planning processes are too lit" 
understood to reach any conclusions about their pe"-fr.rmBnce or how 
it could be improved. The prime beneUc1aries (both dfJ,:L:L surface 
users and indirect groundwater and lift users) an not involved in 
the planning of the public sector systems wIdch are (by and large) 
the source of tt~ir water. 

It is important to recognize tr~t being involved in planning is 
not what is normally meant in the literature by participatory 
involvement in planning by small farmers through water users 
associations. Planning irrigation rotations and canal locations or 
participatory maintenance of tertiary distributaries are much 
smaller issues tt~n the kind of participation under discussion. The 
kind of participation farmers want covers real system planning 
decisions such as what crops to grow with the waterj and how to 
really get control over water use. This involves irrigation 
frequencies which go far beyond the capacity of traditional 
rotational turns (onions may take water each 8 days for example) and 
seasonal availabilities which go beyond wrat the government planning 
system is prepared to allow (perennials require year round 
irrigation). What is required is joint public and private planning 
of cOllplex conjunctive use, intendve cropping patterns, flexible 
seasonal and on-demand supply systems. 

The physical realities of water in Mat~rashtra demand a planning 
system widch integrates groundwater, surface water, and private and 
public institutions. The monsoon, topography, soils, and illusive 
basalt fissurea dictate the nature of the final solution. 
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In the public sector the lack of flexible, creative, and 
vigorous "planning" has resulted in design being frozen into 
"cookbook" solutions. in many cases resulting in extremely high 
costa and ineffective systems. Most often these solutioDd ignore 
the possiblities and problems unique to each sit~ and miss important 
groundwater and below-the-outlet opportunities for more efficient 
water use. There is a lack of attention regarding the final im~cts 

of the systems on basic production. small farmer income, employment 
and famine protection objectives. 

Without clear and measurable final objectives. the public sector 
planning system does not allow consideration of the bigger and more 
complex picture of irrigation which is the true planning 
environment, rather than a heavy focus on building more dams. 

This is not to say tt~t dams and canals are not urgently needed. 
It is the very existence of the large number of dams which has 
created most of the really attractive opportunities for conjuctive 
use and more efficient on-farm technologies. Dams slow the monsoon 
water down and create both surface and tdghly productive groundwater 
potentials. To harvest tbese potentials will require a radically 
differ.ent level of creative evaluation of alternatives and 
aggressive planning, research, development and training. 

3. Recommendations 
Planning 

for Institutional Improvement in Irrigation 

l'ii2 cu:Qplexity 
configuratimls of 

of 
any 

the 
truly 

water system and 
efficient system 

the 
to 

alternative 
exploit its 

opportutl.1ties demand integrated planning with multiple objectives 
and multiple institutional involvement. kather than propose a 
statewide rearrangement of the way planning takes place, a series of 
targeted pilot demonstration cum experiments are recommended to 
explore and perfect ways in which the various institutions can 
interact to bring about effective planning. 

ID documents indicate that the current costs of their minor 
systems are uncomfortably high and that the utilization rates of the 
water are very low. These two are obviously interrelated and 
institutional efforts under the Project will be designed to increase 
utilization and therefore reduce unit costs. Accomplishing these 
two objectives will reqUire involVing farmers and otl~r institutions 
in tt~ planning process. 

In the pilot schemes proposed below tl~ involved institutions 
including the farmers should achieve three things: first, a better 
understanding of the complex water situation and the necessity for 
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interacting in planning its use j 8econd, ins t1 tutional formats for 
interacting in integrated planning; and third, planned systems which 
actually incre~se the achievement of the stated final objectives. 

a. Planaing by Objective Pilot Schemes 

As mentioned earlier t}~ design of minor irrigation projects 
is gUided by the specifications j.n p.pplicable engineering and other 
manuals. Irrigation does [~ve stated objectives clearly outlined in 
national and sta.t2 pJ anniug documents. These object! ves include 
famine protection, income distribution to weaker sectors and small 
farmers, aud employment generation. These terms are often mentioned 
in discusl:lions with irrigation Rtaff but there is no mechanism for 
using them as planning tOQls •. The ID has no way of knowing how 
projects l.mpact on tMse object! ves and no way to analyze different 
configurations of system elements for particular sites to increase 
the imp.act. Th18 project will adrlress this situation through the 
development 9f a mln~r irrigatLon systems model, supported by 
appropriate computer equipment 8~d training, and a series of pilo~ 

investigations and studies directed at specific issue" and pr(1)~":UlI:i 

which w111 utiliz,:.:. the model in analysis and design. l'hf: pilots and 
studies ~re described in this and following crapters. 

lv'..any of tht~ factors which determine the impact of minor 
irrigation projects cropping patterns, availabi.'lity of 
groundwa tel', input and produce markets and developmental and 
operating finance - are not tIe direct responsibility of the ID, and 
it ia tMs fragmentation of responsibility and lack of adequate 
attention from the institutions involved toot is partly responsible 
for inad~quate designs and inefficient water utilization. 

The intent of the planning pilots is to explore ways of 
bringing the various institutions tObether to plan so that they will 
relate better during tbe operation plase. The planning pilots deal 
with essentially non-engineering institutional elements which appear 
to be hampering the effective functioning of minor irrigation 
tanks. Two planning pilots are proposed dealing ·i.th cropping 
pattern selection and conjunctive ground and surface water use 
planning and financing. 

(1) llanning Crop Mix 

Selecting the cropping pattern to be used is easily t~~ most 
complex and important choice to be made in irrigation planning. 
From this cllOice flow almost all the design elements which will 
determine the magnitudes of impacts on final income, employment, 
nutrition and famine protection objectives. Crop mix determines tr~ 
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type of rotational system which will be adequate and hence the 
engineering design of distribution systems (size of canals or pipes) 
and many other considerations. Planning cropping patterns is the 
part of irrigation planning in which farmers express a strong 
interest in freedon of cooice rather than living with government 
prescribed cropping pa t terns. In fac t , evidence from Ma haras htra* 
indicates that actual cropping patterns vary significantly from 
tt~se proposed in project reports. 

The objective of tids pilot will be to explore and implement 
the institutional process of integrating the many entities wldch 
must be included if the cropping pattern choice is to be a rational 
one aimed at achieving final irrigation objectives of both farmers 
and the Government. 

1wo existing schemes and eight new schemes would be involved in 
this pil.:. _. 

the	 institutions to be involved are: 

1.	 The farmers in tbe command, 
2.	 ID Project Design engineers, 
3.	 Selec ted university crop produc tion and marketing 

specialists, 
4.	 AD ~ropping Pattern specialists. 
5.	 Cooperative Producers or Marketing associations including 

NAFED, and 
6.	 Primary Credit Societies and Nationalized Banks. 

The pilots would be organized and conducted by the AD. The AD 
would carry out a land use capability survey as soon as pilot sites 
are identifieC1. Staff from the Agricultural University serving the 
pilot area, set up in teams of 2 to 4 depending on the agroclimatic 
type and situation of each site, would assist. There would be an 
initial survey by the uni versi ty staff of cropping pattern 
possibilities from agronomic, economic and marketing points of 
view. These would include the necessary data regarding each crop 

* DJ-amdhere H. V. and Padhye, V.S. in "Scheduling of Irrigation", 
given at the National Workshop on Scheduling of Irrigation present 
evidence from the Mula project sl~wing tlst actual cropping patterns 
reflect more sugarcane and hot weatl~r groundnuts - high value crops 
- and less of Kharif seasonals and cotton than planned in the 
project report. 
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choice to permit computer analysis. These initial surveys would be 
the start of tl~ process which would involve direct interaction of 
the various institutions named above. 

The formats for that interaction would be evolved at each pilot 
and the experience of the various teams would be exchanged in 
seminars and be the final written outputs of the pilot. The miner 
irrigation model to be developed under the Project (see Chapter III) 
would have a crop mix routine which would ahow qUickly ,he annual, 
seasonal, and monthly income, employment, cash flows, credit needs, 
marketing flows, water requirements and other variables of different 
crop mixes. This would assist the various involved institutions in 
qUickly seeing the implica tions of their choices. Each cropping 
patter.n selection initial cycle would take not more than three 
months, at the end of which the University staff would submit a 
report on the process and substance of the pilot experience. l'he 
report on substance would be prepared by a university team member. 
The design of process, its evaluation and the final process report 
would be the responsibl1i ty of an extension specialist from t!:" 
University Extension Department. 

The AD, farmers, and other institutions °J/ould have 
responsibility for implementing the cropping mixes resulting from 
this planning process. 

(2) Conjunctive Use Groundwater Planning and Finance 

Conjunctive use planning and the involvement of dIfferent 
financial and executing institutions has been identified by both the 
Barve Commission* and the team as cri tical to efficie:nt functioning 
of minor irrigation. The idea is to explore alternative 
institutional formats for financing full development of the 
groundwater resources on exi6ting schemes. 

The institutions involved would include: 

1. The Groundwater Survey and Development Agency 
2. The lo'armers in the Command 
3. ID Project design and operation engineers 
4. The Land Development Bank 
5. The Disrict Cooperative Hanks & Primary Credit Soc. 
6. The Local Lead Na tionalized Bank 

* Maharashtra State Irrigation Commission Report, 1962. 

~\
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Tie GSDA would provide the leadership for this pilot 
investigation. The investigation would be started by a detailed 
survey of the command groundwater system by the GSDA. The survey 
results would be integrated with the data to be gathered regarding 
system operation and be incorporated into the minor irrigation 
models. 

The model can then provide rapid read outs of different well 
configuration, different monthly and daily well draw down anc 
irrigation patterns, and the implications of different goundwater 
development and management patterns on final cropping patterns. The 
various participants can see how the groundwater could be used to 
provide more in income, employment and production terms. 

The LOB's, coopera ti ve banks and lead nationalized banks 
would develop a program for financing additional new wells required 
and rehabilitating existing wells as necessary for full groundwater 
de velopment • 

Conjunctive use analysis t~s been provided for in the 
Maharashtra Irrigation Technology and Management Project. This 
pilot investigation will be incorporated with the analysis done 
under that project. 

b. Monitoring and Evaluation System 

Perhaps the most important institutional mechanism for 
improving planning is the institutionalization of a systemati~ and 
effect!ve pror.ess of monitoring and evaluation of ongoing projects. 
For a time (1~76-l979) ID set up such a unit in Nasik for the Bombay 
Region with responsibility for evaluating on-going minor irrigation 
projects and making recommendations for improved design, 
organization and other matters that would increase utilization of 
irrigation water. This unit issued a summary report in 1979/80.* 

Under this project a monitoring, evaluation and survey unit 
(MESU) will be set up in the SAEC. A sub-unit would be established 
in each Regional Minor Irrigation Cell. The MESU would have 
responsibility for initial benchmark surveys and for follow up 
surveys that assess the actual progress being made in the minor 
irrigation program, identifying the problems being encountered by 
farmers, and providing the basis for recommended improvements. This 
unit would contract witl! the Agricultural Universities for the 
survey and analytical work. 

*"Minor Irrigation Works in Bombay Region, Report Summaries," ~finor 

Irrigation Surface Water Unit, Nasik', 1979. 
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The monitoring and evaluation system, the diagnostic 
analysis, and the whole pilot effort are seen as the principal 
mechanisms for bringing about improved integrated planning. The 
diagnostic analysis and pilot schemes are seen as producing viable 
working alternatives for continuing analysis and to prevent 
stagnation for lack of fresh ideas and functioning examples. This 
is the heart of the institutional improvement metoodology which is 
borrowed from the Lowdermilk-Svendson approach called "searching for 
solutions in live systems. There will be some 20 or so liveII 

systems specifically used to search for solutions. Keeping everyone 
focused on ways to use minor irrigation to improve farmer income, 
increase employment, and grow more food and fiber is the essence of 
the system. 

The monitoring and evaluation will require extendve 
benclJuark and evaluation data. Data collection would be by sample 
surveys managed by one of the Universities. The capacity of the 
Universities ia adequate to undertake this work. Where the 
Universities will need help is not in data collection but 
simplifying the teclmiques for analysis. Analysis \/0uld focus on 
simple ratios and cross tabular comparisons. These can ,apidly and 
simply achieve tIe desired results if they are carefully and 
creatively designed. Technical Assistance will be needed to help 
simplify the analytical procedures and focus data analysis and 
organization around final objectives and design alternatives. 

(1) Sample Design and Data Gathering Procedure 

Four separate survey populations would be sampled. 

(a) The AID financed new schemes 

The farms, landless worker OOutle holds, and insti tu tions 
(banks-traders-coops) in a sample of the 75 new AID financed 
cOllDlands would be sampled. Sample units of tarms would be in two 
strata, large farms and small farms. Forty small and 40 large farms 
would be sampled, stratified by head and tail react~s. Forty 
landless worker housel~lds would be sampled from nearby villages, or 
if they are present in the commands then from those llOuseholds as 
well. Key pieces of information about the activity level and 
institutional environment would be monitored with data from the 
related banks, traders, money-lenders, coops and panchayats. 

These populations would receive a benchmark survey with 
necessary follow-up surveys for evaluation. The benclJDark survey 
should be made as soon as the site is identified and before any 
works such a anticipatory well digging is commenced. 
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(b) The pilot demonstration schemes 

Each of the pilot demonstration schemes (two existing 
schemes and eight separate pilots) would be sampled as described 
above. 

(c) Control group of beneficiaries in existing minor schemes 

Forty small and 40 large farms would be selected in each 
of tie three major agroclimatic regions of the state (Konkan, 
transitions-scarcity, assured-high rainfall) at random from among 
all minor beneficiaries in existing minors. Forty landless laborere 
households would also be selected in villages near existing minors. 
Both of these samples would be "area frame" based so as to avoid 
large expense in sampling. The relative cost per interview will be 
high in these cases because of travel costs, but the value of a 
truly random sample far outweiglw the additional 
dispersed sample population. This population would 
benchmark and follow-up surveys. 

costs 
receive 

of a 
the 

(d) Control group of non-beneficiaries 

Using area frame stratified sampling, a random sample of 
40 small and 40 large farms would be selected in regions where minor 
irrigation projects are to be undertaken. In a similar fashion 40 
landless worker housebolds would be selected. This group would 
receive the benchmark and follow up surveys. 

(2) Survey Instruments and Procedures 

rl~ Department of Agricultural Economics at Rahuri has 
already conducted a number of socio-economic surveys for the 
Irrigation Department and in the process nas evolved a survey 
instrument which is an excellent one. It r.!~resents the state of 
the art in almost all re8~ects including manageability in the 
field. Since this instrumel'',; has been field tested and its field 
practicability is known, it should be adopted with a few minor 
modifications as the basic instrument for the evaluation system. 
The modifications include an expansion of on-farm water management 
information, the addition of a 1:8000 ground water and similar scale 
land use classification map, a few additional sanitation-nutritional 
health measurements (antropometrics for example) and a lIuch expanded 
section of farmer perspectives, ideas and suggp.stions for improving 
institutional performance. 
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(3)	 Streamlining and Accelerating Data Processing and Report 
Production 

The Universities are generally efficient at undertaking 
surveys but hampered by lack of' hardware and software in getting 
this data into useable form. The lead univer.sity would be provided 
with micro-processors wtdcll could handle both analytical work and 
word processing. Adequate software for these functions would also 
be provided. 

4.	 State Sector Functions in Minor Irrigation Planning 

a.	 Responsibility for Planning 

(1)	 The role of the center 

Irrigation, including minor irrigation, is a state 
responsibility in India, tl~ugh it is in the Concurrent List of the 
Constitution implying that the Center also plays a role in t!-,(, 

planning and development of irrig~tion. As far as major and medium 
irrigation projects are concerned, the Center takes an act! ve part 
in the planning and approval of projects and tl~ States are required 
to obtain technical and financial clearance for their projects from 
the Central Water Commission and tl~ Planning Commission before 
taking them up for construction. In the case of Minor Irrigation 
projects, however, tbe Center plays an overall general review and 
policy role and does not reserve specific approval rights over 
financial or technical standards. They do review the Annual and 
Five Year state irrigation plans which are funded in addition to 
state sector resources, under the different channels suelt as the 
Drought Prone Area Program (DPAP) , the Tribal Plan, and the Western 
Ghat Development Program. 

The Drought Prone Area and Tribal Area Programs are fully 
financed by tre Government of India. The Western Ghat Development 
Program is partially funded by the Center. The State Plan for 
irrigation, including minor irrigation, receives central assistance 
only by way of Dlock Assistance whicb is made available by the 
Center to tre States according to a formula based on population, 
backwardness of certain areas, capability of revenue generation and 
otter similar considerations. 

(2)	 Annual plans for minor irrigation 

The State Government sends proposals for minor irrigation to 
the Planning Commission by U~ month of November each year for the 
plan works to be undertaken during the comming year. The annual 

\~
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plans of the States are finalised by the State Governments in 
consultation with the Irrigation Ministry of tl~ Government of India 
and the Planning (;ollDlission, normally in the last week of January of 
the following year. 

(3) Organization at tt~ center 

Minor irrigation is directed at the Center by a Chief 
Engineer posted in the Irrigation Ministry under the Secretary, 
(Irrigation), Government of India. It is his responsibility to 
review the annual and five year plans sent in by the states with the 
intent of insuring only that the internal state distribution of 
projects is not overly weighted in favor of relatively well 
developed sections of the state and against what are known as the 
"weaker sectors". His office also reviews matters such as the 
attention given to drought prone areas, tribals, and remote hilly 
regions. The Chief Engineer (Minor Irrigation), is assisted in this 
task by a complement of technocrats who elaborate guidelines and 
general standards for minor irrigation design. These general 
frameworks, however, do not reach the detailed level necessary to 
actually constitute design standards. 

This unit may also arrange for assistance to the states in 
preparing pre-feasibility reports for use with external donors such 
as AID or the Banks. This was the function of the Narmada Cell in 
the case of the minor irrigation tank proposal prepared for 
submission to the IBRD, and later to USAID. 

b. Planning Organization at the State Level. 

(1) Irrigation Secretary 

At 
Department 

present, all the activities of the 
are looked after by two secretaries 

S
one 

tate 
for 

Irrigation 
irrigation 

and one for CAD. The principal interaction of USAlD is with the 
Irrigation Secretary. The Chief Engineer, Minor Irrigation, is 
charged with the planning and execution of minor irrigation projects. 

(2) Regional offices 

Projects are actually planned and implemented under the 
direction of the regional Chief Engineers whose central offices al~ 

located in the major regions of the s ta te. There are six regions 
covering the major agroclimatic zones, though the regions do not 
exactly coincide with the climatic areas in the case of Nasik and 
Pune. These CErs are headquarted in Bombay for the coastal Konkan 
region, in Pune and Nasik for the transition and scarcity zone, in 
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Aurangabad for the assured rainfall zone, in Amravati for assured 
and moderate rainfall zone, and in Nagpur for the high rainfall 
zone. All of the functions related to minor irrigation depend 
directly on theBe regional Chief Engineers from planning through to 
operation and maintenance. 

It is at this level that formal project planning is 
originated and then sent up to Mantralya where they are processed 
for official approval known as "Administrative sanction." The 
regional CErs provide the "teclmical sanction" for minor irrigation 
schemes. 

The GOM will appoint one of the Regional Cldef Engineers as 
the Coordinating Regional Chief Engineer for the Project. The SAEC 
and all of its pilot and study act!vit!es are under the control of 
this CEo He will be the primary liaison point for AID at the field 
level, including reimbursement claims preparation and coordination. 

(3) Circle and district level 

There is a great deal of variety and flexibility in the way 
minor irrigation functions are distributed between the 
Superintending Engineers. This flexibility uhould not be confused 
with disorder. The officials bave very clear ideas of what they are 
in charge of and to whom they report. The regional Chief Engineer 
has considerable latitUde in the manner in which he organizes the 
various minor, medium and major irrigation tasks in his region. 

The planning design and implemention of the schemes at the 
District level is looked after by Divisions each headed by an 
Executive Engineer. Generally tte jurisdiction ot an Executive 
Engineer extends over one District, in some cases more than one such 
officer may be posted to deal only with Minor Irrigation in a 
District. The work of all the minor irrigation schemes is 
distributed among 40 Divisions assisted by 225 Sub Divisions. 
Sub-divisions are headed by Sub-DiVisional Officers of the status of 
an Assistant Engineer. Of these 225 Sub-dlvisions 77 are charged 
with survey and preliminary design development and feasibility 
analysis. The others implement the schemes once they are 
"technically" and "administratively" approved. 

c. Project Identification and Selection 

Forward planning documents known as District Level Master 
Plans are elaborated in many areas each year. It is from these 
catalogues of possibilities that the District Planning and 
Development Council gives instructions to examine this Ml scheme or 
that one in detail for formal clearances and funding. 
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When the ID group receives this list of priority projects 
from the DPDC, the Superintending Engineers from the Circle arranges 
a team to carry out the preliminary investigation and preparation of 
the formal engineering feasibility report. When the engineering 
plans are ready (based on an almost automatic crop mix selection 
process) they are sent for economic feasibility analysis. 

Each survey sub-division is normally able to prepare 
detailed project reports for about four schemes every year. Thib 
list of planned projects is then finalized by the DPDC in 
consultation with State Government. This then becomes known as the 
District Sectoral Annual Plan which contains the HI schelle 
allocations for each district on a time and scheduled construction 
basis. 

The Executive Engineer of tl~ District, forwards at the time 
of preparing the Annual Plan, a list of on-going and 
administratively approve Ml schemes to the DPDC for fund 
allocation. These funds may come from one of the four programes 
mentioned earlier, though most construction takes place with EGS 
budget complemented by District Plan mClies. 

To be fair to the planning process, it does, almost religiously 
attempt to implement intermediate objectives of spreading projects 
into disadvantaged areas and there is an eveness in understanding 
about this and tt~ food grains policy. Tt~ problem with planning is 
that it is almost entirely blind to final impacts, costs and 
efficiency and almost prevents movement in those directions. 

c.	 Institutional Aspects of Design and Construction of Minor 
Irrigation 

1.	 Institutional Functions in the Design of Minor Ir~igation 

Minor irrigation systems may be usefully divided into four 
categories for tt~ purpose of examining the institutional aspects of 
design. (1) State sector minor irrigation 
project), (2) local sector minor irrigation, 
wells and (4) lift cooperatives. 

(the 
(3) 

focus 
private 

of 
s

this 
ector 

a. State Sector Minor Irrigation 

The design of State sector minor irrigation projects is 
undertaken by the design cells in the Irrigation Department itself. 
The only other institution with a major involvement in tids process 
1~ tt~ Agriculture Department which is responsible for providing the 
design crop mix for the project. The design 1s conducted in rather 
strict accordance with the published minor project design manual as 
updated periodically by official communications. 
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Institutionally it is important to recognize that these 
designs are not subjected to scrutiny or review at the centre, thus 
differing from major and medium projects. 

From an institutional point of view the design process with 
its internal review works smoothly and is perhaps the best organized 
of all of the pl~ses of irrigation. 

Weaknesses in the institutional setup arise from tbe fact 
that farmers are not involved in any kind of direct It'ay in the 
process and have little input and control over its conduct. This 
problem has been examined in considerable detail in a following 
section on farmer participation and that discussion need not be 
repeated here except to say that one of the major pilot activities 
of this project experiments wi til institutional formats which involve 
farmers in the design and planning process. 

b. Local Sector Minor Irrigation Oesian 
Small tank schemes with commands under 100 hectares are •. 

jurisdiction of the Zilla Parisbads and Panchayats with the 
important exception that design is normally undertaken by the 
Irrigation Department through a special local design cell. The same 
design standards contained in the minor design manual are in 
practice usually applied to tbe local sector works even though there 
is no strict requirement. 

c. Well Design 

Individual 
Groundwater Survey 

farmers, 
and 

with oc
Development 

casional as
Authority, 

sistance 
design 

from 
their 

the 
own 

wells. It is at the stage of energizing these wells that outside 
help may be given, particularly if institutional finance is involved. 

d. Lift Scheme Cooperatives 

A lift scheme cooperative is usually required, as a 
prerequisite for financing, to present an engineering design of the 
proposed system. Private engineering firms and individual 
consultants normally produce tl~se designs. An important number of 
these systems have malfunctioned due to alleged design inadequacies 
reflecting a possible uneveness in design standards and the quality 
of engineering services in tl~ private sector. 

2. Institutions Involved in Construction 
Three separate institutions are involved in the construction of 

minor irrigation schemes in Maharashtra. The 1rrigativn Department 
has Construction Oivisions which supervise and in some cases 
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undertake construction activities (most of the gorge closing 
operation). The Employment Guarantee Scheme is the second 
"institution" involved which organizes the unemployea for public 
works construction. Howaver, most of the construction is contracted 
out to private firms. Tl~re is an obvious interaction between these 
three institutions, and in 
supervisory responsibility will 

any particular 
vary. 

case the mix and 

Normally 
contractors. 

the 
The 

construction 
distribution 

of the 
system 

main 
may 

f11l 
be 

is dODe 
constructed 

by l
with 

ocal 
EGS 

labor. At times tlds labor may be organized and supervised by ID 
officials, EGS officials or even j.n some cases by locally hI.red 
private sector "bosses". 

Special~ ~ed equipment such aa rollers may either be drawn from 
tl~ ID's construction unit or contracted from private firms. 

3.	 Contracting Procedures 

Contracting procedures when private firms are involved follow 
established competitive norms for qualification and bidding, and 
establisc~d procedures for monitoring and payment. The Irrigation 
Department maintains blank forme with standard provisions for 
regulating the various steps of this process. On one existing minor 
project in the field the USAID design team reviewed some of the 
actual contracts and found that they had used the basic fOIlls and 
procedures with the normally required contractor invoices and 
receipts attached. The procedure and controls met or exceeded USAID 
contracting requirements. 

D.	 Farmer Participation in Operation-Maintainence of Minor 
Irrigation 

This section exallines the structure and role of local farmer 
institutions and row they interact in the planning, operation and 
maintainance of minor irrigation systems in Maharashtra. 

The unique history and natural configuration of irrigation in 
Maharashtra have left it with a rather complex institutional 
framework. Three ratl~r distinct systems are found in the state as 
a result of the shift in state boundaries and the incorporation of 
areas (Marathwada and Vidarbha) which had developed their own sets 
of irrigation institutions. To understand local farmer institutions 
it ia necessary to understand at least in summary form the 
legal/regulatory framework in which these institutions have 
developed. 
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1.	 Summary of Irrigation Institutional Development: The Legal and 
Regulatory Framework 

An institutional framework for irrigation began with public 
intervention after 1876 with the Famine Fund. Irrigation began not 
as a way of increasing production but as a way of stabilizing the 
production of food grains in unusual drought years. These 
beginnings have left their imprint on all institutional forms and 
regulatory structures which have developed since. This is known as 
"protective irrigation" and led the water institutions early into 
not just the control of water but into the control of the crops 
grown with the water. 

When land reform legislation (Land Ceiling Acts) was added as an 
overlay onto the already complex regulatory situation it reduced 
even further the possibility that indigenous local farmer 
institutions would spontaneously appear and play an important role. 
The land reform and irrigation institutions are interrelated in that 
irrigated land is subject to lower land ceilings. 

In the 1960s the decision was made to design systems at 50 
percent reliability. This is an engineering concept that results in 
a canal system serving the area t~~t can be irrigated in the median 
rainfall year. Less rainfall than the median means that water must 
be rationed. Each farmer is limited in the area he can irrigate by 
the available water. Crop mixes that are feasibil~ under this 
approach are essentially not in line with what many farmers see as 
their own best interest. In many cases farmers simply do not "come 
forward" to take the water thus causing a significant part of the 
underutilization problem. 

The net result of all of this is tha t strong incentives were 
created encouraging farmers to develop wells to be able to have more 
control over their cropping patterns. Actual cropping patterns are 
closer to farmers wishes than cropping patterns proposed in project 
reports. Natural factors, particularly larger than average 
rainfall, provide an opportunity for the ID to accede to farmers 
wishes, but this is on an ad hoc basis. 

When one talks to farmers in the field, it is clear that they 
want to be involved but they want that Involvement in issues that 
matter. Farmers repeatedly told tt~ design team tt~t what they want 
is control over what i8 done with the water and that most often came 
back to control over wt~t crops to grow. 

Some observers have noted these problems and suggested simply 
that the crop and ot}~r restrictions simply be done away with and 



11-17 

that farmer participation be organized along the lines in vogue 
elsewere. This ignores the deeply rooted legal and regulatory system 
in place and its almost inextricable links to "extensive" irrigation 
and land ceiling systems. If these roots could be waived by a 
single stroke, the positions taken by several official irrigation 
commissions would have accomplished the task. 

The only reasonable explanations for the perpetuation of the 
present system in the face of repeated formal recolDJlendations tCl 
change it lie in the fact that it does provide a practical way of 
rationing water from systems whose designs are "extensive." If the 
canal system has only half enough water to irrigate the land it 
could potentially serve then there must be a way to enforce 
spreading the water. The system which has grown up accomplishes 
that task. Local irrigation administrators, farmers and politicians 
have, over the century, worked out a way in which this works for 
them given their power relationships and personal objectives. It is 
likely that the farmer's general lack of vigorous involvement in 
this process has resulted from his lack of power and the fact that 
his interests were better served outside this system. Farmer 
participation must be analyzed inside this framework and not upon 
the erroneous assumption often made ttst present policies and 
procedures can be simply ignored or easily changed. 

Abstracting from the general situation described above, there 
are a number of indigenous farmer group-managed irrigation systems 
in the state of Mabarashtra. However, there are very little 
detailed data available on how these work. It seems very likely 
that important lessons could be learned from studying these 
self-managed systems which would be applicable on other schemes, 
especially MIS. In-depth interdisciplinary studies of a sample of 
these systems will focus on the underlying principles and procedures 
for management (e.g. decision-making, dispute settlement, water 
distribution, etc., all in the context of the existing social and 
economic structure), as well as the technical features of the 
systems. The major purpose of these studies will be to extract 
lessons or hypotheses which could be tested on other MIS. 

Types of farmer group managed systems in Maharashtra include: 
a) Phad (or bandhare) systems (Doole Dist.), b) Khajana well (Deed 
Dist:"')':"" This well1s 300 to 400 years old, irrigates about 150 ha 
of land owned by a large number of small farmers, and is entirely 
farmer-managed (Farmers hire one person, paid in grain, to 
distribute the water). The government maintains the headworks, and 
does major canal repair. The farmers do regular maintenance, and 
distribute the water them~elves. Two paddy crops are grown. These 
are older tanks, probably dating from British times. 



Il-18 

2.	 Farmer Participation: An Analysis of Existing Insti tional 
Structures and Activity 

For discussion, the farmer participatory institutions may be 
grouped into four classes: (a) water user groups for flow 
irrigation, (b) wat~r user cooperatives for well and lift 
irrigation, (c) private and voluntary organizations and (d) Z111a 
Parishads and Pahchayats. 

a.	 Water User Groups and the Operation and Maintainence of Flow 
Irrigation Systems 

Water user groups in t~~ predominant Ma~~rashtra system 
function at the "outlet" leve'. There are two forms of this 
institution, the first ia called the "outlet committee" the second 
is called a "water users cooperat1ve." The 1976 irrigation law 
provides for the creation of water users cooperatives. Yet, while 
the autmrity exiats, the practice is rare. Outlet committees are 
more common and their functions are similar to those normally foun·' 
in the literature for other countries in the operation dnd 
maintanance of flow systems. 

Tids committee is to be made up of those farmers who have 
irrigation rights from a particular outlet which under tl~ new 
policy is 8 hectares. Somewhere between five to ten farmers could 
therefore compose an outlet committee. These committees are to 
function in maintaining the channels and to meet with the canal 
officers to plan tl~ rotational Bcl~duling of the water. 

In the design team's field visits it became obvious that 
this pattern varies widely and that its actual functioning depends 
more on local personalities and interests t~~n on some overall legal 
or structural format. In some cases it appears that farmers take 
this seriously, meet frequently wi th tl~ canal officer and maintain 
the channels with fidelity. In one ca6e where it seemed to be 
functioning well (t~wt is, channels were well maintained and farmers 
met with the canal officer regularly to plan rotations) the question 
was asked why farmers were not formally organized into either an 
Out.let Committee or a Users Cooperative. Tl~ question was met with 
a puzzled, "What for? It 

b.	 Water Users Cooperatives in Development, Operation and 
Maintanence of Lift and Well Irrigation 

Farmer participation in irrigation through cooperatives has 
been vigorous in Maharasbtra and is the principal vehicle through 
which communities and small farmers ~wve channeled irrigation 
action. These cooperatives have taken two basic forms, lift 
cooperatives and marketing-processing cooperatives. 
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It is important to note that these cooperatives may in some 
cases be dominated in a management sense by larger and more well to 
do farmers, but the actual composition of the cooperatives and the 
benefits which have flowed from them are surprisingly well 
distributed to botlt the smallest farms and to the landless poor. 

A field example will help to explain the unique and dynamic 
way the lift and marketing cooperatives have been used by small 
farmers to fuel irrigation development. A typical small farmer 
visited by the design team had wanted to finance the digging and 
energizing of a well. Without funds and without a mot'tgageable 
title he was unable to finance this activity through normal 
channels. His membership in a sugarcane cooperative provided hill 
wit~ an underwriting guarantee at the bank against which he obtained 
the funds. The marketing/processing cooperative provides the 
essential financial energy, harnessed through a variety of 
co-signature and less direct mechanisms, to start well and lift 
irrigation development. In the case of wells, since in Maharashtra 
they are predominantly a single farm venture, this farmer 
invelvement is not institutionalized beyond his own farm. In the 
case of lift schemes many small farmers are involved, 
characteristically with a few larger ones, and a formal farmer water 
users cooperative is formed. 

Water users groups in the form of Lift Cooperative Societies 
are growing at an annUdl rate of over 20 percent. This is evidence 
of the vigor of farmer participation in irrigation. One of the 
chal l .enges which faces state sector minor irrigation is how to 
harness this local participatory energy inside the constraints of 
the flow irrigation regulatory structure. 

c.	 Private and Voluntary Organizations in the Operation and 
Maintanence of Irrigation 

While water users cooperatives are private and voluntary 
organizations in the best sense of the term, there is another type 
of indigenous organization which exists in Haharashtra and shows 
some vigor. 

These are private and voluntary foundations and similar 
community groups which have grown up around the ideas of equitable 
water distribution. The Gram Gourav Pratisthan near Pune is one 
such organization and serves to illustrate the general 
characteristics of many of them. These groups are focused very much 
at the grass roots village level and have a hearty kind of 
participatory style which involves villagers on their own terms. 
They are deeply involved in ideas of basic social justice and equity 
and see water as a basic human right. 
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Given these origins it is understandable that some of them 
have also become personality focused and highly politicized. The 
individual personalities whictl originate and guide these 
organizatlons have a profound influence over the content ana form of 
irrigation which is evolv~d, and cheir basic justice orientation has 
led to their political flavor. 

Participation, while vigorous, appears to be taking place on 
fairly narrow terms proscribed by the personal and political nature 
with Which issues are taken hold of and discussed. The rights to 
water are often to be allocated on a per-capita or per family basis 
and witn deliberate disregard for soil types, topography, farm size, 
market availability and similar technical variables. Farmers who may 
feel these other issues are important are rather strictly encouraged 
to view all matters in what is cast as a "justice-equity" framework. 
For example, in one such grouping farmers \¥ho entered the system 
were asked "to stop dreaming of sugar cane" since that and other 
"cash crops" were predetermined in this structure to be anti-justice 
or anti-equity. 

Hence many pCi vate voluntary ocganizations have been drawn into 
extensive spreading of water and small dose rati0ning with its 
consequent oppostion to higher value and lnt~rlsive cropping systems. 

After d~6CUSS10nti \¥lth several PVO groupb, inclUding site vlsits 
and group dil:icustHons with participating farmers, tile USAID Design 
Team concluded tllat the political orientation ot these groups maker. 
them unlikely prospects for AID financing through a project with tl'ie 
Gal. A mechanism for direct AID flnancing might be tried, but the 
requirement to be "non-pol! tical." (Handbook I II, AppendiX 4C) would 
exclude those vislted by tlte Design Team. 

There are therefore in these first four participatory 
organizational structures, two which are following the "extensive" 
or "protective" model (State and PVO's) and two streams (indiVidual 
farm well systems, anu lift cooperatives) following the "intensiv~· 

high value crop model. 

d.	 Zilla Par1shad and Panchayat Operation and Maintainence of 
Minor Irrigatlon Schemes 

The final institution through wnich communities and small 
farmers participate in irrigation 1s through formal community and 
district political organizations, the village Pancllayats and Zilla 
Par1shads. Surface flow systems below 100 hectares are officially 
developed. operated and maintained by the Zilla Pariahads and 
Panchayats. In practice, Ltle6e t;ystems are mor~ politically 
controlled and Cdn alter some of tile constraints imposed on State 
sector irrigation. 
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Small farmers participate in the operation and maintainence 
of these systems much as in the case of the larger state sector 
schemes. and similarly. there is little formal structure to that 
participation. Farmer~ maintain and in aome cases actually construct 
distributory channels and interact directly in rotational 
determinations. 

3.	 Mechanisms for Increasing Farmer and Local Community 
Participation 

Three approaches are woven into this project to increase farmer 
and community involvement in irrigation. All of these must be taken 
in the context of the foregoing discussion because these mechanisms 
are rather unique to the Maharashtra situation. The first is a 
strengthening of the existing framework of outlet committees and 
outlet water users cooperatives. The second is a pilot experiment 
with farmer involvement on those more important participatory issues 
of crop mix choice and conjunctive u~e. The third is an attempt to 
senSitize the Irrigation and Agriculture Departments to farmer 
perspectives by monitoring and evaluation of final income and 
employment impacts of minor schemes. 

a.	 Farmer Outlet ~ommittees and Water Us~r Cooperatives 

This project seeks to strengtheh local water user 
organizations throu~h the formation of the authorized outlet 
committees and water users cooperatives on Project financed schemes. 

b.	 Pilot Involvementf:l of Farmers in System Planning, Crop Mix 
Choice, Conjunctive lise and Women's Role 

Three pilots are designed to get farmers arid the Irrigation 
and Agriculture Department working together on the matters which 
farmers have expressed as their central concerns. The 1962 
Irrigation Commission Report proposed farm~r involvement in crop mix 
choice and system design. 'fhese three pilots institutionalize this 
~nvolvement. It is recognized that this involvement is experimental 
and could not be implemented immediately on all MIS's. yet it is 
important to begin such farmer participation if only in pilot form. 
The pilot on women's role also experiments with improved 
participatory mechanisms. 

c.	 Monitoring and Evaluating Final Farmer Impacts of Irrigation 

Farmer involvement and perspectiv~s can only be integrated 
into system design and operation if the GOM is aware of those 
perspectives and aware of how a particular project impacts on 
farmers objectives of income and employment. This project seeks to 
expand that awareness through a monitoring and evaluation system 
which quantifies the final farmer impacts of irrigation systems. 
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A.	 G~neral Description Of Area 

1.	 Topographic And Geologic Features 

Maharashtra can be physically segregated into the coastal 
Konkan region and the Deccan Plateau. The Western Ghats, or 
Sahyadri range dividing the two regions, run parallel to the Arabian 
Sea coast across the length of the state. The topography of the 
region is highly undulating, ranging between barren hills and 
wastelands to valley regioDs formed by rivers and streams. 

The major geological formations in terms of the geographical 
area, are distributed as follo~s:~/ 

Archaean and Dharwar metamorphic igneous 10.5%
 
Pre-Cambrian consolidated sedimentary 2.0%
 
Gondwana consolidated sedimentary 1.6%
 
Deccan Trap volcanic, multi-layered 81.2%
 
Alluvial unconsolidated sedimentary 4. n.
 

Soils in the state are derived from these primarily basaltic 
formations and are generally clay and clay loam in texture. In many 
areas, the soil overlays a region of fractured basaltic transition 
materials called murum. 

2.	 Water Resources 

There are five maJor drainage basins in the Deccan plateau: (1) 
Krishna; (2) Bhima Sub-Basin; (3) Godavari; (4) Wainganga Sub-Basin; 
and (5) Tapi..Y About Ho-8.)% of the annual rainfall occurs in the 
monsoon season (June to September) which flows from the catchments 
relatively 800n after. Thus, with exception of the larger rivers, 
meat waterways are non-perennial, requiring storage facilities to 
exploit the state's water resources. 

!:./	 Government of Maharashtra, Directorate of Groundwater Surveys 
and Development Agency, 1983. ",A Glimpse into Groundwater 
Resources of Maharashtra and Its Developmental Programmes." 
Pune, 41 pp. 9 plates. 
Government of Maharashtra, Irrigation Department, 1983. "Manual1:/ 
of Minor Irrigation Works in Maharashtra State," Government 
Press, Bombay. 279 pp. 31 plates. 
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Groundwater resources are currently used to irrigate 50-55% of 
the irrigated croplands in Maharashtra. Some aquifers are 
sufficient for tubewells in the northern districts, but generally 
the local groundwater basins are too shallow. Under these 
conditions, most well water for agriculture comes from "dug-wells," 
5 to 6 meter vertical shafts extending up to 20 meters below the 
surface to intercept 1-2 meters of the water table. Groundwater is 
used principally for cash crops like sugarcane, grapes and fruits, 
groundnuts, and vegetables. 

3.Climate 

The climate of Maharashtra is tropical monsoon in which three 
pri148ry seasons are encountered in the state; the monsoon and rabi 
seasons , and the hot weather season of March through mid June. The 
Deccan plateau is about .500 to 7CJU meters above sea level and ~8 

sheltered by the Western Ghats from maritime effects. Sev~ral 

climatic regions are delineated: (1) coastal zone; (2) transition 
zone; (3) scarcity zone, (4) assur~d rainfall zone; (5) moderat r . 

rainfall zone; and (6) the high rainfall zoue. 

4.Irrigated Agriculture 

Because rainfall distributions are concentrated in the monsoon 
season, crop water requirements are not satisfied more than about 90 
days (monsoon) per year without irrigation. Generally, the scarcity 
of water and the often shallow soil profile in the region limit 
rainfed cropping to the coarse grains. However, a wide range of 
crops can be profitably grown in the state if water resources are 
developed for irrigation. During the monsoon season, rice, cotton, 
Bajra, Jowar, maize, groundnuts, vegetables, sugarcane, and fruit 
can be grown. In the winter season, crops like wheat and gram can 
be added to the list. Hot weather crops include the high valued 
crops listed above (sugarcane, groundnuts, vegetables, frUits, 
etc.), but are generally not irrigated from small surface supply 
systems because of high evaporation losses. 

Irrigation is required during the rabi and hot weather seasons. 
During the monsoon, dry periods may extend long enough to affect 
crop production and water may be utilized to irrigate. Between the 
monsoon and rabi seasons, irrigation may be needed to mature Kharif 
crops and pre-irrigate rabi fields to facilitate seed bed 
preparation. Maharashtra irrigation includes all of the gravity 
flow methods (basin, border and furrow) as well as experimental 
sprinkle and trickle schemes. 
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H. In'igation 
The basic requirments for effective and efficient irrigation are 

similar for any irrigated system. Water delivered to croplands must 
be reliably timed so that irrigators can minimize risks and properly 
plan other farming operations. The flow must be sufficient and the 
fields adequately graded to allow each watering to be applied 
uniformly. The rotation of irrigation water, or the frequency of 
waterings, must be sufficient to avoid prolonged periods of moisture 
stress in the crop environment. 

Achieving optimal water utilization under irrigation implies 
good planning, design, operation, end maintenance procedures. 
During the life of a project, many agronomic, economic, and 
institutional factors are bouna to change. The irrigation system 
must be flexible enough to remain effective. Unless the entire 
irrigation development process includes the inputs, cooperation, and 
enthusiatic support of farmers, production will not meet projected 
levels. 

Irrigation in Maharashtra falls somewhat short of the criteria 
alluded to above. The small, uneven land holdings and scarce water 
supplies pose difficult irrigation problems which have yet to be 
solved. Equity between users relatively close to the source of 
supply and those further away is difficult to maintain. As a 
result, the operation of irrigation systems assume a rotational 
nature to ease management as opposed to supplying water according to 
the crop water requirements of specific fields. The cadre of 
professionals in Maharashtra developing water resources for 
irrigation are generally well-trained and supported by field 
research. However, one of the major problems is a critical lack of 
coordination and adequacy of an organizational set-up to prOVide 
linkage between on-farm water management and irrigation supply and 
distribution. 

1. General Description of Ml8 

The term "minor" applies to small irrigation projects in 
which the cultural command area (CCA) is less than 2000 ha. The 10 
Lists seven classes of minor works: (1) tanks; (2) bandharas or 
direct flow diversions; (3) tank and bandhara rehabilitation; (4) 
land drainage. (5) tubewells; (b) lift irrigation schemes; and (7) 
construction of dug well facilities.l/ For service areas less 
than 100 ha, the primary responsibility for irrigation systems 

3/ ibid 
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shifts from the ID to the local sector or Zilla Parishads. 
Irrigation Department MIS activities are planned and implemented at 
the regional level.!!../ 

Other Maharashtra state agencies also play important roles 
1n MIS's. The conjunctive use of surface and ground water involves 
the Groundwater Surveys and Development Agency (GSDA) in the 
Department of Rural Development. Special emphasis on the on-farm 
water management in USAID assisted irrigation projects gives the 
Agricultural Department (AD) and agricultural universities important 
responsibilities. The widely recognized need to improve water 
supply predictions by better understanding of the catchment 
hydrology, particularly with regard to runoff hydrographs and 
sediment yields (ami the sUbsequent management) would include the 
Forestry Department (FD) as well as the AD. And, the focus on water 
user participation via either formal or informal user organizations 
should incorporate the experience of the Co-Operative Department 
(CD). 

There are three types of minor irrigation that comprise r l 
, 

bulk of the area irrigated by minor schemes. Thes~ are: (1) tank 
schemes, (2) lift schemes, and (3) conjunctive groundwater 
development in the commands of both kinds of schemes. 

a. Tank Schemes: The minor irrigation tank. is a small 
rfservior impoundea by an eurthen dam constructed across small 
non-perennial waterways. An overflow spillway is constructed at 
one side of the dam to relieve flood flows. Water is released 
through a head-regulater (outlet gate) in the dam to an 
essentially unlined canal distribution system branching away 
from the dam on one or both sides of the natural waterway 
(nalla) . There were 1091 ID minor tank schemes at the 
operational stage by lY80, with 437 under construction and more 
than 2000 identifiea for future authorization in the state's 31 
districts.~/ The minor tank scheme is rapidly implemented 
(usually j to ~ years), and a180 represents a mechanism to 
provide irrigation water to farmers over a wide geographical 
area. The tanks can also be utilized simply as percolation 
tanks to recharge the aqUifer along the nalla and thereby 
improve the yield of local wellS. 

!!.,/	 The State is divided into six regions for irrigation 
administration (See Administrative Analysis). 
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Normally an open channel conveyance network is curr~ntly 

used on minor tank systems, with a few exc~ptions of piped 
networks where the topography makes them advantageous. The 
piped network would enjoy a number of significant advantages 
such as lower water losses, more flexible water delivery, saving 
of productive land area otherwise occupied by open channels and 
lower maintenance. 

b. Lift Schemes: These involve pumping of water from 
p~rennial streams, canals, or tanks to upland cropped areas 
which cannot be otherwise commanded by gravity flow. A number 
of such configuration exist in Maharashtra. Minor lift schemes 
involve water lift up tc 24 meters. A diesel or an electric 
pumping station is installed at a suitable location on the 
embankment of a tank, a canal, or a perenial stream for pumping 
water to a location from where the water can be distributed 
either using an open channel or a piped flow distribution system. 

Prior to 1966, lift schemes were the responsibility of the 
local or private sector but that responsibility now rests with 
ID or the Zila Parishads (for schemes with service area less 
than 100 hectares). In 1983, the cooperative societies under 
the Cooperativ~ Movemen~1 in Maharaahtra were operating 1443 
lift schemes in different 1D divisions as detailed below: 

ID Division No. of Lift Schemes 

Bombay 51 

Naahlk 216 

Pune 1031 

Aurangabad 62 

Amravati 27 

Nagpur 56 

51 Narmada Project Preparation Cell, Ministry of Irrigation, 
Government of India and Government of Maharashtra, 1981. 
"Maharashtra Minor Irrigation Tank Project." 208 pp. 

.!:/ Government 
Registrar 

of 
of 

.Maharashtra, 
Co-operative 

Commissioner 
Societies, 

of Co-operation and 
1983. "Co-operative 

Movement at a Glance in Maharashtra State." Pune. 59 pp. 
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c. Conjunctiye Groundwater Use: The climate of Maharashtra 
and the relatively shallo_ soil-aquifer materials dictates that 
most water resources are produced and made available during the 
monsoon season, especially 1n the upland segments of the 
watershed where MIS's are generally located. Aquifer recharging 
will occur in the command area due to conveyance seepage, deep 
percolation from tanks. increased infiltration of water due to 
land development and sustained runoff conservation in addition 
to irrigation application and operational losses. These will 
enhance the potential of well water supplies. Harvesting these 
water resources by tubewells will be limited in Maharashtra, but 
the large diameter dugwells are quite effective. 

Because of the cos t involved and the dependabili ty of 
well water, the pumped flows art! generally applied to cash 
crops. Estimates currently indicate that more than 50 percent of 
the irrigated sector in the state is from groundwater. This 
percentage is expected to fall as the planned major, medium, and 
minor proJects are completed. Even so, the importance of 
groundwater to agriculture w.ill ['emain high through ' 1;", 

stimulation of high valued crop production. 

Farmers can be expected to utilize well water to improve 
their earnings and may generate conflicts among themselves if 
welb are not carefully located. The increased use of wells 
needs to be tied to the incremental gains in groundwater 
recharging due to the irrigation in the command area. Viewed 
individually, most wells serve only 1 to 2 ha, but considered as 
a community of withdrawals from a common source, they become a 
logical part of a MIS. 

Groundwater development policies are sketcht!d 1.n a report "A 
Glimpse into Groundwater Resources of Maharishtra and its 
Development Programes" published by thE:: GSDAZ.. This report 
also outlines evaluation, monitoring and research programs 
underway. 

2. Present Planning and Design Standards 

a) Water Supply and Budgets 

The annual inflow into the tanks varies widely depending 
on the climatic zone, topography, vegetative cover, type of 

SOil, size, shape and the slope of the watershed. A realistic 

J../ Ope cit, 

\010
 
\
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approach for computing water supply would, therefore, be to 
gauge the stream flow at the proposed site for a number of years 
and derive therefrom expected flows into the tank reservoirs. 
However, there are not enough stream gauges installed in the 
watersheds of ei ther the operational or proposed tank scheme 
sites. Therefore, the potential yield (inf low) from the 
watersheds on the minor irrigation tanks is currently being 
estimated using an empirical formula linking yield with 
precipitation and taking into consideration some of the 
topographical and vegetative characteristics of the watersheds. 
Precipitation data from the nearest rain gauge stations are 
commonly used. The ID has divided the State into three regions 
namelyj Western Maharashtra, Marathwada and Vidarbha and through 
the issue of the Manual!!/ hab recommended the use of Inglis 
formula for Ghat and non-ghat watersheds in Western Manarashtra. 
Strange's tables for Marathwada region categorising the 
individual watersheds as good, average or bad (taking the slope 
and vegetative cover in account) and Binnie's tables for the 
Vidarbha region. However, a comparison ot the yields computed 
using different formulas described above, the World Bank.~/ and 
GOM agencies studies reveal that these formulas lead to 
conservative water supply storage designs. Normally, the design 
water supply is chosen as that which can be expected in 75 
percent of the years (7~ percent reliability) and modified 
usually to 50 percent, tor the tanks located in scarcity area 
(precipitation below 7~O mm). 

Seasonal water requirements of crops at present are 
computed based on cropping patterns recommended by the AD. 
Commonly in Maharashtra, irrigation water requirements are 
computed us~ng duty of water, which is defined as the number of 
acres/hectares which can be irrigated with one cusec/cumec of 
water delivered at the outlet. 

The ID has iSBued guidelines with respect to assumption 
of duty of water depending on the region 1n which the project is 
located. Reservoir storage is prOVided for the designed rabi 
(3-4 waterings depending on rainfall conditions and so11 type) 
and 20-50 percent of the Kharif requirements (20 percent for 
Western Maharashtra and Marathwada regions and 50 percent for 
the projects in Vidarbha region especially for the projects 
located in Akola, Buldana and Yeotmal Districts). No provisions 
are normally made for the hot weather crops. 

8/	 Ope cit. 
9/	 World Bank, 197~. "Staff Appraisal of the Maharashtra 

Ir:.:igation 11 Project." Vol.l, Main Report, 95 PPj Vol.II, 
Sectoral Background, ll~ pp. South Asia Projects Department, New 
Delhi. 
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In some of the recent project reports and the five model 
projects reviewed by the USAIO design team, the crop water 
requirements have been computed using the modified Penman 
method. Similarly, the report entitled "Maharashtra Minor 
Irrigation Tank Project", prepared by the Narmada Project 
Preparation Cel]lO/, uses the modified Penman method for 
computing water requirementl:l for the propsed cropping pattern 
and uses monthly water budgets to allocate water supply after 
aeductinK estimated losses. This proposed procedure is a 
quantum jump from the "duty of crop" methodology, however, none 
of the operational or on-going MIS's have used this 
methodology. The guide lines and circulars compiled in the 
Manual do not specify the losl:les (conveyance, operational, 
evaporation, field application etc.) that should be assumed over 
and above the duty for determining the total storage capacity 
required, since the specified duty is supposed to include these 
losses. 

b. Dams and Tanks 

'lhe ID possesses qualified and experiellcl'd construction 
engineers with many years of successful experience in the design 
and construction of dams and spillways. Review of the 
specif1cations and design standards currently in use and as 
recommended in the Minor Irrigation Manual reveals that these 
are comprehensive and do not need any special USAID design 
criteria. 

The sill level in the tanks is governed by the 
topography of the proposed irrigation command and the allowance 
for the expected silt load carried by the stream 1nto the tank. 
The current design procedures assume the life of the tank as 
well as the silt pocket ranging between 50 to 60 years and a 
design silt load of 166.7 cubic meter/sq. km./yr (35 
acre/feet/sq. mile/year). The guide lines issued by the 10 also 
recommend that the dead storage should not exceed five percent 
of the gross storage and can be as low as two percent depending 
on the site conditions. However, there 1S no basis enunciated 
for such recommendations. The proposed model projects have used 
triple the recommended silt load rates and half the design life 
based on a resurvey of selected tanks. However, this is au area 
which requi=es comprehensive study and analysis and formulation 
of recommendations resulting in improved and efficient design. 

10/ Op. cit. 
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c. Water Distribution and Control 

The conveyance and distribution of irri8ation water from 
minor tanks (except percolation tanks) is accomplished with a 
branching network of open channelsll/ . The distribution 
network consists of a main canal off taking from the headwor.ks 
(dam and appurtenances). a distributary off-taking from the main 
canal with a carrying capacity ranging between 0.7 to 2.8 
m3/sec (25 to 100 cusec). and minor canals limited to a 
carrying capacity of less than O. 7m3/ sec (2.'> cusec). There is 
no branch canal in the case of minor irrigation tanka since the 
capacity of the main canal is usually less than 2.8m3/sec. 
Responsibility of the ID ends at the level of minor canals With 
a provision of outlets (capacity 30-4.'> litres/sec). suitably 
located to prOVide irrigation to 2.'>-30 land owners (approx. 40 
ha area). Until recently the construction of watercourses below 
the outlet and field channels to convey water to individual farm 
holdings was the farmers responsibility. GOM has now decided 
that it will extend the channels down to the farm holdings or 
the 2 ha outlet whichever is larger. Their repaiI and 
maintenance remains the responsibility of irrigators. 
Responsibility of systems operation and maintenance rests with 
the ro. 

The layout of the distribution system is based on the 
maps haVing a scale of 1:8000 where Village maps are ~ot 

available or using the Village maps on a scale of 1:4000. 
Contour intervals of 30-60 cm. for flat country and 150 cm for 
steep country are normally used for planning the layout of the 
distribution system with an effort to align the system on ridg'j 
as far as possible in order to command areas on both sides of 
the system. The distribution system 1s normally not lined. The 
current practice for water control provides placing of standing 
wave flumes to measure discharge at the head of canal. 
distributaries aud minors. The outlets are ungated. The 
circulars issued by the 1D recommended that full supply level 
(FSL) should generally be 15-30 cm above the command area in 
order to ensure irrigation to the command immediately 
surrounding the system. No other structurc~ for regulation and 
distribution of water in the system are prOVided. 

Main canals under the minor pr.ojects are usually laid on 
a sbpe of 1:1500 to 1:2500 in relatively flat top08raphy and 
1:500 to 1:1000 in hilly terrain. A set of recommended velocity 
limits based on bed material - 0.3 m/sec in clay soil. 0.75 

11/ See Annex 111.3. 
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m/sec in murum. 1.2 m/sec soft rock and 2.75 m/sec in hard rock 
and lined channels is used. The conveyance system is designed 
using Manning's formulae which combines three parameters 
slope. roughness coeffici~nt and hydraulic radius. A free board 
ranging between 30cm to 60cm is provided depending on carrying 
capacity of the conveyance system. The distribution system is 
designed to meet the maximum demand considering that 30 
liters/sec (one cusec) can irrigate only 2 ha (5 acres) in a 
day. Considering 12 days rotation. a 30 liter stream will 
irrigate 24 ha per rotation. The capacity is designed based 
upon the area to be irrigated. For annual irrigation, say of 
240 ha, the canal size would be calculated as 240/24 x 30 a 300 
liters/sec flow. 

Water delivery is on a rotation basis, called the 
Shejpali system. On or about October 1 of each year, a 
preliminary irrigation program is prepared after the assessment 
of the water ave.UabUity in the tank (excluding losses). The 
ID sanctions the applications of farmers who apply for water for 
various crops which is then utlized to estimate waCt-: 
requirements and to adjust as necessary to COmpt~llsate foe any 
shortage. The rotation schedule, or Shejpal1, allocates turns 
among the irrigators beginning wi th those most distunt from the 
tank. The Shejpali system i6 to be implemented on a 24 hour 
basis. however, none of the projects visited or evaluated by the 
USAID design team supply irrigation water at night. The 10 
prOVides for routine monitoring of minor tank systems. Canal 
Inspectors carry out monitoring and prepare a report which 
comprises: gauge and discharge readings thoughout the 
distribution system inclUding reservoir levels and delivery to 
the farmers; distribution of water dunng a rotation period, a 
planned outlet delivery schedule, expected irrigated crop 
waterings and actual irrigation achieved; operational summary; 
and rainfall records. The ID has developed and prescribed a 
comprehensive set of data form.s for recordinls the above 
information. 

Maintenance of the distribution system primarily 
involves remOVing sediments and weeds and reconstruction of 
works that have failed. 

d. On-Farm Development 

Most agricultural lands under existing or anticipated 
MIS's have utilized the monsoon rainfall for generations. 
Fields have been bunded and shaped to some extent in order to 
collect and distributfl the rainfall, but the fields are not 
sufficiently level for efficient surface irrigation. Delivering 
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irrigation water to these systems will. reduce the risk of crop 
failure by increasing the assured supply of water. If on the 
other hand, the irrigation system is poorly developed and 
managed, the farmer's perspective with regard to the reliability 
of supply will not change significantly from that under rainfed 
condition and thus he will not invest in more costly inputs and 
accrue the anticipated benefits. 

The on-farm improvements needed to accommodate an 
irrigation water supply can be categorized into four types: (1) 
watercourses and field channels; (2) control structuresi (3) 
on-farm channels and land grading; and (4) drainage. Irrigation 
greatly enhances the supply of water that will be available to 
the fields and must therefore be accompanied by a higher level 
of management. 

As has been mentioned in the preceding text, 
construction of water courses and field channals, land 
development and drainage has been the responsibility of the 
irrigator and very little to no attention has been paid towards 
this critical actiVity by the GOM except on major projects where 
Command Area Development Authorities (CADA) have been formed. 
The Irrigation Department has recently published a manual 
entitled "Manual of Design for On-Farm Development Works"12/ 
to be used as a guide for the on-farm development activities 
being implemented by Soil Conservation/Land Development 
Divisions deputed from the AD to the CADA's on major projects. 

e. Groundwater Development 

The GSDA has surveyed the groundwater potential in 1,482 
(lOo-jOO km2 size) catchments .13/ Current estimates 
indicate that about ~39,OOO wells are annually Withdrawing 7,471 
Mm3 from a potential supply of 34,996 Mm3 • New well 
development potential assuming average withdrawal rates is about 
1.8 million new wells. Based on the experience to date and the 
hydro-geological data being developed by GSDA, groundwater 
development guidelines have been fo~ulated and published. 

Groundwater is an important resource in Maharashtra even 
though in general the aquifers are not deep and well structures 
tend to be of the dug well type. Among the advantages foreseen 
relative to agriculture are the broad extent of the resource, 
the dependability and duration of the supply, the fleXibility 

12/ Government of Maharashtra, Irrigation Department, 1982 "Manual 
of Design for On-Farm Development Works". Government Central 
Press, Bombay. 76pp. 

13/ Ope Cit. 

\\o~
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wells afford the irrigator in altering cropping patterns to 
meet market demands and optimize the return from capital and 
labor inputs, the control of waterlogging and salinity, and the 
enhancement of irrigation projects through conjunctive use. The 
GSDA provides detailed hydro-geological maps (1:8000) for 
village level minor development schemes (this includes aquifer 
characteristics such as withdrawal and recharging rates, locaton 
of aquifer potential, and groundwater hydraulics). 

It was noted previously that the ID lists groundwater 
development as a minor irrigation scheme. While some ID 
involvement in wells is legislatively possible most wells are 
privately financed by individuals through the private and public 
sector banking system. GSDA provides technical assistance to 
the individual as well as the lending agencies. An important 
area of interaction between GSDA and the ID could be the 
dev~lopment of groundwatera resulting from irrigation return 
flows within the minor command area. 

f. Lift Schemes 

Lift schemes in Maharashtra ar~ implemented either by 
Irrigation Development Corporation of Maharashtra (IDCOM) or by 
the Cooperative Societies. IDCOM takes up only such lift 
schemes which nhall irrigate un area more than 100 hectares and 
shall have assured source of water supply certified by the 
concerned otticial6. Th~ Corporation implements such schemes on 
behalf of the beneficiaries and obtains a loan for the land 
development. Since the Corporation has no staff of its own for 
implementation and maintenance of schemes, the job is assigned 
to 1D on an agency basis. Th~ cooperative societies take up 
implementation of lift schemes on the submission of application 
by the promot~r of the society. 

3. Assessment of Present Practices 

In the preVious section, a broad overview has been presented 
of the state sector minor irrigation scheme planning and desigll 
processes. 

In this section, attention is focused first on the overall 
framework. in place to pIau ana implement minor irrigation schemes. 
Second, an analysis is made of five model minor tank. scheme 
proposals to determine whether or not the salient fe3tures of 
existing standards of practice are being followed. Third, a note 
discussing two existing schemes is presented and then a summary of 
technical weaknesses is presented along with suggested conceptual 
modifications which can be accomplished wi tll special studies and 
pilot activities. 
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a.	 Framework for Schemes Implementation 

In Haharashtra minor irrigation schemes, technical 
practices are comprised mainly of civil engineering techniques. The 
Irrigation Department is the lead agency, but other technical inputs 
are made by the GSDA, the AD, Soil Conservation Section (AD/SC), 
Central Indian Government research and planning groups, and state 
university research and teaching institutiontl. Existing standards 
of practice should be gauged by a collective assessment of five 
general criteria: 

(1)	 Is there a fundamental understanding at the conceptual as 
well as specific level of the nature of the irrigation 
system; i.e., are the catchment, storage, distribution, 
application, drainage, and groundwater components, each 
considered as a collective and integrated part of a whole 
hydrologic system? 

(2)	 Is there an appreciation of engineering interaction with 
agronomic, economic, social, and institutional factors 
necessary to make irrigated agriculture function profitably? 

(3)	 Is there a central strategy outlined for the processes of 
project couceptualization, planning, design, construction, 
operation, maintenance and rehabilitation which can be 
practiced? 

(4)	 Is there technology transfer between the retlearch, 
executing, management, and user communities, and is it a two 
way communication?, and 

(5)	 Is there a monitoring and evaluation process in place which 
is utilized for not ·only updating irrigation practices from 
conceptualization through implementation but also for 
manpow~r planning and in-service training? 

During the visit to Maharashtra and the preparation of 
this report, the technical capabilities ot the groups involved 
in irrigation development noted above were considered. 
Conversations and interviews as well as observation of training 
circulars and wri t ten output were reviewed. Technically, the 
concepts of irrigated agriculture in the Maharashtra setting are 
understood. ~ost of the problema encountered in the field are 
discussed, alternative solutions are being proposed, and 
experience in outside areas is being sought. There is a 
remarkable statistical awareness of what is happening in 
Maharashtra agriculture, i.e. the yardsticks of irrigation 
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development are being formulated and monitored. Like most, the 
technical personnel are primarily concerned witll specific 
components of the irrigation system. Consequently, not all 
subtle interactions in the system are understood, but by and 
large, the first criterion is met. 

The technical expert1s~ in Maharashtra is more 
sti:'atified than would be optimal, Le. one institution 1s not 
always sufficiently cognizant of another's capability and 
importance. There are limited efforts being made to courdinate 
activities, exchange data, and plan collectively. The second 
criterion is considered in more detail in the previous chapter 
covering the institutional analysis. From a technical 
perspective a more interdisciplinary effort is needed. 

Regarding the third criterion, the proc~dures for 
projE!ct development ar~ published in manuals of practice, as 
reviewed in the previous section. The preparation of these 
materials reflects integrated strategies at the ad:,linistrativc 
levels within the respective agencies and aepartments. 
Strategies appear to be founded on basic experience. 

Technology transfer is a major problem :i.n developing 
areas and Maharashtra is no exception. The communication is 
largely top-down so that gaps exist between the research, 
implementation, and farmer groups. The problem appears to be 
particularly sev~re at the on-farm level. The operation of the 
water supply and distribution system should closely approximate 
the time and quantities of water needed by the crops. 
Rotational deliveries must be very flexible Lo meet the 
variations in these water requirements. In Maharashtra this is 
a problem which can only be alleviated by closer farmer contacts 
and better canal distributary management. Extension services 
are generally weak, turther compoundlng the communication gaps. 
The fourth criterion 18 therefore not bein~ fully met and tllis 
will be an important focus of USAID assistance. 

The outlook on the fifth criterion is mixed. The ID and 
AD as well as the GSDA collect 6ubstantial amcunts of data and 
do manage to publish summary statistics. However, there is 
generally a lack of information processing capability which 
would allow irrigation development to be improved 
project-by-project aa well as with time under each project. 

The design of minor tanks dependl:i on yield estimations 
developed nearly a century ago. The records from some 
catchments have been evaluated in a limited way to see if better 
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methods are available, but practically no reservoir inflow 
gauging is in place to refine these methods or choose others. 
Likewise, sediment yields from the catchments are standardized 
estimates which have been found to be inadequate. Seepage 
losses from the canal network. should be k.nown from monitoring 
and study of existing projects or estimated prior to 
construction from the alignment test pits (a simple procedure is 
given in Annex 111-4). Finally, there is practically no 
feedback f~om observin~ water applications on individual fields 
for evaluating infiltration characteristics and thus, the 
application efficiencies that are actually occurring. As a 
substitute, application efficiencies are assumed along with 
conveyance efficiencies. The estimated efficiencies appear to 
be subtantially higher than real efficiencies, thereby causing 
significant shortfalls between the irrigated acreage anticipated 
and the acreage actually irrigated. 

With the initiation of the Water and Land Management 
InstHute (WALMI) at Aurangabad, the potential for manpower 
training for 1D and AD, for example, is promising. Some of the 
problems occurring at the distribution systems/on-farm interface 
are the specific substance of WALMI programs. Its emphasis on 
field application of basic concepts, undertaken in relatively 
short but intensive sessions, should be particularly helpful to 
the field personnel. 

b. Evaluaticn of Model Projects 

Five proposed minor irrigation tank systems were 
evaluatea by the USA1D Design Team 14/ These proposals were 
intended to be models for the project preparation processes 
outlined in the new 1D manual. While they were prepared by an 
independent cell (the Narmada Project Preparation Cell), they 
reflect planning practices within the ID. Annex 111-5 
summarizes the features of these schemes and notes some of the 
procedures that were followed. It is concluded that the basic 
planning and design procedures as laid out in the Manual have 
been followed closely for headwork and main canal design. 
Design of distributary and on-farm works are not included. 

14/ a. Chorgewadi Minor Irrigation Tank Scheme Report... .. .. .. ..b. Surabadi .. .. .. c. Ratnapur " " .. .. .. ..d. Utchil " .. .. .. .. e. Dhule " 
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Aside from a preliminary alignment of the distributary, nothing 
in the way of structures, watercourses, field channels, or 
drainage systems have been presented in the documents reviewed. 
Allowances for the costs of these items are based on assumed 
percentages of other scheme costs or the aggregate number of 
structures and channel lengths are estimated and then multiplied 
by estimated unit costs. Some improvements in the procedures 
nave been made with respect to conveyance capacities. The 
Penman method of estimating potential evapotranspiration has 
been used and monthwise water budgets were generated to estimate 
delivery requirements. 

c. Evaluation of Existing MIS 

In addition to the minor schemes visited in the field, 
reports were ohtainea from a number of minor tanks which have 
been operating seven to ten years. Evaluation of other minor 
schemes are abstracted from the technical literature. 

A sUllllllary of the features of two operating tank scheme" 
is given in Annex III-b. The f ir6t tank. is nameci Kothare in 
Dhule District, while the second is the Nisardi tank in Jalgaon 
District. Both projects are in the Nasik region. In examining 
these schemes, several points are apparent. First, the basic 10 
procedures have been followed ~n the planning and execution of 
the infrastructure. Again, the attention to the distributary 
and on-farm components does not appear in the scheme reports. 

The second conclusion is that the development of 
irrigation water supply made the kharif water supply (monsoon 
rainfall plus supplemental irrigation from the tank) more 
reliable. Only 5-10 perceut more land was cultivated during 
kharif but tne nature of the crop mix shifted to higher value 
crops. The effect during the rabi season was much more 
apparent. Cultivated acreage under the Kothare command area, 
during rabi increased more than 350 percent. Of course, 
year-to-year variations are a160 substantial. Both schemes 
appear to have stimulated well construction, but interestingly, 
the lands served by wells did not show increases. In fact, the 
trend was opposite, suggesting that well waters are being 
concentrated to maximize prOduction of high value crops. 

A third observation is that the design command area is 
significantly larger than the actual acreage being irrigated. 
Under the Kothare minor, only 38 percent of the targeted acreage 
was irrigated during a full supply year. The use of the Nisardi 
project was 49 percent in 1~80. While this is a higher value, 
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it substantiates the conclusion that the target acreages are not 
being achieved. Some thought might be given to the issue of 
design dependability. 

Data from these tanks do not differ appreciably from 
utilization under major and medium projects throughout 
Maharashtra. In a statement given to the team summarizing the 
1978-1982 statistics on 27 major and medium projects in the six 
divisions of ID, the average utilization (actual area 
irrigated/area of potential created) averaged only 44 percent. 
GOM reports indicate that water in tanks and reservoirs are 
under-utilized due primarily to a lack of reliability or 
confidence at the farm level. It may be possible that utilizing 
a 50 percent probability to size the reservoir (which would make 
it bigger than a 7,) percent probable design) and then a 75 
percent dependabilit} for the desiKn ot the command area (this 
would reduce the acreage served) would yield a more reliable 
water supply to farmers, but probably to fewer farmers. This 
aspect should be studied during the course of project 
implementation and recommendations utilized for project planning 
and design of schemes undertaken. Chapter V, "Social Analysis," 
emphasizes that the issue of reliability also extends to 
diversity in cropping patterns, 1.e., ID sanctioning in blocks 
and allOWing a wide crop mix would enhance utilization. 

Finally, it is conclUded that design cropping patterns 
as sanctioned by the AD arL mOdified in favor of more diverse, 
cash producing patterns. An interesting question arises as to 
whether the current sanction of primarily food grains under 
state sector minor schemes is either desirable or necessary. It 
may be possible that areas of these crops remain high because 
they are the best risk strategy for kharif seasonal· cropping, 
and thus specific government interventions to ensure their 
production may not be needed. These structured sanctions may 
not be desirable because they attempt to restrict the income 
generating capacities of the irriy-ators. It may be deSirable to 
limit the acreages of perennials like sugarcane served by minor 
schemes, but probably not seasonal crops like ollseeds, 
groundnuts, cotton, etc. 

This sample is far too small and concentrated to 
extrapolate state-wide implications. A sample of additional 
on-going schemes should be evaluated and recommended design criteria 
confirmed or revised during the project implementation period. 
Published reviews are available which support the general 
observations presented above. 

~\

\ 
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C. Project Activities and Special Studies 

Some weaknesses in present minor irrigation scheme planning and 
design practices have been reterenced in the previous sections, and 
they are widely recognized. In order to develop improved criteria 
and strengthen the institutional capability for developing 
irrigation in the State, it is necessary to re-assess and supplement 
the technical state of the art in the Maharashtra setting. This 
should involve four programs which can be undertaken independently 
of new MIS construction, and immediately after execution of a 
project agreement. These programs are: (1) development of a 
baseline data inventory and processing capability; (2) diagnostic 
analysis and special studies to improve existing technologies and 
assess alternatives; (3) irrigation systems model; (4) updating of 
selected technical practicesi and (5) pilot activities. 

1. Data Collection and Processing 

l'he collection or basic hydro-meteorological data in 
Maharashtra needs to be supplemented in several ways. It is, 
therefore suggested that at least 14 micro-computers be purchas~u 

and one or two installed in each of the six ID regional head4uarters 
and the office of the coordinating Chief Engineer for specific MIS 
utdization. On~ or two would also be located ill the headquarters 
ot the Superintending Engineer (Bombay) responsible for overseeing 
the State-wide stream gauging and by hydrologic data collection 
program. Project related computer needs within the GSDA, AD, and 
Agricultural Unlversitiet> will be identified and met to the extent 
that resources permit. Data from operating schemes which have been 
collected during the monitoring of minor schemes in the prescribed 
1D format should be coded. A similar effort should be maae to 
create profiles of groundwater conditions, stream flows, climatic 
conditions, and agricultural land use patterns. A Special Analysis 
and Evaluation Cell will be set up under the Coordinating Chief 
Engineer to coordinate and monitor the data collection and analysis, 
supervise pilot activit~es, develop the HI systems model, and 
conduct and/or manage the special studies. Short-term technical 
assistance will be provided to assist in initiating this work. it 
is proposed that two officers from each of the five 1D regions, five 
from the AD, five from GSDA, and five from the Agricultural 
Universities be assembled with the micro computers for a two-week 
in-country training co~rse. Two months of technical assistance 
would be necessary to conduct the short-course on computer use and 
application in the HiS program. Procurement of the computers, 
training in their operation and the required technical assistance 
would be graut funded. 
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The GOM has propoaed that tne existing stream gauging and 
climatological network in Maharashtra be strengthened. Present data 
limitations restrict the use of more reliable procedures for 
estimat ...ng monsoon runoff as well as crop water requirements. The 
state has proposed expanding these two data collection activities to 
give more intensive coverage over the State. Some Project funds 
have been allocated to assist in this effort. 

Two existing MIS in each of the six ID regions, will be 
identified which have a seven to ten years or more history of 
operation and which have relatively complete records of reservoir 
levels and canal flow distribution data. These 12 MIS's will then 
be utilized as the data sources for the short course outlined in the 
previous paragraph. A complete climatological station will be 
established in the command area of the 12 MIS's, including 
measurements of daily wind run, solar radiation, minimum and maximum 
daily temperatures, rainfall, relative humid~ty, and pan 
evaporation. In the event such measurements, or components thereof, 
are already being made, the project will support any necessary 
upgrading or replacement. A continuous stage recorder will be 
installed to record reservoir levels of minor tanks. A stream 
gauging station will be located immediately downstream of the 
command area for each ot the MIS's comprising this proJect. Use and 
justification of these data will be described in a later section of 
this chapter. 

The 90 or so new schemes that are constructed under the 
proJect, will have toe same instrumentation as described above. 
Technical assistance for calibrating stream gauges will not be 
needed since this is a standard practice. 

In the same 12 existing schemes areas and in all new schemes 
that are constructed, water levels and pumping records should be 
monitored monthly for a representative number of dug wells. The 
GSDA will be involved, particularly with regard to conducting tests 
of the aquifer characteristics in the command and the magnitude of 
local groundwater resources. The GSDA should begin a monitoring 
program for new projects before construction in order to assess the 
contributions of seepage losses and field irrigation to groundwater 
recharge. 

Similarly, the area-capacity relations for the 12 existing 
tanks should be re-surveyed to quantify the reductions in reservoir 
storage capacities that have been caused by silt deposits. 
Historical land use patterns should be evaluated to determine how 
water availability affects crop mix and production. 
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These are not a comprehensive array of data that could be 
assembled and analyzed, but are noted to illustrate the fact that 
not all lessons have been learned from existing experience. In this 
regard, the SAEC will be responsible for integrating not only the 
existing infol1Dation into a useable form. but also to standardize 
data acquisition efforts. 

2. Diagnostic Analysis 

Diagnostic analysis of minor irrigat~on systems will be 
undertaken by an interdisciplinary team of irrigation and 
agriculture professionals with farmer involvement to understand the 
system and identify those physical, biological and socio-economic 
components which are not functioning to meet the system goals. The 
problems of the system are identified and prioritized for developing 
solutions tor improving the performance of the system. 

The next step is a search for practical solutions by the 
same team, compril:dng an engineer, agronomist, economist and aT"> 
pxtension professional. An in-depth investigation is carried uut 
and the problems and solutions are worked out on-farm witll farmers 
as cooperators. Those solutions which are cost effect! ve, highly 
visible and acceptable to farmers are put in priority order. 

The same team will asses each solutions package that has 
been worked out to ensure farmer acceptance and to identify what 
complementary inputs and serVices are requiren. Careful analysis of 
costs and benefits, externalities and institutional infrastructure 
needs will be conducted. The alternative packages evolved will be 
presented to the 10, AD, or other appropriate agency for policy 
decisions and for implmentation under the ProJect. Implementation 
consists of carrying out recommended improvements in the hardware or 
software in the system/ sub-system under consideration. Such 
demonstrations developed and evaluated over one or more crop seasons 
will provide a visible demonstration of what water management really 
is. 

The diagnostic analysis will be initiated on one scheme in 
late 1984 under the Water Management and Training (WM&T) Project. 
This will be a five year action research effort. During the first 
year a sufficient number of officers of 10, AD, GSDA, and the 
Universities will be trained so that they can staff the diagnostic 
analysis of five additional schemes in year two of Project life. 
Costs of the initial scheme analysis and training will be borne 
under the WM&T Project. 
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Diagnostic analysis of the five schemes in year two will 
result in problem identification and proposed solutions. These 
solutions will be carried out on the five schemes and may include 
physical renovation as well as changes in water scheduling, other 
water management procedures, crop mix and crop production practices, 
agency organization, farmer organization, and so on. Successful and 
useful changes demonstrated in this process will be fed into the 
design of future minor schemes. 

This process will be repeated on six additional schemes in 
year three and four of project life. In addition, in year five, two 
of the schemes diagnosed in year two would be reanalyzed for 
evaluation and proposed further changes. 

The Design Teams analysis has presupposed some of the 
solutions/problems that will be identified in the diagnostic 
analysis aDd certain pilot demonstration/investigations and special 
studies have been proposed. It is expected that the diagnostic 
analysis will further refine these proposals and identify additional 
problems/solutions to be tested. 

The diagnostic analysis will be grant financed under the 
Project. Any renovation required in the systems will be loan 
financed. No attempt has been made to estimate renovation costs. 
Necessary funds will come from that estimated for new schemes. 

3. Minor Irrigation Systems Model 

A series of modifications to the existing hydrologic data 
acquisition system are proposea that will include ten minor projects 
already functiou1ng. The premise is that the best alternative for 
imprOVing presently constituted standards of practice will be 
der~ved feom information currently available or that will be 
collected. Caref.ul data collection Qudng each succeeding MIS can 
lead to furtner refinements which will inhance planning and 
execution of later schemes. In essence, it is important for the 
natural generation of field data to be continually evaluated with a 
View toward establishing an increasingly improved technical 
capability. 

To make the best use of thf~ existing data base and integrate 
each ot the separate analyses that are possible, it is proposed that 
a computer model of minor tank. tlystems be developed. The model 
should be a comprehensive simulation of the catchment, tank, canal 
and distributary conveyance network~ chak and surface drainage 
system, and the goundwater basin. The coding should be modular 80 

that alternative aubmodels of each component could be independently 

( 
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\ 
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developed and tested, then inserted into the overall model wi thout 
interupting the system level configuration. The model should be 
developed to operate in three modes, which can be defined as the 
simulation mode, the policy mode, and the operational mode. 

Iu the simulation mode, the model shoula employ the 
characteristics of the phy6ical system along with reasonable 
mathematical approximations of the hydrologic processes to duplicate 
as well as posslble the actual system behavior. This mode is 
primarily a calibration and verification exercise. H~storlcal data 
which are available through routine monitoring are used to adjust 
coefficients in the mathematical description (calibration) until 
system inputs like rainfall, climatic conditions, land use patterns, 
canal diversions, and groundwater withdrawals can be utilized to 
predict system behavior as reflected by catchment runoff, sediment 
loading, evaporation and conveyance losses, crop consumptive use, 
groundwater recharge, and surface and subsurface return flows to the 
stream or nalla. The simulation mode accomplishes two important 
obj~ctives. First, updated computational procedures are introduced 
from the research and development groups, several of which will 1 
described dhortly. Tnese procedures are then adjusted to the site 
specific application in Maharashtra and tneceby become the basis for 
improved planning, design, and operational metho~ologies. For 
instance, more elaborate mathematical descriptions of the catchment 
hydrology which include such physical inputs as size, soH 
properties, topography, slope, vegetative cover, etc. should lead to 
more reliable estimates of yield, sediment loads, and peak flood 
flows needed to design dams and spillways. Secondly, the simulation 
mode provides the be6t framework for technology transfer and 
training. As new technological developments occur in understanding 
the nature of irrigation systems, they have a clearly identified 
location for testing and implementation. The simulation mode 
illustrates the essential continuity of the system and demonstrates 
the interactions between individual components, thereby broadening 
the perspective of personnel involved in irrigated agriculture at 
all levels. 

The policy mode addresses "what if" issues. Instead of 
changing inputs to the model to see how the system will respond, the 
hydrologic conditions are fixed and the system characteristics are 
modified to determine if alternative planning, design, and 
operational practices would result in better irrigation systems. A 
number of questions can be addressed. A very short list might 
include: 
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(1) If 8razing in the catchment was restricted and simple 
devices such as check dams or "nalla plugs" were installed, how 
would the life of the reservior be extended and would it be 
economically feasible? 

(2) Would canal and distribut~ry lining be justified by the 
additional water available for irrigation or would it be 
ultimately detrimental by reducing the use of groundwater? 

(3) What structural and managerial changes would be necessary to 
change the existing rotational water supply policy to one of a 
demand nature? 

(4) How do changes in the values of percent dependable rainfall 
affect a proJect's benefit/cost ratio tbrough adjustments in the 
size of the structural elements and the command area?, and 

(5) What is the optimal policy regarding relative levels of 
irrigation supply in kharif, rabi, and hot weather seasons? 

The important oDjective accomplished by the policy mode is 
tne capability to aSbess the feasibility of ideas put forward to 
improve the perform~nce of mjclor tank irrigation. It is often 
costly to evaluate poor alternatives to existing methods by 
constructing the alternatives. Similarly. the risk of failure often 
prevents the execution of highly beneficial innovations. 

Finally, the operational mode provide/:; the real time data 
processing capability which allows better management. The system's 
physical characteristics are set and appropriate mathematical 
calibraticns have been made. Historical data are used to compute 
the most likely conditions that will occur in the immediate future, 
but real time data are input to produr.e real time estimates and 
formulate plans for operations over the following one or two weeks. 
The operational mode is a tool for helping make day to day decisions 
with the corresponding projections of best outcomes. The objective 
of better managed systems depends heavily on better use of 
information. 

The concept of modeling is not new. but it has not been 
widely applied. It is suggested that a team of U.S. and Indian 
t.echnical specialists be put together to develop a minor irrigation 
system model for Maharashtra. This would involve sustantial 
synthesis from modeling efforts worldwide as well as close 
cooperation with the state's agricultural, groundwater, and 
irrigation agencies. The tear.&, should establish the boundary 
conditions for the model. It is pro~osed here. however. that the 
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time steps used in the model be monthly or rotational increments 
wher~ possible and that, with the exception of the catchment, 
transient hydraulic ana short-term agronomic factors be ignored. 
Institutional and economic variables would be major inputs into the 
model. The technical assibtance team will require 12 person months 
over a two year period. At the end of the development stage, a 
month long training course will be held to train 10, AD, GSDA, and 
University personnel associated with the data processing system 
described above. 

4. Modifying Technical Standards 

Tl!ere are two areas where pret:>ent technical concepts can be 
updated from developments outside Maharashtra. The first of thesl:! 
concerns flow measurement. Existing standards specify standing wave 
or Parshall flumes as the principal measurement structures used in 
minor systems. This array of structures is outdated. They require 
precision construction and maintenance which is nearly impossible in 
field conditions Wl.th unskilled labor. Furthermore, they are very 
costly. As a consequence, most operating projects do not have .' 
thl:! measur~ment structures nl:!eded for effective watl.-r management, 
and even where present, the accuracy must be seriously questioned. 
It is proposed that two man-months of U. S. technical assistance be 
employed to write a wate~ measurement manual for the Maharashtra 
10. The new innovations w0uld include the cutthroat flume developed 
at Utah StaLi:l University a::d now Widely used world-Wide, and the 
broad-crested weir or long throated fluml:! dl:!vE:!loped in Arizona by 
the U.S. Department of Agriculture. These tieviceb are not only 
significantly cheaper and easier to build and maintain, but they are 
easily recalibrated if mistakes are made during field installation. 
The r~draulics of both structures can be easily coded in the 
micro-computer proposed for this project. Another innovation that 
is needed is to gauge the measurement structures with flow 
indicators rattler thari stage indicators. This will allow the 
irrigators as well as the 10 operating perbonnel to know, just by 
observation, the di6tribution of flows in the system Without the 
nece8s1ty to compute flow or look up the flow in tables. 

A second contribution that could be made from U.S. technical 
assistance is the preparation of a field irrigation guide 
specifically aimed at computing crop water requirements and 
determining irrigation schedules. Similar guides are available in 
other areas in and out of india, including internationally 
recognized sources like the U.N. Food and Agriculture Organuation. 
There are numerous micro-computer codes available. The principal 
problem in Maharashtra is that elther a s.imple duty is used which 
ignores the important growth stage differences among crops or the 
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"modified" Penman model is used. The Penman model is not the best 
tool for estimating crop water requirements on the bi-weekly or 
monthly time frame used for planning and design since the climatic 
data needed for effective use of the Penman method are not Widely or 
accurately reported. Soil moisture accounting models are available 
to use with crop water requirement estiowtt.:s to formulate on-farm 
irrigation schedules and/or target applications. The implementation 
of such a model at the appropriate level of 80phist.Lcation along 
with a users guide may be a most helpful package to utilize in the 
micro-computer systems being proposed. The associated training in 
the use of irrigation scheduling models will be facilitated at the 
Water and Land Management Institute. 

5. Pilot Schemes 

Mino~' tank echemes are small enough to use as pilot scale 
tests of cu.':rently known irrigation technologies that are not 
presently ul:led in MatJarashtra. The three overall modeling studies 
described in the follOWing sections will delineate a number of 
structural and operational options that can be tested on MIS. 
Experimental work on soils. soil fertility interactions) and 
watershed management introduce other opportunitiel:> for pilut level 
demonstration and analysis. as do various institutional aspects of 
minor irngatioll. 

a. Piped Distribution Systems 

The first type of pilot tank scheme would be a gravity fed 
pipe network to replace Canals. distributaries. and farm ditches. A 
394 mm plastic p~pe on a 1% slope would carry approximately 0.160 
mJ / sec. Using a typical outlet flow of 0.03 m3/ sec. this 
capacity could supply five or six chaks ranging in size from 20 to 
30 ha. The piped portion of the system will extend to the 
boundaries of each land holding ratller than just to the eight ha 
outlet point. The p~ped distribution systems afford another option 
for applying water. namely sprinkle irrigation. without substantial 
additional costs above normal part I and II on-farm development 
works. The 10 will select lands for pilot testing of sprinkle 
irrigation. enli6t irrigator cooperation where possible. and 
implement two to four systems of different configurations suited to 
the various crops being cultivated. The AD will contract with one 
of the Agricultural Universities to analyze the costs and benefits 
of Part II works under sprinkle irrigaton as contrasted to land 
shaping and leveling under surface irrigation. 

A detailea economic and operational analysis of the system 
will be undertaken over a three to five year period follOWing 



III-26
 

construction. Such issues as cost, efficiency, maintenance, and us~ 

by irrigators will be evaluated together with the management 
implications to the ID. Technical assistance of about two person 
months will be made available to assess alternative sites and help 
prepare the designs. This pilot activity would be conducted on two 
or three schemes in the Konkan region. 

b. Demand Scheduling 

A s~cond tank scheme u&ing canal deliveries would be 
designeC1 to operate on a "supply on demand" basis to test tne 
hypothsis that completely flexible irrigatlon systems can be 
implemented in Maharashtra and that they will substantially improve 
agricultural output by improving farmer confidence in water 
deliveries. the delivery network would be somewhat larger in 
capacity than a rotational system and would require a higher level 
of management, alternatively it might be an opportunity for 
operation of all or part of the system by the users themselves. 
This would be an excellent opportunity to apply the MIS model in the 
operational mode. If the proJect was not successful, it could tall 
back on a rotational strategy quite easily. 

A demand system would begin operation at the beginning of 
the rabi season by informing the irrigators of their proportionate 
share of water in the reservoir along with some technical assistance 
initially as to how much this amount could irrigate of various 
crops. The irrigator would also be instructed that he can utilize 
his proportionate share as desired, but he must also shan.! 
proportionate evaporation and seepage losses. The usual lana 
development componenets of an MIS would be supplied to assist him in 
using water efficiently. At the operational level, he could obtain 
water by givlng b two day notice or order to the canal officer, 
indicating the duration he would like the stream. 

Because demand systems are not routine in the State nor in 
india, the initial design would be developed by USAID supplied 
technicans aud continuing assistance and training during conduct of 
the pilot experiment would be avallable under grant funding. One 
person month per year over a five year period by an irrigation 
engineer and one person month of a sociologist will be required. 

This pilot activity would be conducted on one of the closed 
schemes proposed for the Konkan Region and on one open system to be 
selected. 
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c. Conjunctive Groundwater Use 

The importance of grounawater to MahKrashtra agriculture has 
been clearly statea. It has been previously recommended that in one 
or more of the existing or planned tank schemes, the GSDA conduct a 
detailed inventory of groundwater potential under the canal 
command. Then a groundwater development plan should be formulated 
to develop the unused supply through a system of uugwells. A well 
for each farmer would be impractical, exceed the capacity of the 
groundwater aquifer, ana result in non-equitable withdrawal. Thus a 
lower number of wells Which are shared by small groups would be 
required. Wells should be planned and located to assure that the 
Withdrawals match the available recharge. 

It is proposed that the above ideas ana conceptl:i be 
incorporated into tne conjunctive use analyses to be carried out 
under the Maharashtra Irrigation Technology and Management Project 
and, if appropriate, designs be proposed for pilot testing in 
selected MIS's. 

It is also proposed that an Agicultural University located 
~n the region be given responsibility for developing a framework for 
evaluation of such pilots. The University would conduct a 
comprehensive economic, agronomic, engineering, and social analysis 
of such pilots to determine the interaction between the state sector 
MIS's and the private sector use of groundwater. One person month 
of technical assistance would be required to help design this study. 

D. Proposed Planning and Design Criteria 

1. Wa ter Supply 

During the initial stageg of the Project, particularly while 
the minor system model is being developed, the hydrology of the 
proposed MIS's will be developed using current practices as per 
"Manual of Minor Irrigation Works in Maharashtra State, 1983.,,15/ 

Design of specific MIS components should be modified if 
necessary only after the results of the special studies and pilot 
projects become available. 

~. Water Budget Analysis 

A monthly or rotation water budgeting analysis should be 
made to determine acreage to be commanded, canal and distributary 

15/ Ope cit. 

'1\
\
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c6pac1t1es, and delivery rotations u~ing the computer model~ 

mentioned earlier. The ID "model proJects" reviewed illustrate the 
framework thdt should be used. A water budget for each proposed MIS 
should be prepared as follows: 

a) Crop water requirements will be calculated according to th~ 

cropping patterns developed by the AD aud the climatological 
data from the area or near-by areas using the modified Penman 
method. A monthly irriga~ion water requirement should be 
developed for the study perioa of 20 years using actual recorded 
rainfall in the project cOlIllIWnd area or adjusted from stations 
in nearby areas. The effective raintall and soil m01sture 
balance should be computed tor the 7':J percent probable ra1nfall 
for the month in the command and tile net monthly water 
requirements should be worked out. 

b) For planning purposes, the conveyance and on-farm 
application efficiencies should be assumed on the basis of 
unlined distribution systems as recommended i 11 Matlarashtra 
Irrigation Management and Training Project (Vol. II, p.4-1.~·) cH:i 

detailed below until additional substantiatt.:d r£!sults are 
availaulE:. 

Item	 Kharif Croppin~ (%) Rabi Cropping (%) 
Loss Efficiency Loss Efficiency 

l.	 Conveyance from dam 
to 8 ha government 10 9U 20 80 
outlet 

2.	 Operational losses 15 8;; 15 85 

3.	 Fiela chanuel losses ;w 80 2U 80 

4.	 Field application 
losses 20 80 25 75 

Overall efficiency 4~	 41 

Water requ1rements for land preparation and pre-sowing should be 
considered as follows: 

Item	 Water Requirements 

1. Land preparation (paddy) 100 mm 
2. Transplanting (paddy)	 150 mm 
3. Pre-sowing	 IOU mm 
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It is assumed, based on past studies, that supplemental 
kharif water supply, including a provision for pre-monsoon 
irrigation, would be tesr-ed in the reservoir operation study. The 
area to be sown in rabi would be determined by the storage available 
prior to the rabi planting season. 

3. Dam and Reservoir Design 

All minor project works associated with the dam, reservoir, 
spillway, and head regulator should be designed according to 
existing standards, until results of the proposed studies on silt 
load and associated design criteria as proposed in the Project 
become available. 

Evaporation losses trom the impoundments need to be 
estimated in the same manner utilized to determine crop water 
requirements above. If pan evaporation is recorded, average monthly 
reservoir evaporation should be 80% of the average pan evaporation. 
A monthly estimate sl10uld be prepared in conjunction with the 
bUdgeting procedure used to size the command area conveyance 
capacities. 

4. Surveying and Map~ 

The use of the Survey of India maps supplemented by strip 
surveys is acceptable for determining the dam location and possible 
location of the main canals. However, before the final location of 
the main canals are made, a detailed soil and topographic survey 
should be made, and the alignment rechecked. 

The topographic map should be ba8ed on a close grid survey 
and should normally depict: 

i) Ground elevations on l~m or 30m grid depending on the 
ground slope (30 m grid for slopes greater than one 
percent) 

11) Traverse l~ne and grids as laid on the ground 
iii) Location and value of bench marks Within the area surveyed 

iV) Cadestral boundaries 
v) All permanent structurs in the area including Power 

Transmission 
vi) proposed alignment of main canal/distributory with FSL at 

apropriate places. 
The topographic survey will be carried out first by the AD 

with a grid of 10 to 15 meters and a contour interval of 0.2Om 
except in steeper areas where wider intervals may be used. The ID 
will use this base survey for design of the distribution system and 
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for preparing appropriate scale maps as needed. The existing 
cadestral maps with appropriate enlargements may also be used as 
base map for traversing and subsequent surveying and mapping "ith 
the above criteria. 

5. Distribution and Conveyance Network 

Water is conveyed from the MIS impoundment to the individual 
fields thl.'ough a network of canals, distributaries, watercourses, 
and field channels. It 1s proposed that MIS's developed under this 
project employ a .. bot tom-up" conveyance design and layout strategy. 
The bottom-up strategy begins with the field channels and 
watercourses ana movet> toward the canal and dam following these 
layout and design steps: 

(1) Tentative layout of fh!Id channelf> and watercourses which 
can be s~rved by approximately 5-8 ha outlets should be made. 
Lik.ewise a surface dca~nage a.lignment should be identifiea. All 
field outlets should b~ at least 15 em above field surfaces and thp 
5-8 ha outlet should be at least 15 em above the maxi!",um watecr' .. uC 

inverts. Prior to the finalization ot these plans, the In and AD 
personnel will meet witn tne farmers in each command and review \,I~th 

them the tentativ~ plans and layouts of the watercourses, field 
cbannels and turnout locations. If required, possiLle technical 
alternatives for the alignment of the system wLI.I be presented to 
t'.le farmers. Based on these discussions the final plans will be 
~repared for location and size of the system. 

(2) Once tn~ field distribution system has been planned and the 
5-8 ha distributary outlets have been located, the alignment of the 
canals and distributaries can be finalized. Under this Project, the 
canals and distribution system should meet the following minimum 
design criteria: (a) The system should be designed to deliver at 
least 3u litres/sec. of \,later at the distributary outlet on a 
rotational basis. Outlets from the canai and distributary channels 
should be regulated with on-off gate structul'es; (b) Main and branctl 
canals should be designed and constructed so that full irrigation 
deliveries at off takes could be drawn when main and branch canals 
are flOWing at 50 percent of their design capacity. They should 
therefore be prOVided with sufficient control structures to make the 
required diversions throughout the full operating range of the 
channel; (c) Measuring devices should be prOVided at the head of 
main supply channels and at each off taking distributary. 
Measurement structures should be located along the canals and 
dis tri butaries as necessary to properly divide f lows among users; 
(d) Escapes (wasteways) should be provided as needed at the end of 
canals and at various points along the canal alignment. Wherever 

0\
\\l
 

I 
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possible, wasteway gates should be combined with side channel 
overflow sections, specially towards the tail end, to provide both 
an automatic control feature and capacity to empty the canal; and 
(e) The conveyance capacity should be based on maximum irrigation 
requirements of the system. 

Lining of canals, distributaries, and on-farm channels 
should only be considered where the alignment intercepts the sandy 
or murum substrata. No lining should be placed in sections aligned 
in the clay or clay loam soils. Hydraulic conductivity tests as 
outlined in Annex Ill-3 should be made at those stations which 
reflect a change in soil material to properly identify potential 
high 106s regions. Existing lining standards adequately describe 
the procedures to be followed and materials to be used. A program 
to assist users in developing procedures and methods for continuing 
maintenance and reconstruction should be developed. 

b. Land Development 

Reasonable irrigation performance can only be expected if 
the fielas are adequately prepared and sized to accomodate the flow 
rates diverted from the field channels. Under this project, the 
following general guideline should be adopted for land leveling or 
grading. A uniform field slope should be adopted which absolutely 
minimizes the depth of soil disturbed. This will dictate whether 
the application method should be basin (level in all directions), 
border (sloping in the direction of primary gradient but haVing zero 
cross-slopes), or furrow configurations (sloping conditions allowed 
in both field dimensions). Handbook information on land development 
appear to be available and training programs are being conducted 
under the MIT&M Project. Field personnel will be trained in 
identifying suitable methods of irrigation. Field bunding may 
already be in place as most lands served by MIS's will have had a 
history of rainfed agriculture. However, with the concurrence of 
the 
effi

irrigators, additionai bunds may 
cient irrigated and drained units. 

be necessary to provide 

7. Groundwater Development 

Minor surface irrigtion schemes normally do n~t .provide 
lIIater for the more remunerative crops like hot weather groundnuts 
and sugarcane. Groundwater which can be used for cash crops or for 
premonsoon sowing provides a very valuable complement to a farm 
household economy. Conjunctive use of groundwater is thus a 
powerful factor in accelerating development in irrigation commands. 
Full well development within the command area to balance the natural 
and surface irrigation induced recharge will also essentially 
eliminate any potential waterlogging hazards. Analysis of various 
aspects of conjunctive use will be undertaken with the MI'f&M ProJect. 
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As part of this Project, the State should evolve a suitable 
methodology of exploiting groundwater available in the command area 
and integraging it with the system of surface irrigation. 

8. Water Allocation and Rotation 

It is proposed to allocate water under this Project 
according to the Shejapali system of rotation, but with certain 
modifications. The water will be allocated to farmer proposed 
cropping patterns, first on an annual basis after aeducting expected 
evaporation losses. The monthly water budgeting process conducted 
at the design stage will be repeated using averag~ climatic 
conditions and operational efficiencies, but with a time interval 
equal to the cycle of the Shejpali rotation. Proportionate shares 
of the total resource will then be based on the proportionate annual 
demand. For example, a 1 ha field of rab! wheat requiring 600 rom of 
water to supply its consumptive Ul:le needs would be allocated (from 
the total tank supply at the beginning of the rabi season) one half 
of the water required for a sanctioned ha of a crop using 1200 mm 
during the season. 

During each rotation penod, th~ water will be div;,aed on a 
volumetric basis to each participating field. The wat'cr bUdget for 
each rotation :"'111 identify the relative water requirements per ha 
of each crop. The water allocated to each field during the rotation 
will thus become the crop U!:le multiplied by the area of the field 
divided by the total wat~r requirement during the rotation. Becau!:le 
volumetric allocation is not easily accomplishea directly, th~ 

rotational allocation will be divided by the discharge of the outlet 
to give the hours required to deliver the computed volumetric share. 

The Shejpali system can be an efficient procedure if the ID 
implements the procedure correctly. If the schedules are ~~t 

rigidly enforced, the rotation will quickly break down and begin to 
favor the users near the head of the conveyance system. A pilot 
test under the Girna Canal System 16/ has demonstrated the utility 
at a more ugid, crop independent, rotational scheme labeled RWS 
(rotational water supply). Thill system tends to ease the management 
of the tank and reservoir sy!:ltem by allowing a significantly 

ItJ/ Lele, S.M., R.K. Patil, and D.N. Kulkarni, 1979. "Rotational 
Water Supply on Girna Canal System." Study by the Project 
Formulation Cell, Planning Department and Command Area 
Development Authority, Irrigation Department, Government of 
Maharashtra. Bombay, 22 pp. 5 plates. 
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tighter, less flexible rotational schedule, and it tends to increase 
the reliability of service from the irrigator's view point. The ID 
should investigate this alt~rnat1ve further for MIS applications. 
Some form of RWS or strictly enforced Shijapali will be required on 
AID-financed MIS'S. 

Under this Project an operational study is proposed using a 
minor irrigation system computer model applied to 12 existing MIS's 
for testing and verification. Rotational water supply would also he 
studied along with demand delivery of water by the ID to water user 
associations. In addition, similar studies are to be carried out on 
the USAID assisted medium irrigation projects in Maharashtra. The 
results of both of these studies will be available prior to the 
completion of many of the MIS's and can be used to develop a policy 
on the best system of allocation to be applied. 

9. Operation and Maintenance 

During the initial years of op~ration of each individual 
MIS, the ID will be responsible for the operation and maintenance of 
the system. The In in collaboration with the AD will organize 
farmers in outlet committees to take over the operation and 
maintenance of the system, starting at the chak level. Once the 
farmers have been organized and are able to operate successfully and 
maintain the system from the head of a distributary, they may then 
be organized on a distributary basis and perhaps eventually on a 
main canal basis. Much is to be learned in organizing farmers from 
varioufO social and economic regions of the country. Many studies 
are under process in India to attempt to answer the question of how 
best to organize farmers to operate and maintain these small 
irrigation systems. Studies are underway by the Indian Institute of 
Management in Bangalore, various studies are being supported by the 
Ford Foundation, studies are proposed to be carried out on the USAID 
supported Maharashtra IT&M proJect and studies are being carried out 
under World Bank projects. 

Under this project, workshops will be held by the AD to 
assimilate the information being gathered from the various studies. 
To accomplish this, the AD will appoint a committee to identify and 
analyze the studies that would provide useful information for the 
organization of farmers under the MIS. A report should be prepared 
by the end of the second year of this project to be used as a guide 
in carrying out workshops of the ID and AD pertlonnel:responsible for 
organizing farmers in each of the MIS's. 
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MAHARASHTRA RAINFALL PATTERNS
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MAHARASHTRA AGRo-CL1MATIC ZONES
 

Government of Maharshtra
 

Irrigation Department
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ANNEX IU-3
 

TYPICAL COMMAND AREA. WATER
 

DELIVERY AND DISTRIBUTION LAYOUT
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ANNEX III-4 

TEST PIT METHOD OF EVALUATION;
 

THE CONDUCTIVITY OF SOIL MATERIAl.S
 

ALONG CANAL ALIGNMENTS
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HYDRAULIC CONDUCTIVItY TEST 

Test PH Method 

a. Introduction: 

There is no exact method for determining the hydraulic 
conductivity above a water table in soils of coarse gravel and 
cobbles with matrices of finer materials. The following proceaure, 
equations and sample computations describe one method which 1S 

considered sufficiently accurate to· give a reasonable hydraulic 
conductivity when applied to field problems. 

The test pit can be of three different shapes: (1) a circular 
test pit of diameter a; (2) a square test pit with side dimensions 
of a; and (3) a rectangular test pit with side dimensions a by 2a. 

The test should be conducted in only textural classification 
such as a cobbly, coars~ gravelly or loamy sand. A backhoe, power 
auger, or hand tools can be used to excavate down to the test G~,,,t:. 

The test pH is then carefully excavC'.ted to the d~l;;irerl shape and 
depth by hand. Larger sizes can be used, but the larr,er the pit, 
the more water required. 

Matrices with textures such as fine sands, silts, silt loams and 
very fine sands tend to slough into the pit when saturated. For 
these conditions, the pit should be filled with a clean (washed) 
fine gravel before water is applied. 

b. Procedure: 

After the test plt has been excavated and, if reqUired, 
backfilled with fine gravel, it is filled to a predetermined depth 
with clean water. All water entering the pit should be filtered to 
remove the suspended silts and clays. The depth of water in the 
hole can be maintained by using by-pass hoses and a large 
carbeurator for the finer regulation to keep the water depth 
reasonably constant. The carbeurator can be installed by placing it 
in a perforated tincan located in the middle of the test pit. This 
test normally takes only a short time to run, so the water depth in 
the pit can be maint~1ned by hand if a carbeurator is not 
available. A clear plastic cover should be placed over the pit to 
keep material from blowing in. 
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c.	 Calculations: 

The following equation if; used to compute the hydraulic 
conductivity: 

K • 1,4409 
CaD 

Where: 

K •	 hydraulic conductivity (feet per day) 

a •	 diameter of a circular pit, the side dimens1.on of a square 
pit, or the dimension of a rectangular pit that is ~ by 2a 

Q •	 quantity of flow per unit of time (cubic feet per minute) 

D •	 depth of water maintained in the tes pit (feet) 

C •	 conductivity coefficient from the following tabulation 

Circular Square test Rectangular 
test pit of pit of test pit of 
diameter dimensions dimensions 

Dla a a by a a by 2a 

1 492 54!* 735 

2 692 768 989 

3 878 970 1218 

4 1065 1161 1444 

5 1239 1354 1659 

b 140!* 1~33 18bl 

7 1587 1715 2068 

& 175:l 189~ 2281 

9 1922 2074 2482 

10 2072 2251 2687 



------------------------
------------- ---------

-------------------
------------------
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A sample data and computation sheet is attached. Sufficient 
time must elapse after filling the test pit and before taking 
measurements to permit establishment of a relatively st~ady state of 
flow. A comparison of values of C obtained by an electric analog 
study with K values determined analytically showed the anolog values 
to be about 30 percent lower at a ratio of Dla • 3 and about 10 
percent ratio of Dla • 10 than the analytical study. Whenever 
possible;; the test pit method should be checked againat some other 
method of determining hydraulic conductivity. 

Location 

Observers Date 

Texture of test zone 

Structure of test zone 

Type of pit: circular with aiameter a 

D 2 feet• 
a 1 foot•
Dla ... L. feet 
(; = 0.92 

Tank Reading - Hydraulic Q -
---- Time ---- Time --- ft3 conductivity, K 
Initial Final Min Initial Final ft3/min ftlday 

0800 0810 10 0 5.10 0.510 53.5 

O~UO 0820 10 5.10 !1. !l8 0.488 50.8 

08~0 0830 10 0 4.20 0.420 43.6 

0830 0840 10 4.~0 8.36 0.416 43.4 

0840 08,)0 10 8.3b 12.,)1 0.415 43.2 
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Calculations: K· H~2.Q. . 
CeO 

K • 14409 • 104.05 Q 
(6. 92)(1)(2) 

From Drainage Manual, U.S. Bureau of Reclamation, 1978. 

\~

\ 



IlI-42 

ANNEX llI-5 

DESCRIPTION OF MODEL PROPOSED 

tANK PROJECTS EVALUATED 
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MINOR PROJECT EVALUATION 

Name of Project: Chorgewadi 

District: Sindudurg 

Proposed or Existing: Proposed model 

Salient Features: 

1.	 Catchment 
Area (km2 ) 
50% Dependable Rainfall (mm) 
Yield (MJD3) 
Silt Load (MJD3/km2) 
Design Flood (m3/sec) 

l.	 tank, Bandhara, or Lift
 
~onstruction Type
 
Live Storage (Mm3)
 
Dead Storage (Mm3 )
 
Spillway Type
 

3.	 Water Allocation 
Irrigation demand including 
losses (MlD3) 

Evaporation (MlD3 ) 
Public Drinking Supply 

(Mm3) 

4.	 Cropping Pattern
 
Kharif (%)
 

Rabi (%) 
70% Paddy 
10% Two Season Rice 
20% Vegetables 

1.53 
3656.7 

4.35o!/ 
.0921:/ 

55.593/ 

Tank 
Zoned Earth 

3.214 
0.014 

Clear Overfall 

2.574/ 
0.63 

17~	 ha 

Water Requirements modified Penman with monthly water budgeting 

5.	 Distribution System (main) 
Type 
~apacity (m3/sec) 
Length (m) 
Controls Measurement 

6.	 Distribution System 
(Distributary and Farm) 

Surveyed 
Controls & measurement 

right and left banll.~/ 

0.2 0.10 
8000 3000 
listed but not shown on maps 

Only distributary. located, 
but not des1gne~/ 
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MINOR PROJECT. EVALUATION 

Name of Project: Surabardi 

District:	 Nagpur 

Proposed or E~isting: Proposed Model 

Salient Features: 

1.	 Catchment
 
Area (km2) 7.lZ2
 
50% Dependable Rainfall (mm) 110!>.Z5
 
Yield (HlD3) 2.533])
 
Silt Load (HlD3/~m2) 0.6b6
 
Design Flood (m3/sec) 14~/
 

2.	 Tank, Bundhura, or Lift Tank
 
Construction TYP~ Zoned Earth
 
Live Storage (Mm ) 1.789
 
Dead Storage (HlD3) .O~/
 
Spillway Type Submerged Overflo~/
 

3.	 Water Allocation
 
Irrigation demand including
 

losses (MlD3) l.fJ03!!..1
 
Evaporation (HlD3) 0.73
 
Public Drinking Supply
 

(HID) 

4.	 Cropping Pattern 
Kharif (%) 

30%	 Jowar 
5% Vegetables	 ) 

) 4!>l ha 
Rab! (%)	 ) 

70%	 Wheat 
2% Pulses 
J% Vegetables 

10%	 Cotton 

Water Requirement modifled Penman with monthly water budgeting 

5.	 Distribution System (main) left bank~/
 
Type
 
Capacity (m3/sec) .451
 
Length (m) 7020
 
Controls Measurement 10/
 

6.	 Distribution System 
(Distributary and Farm)
 

Surveyed 11/
 
Controls &measurement
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MINOR PROJECT EVALUATION 

Name of Project: Ratnapur 

District:	 Ahmednagar 

Proposed or Existing: Proposed Model 

Salient Features: 

1.	 Catchment
 
Area (kJD2) 6~.3512/
 
50% Dependable Rainfall (mm) 619.25
 
Yield (MID3) 6.371
 
Silt Load (MID3/ kmL) .0733/
 
Design Flood (m3/s2c) 15838/
 

2.	 Tank, Bundhura, or Lift Tank 
Construction Type Zoned Earth 
Live Storage"(HmJ) 1. 66 
Dead Storage (~) .70a13/ 
Spillway Type Clear Overfall 

3.	 Water Allocation
 
Irrigation demand including
 

losses (MlD3) 1.7334/ 
Evaporation (MID3) .646 
Public Drinking Supply 

(MID3) 

4.	 Cropping Pattern 
Knarif (X)
 

8.27% Jowar
 
6.02% Bajari
 
4.51% Ground Nut )
 
2.25% Vegetable )
 

)	 :laB ha 
Rabi	 (X) )
 

69.17% Wheat )
 
69 .17% J owar
 
17.29% Grain
 
17.29% Vegetable
 

Water Requirement modified Penman with monthly water budgeting 
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5.	 Distribution System (main) 
Type 
Capacity (m3/sec) 
Length (m) 
Controls Measurement 

6.	 Distribution System 
(Distributary and Farm) 

Surveyed 
Controls & measurement 

left bank~/ 

.288 
(,000 
101 

III 
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MINOR PROJECT EVALUATION 

Name of Project: Utchir 

Distr1ct: Pune 

Proposed or Existing: Proposed Model 

S~lient Features: 

1.	 Catchment 
Area (km2) 
50% Dependable Rainfall (mm) 
Yield (Mm3) 
Silt Load (Mm3/km2) 
Design Flood (m3/sec) 

2.	 Tank. Bundhura. or Lift
 
Construction Type
 
Live Storage (Mm3)
 
Dead Storage (Mm3)
 
Spillway Type
 

3.	 Water Allocation 
Irrigation demand including 

losses (Mm3) 
Evaporation (Mm3) 
Public Drinking Supply 

(Mm3) 

4.	 Cropping Pattern 
Knarif	 (%)
 

30% Paddy
 
3% Ground Nut
 
3% Vegetable
 
15% Jowar
 

10.4 
1841. 60 

13.0514/ 
0.09213/ 

20~/ 

Tank 
Zoned Earth
 

2.!l4
 
.12
 

Clear Overfall 

3.0f1!/ 
.33 

15% Rainfed BaJra 
4% Pulses 

) 
)
 
)
)
) 

680 ha 
Rabi (%) 

25%	 Wheat 
1.5%	 Jowar 
13% Jowar (local) 

.5% Vegetables 
lb%	 Pulses 

Water Requirements modified Penman with monthly water bUdgets 



5.	 Distribution System (main) 
Type 
Capacity (m3/sec) 
Length (m) 
Controls Measurement 

6.	 D1stribution SY8t~m 

(Distributary and Farm) 
Surveyed 
Controls &measurement 

lII-48 

left bank5 

.885 
13000 

10/ 

111 
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MINOR PROJEG1' EVALUA'l'ION 

Name of Project: Dhule 

District:	 Ja1gaon 

Proposed or Existing: Proposed Model 

Salient Features: 

1.	 Catchment 
Area (iuRl ) 13. ~5b 

~O% Dependable Rainfall (mm) 651. 75 
Yield (MlD3) 2.008 
Silt Load (MlD3/~2J 0.011 

2.	 Tank, Bundhura, or Lift Tank 
Construction Type Zoned Earth' 
Live Storage (Mm3) 1. 687 
Dead Storage (Mm3) .15 
Sp1l1""ay Type 

3.	 Water Allocation 
Irrigation demand including 

losses (MlD3) 1. 63 tI!/
Evaporation (Mm3) .213 
Public Drinking Supply 

(MID;') 

4.	 Cropping Pattern 
Kharif (X) 

Irrigated Rainfall 
Jawar 17 21 
Paddy 10 
Cotton 5 18 
Veg. 2 
Pulses 42 ) 
Gr. Nuts 19 ) 

) 412 ha 
Rabi (%) ) 

40% Wheat ) 
10% Grain 
l~X Jowar (local) 
10% Vegetables 

oVJ1/
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Water Requirements modified Penman with monthly water budgets 

5.	 Distribution System (main) 
Type 
Capacity (m3/sec) 
Leng'th (m) 
Controls Measurement 

6.	 Distribution System 
(Distribution Farm) 

Surveyed 
Controls &measurement 

left ban~/ 

.03 
4500 
10/ 

11/ 



Ill-51 

NOTES 

11	 Computed with Inglis Formula for Ghat Catchments R - 0.85 x 
(P-304.8) x A where P is 50% dependable rainfall in mm, A is 
in square kilometers, and R is in Mm3• Note that actual 
yield should be 3.705 Mm3. 

1:..1	 Usually based au .0671 MDt3 km2 over 60 year period, this 
has been found to be to conservative •. In this project, the 
sediment yeild is .based on 0.092 Mm~/km2 over a 30 year 
life. 

j/	 Based on 1ng11s Formula 

Q - CAIIA+4 

Where Q is in ft3/sec, A is in square miles, and C-7000. 
However it shoulu be noted that for catchment areas of less 
than 20 square miles (52 square km), the C value should range 
fro~ 4000 to 7000. 

~I	 Conveyance efficiency as assumed to be 85%
 
Application efficiency to pOddy8 as assumed to be 90%
 
Application ~fticiency for other crops is assumed to be 70%
 
Demand satisfied by rainfall has been deducted.
 

51	 Lined with prefabricated concrete slabs. Survey included 
detailed 10ngtudinal section. 

!I	 For economic feasibility study, the number of flow measurement 
and control structures were estimated and multiplied by 
average unit costs. Locations of watercourse and field 
channels were not mapped. 

21	 Estimated by Strange's table. 

!I	 Based on metric form of Inglis Formula, Q - C'A· 5, C'-S2.488 
which corresponds to C-4671 in note 3 above. 

~I	 Design discharge of 112.87 mJ/sec. 

101 See notes 5 and 6 for Chorgewadi. 
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11/	 See Chorgewadi evaluation. 

12/ Located in a catchment of 174.94 km2 in which three other 
minor tanks are already located. 

13/ At the published siltation rates. this is insufficient dead 
storage for 30 year life. 

14/	 Only a fraction of the estimated yield is to be collected in 
the tank in order to avoid submerging a local village. 

15/	 MethOd utilized the Inglis Formula. C m ~OOO. 
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ANNEX IU-6
 

DESCRIPTION OF EXISTING MINOR TANK PROJECTS EVALUATED
 



Ill-54 

MINOR PROJECT EVALUATION
 

Name: Kothare Tank 

District: Dhu1e 

Date of Project Start: June 1972 

Date of Completion: June 1974 

Features at Design Stage: 

Catchment Area (KH2) ;8.88 
Expected Yield (Mm3) 5.1lJ};J 
Design Live Storage (MmJ) 4.22 
Design Dead Storage (HmJj .452/ 
Expected Irrigated Area (ha) b48 
Sanctioned Cropping Pattern: 

Water Use (Mm31 Area (ha) 
Kharif 

Jawar & Bajari 
Cotton 

) 
) 

.62 81 
121.5 

Rabi 

Wheat & J awar 3.2~ ~58. 70 

Pre-Project Cropping Pattern: 

Kharit Area (h8.l Rabi Area (ha) 

Bajari 247 Bajari 39 
Jawar 209 Wheat 10 
Cotton 78 Ground Nut 16 
Ground Nut 152 

Total 686 65 
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Features at Operational Stage: 

Reservoir History l/ 

Live Storage -- Use (Mm3)2./ -- -- Non-Use (MlD3) -- Net Addit1ona~j 
Year for Rabi (Mm31. Kharif Rabi Feb. 28 June 30 Inflows (Mm3L 

1974 .42 .62 .20 
1975 1.04 .14 .84 .OJ 
l!ll6 3.554/ .82 2.54 .19 4.22 3.36 
1977 2.30 .64 .92 .18 .30 - .44 
1978 1.87 .92 .90 1.02 1.07 1.02 
1979 4.22 1.12 1.20 .93 .lb -1.74 
1980 4.22 1.71 1. !J4 1.15 1.70 1.13 

Groundwater Development: 

Year Number of Wells Area Irrigated (ha) 

1974 74 69 
H75 74 48 
1976 75 45 
1977 87 46 
1978 8~ 42 
H7~ 95 44 
1980 96 58 

1980 Command Area Cropping Pattern (7 year average in brackets): 

Irrigated by Irrigated by Other Rainfed 
Project (ha) Source (we1l)(ha) Area (ha) 

Kharif 
Onion 20 ( 5) 
Bajari 29 (12) 202 
Jawar 25 (10) 149 
Cotton 9 ( 8) 46 
Ground Nut 46 (17) 139 
Sali 3 (10) 5 
Otherl/ 74 

total 132 (62) -- 615 
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Crop 
Irrigated by 
Project (ba) 

Irrigated by Other 
Source (well)(ha) 

Rainfed 
Area (ba) 

iab1 
Onion 
Jawar 
Gram 
Dudar 
Ground Nut 
Wheat 
Bajar1 

Total 

5 ( 2) 
9 ( 2) 
- ( 4) 
2 ( 2) 

114 ( 29) 
117 (162) 

247 (201) 

5 
28 
15 

10 

~~ 

11 from Scrange'a table, 50% Dependable Yield
'J.I assuming "35 acre-feet/IOO mi2 for 65 yards
31 filled 3 of 7 years
4/ actually filled at beginning of Kharif season, calculated Va 1L,,: 

presented
51 includes net losses from evaporation
b/ October - June mass balance 
!./ gram, mug., kulith 
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MINOR PROJECT EVALUATION 

Name: N1sar~t 

District: Jalgaon 

Date of Project Start: 1966 

Date of Completion: 1~70 

Features at Design Stage: 

Catchment Area (KM2 )
 
Expected Yield (Mm3)
 
Design Live Storage (Mm3)
 
Design Dead Storage (Mm3)
 
Expected Irrigated Area (Ha)
 
Sanctioned Cropping Pattern:
 

Kharif 

Jawar & Bajari )
 
Cotton ) .11
 
Groundnut )
 

Rabi 

Cotton .,)5
 
"Seasonal" 1.47
 

Total 2.13 

Pre-Project Cropping Pattern 

1961-62 1972 
Kharif Area (ha) ~ 

Jowar 8~ 106 
BaJar1 71 118 
Pulses 104 
Ground Nut 207 161 
Cotton 167 412 
011 Seeds 1 ~ Paddy 

Total t>45 822 

2~.53 

2.29!1 
2.07 

.2511 
334 

Area (ha) 

) 
) 
) 

7l 

263 

334 

Rabi 

Jowar 
Wheat,
Gr.. 

1961-62 
Area (ha) 

67 
46 

6 

1972 

~ 

146 
81 

131 G.Nut 

rotal 119 358 
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Crops Irrigated by Wells: 

(19 b1-bl) 1972 Assessement Report 
Crop Area (ba) Area (ba) 

Chillies 32 3b 
Vegetables 3 10 
Rice 1 ) 
"Plant" 1 ) 1 
Sugar Cane U ) 

Total 50 47 

Featur~s at Operational Stage: 
Reservoir History ~/ 

Year 
Live Storage 
for Rao1 (Mm31 

-- Use 
Kharif 

(MlD3)!!.! --
Rabi 

-- Non-Use (MmJ) --
Feb. 28 June 30 

Net Additiona~1 
Inflows (Mm3L. 

1971-72 2.07 1. 79 .28 .23 -.05 
1972-73 
1:}73-74 2.07 1. 67 .34 .22 -.18 
1974-75 2.07 1.92 .28 .41 .26 
1975-76 2.07 1. .).) .81 .69 .17 
1'J7tr77 2.07 1.28 .74 .74 -.05 
1~87-78 1.45 1.27 .15 .43 .i5 
1978-79 .08 .32 .Ob - .02 
1979-80 .53 .37 1.32 .39 .23 
198o-~1 2.07 1.80 .27 .27 0 

Groundwater Development: 

Year Number of Wells Area Irrigated (ha) 

1971-72 4 61 
1972-73 6 45 
1973-74 6 44 
1974-75 2 35 
1975-76 1 19 
197&-77 3 13 
1987-78 5 27 
1978-79 4 31 
1979-80 7 19 
1980-81 3 19 
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1980-81 Command Area Cropping Pattern: 

Irrigated by Irrigated by Rainfed
 
Crop Project (ha) Other (ha) Area (ha)
 

Kharif
 
Ja1liar 26 .8 72
 
Bajari 24
 
Pulses .7 19
 
Ground Nut 8 3 43
 
Cotton 4 5 47
 
Oil Seed .5
 
Paddy .4 2
 

Rabi
 
Wheat 114 1
 
Gram 9 .2
 
Vegetables
 
Mug. 4
 

Total	 102.6 19.4 211.5 

1/	 From Stange's Table, 60% Dependable Yield 
:y	 Assuming "30 acre-feet/100 Me· 2 for 60 years". 

Reduced siltation cap~ci~y was surveyed in May 1978. The 
deposition was 0.059 Mln3 in 7 years. At this rate, the dead's 
forage woule be utilized in just under 30 years. 

3/ Reservoir filled 6 of 10 years, exactly what it was designed for.
 
4/ Includes evaporation losses.
 
~/ Net inflow required to man balance October - June water in
 

reservoir. 
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A. Physiography and Climate 

The physiography and climatic information for 
provided in Chapters III ...ud V of this Volume. 

the State is 

B. Soils 

The major soils of ~~harashtra are: (1) coastal alluvial soils 
and alluvial soils along IIl8jor river systems, (2) shallow, medium 
and deep black cotton Boils (vertisols) developed from basaltic 
rock, (3) light to medium textured red and brown soils developed 
from sand stones, slates or granite, and (4) laterite soil~. 

Eighty-four percent of Maharashtra soils are derived from the 
basaltic Deccan Trap rock. Accordingly, these soils are the target 
of most of the planned irngation expansion in the state. 
Cnaracteristically, Deccan basalt gives rise to soils that are dark 
colored and fine textured with the clay fraction dominated by 
montmorillonite. These soils are commonly referred to as black 
cotton soils but technically they are vertisols, which term 
signifies self mixing or churning. MiXing occurs because the soil 
shrinks ou drying,forming deep cracks into which surface soil falls 
during the dry cycle. Upon rewetting the soil swells causing 
internal pressures and upward heaving. Thus t vertisols tend to be 
more or less hOllogenous vertically with no well defined B horizon 
(zone of illuviation). 

Vertisols have a high action exchange capacity and are base 
saturated. These soils are usually calcareous (Le. contain free 
calcium carbonate), the pH typically ranging between 7.2 and 8.5. 
Maharashtra vert1sols are high in plant available potassium, low in 
available phosphoru8 and nitrogen, and low in organic matter. Some 
plant deficiencies of Zinc, iron and boron have been reported in 
crops grOWing on these soils. In low ly1ng areas these s011s tend 
to be waterlogged when irrigated and thus are prone to become saline 
and/or sodic. Soil fertility is readily managed if irrigation is 
controlled so as to avoid losses of soil nitrogen by leaching and/or 
denitrification. 

Vertisols formed on residuum in the higher parts of the 
watersheds are shallow to medium depth and are underlain by 
partially weatnered basalt rock, a material referred to locally as 
"murum. " The texture of murum is coarse sand or gravel so these 
B011s are normally well drained. Vertisols formed on river 
floodplains are moderate to very deep, and sometimes are poorly 
drained. 
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Vertisols absorb water readily when dry but when wet 
infiltration is very slow. Vertisol subsoil has very low hydraulic 
cOl1ductivit; and the surface soil may temporarily saturate during 
rain or irrigation. Vertisols have a blocky structure in the 
surface layer but in some the subsoil ia structureless or massive. 
There are few if any plant roots in this J4ass1ve subsoil. Thus, 
60ils which appear to be quite deep may actually be quite shallow, 
from the point of view of irrigation and 60il moisture management. 

Because of their high clay content, vertisols are difficult to 
manage when wet. For this re~son, farmers tend to fallow the land 
d~ring khari! and utilize the residual moisture supply during rabi. 
Without vegetation during the r?tny season, vertisols are subject to 
considerable loss of s01l by st ~t erosion. 

In relation to irrigatlon construction projects, technical 
engineering problems associated with vertisols are: (1) when 
saturated, vertisols are very unstable 80 that banks cave and soil 
particles are readily trausported. 'fhis results in difficulty in 
maintaining channel shape and preventing clogging of downstrca~ 

reaches from upstream erosion; (2) expansion upon \-,etting causes 
displacement of structures, particularly those resting on the soil 
surface Buch as precast concrete tiles. 

Because of the nature and high clay content, vertisols have high 
water holding capacities, are responsive to intensive managem,ent and 
in general can be highly productive agriculture 60ils. Th~ir 

characteristics, however, require special considerations in relation 
to crop and water management. 

Besides the vertisols, other light to medium textured soils arc 
found in Maharashtra usually where greater relief predominates or 
major geologic changes are evident. In central Maharashtra, these 
soils are reddish brown and normally occur 1n mixed association 
(intergrades) wi th Shallow vertisols in upper reaches of 
war.ersheds. They have developed over unconsolidated murum, are 
shallow and show less soil development than vertisols. 

In the far eastern portion of the state (Chandrapur and parts of 
Btlandara districts), brown to reddish brown soils predominate over a 
gently rolling landscape. These soils (Alfisols) are medium 
textured and have sufficient relief to provide good dra.i.nage and 
infiltration rates well suited to agricultural practices. Erosion 
can be oeriou8 without adequate vegetation or crop cover. Base 
saturation 1s high (80 percent) and pH ranges from 5.5 - 6.5. They 
are low in organic matter, nitrogen, phosphorous and often zinc. 
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To the southwef:lt of the Sahyadri range, soils are red to reddish 
yellow and predominantly lateritic. They are acidic, have low base 
saturation and low water holding capacities. These soils will 
support forest and some grazing but are not well suited to 
agriculture. At lower elevations, lateritic soils grade into 
coastal alluvial soils of greater depth and higher productivity. 

Alluvial soils of the coastal plain and those bordering major 
river systems are dark, medium textured soils with good physical 
properties. They respond well to intensive agriculture and usually 
present no special problems if managed properly. 

Generally, soils in the higher reaches of watersheds are apt to 
consist of medium to shallow vertisols, vertisol-alfisol intergrades 
or Alfisols. This represents the conditions under which most minor 
irrigation projects are implemented. Nevertheless, the exact nature 
of soil properties and expected response to irrigation requires a 
knowledge of their behavior on a site specific basis. 

C. Crops and Cropping Systems 

In 1980 about 60 percent of the land in Maharashtra was under 
cultivation including about six percent under irrigation, 18 percent 
was under forest and 22 percent was listed under miscellaneous land 
use. The irrigated land use pattern is changing rapidly during the 
decade of the 80's because of the heavy emphasis given to irrigation 
resource development by the state and national governments. 
Irrigated cropping patterns vary from year to year depending on 
water supply. The water supply also affects the mix of irrigated 
and non-irrigated crops on the same farm from year to year. 

Government policy distributes water supplies in such a way as to 
maximize the number of farmers receiving irrigation. Policy would 
have the farmers apply their water in such a way as to maximize crop 
output per unit of water applied and concentrate on food grains. 
The evidence indicates, however, that individual famers are 
inclined to distribute their alloted water in such a way as to 
maximize returns from a system that incluctes food grains but also 
cash crops when these are possible. In effect, the amount of 
irrigated land on a given farm expands and contracts, with changes in 
annual water allocations, relative prices, and other technical and 
economic variables. 

Traditional agricultural practices thus include a wide variety 
of cropping patterns adapted to local soil and climatic conditions. 
Many of the traditional cropping patterns and choice of crops have 
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evolved in such a way as to minimize risk and provide a self 
sufficient, non-market oriented approach to farming. A number of 
relatively low economic value crops comprise a majority of these 
systems. Initiat1Ol~ of irrigation can lead to radical departures 
from traditional agriculture. 

In recent years pressure has been increasing for more land for 
production. Cultivation is being extended into marginal areas 
resulting in deforestation and increased hazards of 80il erosion. 
To meet the increasing demand for food, more effort is needed to 
increase both the cropping intensity and the production output per 
unit of land. The distinct wet and dry season climate as well as 
the undependable nature of the monsoon impose major limitations to 
higher crop production. 

On many of the vertisols where rainfall ranges from 80o-l50Omm, 
cropland it commonly fallowed during the monsoon. Data collected at 
lCRISAT.!. indicates that about 30 percent of the vertisol land 
area of India remains fallow during Kharif. Reasons for thiS 
include (1) the extreme difficulty of planting crops and managing 
these soils when wet, (2) reduced yields from flooding during heavy 
rains, and (3) decreased residual soil moisture for the rabi crop. 
To the contrary, studies by ICRISAT show that cropping during Kharif 
has very little effect on residual solI moisture because so much of 
the rainfall is lost as surface runoff when the soil is fallow. 
With the crop in place, more total rainfall enters the soil 
replacing moisture lost by transpiration. If improved so11 
management practices are adopted, grOWing crops during Kharif can be 
both mob ture and soil conserving (because of reduced so11 
erosion). It is a question of being able to manipulate the soil 
before or at the onset of Kharif to get crops established. 
Constraints to kharif cropping appear primarily related to points 
(1) and (2) above. 

Crop yields under traditional management fall far short of _2/yields that have been attained with improved managment. Kanwar 
indicated that, commonly, yields of grain range between 300 and 800 
kg/ha/yr. Research reported by both ICAR and ICRlSAT show that the 
potential grain yield ranges between 2500 and 3500 kg/ha/yr, 

Problems and Potentials of the Black Soils of India: Some 
Suggestions for an Action Plan. J. S. Kanwar, International 
Cropo Research Institute for the Semi-arid Tropics. Seminar on 
Management of Deep Black Soils, New Delhi, May 1981. 

~/ Op cit. 
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depending on rainfall. These estimates are without irrigation. 
With irrigation, as supplementary moisture during Kharif and with 
fulltime irrigation during rabi a~d possibly hot weather, the annual 
crop yield potential expands to very high levels. 

The important factor in adopting new technology, especially 
irrigation, is that single factor inputs such as improved seed 
variety or improved soil moisture control, has limited effect on 
yieldS. However, 1f a combination of practices is used yields can 
increase several fold. An appro~riate combination of high yielding 
varieties, land and crop management, and fertilization is necessary 
to achieve the potential that can be reached with irrigation. 

In areas where rainfall is low (less than 50Omm), and shallow to 
medium vertisols predominate, cropping only during the rainy season 
i~ traditionally practiced. PrOViding supplemental irrigation to 
these areas encourages rabi cropping in addition to the kharif 
crop. Because tillage and temporary flooding are less of a 
constraint to kharif cropping in these areas, irrigation makes 
possible sequencial planting of two or three crops on the same land 
each year. 

The availability of improved crop hybrids has helped increase 
yieldS in recent years. Irrigation has prOVided a means to realize 
higher yields, particularly for rabi crops. For example, about 50 
percent of the wheat (rabi crop) in Maharashtra is ir.rigated. 
Although, sorghum is a maJor crop in the state, only about 5 percent 
of its area is currently irrigated. Sorghum is grown d~ring both 
the kharif and rabi seasons and being drought resistant is better 
adapted to dryland agriculture. Nevl~rtheless, HYV's sorghum are 
increasingly being grown under irrigation. Other crops such aa 
millet, cotton and ground nuts are grown during kharif and hot 
weather seasons. These crops can benefit from irrigation prOVided 
it is available during this period. 

In general, the availability of irrigation during each of the 
grov~ng seasons largely determines the cropping patterns. Where 
water is available year round, farmers favor sugarcane production or 
other cash crops. Wi th limited irrigation, cropping pat te'rns are 
selected which prOVide the best economic returns. Research is 
needed which demonstrates suitable alternatives to low value crops 
and prOVides a basis for increasing cropping intensities. The crop 
mix pilot investigations are intended to serve this need. 
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D. Fertilizer Practices 

It is generally recommended that animal manures collected on 
farms repfesent a very effective way of maintaining soil fertility. 
However, fertilizer use of manures must compete with u~e of manures 
af:f household fuel. Therefore, major reliance must be placed on 
chemical fertilizers for soil fertility management. 

It has already been pointed out that Maharashtra soils are 
lacking in nitrogen (N) and phosphorus (P). Occasionally zinc, 
boron and iron deficies are reported. By contrast soil potassium 
(K) reserves are high in Vertisols. It has been observed that 
complete or "balanced" N-P-K fertilizers are being strongly 
recommended by research and extenf:fion agencies. The use of K 
fertilizer is highly questioned because ot the high reserves in 
vertisols. The recommendation that P fertilizer be applied as a 
matter of routine is questionable because the residual effects of P 
fertilizer persist for several years and smaH maintenance doses 
applied every second or third year is all that is required once the 
fertility has been built up to non-limiting levels. 

The main concerns in soil fertility management in irrigated 
agriculture revolves around nitrogen~ how much is applied, and the 
method and frequency of application. Interactions between soil 
moisture" and soil nitrogen as expressed in crop yield are most 
profound. Too little nitrogen will sharply restrict soil moisture 
usc efficiency. On the other hand, too much sClil moisture will 
reduce N-use efficiency by leaching and/or denitrification. 

E. On-Parm Water Management 

Under this Project, operational demonstration chaks will be 
established on each new minor irrigation scheme and on existing 
schemes. The demonstrations will be developed and conducted jointly 
by the AD and ID. ThE AD will be responsible for on-farm technical 
and developmental work. During the final design stages of each 
scheme, ~he Irrigation Department in collaboration with the 
Agricult~re Department, will select two representative minClr canals 
within each scheme, one located near the head reach and one near the 
tail of the system. Each representative minor will be selected on 
the basis of the topography and soils representative of that part of 
the scheme. Within each minor selected, the AD and ID, working with 
the farmers of the area, will select one eight ha chak for 
demonstration purposes. During the final design stages of the 
irrigation schemes, the AD a~d ID personnel will begin work with the 
farmers of the selected aks to obtain their acceptance and 
confidence. 
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Farmers will be provided detailed information related to 
irrigated agriculture and efficient. water management. This 
information will be assembled and adapted for use in the area by the 
AD, aSHisted by the Agricultural University serving the area in 
which the scheme is located. 

The demonstration chaks will provide a mechanism for showing 
farmers within the command of the HISs and in the surrounding areas, 
the latest irrigated agriculture development technology for 
increasing crop production. The demonstration chaks will show: 

(1)	 the impact of land development in improving irrigation water 
utilization; 

(~)	 optimal cropping patterns consistent with the seasonsl 
availability of water; 

(3) suitable irrigation methods commensurate 
soil type and crops to be grown; 

with the stream size, 

(4) efficient 
level; 

water distribution coutrol techniques at the field 

(5) rotational water supply for equitable water distribution; 

(6)	 farmers' involvement in, sharing water and maintenance of 
watercourses; and 

(7)	 optimal agronomic and cultural practices emphasizing the 
importance of timely sowing and use of hybrid seeds, fertilizers 
and pesticides. 

The AD and ID personnel will work with the farmers in the area, 
assisting in arrangement of credit and encouraging on-farm 
development in the form of field channels, land leveling and surface 
drainage. In the selected chaks, land development will be provided 
on areas not to exceed 1/~ ha per farm at Project grant cost for 
demonstration purposes. 

For the first two years in which water 1s available, the AD and 
ID personnel will work with the farmers in the two selected chaks 
recommending the types of seeds, seeding rates, fertilizer 
requirements, pesticide requirements and timings of application. On 
demonstration chaks all the inputs for up to 1/2 ha will be provided 
at Project Grant cost to the participating farmers. 
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The AD will set up Special Demonstration Committees to 
coordinate the activities related to the demonstration chaks. Each 
Committee will consist of a District Agricultural Officer/Subject 
Matter Specialist (district level) ~ a Subdivisional Officer 
(Agriculture), a Senior Extension Officer (block .level) and the 
associatea Agriculutural Extension Officers and VAEOs positioned in 
the area where the demonstration chak is located. As indicated in 
Section G.2., at least one trained VEW will be assigned to each 
scheme. 

The Committee will be responsible for organizing inputs and 
other logist.ical matters. 

The demonstration chaks will also serve as a training location 
for farmers, AD and 1D personnel. The Commit tee will organize 
tours, prepare publications, and generally be responsible for 
spreading the demonstration results to farmers fields within the 
command and surrounding areas. It would also arrange for visits by 
farmers of other areas at the critical stag~s of crop growth .:.Iud 
when important actiVities are planned. 

F. Catchment Treatment 

The catchment area above a dam site is an integral part of an 
irrigation project. The size and nature of the catchment determine 
water yield to be used for irrigation. Land cover, soils, and other 
characteristics of the catchments determine the rapidity of runoff, 
the degree of soil erosion, and the resulting sediment load to be 
stored in the reservoir. 

The AD/Soil Conservation Section has developed a number of 
engineering and biological treatment measures to control soil 
erosion in catchment areas. These include contour and graded 
bunding, nalla plugs or check dams, and planting of grasses and tree 
crops (borticultural, fodder, and fuel trees). The Forestry 
Depart.ent 1s involved in extensive reforestation efforts in tan~ 

catchments. 

The AD/SC, and/or the Forestry Department, will design and 
implement an appropriate treatment program for the catchments of up 
to two existing and three new minor irrigation schemes which are 
included in the pilot program. Costs of catchment treatment can be 
reimbursed under the loan. 
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G. Agricultural Services 

1. Functions and Organization of Agriculture Department (AD) 

Services provided by the AD include: (1) technical extension, 
(2) planning/monitoring of input requirements and distribution, and 
(3) soil conservation/land development works. In addition, a number 
of state sector schemes such as horticulture, livestock, cash cropo, 
etc. are the responsibility of the AD. At the state level, these 
agricultural services are coordinated to serve area specific or 
project specific programs such as Command Area Development 
Authorities (CADA) or Drought Prone Area Programs \OPAP). However, 
for development projects such as medium and minor irrigation, 
agricultural services operate through the normal organizational 
network of the AD. In the latter case, agricultural services are 
strongly influenced by Local govel11i;:nt participation in the planning 
process. 

The AD consists of seven regional divisions covering extension 
and input planning. Regional divisions cover three to four 
districts and are headed by Joint Directors of Agriculture (JDA' s) 
assisted by Deputy Directors of Agriculture (DDA's) and 
Superintending Agriculture Officers (SAO's). Below this level, 
responsibilties are coordinated with district, block and village 
level councils. Planning/monitoring of inputs operates through the 
Agricultural Development Officers (ADO's), Block Development 
Officers (BDO's), and Agricultural Extension officers (AEO's). 
AEO's are field level workers and a.re nearly synonomous with the 
Gram Sevaks who are multi-purpose village level workers. Technical 
extension operates through the Principal Agriculture Officer (PAO) , 
Sub-divisional Agriculture Officer (SDAO) and ABO's. 

The Soil Conservation Section of the Agriculture Department 
(AD/se) has 40 soil conservation diVisions and 200 sub-divisions for 
attending to all matters relating to soil conservation, land 
reclamation, and land development in the commandS of irrigation 
projects. ADlse involvement in land development on project financed 
schemes is described in Chapter VII. 

2. Technical Extension 

Beginning 1n 1981, the Maharashtra's agricultural extension 
services have been intensified and reorganized through a World Bank 
(WB) assisted project. The methodology follows the Training and 
Visit System which has already been adopted in several other Indian 
states over the last several years. The WB project emphasizes 
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increased staffing with Subject Matter Specialists (SMS) and Village 
Extension Workers (YEW), systematic farmer contacts and linkage with 
research in6titutions for training and improved technology transfer. 

Implementation of the T&V system is planned for completion by 
the end of 1984 and will cover all districts. Nearly all of the 
additional' manpower is allocated to SMS and VEW which deal 
exclusively with technical matters and farmer contacts. VEW's are 
added as Agricultural Assistants, Agricultural Supervisors and 
Agricultural Extension Officers. New positions are added at the JDA 
level and the Assistant Subdivisional Agricultural Officers level to 
supervise VEW' s. l'he primary emphasis in the T&V system is placed 
on food grains and pulses with relatively little effort put into 
cash crops. 

The lack of adequate technical support for farmer irrigators has 
been identified as a major constraint in efficient water 
utilization. In order to help remove this constraint, the AD will 
recruit, train, and post Subject Matter Specialists (SMS) in 
irrigation water management in each District where Project finan ~~ 

schemes are located. These specialists will be responsible for 
on-farm water management training of YEWs assigned to areas having 
Projec~ financed schemes. At least one trained YEW will be assigned 
to each 400 beneficiaries under the ProJect with a minimum of one 
YEW per scheme. YEW's assigned to Project financed schemes and the 
SMS's will be loan financed fully for the first four years of the 
Project and fully financed by GOM thereafter. 

J. Planning/Monitoring of Input Supplies and Distribution: 

The system of providing agricultural services in Maharashtra is 
strongly integrated within and dependent upon the local district and 
block level government structure. All matters relating to planning 
and distribution of agricultural input supplies, determining credit 
requirements and current agriculture extension activities operate 
through the Zilla Parashad (district council) and Panchayat Samiti 
(block. council). The district and block. level councils include as 
their members the Chief Executive Officer (CEO) and Block 
Development Officer (BOO) who are responsible for agriCUltural 
activit1es and prOVide liaison to the State Government. 1'he CEO 
administers a number of departments at the district level for 
certain state sector schemes such as cash crop programs, hybrid seed 
and certification programs, statistics and census information. Each 
of these 6chemes maintain a cadre of technical Agriculture 
Assistants who operate outside the responsibility of the block 
council. In addition, the CEO in conjunction with the district and 
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block councils and the ADO/BOO formulate the requirements and 
supervise the distribution of agricultural inputs. They are 
assisted by a multi-purpose village level extension worker who 
receives guidance from the Agricultural Extension Worker. 

Estimates of imput requirements (fertilizers. seed and 
pesticides) are prepar~d by special committees at the district. 
block and village level. Membership in these committees is shown in 
Table 1. 

Table 1: COMPOSITION OF DISTRICT. BLOCK AND VILLAGE COMMITTEES 

District Level Committees 

1.	 President. Zilla Parishad (ZP) or Chairman
 
Agriculture Committee Chairman
 

2. Chairman Agriculture committee ZP	 Member 
3. District Collector	 Member 
4. Chief Executive Officer ZP (CEO)	 Member 
5.	 Chairman or representative of District
 

Central Cooperative Bank Member
 
6. Chairman	 or representative of District
 

Sales and Purchase Organization Member
 
7. Executive En~ineer. Irrigation Department Member 
8.	 Representative of Irrigation Development
 

Corporation of Maharashtra Member
 
9. Deputy Registrar of Cooperative Institutes Member 

10. Deputy Director of Agriculture	 Member 
11. Divisional Soil Conservation Officer	 Member 
12. Agriculture Development Officer (ADO). Zf Secretary 



Block Level Committee 

1. President, Panchayat Samiti 
2. Agricultural Development Officer (ADO) 
3. Block Development Officer (BDO) 
4. Deputy Engineer, Irrigation Department 
5.	 Manager Central Cooperative Bank/Local
 

Nationalized Bank Branch
 
6.	 Representative of District Deputy Registrar 

Cooperative Societies 
7.	 Representative of Taluka Purchase and Sale
 

Organizatiou
 
8. Extension Officer (Agriculture) 

Village Level Committee 

1. Sar Panch (elected head ot village committee) 
2. Secretary, Cooperative Society 
3. Canal Inspector (ID) 
4. Village level worker 

IV-l2 

Chairman 
Member 
Member 
Member 

Member 

Member 

Member 
Secretary 

Chairman 
Member 
Member 
Secretary 
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Input requirements for both irrigated and non-irrigated crops 
are reviewed by the committee on which representative members of the 
Irrigation Department and the Agriculture Department concur. 
Primary responsibility for fixing these requirements rests with the 
AD as they are responsible for planning cropping patterns on both 
irrigated and non-irrigated land. 

After input requirements have been determined, the district 
level com.1ttees then release the estimates to the various agencies 
and organizations for procurement and distribution. 

a. Seed: Although many farmers still retain and trade their 
own seed supplies, the use of HYV's is increasing due to increased 
availability of certified seed. Seed certification is carried out 
by the Maharashtra state Seed Certification Agency by order of the 
Seeds Act of 1966. 

District and block level seed requirements are determined by 
the district committees and demands are usually met through the 
local taluka seed farms. The district councils purchase seeds at a 
fixed rate set by the SDAO. Surplus seed is sold in the open market. 

b. Fertilizers and Pesticides: Fertilizer and pesticide 
requirements like other inputs, are planned in advance of the 
growing seaSQn by the district committees in conjunction with AD 
officials. Fertilizer coordination committees are set up at the 
Village level to insure sufficient supplies and distribution outlets. 

Chemical fertilizers are channelled through the Maharaohtra 
State Marketing Corporation (MSMC). the Maharashtra Agricultu~al 

Industry Development Corporation (MAIOC) and Vidarbha Cooperative 
Marketing Societies. Local sales points, agricultural centers and 
private dealers bring supplies into contact with Village farmers. 

Fertilizer use averages about 19.4 kg/ha of the gross 
cropped area. This ranges from 4 kg/ha in less developed areas and 
under dry land farming conditions to more than 150 kg/ha for areas 
of more intenaified irrigated farming. Estimates by the World Bank 
suggest that nearly 55 percent of fertilizer use occurs on irrigated 
land. Total fertilizer consumption for Maharashtra was 380 thousand 
tons as of 1978/79. 

The import. manufacture. sale. transport. distribution. use 
and quality of pesticides is regulated by the Insecticides Act of 
196~. Manufacturing of pesticides is concentrated in the Bombay 
area. Distribution is through the MAIOC from which local sales 
agents aud Zilla Parishads obtain supplies. Pesticides are used 
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primarily on imprc)ved varieties and cash crops like cotton, 
sugarcane, hybrid sorghum and wheat. Very little pesticide use is 
evident on traditional low yielding crops. 

4. Agricultural Production Planning - Maharashtra State: 

Responsibility JEor plltnning production strategies in the State 
of Maharashtra is vested in the Al> and district councils. The 
strategy requires c(lordination between officials of the AD, District 
Administration, credit lending banks, village Panchayats, district 
and village level coordination committees and the agricultural 
extension un1ts down to the village level. 

The AD, in consultation with its regional and district offices 
and district levt!l coordination committees, prepares annual 
Agricultural Production Strategy Programs for each of the growing 
seasons (hot weathel:, ~harif and rabi season). The program for each 
season is developed based on the experience, success and constraints 
encountered during the preceed1ng years, and normally covers the 
following: 

a. Projections of the art:a coverage for different crops under 
hybrid or high yielding var1eties (HYV's). Area coverage is decided 
on the basis of performance during the preceeding year. Similarly 
projections are made for hort1culture development. 

b. Requirement of hybrid and high yielding varieties of seeds, 
fertilizer, pesticides, etc. and organizations responsible for their 
distr1bution. 

c. Credit requirements (crop wise) for seeds, fertilizers and 
pesticides and organizations responsible for credit lending. 

d. 1'raining requirements of officials involved with the 
program. Officials from the AD, district level administration and 
agricultural extension are required to underta!te training on 
specialized topics which have direct bearing on increasing crop 
production during that season. 

e. Decisions are also made on assigning responsibilities to 
agricultural universities and colleges for the districts they serve. 

f. Requirement of crop demonstrations, their number and area 
under demonstration. 
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g. Responsibility of agricultural extension for stresslng 
increased production tnrough improved soil cultivation, optimum 
dates of sowing, use of plant protection measures, seed rates, and 
suitability of varieties. 

5. Adaptive Research, Farm Trials and Recommendations: 

rne T&V extension tocuses on developing recommendations for 
specific agroclimatic zones. The recommendations take into account 
cropping patterns, soil moisture management, farmers skills, and 
available resources. Whereas the universities and other research 
institutes are responsible for basic ana applied research, extension 
emphasizes on-site verification trials which lead to specific 
recommendations. Under the T&V system, the farm trials program is 
planned at district monthly workshops and subsequently executed by 
SMS and Agricultural Assistant/Agricultural Supervisor (AA/AS) on 
farmers fields. Results of the farm trials are analyzed at a 
monthly workshop and formulated into recommendations. Participating 
farmers are asked to bear the cost of trials unless input costs are 
greater than his present practic~ in which case the extra costs will 
be borne by the AD. 

6. Linkage of Extension to R~a€arch: 

Linkage between research and extension has not been well 
coordinated in the past. This linkage is being strengthened under 
the T&V approach. Monthly district workshops are utilized for 
systematic training of AA/AS as well as for formulating the farm 
trials program. The Principal Agricultural Officer (PAO) and 
University extension agronomist are responsible for organiZing 
workshops. Workshops include the participation of 
district/subdivisional SMS and university research staff. 

In addition to monthly workshops, seasonal zonal workshops are 
arranged at each of the four universities. The zonal workshops 
review past recommendations and assess technical priorities for the 
farm trials program. The Director of Research (university) and the 
ADA (extension) organize zonal workshops which include participation 
of zonal JDA's, PAO's, District SHS, Director of Extension, selected 
aepartment heads, crop coordinators and extension agronomists. 

7. Agricultural Research and Training: 
Basic and applied agricultural research are the responsibilities 

of the four main universities in Maharashtra (Mahatma Phule Krishi 
Vidyapeeth at Rahuri, Marathwada Agricultural University at 
Parbhani, Konkan Krishi V1dyapeeth at Dapali. and Punjabrao Krishi, 
V1dyapeeth Krishi Nagar at Akola). Most research in the past has 
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been limited to rainfed agriculture conditions, selected crop 
schemes and other all-India coordinated programs. Research efforts 
have suffered from a lack of coordination between the universities 
resulting in some dupl!cation of efforts. Hist~rically, 

universities have not hod a mandate to extend their research results 
to the level of :>roductioll agricultut"e. Recently, the universities 
have begun to focus more attention on problems of on-farm irrigated 
crop production. Currently a range of Atud1es is directed toward 
specific aspects of irri~ate~ agriculture such as crop water 
requirements, methoas of irrigation, drainage, etc. 

It appears, however, that several important facets have been 
overlooked for lack of resourcea or other reasons. Some of these 
topics are: 

1.	 'the vertisols subsoils: the massive structure where it exists 
and general subsoil ph~sical properties; cause and effect 
relationship on subsoil moisture relations, aeration and plant 
root activity, mineralogy, chemi6try. 

2.	 Soil or~anic matter and cr.op re6idue management: improving soil 
physical and chemical properties, and irrigation and fertility 
management; costs of crop residue manage~~nt as affected by 
power requirements for incorporation in the soil and alternative 
uses as fodder or fuel. 

3.	 Economic viability of newly developed irrigated crop production 
management pract1cp.s based on markets and input-output prices. 

4.	 Watershed management by controlled grazing, introduced 
drought-resistant, improved forage grasses; c'Jlturing fruit 
trees (e.g. mangoes) and fuel trees or shrubs; contour bunding; 
bunding of nallas; decreased so11 erosion and sedimentation of 
water storage reservoirsi increase groundwater storage in the 
watershed and extend water yield period. 

5.	 S011 fertility and irrigation water management. 

The universities maintain a network of about 20 main research 
stations and 30 sub9tat of ',s. Here, most research is currently 
oriented toward crop improvement schemes such as wheat, sugarcane, 
oilseed, sorghum, pearl millet, cotton and pulses. The opportunity 
exists for developing the adaptive research focus at the station and 
substation level because resource constraints can be more clearly 
defined. 
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The four universities and six additional agricultural colleges 
graduate about 1.000 students each year with B.Sc. degrees. Nearly 
300 receive K.Sc. degrees. Presently. Agricultural Assistants 
obtain two years of training at one of 25 agricultural schools. 
Gram Sevaks get six months training at five speclal training centers. 

8. Credit/Marketing: 

Short. medium and long term loans are made available to farmers 
through coopertive credit societies and commercial banks. The 
Reserve BanK of India prOVides loans to the Apex Banks (lead Banks) 
at six percent which in turn lend to Central Cooperative Banks at 
6.2~ percent. The Central Cooperative Banks are district level 
banks where the amount of f:l..nancing which ia to be provided for crop 
loans is decided each year for each di6trict. This is done by a 
committee composed of ~he District Agriculture Officer. Deputy 
Registrar of Cooperative Societies and a representative of the 
Central Cooperative Bank as Chairman. 

Central Cooperative Banks lend to the Primary Agricultural 
Cooperative Credity Societies (PACS) at 8 percent. These primary 
societies are the main sources of credit for short and medium term 
loans to farmers. Farmer membership in 1983 WdS over five million. 

Crop loaus are given on a short term basis and must be repaid 
within one year (each .Hst March) except for long season sugarcane 
which is 18 months. Short term loans consist of a cash outlay. 
permits for securing inputs (fertilizers. seed and pesticides ) and 
possibly an additional amount for specific needs of an agricultural 
operation. These loans are prOVided to farmers at 11 percent. 
Credit limits for different crops are shown in Table 2. . 
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Table 2: CREDIT LIMITS FOR DIFFERENT CROPS 

credit in kind (Rs/ha) 
Ferti- Insect- Credit Total 

Name of Crop Seed lizer icides in Cash 

High yielding paddy 75 700 225 1000 
Hybrid sorghum 60 640 100 800 
HiSb yielding sorghum 25 450 125 600 
Hybrid pearl millet 25 425 50 500 
Hybrid maize 70 600 130 800 
Pigeon Pea tlO 75 75 210 
Moong· 60 75 75 210 
Blackgram (pulse) 60 75 75 210 
Ground Nut 500 275 U5 310 1200 
Sesamum (oilseed) 25 300 25 50 If 0(, 

Hybrid cotton 
(irrigated) 250 800 11,)0 500 2700 

Hybrid cotton 
(unirrigated) 350 400 500 250 1500 

Ordinary cotton 50 200 380 200 830 

The amount of lending for irrigated crops is about two to 
three times higher than for non-irrigated. As shown in Table 2 for 
example, a farmer can obtain about 1500 Rs/ ha for non-irrigated 
cotton and 2700 Rs/ha fcr irrigated cotton. The additional amount 
loaned for crops under irrigation results from higher input 
requirements. 

Medium term loans are available for such items as small pump 
sets, electric motors, etc. and are to be repaid in three to five 
years. The rate of interest is 14 percent and requires no land 
mortgaging. These loans are also prOVided through the primary 
agricultural cooperative credit societies (PACS). 

Long term loans, requiring repayment between 10-15 years and 
land mortgagi~g are available· through the Land Development Bank, and 
more recently, some Cooperative Banks. The Land Development Bank 
~as approximately 250 branch facilities in Maharashtra and loans are 
pi:'ovided for such items as bullocks, tractors, pumps, digging of 
wells and land development costs. 
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tiesides the PACS, there are non-agricultural credit societies, 
marketing societies, processing and production enterprise societies 
and multi-purpose cooperative societies. Altogether, these total 
about 57,352 (including PACS) cooperative societies. 

Marketing of agricultural produce in Maharashtra operates 
through a network of regulated markets with individual traders 
(commission agents) and market societies providing wholesale/retail 
services between farmers and consumers. The Food Corporation of 
India sponsored by the GOl procures marketable surplus for the 
central pool and regulates pUblic distribution. 

The Maharashtra Agricultural Produce Marketing Act of 1963 
established a means to regulate the market system ana add new market 
centers as demands arise. The Act provides funds and powers to form 
market committees responsible for set ting up new market centers. 
Market committees are delegated the authority to purchase lands and 
construct facilities (sheds, offices, etc.) for operating local 
sal~s yards. Committees are rep~esented by growers, traders, local 
and state government authorities. Normally, market committees serve 
several village units or a taluka (block). 

Currently, there are 227 market committees haVing 227 market 
yards and 290 subsidiary market centers throughout the state. New 
market committees and market centers will be established in 
irrigated ar.eas as demand arises. 

9. ~oil Surveys: 

The Division of Irrigation Research and Development (DIllD) of 
the Maharashtra Irrigation Department conducts detailed soil surveys 
(series level) in all major and medium irrigatin project cOlllJll8nd 
areas. This service is not routinely provided to minor irrigation 
schemes. However, under this Project, DIllD w11l provide detailed 
soil surveys. DIllD will need to expand its staff to service MIS. 

DillD also undertakes specialized research stUdies pertaining to 
so11 and water management problems within irrigation projects. 
Research studies are currently aimed at: (1) correlating soil 
survey information with irrigability classification, (2) the utility 
of percolation tanks, (3) improved design of drainage schemes, and 
(4) crop water requirements. 
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A. Socia-Economic Setting 

1. Land and People 

Manarashtra's development 1s characterized by striking 
contrasts. On the one hand, it is India's most industrialized state 
and its level of urbanization is also highest. One-third of its 
population of 62.8 million live in urban areas. Yet most of the 
industrial development is concentrated in a region 1ncludine 
metropolitan Bombay and Pune, and two-thirds of the state's labor 
force rell8ins in agriculture. The productivity of agriculture is 
also uneven. While yields for foodgrains staples such as sorghum 
are low, sugarcane yields are high. 

It is important to understand how islands of development 
within agriculture and indust~y interact with surrounding areas of 
slow growth. This relationship has shaped employment and migration 
patterns and thereby accentuated the imbalanced development which 
has occurred. In recent years, however, the Maharashtra government 
has taken significant steps to modify the growth patterns which have 
created disparities between city and village, and between rainfed 
and irrigated agriculture. First, it has accelerated the 
development of irrigation, in order to extend this scarce resource 
of water to as many farm families as possible. It has also invested 
in the technology needed to enhance agricultural productivity and 
thereby expand employment opportunities in production and 
marketing. Secondly, it has launched an ambitious scheme to provide 
employment in rural areas, and thereby stem the drift of migration 
to the cities. These measures will be briefly discussed following a 
desc~iption of the state's social landscape. 

The distribution of population is quite un~ven in 
Maharashtra. It ranks ninth among Indian states in terms of 
population density. Its average rate of 204 persons lll'.r square 
kilometer is roughly comparable to the national average of 221. Yet 
the range in density within Maharashtra iii enormous. There are an 
average of 13,644 persons per square kilometer in Bombay, which 
includes Asia's most populous slum, Dharavi, where 40,000 persons 
are squeezed into a few square kilometers. In some rural tracts, 
the landscape looks almost desolate. The eastern district of 
Chandrapur, for example, contains only 79 persons per square 
kilometer. (1) 

Between 1941 and 1~7i, Maharashtra's population growth rate 
exceeded the national average, but the latest census suggests the 
growth trend may have abated. The rate of increase between 1971 and 
1981 was only l4. b per cent, which was precisely the same as the 
national figure. 
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Seven per cent of the state's population belong to the 
statutorily-designated "scheduled castes", representing 
traditionally disadvantaged socio-economic groups. They are 
dispersed throughout the state, but 68 per cent live in rural 
areas. Another 9 per cent of the total belongs to scheduled tribes, 
who are largely concentratec1 in the hill tracts of northwestern 
Habarashtra. The tribal peoples generally practice 
subsistence-level agriculture. They are among the poorest groups in 
Haharashtra. 

As in other states, the number of females per 1,000 males 
has been declining in Maharashtra since the beginning of the 20th 
century. In 1901, the sex ratio was 978, but it was only 938 in 
1981, slightly higher than the national figure of 935. In terms of 
literacy, however, Haharashtra diverges sharply from the national 
pattern. Forty-seven per cent of its population was literate in 
1981, as against 36 per cent in the nation as a whole. 

2. Regional Variations and Development Strategy 

The dramatic differences among the state's agroclimatic 
regions are associated with contrasting settlement patterns and 
levels of development. Abundant rainfall in the coastal and eastern 
districts have promoted paddy cultivation and a patchwork of 
ILicroscopic farms. As shown in Table 1, the average farm size in 
the coastal region is 2.6 ha, while the average number of persons 
per cultivated hectare is 4.86. In areas traditionally considered 
handicapped due to lack of rainfall, population density tends to be 
closer to the state average of 1.8 persons per cultivated hectare, 
with farm sizes larger than the state average of 4.3 hectares. 
Table 1 shows that farm sizes in the scarcity region are nearly 
twice ae large as those in the coastal area but population densities 
are less than half as high. This suggests the precarious nature of 
existence in both zones, for very different reasons. 

Since 46 per cent of Haharashtra's five million farms are 
below two hectares, the small owner-cultivator 1s the predominant 
figure in the state's agriculture. Consequently, agricultural 
development requires the participation of this category of 
cultivatort:l, who may need much assistance in order to exploit new 
opportunities. The state government has endeavored to reach this 
population through the provision of irrigation, so that the scarce 
water resource is not monopolizec1 by large farmers with greater 
financial resources. 

In addition to minimizing disparities between rich and poor 
farmers, the Haharashtra government has also sought to help the dry 
Greas compensate for the poor hand dealt by nature. It has invested 
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approximately $1.3 billion in major and medium surface irrigation 
systems, which has added over one million hectares to the state's 
irrigation pot~ntial. The extension of irrigation to dry areas, 
tnrough both public and private facilities, has led to dramatic 
increases in agricultural productivity in those regions, 
particularly with regard to cash crop. such as sugarcane, fruits and 
vegetables. Those crops accounted for more than 50 per cent of the 
output increase between 1960/61 and 1977/78. 

The extension of area under such crops has created an island 
of development within agriculture, and an important focus of rural 
employment. At sowing and harvest time, long caravans of families 
in bullocllcarts crisscrosl rural Maharashtra seeking work. This 
migration pattern is only sealonal, for they return to their 
villages after the work is done. This pattern is particularly 
striking in sugarcane areas, where millowners tap a seemingly 
inexhaustible supply of workers from unirrigated areas where 
sugarcane cannot be irown. 
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TABLE 1 -- FARM CHARACTERISTICS, BY REGION (1~7l> 

Persons per ------Farm Size-----
Cultivated Average Median 

Region Hectare ----------ha---------

Coastal 
Gr. Bombay 
Kolaba 
Thana 

Transition 
Nas1k 
Pune 
Sa tara 
Kolhapur 

Scarcity 
Dhule 
Sangl1 
Bbir 
Sholapur 
Ahmedanagar 

Assured Rainfall 
Jalgaon 
Aurangabad 
Parbhani 
Osmanabad 
Buldhana 
Akola 
Amarvati 

Moderate Rainfall 
Nanded 
Yeotmal 
Wardha 
Nagpur 

H1gh Rainfall 
Bhandara 
Chandrapur 

TOTAL MAHARASHTRA 

4.86 

4.!H 
5.29 

2.23 
T:'7b 
1.86 
2.53 
3.08 

1.5~ 

1. !l9 
1.88 
1.23 
l.3:l 
1. 60 

1.42 
1.97 
1.24 
1.2~ 

1.37 
1.45 
1.37 
1.54 

1.46 
1.49 
1.43 
1.34 
1.53 

2.63 
3.51 
2.12 

1.8~ 

2.6 

2.1 
2.8 

3.9 
U 
4.0 
2.7 
2.0 

4.4 
4.9 
3.4 
6.1 
5.9 
5.2 

5.2 
3.7 
6.0 
6.4 
6.7 
4.9 
5.1 
4.2 

5.7 
U 
7.1 
5.7 
5.1 

2.9 
2.2 
3.7 

4.3 

1.0 

0.9 
1.2 

1.8 
n 
2.3 
1.4 
1.0 

2.5 
3.7 
1.7 
4.2 
4.0 
3.3 

3.5 
2.4 
4.3 
4.7 
4.9 
3.9 
3.0 
2.4 

3.9 
3.7 
4.7 
3.8 
3.5 

1.7 
1.2 
2.4 

2.5 

Source: World Bank, staff appraisal report, India, Maharashtra 
Irrigation 11 Project, Volume 11 Sectoral Background, 
September 13, 1979, p.62. 
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3. Agricultural Trends and Rural Income 

The impact of cropping patterns upon income levels is also 
dramatic. Table 2 shows the wide variation in the gross value of 
agricultural production per rural inhabitant and per agricultural 
worker in Maharashtra' s regions. '£he tremendous gap between the 
value of production in the coastal zone and zones characterized as 
'transition,' 'scarcity' and 'assured rainfall' reflects the greater 
importance of high-value crops in the latter regions, including 
sugarcane, horticultural crops and vegetables. Where foodgrains 
predominate, productivity and incomes remain low. Although the 
state accounted for 11 per cent of India's area unGer foodgrains and 
34 per cent of its cotton area in 1981-82, foodgrains production was 
only 8 per cent of the Indian total, and cotton only 19 per cent. 

The extent of the state's vulnerability became painfully 
obvious during the early 1970s, amidst the devastation caused by a 
crippling series of droughts. The government thereafter launched 
programs on two fronts to alleviate rural poverty. First, it sought 
to expand irrigation and new agricultural technology. Second, it 
provided work to rural people, including small cultivators and 
landless laborers, through an Employment Guarantee Scheme (EGS) • 
The results were encouraging. Agricultural output grew at a 
compound rate of about 9 per cent between 1973/74 and 1977/78. In 
addition, the EGS seems to have arrested the growth of rural poverty 
by providing employment to the landless, which increased their 
incomes by about 10 per cent.(2) 
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TABLE 2: GROSS VALUE OF AGIUCULTURAL PRODUCTION BY REGION 

--------- 1983/74-74/75 ----------
Per Per Head of Per Worker 

Region Hectare Rural Population in agriculture 
------------------- is. --------------------

Coastal 

Transition 

Scarcity 

Assured Rainfall 

Moderate Rainfall 

High Rainfall 

TOTAL HAHARASHTIlA 

1,470 

1,679 

1,200 

1,138 

1,003 

1,160 

1,243 

291 

707 

72b 

753 

684 

412 

645 

953 

2,321 

2,369 

2,115 

1,867 

1,J..38 

1,949 

Source: World Bank, staff appraisal report, India, Maharashtra 
Irrigation II Project, Volume II - Sectoral Background, 
September 13, 1979, p.61. 
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Nevertheless, agricultural incomes have declined in recent 
years. The state's per capita income of about $100 is substantially 
higher than the national average of $70. Yet 50 per cent of 
Haharashtra's rural population have incomes below the poverty line 
of $75, even during a normal agricultural year. This impoverishment 
appears to be spread fairly evenly throughout the countryside, 
reflecting relatively equitable patterns of landownership. The Gini 
coefficient. for rural consumption has averaged about O.l8 since 
1960/61. (3) 

4. Employment and Migration Patterns 

For decades, the only escape from rural desolation seemed to 
lie in migration to Bombay. The city's abili ty to prOVide work has 
given it an aura of hope and success. Thus it has attracted 
mil110ns of job seekers from every corner of India, and displaced 
Calcutta as India's industrial giant. 

There bas been a long-established trend of migration from 
some parts of Maharastra where agriculture has remained particularly 
stagnant. Emigration has starved the countryside of its most 
productive labor force and thereby perpetuated its 
underdevelopment. It has also accelerated the proliferation of 
slums in Bombay, whose population soared by 44 per cent between 1961 
and 1~71. 

This pattern of interaction occurs in its most extreme form 
between Bombay and one of its hinterlands, the coastal region of 
Konkan. Konkan boasts an abundance of natural resources, but these 
remain largely untapped. The region's population density on the 
land is the highest in the state, while its per capita income from 
agriculture is the lowest. This region thus dependS not upon 
productive agriculture and industry but on the export of its 
people. In excbange, the migrants send small monthly money orders, 
to pay for the food and essential cOlllllodities for the migrants' 
family members who remain behind. 

The largest proportion of migrants are from Konkan's 
B.atnagir1 district. While the state's population increased by 27 
per cent between 1961 and 1971, Ratnagiri recorded a population 
growth rate ot only 9 per cent between 1961 and 1~7l, which suggests 
the extent of the exodus to Bombay. 

• The Gini coefficient ranges from 0 to 1, the closer it is to 
zero the more eqUitable is the distribution. 
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Unlike the seasonal migration to secure agricultural 
employment, the migration to Bombay is generally permanent. The new 
urbanite lIay return home only once a year, for a major religious 
festival. Otherwise contact with his family is maintained only 
through moneyorders which represent a slice from his monthly 
paycheck. 

The moneyorders cannot inject much capital into the rural 
economy to enhance productive capacity. The average earnings of 
Bombay migrants are only about $32 per month, which is below the 
city's poverty line. In addition, job prospects are not assured. 
There is a high level of unemployment in the Bombay slums, and the 
average migrant may have to wait up to six months to find work.(4) 

The migrants are overwhelmingly male. In 1971, Bombay's 
population included about 3,478,000 men as compared to 2,500,000 
women. Women greatly outnumber men in Ratnagiri district, since 
they constitute 1 ,103, bOO of the district's population and males 
only 887,000. ThUS, while the Konkan region offers promising scope 
for agricultural development, particularly in important cash r:r",l'o 

such as cashew, mango and coconut, the labor needed for such 
enterprises is conspicuously absent. Farming is generally conducted 
by women, who, for reasons which will be explored, cannot make full 
use of the land. In order to expanC1 the area's product1vi ty, in 
hopes of keeping its male population on the land, the government has 
attached high priority to the provision of irrigation. The lack of 
irrigation is considered an important constraint on development. 

In other unirrigated parts of Maharashtra, where there 1s no 
established tradition of urban migration, a vast pool of surplus 
labor is perched precariously upon an agriculture characterized by 
low yields and slow growth. A series of devastating droughts during 
the early 1970s caused massive unemployment and hardship for this 
population, and the central government qUickly devised several 
schemes designed to aid the rural poor, such as the Crash Programme 
for Rural Employment. 

In 1974, Maharashtra took the bold and pioneering step of 
promising work to the rural poor through a state-level program, the 
Employment Guarantee Scheme (EGS). The EGS aimed to prOVide 
employment in rural areas to all able-bodied adults who Bought it. 
Legislation reqUires the state to prOVide jobs on demand to a group 
of at least 50 persons and the work. must be carried out wi thin 8 
kilometers of the employment seekers' location. 
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Initially, it was thought that the lack of vigorous local 
i:.lstitutions in much of the Indian countryside would constrain the 
development of rural employment generation schemes, and make their 
administration enormously difficult. These fears proved unfounded in 
parts of the Maharashtra, for some local leaders qUickly appreciated 
the value of EGS for their constituents' welfare and as a device for 
mobilizing political support for themselves. 

Ye~ there is some variation in the ability of local 
communities, and thus of regions, to take advantage of this new 
resource. As Dandekar noted, "The relatively advanced 
(organizationally and politically as also economically) districts of 
Western Maharashtra had the larger proportion of the EGS funds"(5) 
although districts with the greatest proportion of landless laborers 
were supposed to benefit most. . In addition, districts which were 
underdeveloped due to concentrations of tribal populations and to 
stretches of drought-prone area also tended to r.eceive less EGS 
expenditure, largely because their representatives were less active 
and influential within the wider political circles.(6) 

Since the generation of projects is often associated with 
local politics, their productivity may sometimes be questionable. 
Projects may not always be located where the need is greatest, or 
where technical considerations are most favorable. In some areas, 
there 'is an excess of particular types of projects, such as 
percolation tanks used for minor irrigation, and these projects may 
sometimes threaten the environment through waterlogging.(7) 

Yet as Dandekar emphasizes, these critcisms are minor in 
view of the EGS's very substantial achievements. The program cannot 
simply be Judged by strict economic ratios. In social terms, it 
must be considered a success. By 1977, EGS was estimated to have 
created full employment (for 300 days in a year) for up to 390,000 
illiterate and unskilled persons, who comprise ~ per cent of the 
state's rural labor force. (8) These persons are at the base of 
India's socio-economic pyramid, for they include the landless, women 
and disadvantaged castes and tribes. The facilities constructed 
include minor irrigation tanks Which may yield important benefits 
for the workers and their communities as the rural people are 
familiarized with the soil conservation construction practices. 

The EGS offers a rare example of an equal opportunity 
employer, for perhaps 65 per cent of its workers are women. 
Further, while women are paid less than men for agricultural 
operations,(9) male and female EGS employeeR are paid equal wages 
for equal work. While even the EGS may tend to award more 
remunerative tasks to men, confining women mostly to rock-breaking 
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and carryiD8 loads of earth, it does appear that EGS represents a 
major opportunity for rural women to augment their ,familes' income, 
on terms equal to those awarded to men.(IO) 

Statistics indicate that nearly half of the workers may 
belong to scheduled castes and tribes, but the proportion of such 
workers varies considerably. In Kohalpur, a relatively prosperous 
district, EGS schemes are not a major source of employment, and only 
8 per cent of EGS workers are backward class members. In coastal 
Thane, on the other hand, 94 per cent of EGS workers belong to 
traditionally disadvantaged groups, while 100 per cent of Amravati's 
EGS workers fall in that category.(IO) 

The wages paid are low, and it is estimated that a couple 
working full time throughout the year could support only 1.5 
dependent adults on their wages. Yet a survey found that two-thirds 
of the workers' income came from EGS, which illustrates the critical 
need for rural employment. (11) Another study found that landless 
EGS wor.kers in an arid region had incomes slightly above those of 
marginal farmers .(12) Further illustration of the schem~'s 

importance is offered by a study ot the effects of Maharashtra's 
blistering drought of 1~72-73, which found that landless families 
employed on temporary rural works programs were better off than 
during a normal year. (13) These studies attest to the urgency of 
measures to aid a countryside which had stagnated for years while 
urban areas consumed a disproportionate share of resources. 

5. Landholding Structure and Tenancy 

After independence, in a wave of land reforms ordered 
throughout India, Maharahatra's large estates were abolished, as 
were all intermediaries between the cultivator and landowner. In 
addition, laws were framed to give tenants security of tenure. 
Tenancy is not characteristic of Maharashtra's agriculture, since 92 
per cent of holdings are fully owned, .5 per cent partly owned and 
partly rented and 3 per cent wholly rented.(14) 

It has nevertheless proved difficult to enforce legislation 
designed to protect tenants and sharecroppers. Land owners have 
denied tenants the right to cultivate their lands from year to year 
for fear they might claim the lands they till. It 1s also difficult 
for tenants to establish legal rights to the land. Village land 
records may not recognize the tenants' legal rights, and subordinate 
Revenue Department officials often side with the powerful landlord, 
who can mobilize resources to contest the tenant's claim. (15) 

Availability of water is the determinant of land ceilings in the 
State. The permis~lble holding size 1s indicated below: 
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Table 3: LAND CEILINGS IN MAHARASHTRA 

Land Ceiling 
Type of Land (hectares) 

Perenia11y irrigated land 7.2 

Assured seasonally irrigated land 10.8 

Unassured seasonally irrigated land 14.4 

Assured rainfall land 14.4 

Other rainfed land 21. 6 

The ceilings apply to a family of husband, wife and mino: 
children. For each member in excess of five, the ceiling il 
increased by 20 per cent up to a maximum of 100 per cent in tam1iel 
of 10 or more members. The implementation of ceiling reforms hal 
been slow, as is generally the case in India. Only about 175,001 
hectares had.been d1~tributed to landless households in Maharashtrl 
by 1~77/78. That imbalances persist is suggested by Table 4. 

Table 4: LANDHOLDINGS IN MAHARASHl'RA 

Size Percentage Percentage 
(hectares) of Holdings of Area Operated 

0 - 1 26.1 3.3 

1.0 2.0 19.8 7.9 

2.0 - 10.0 46.7 ~7.7 

10.0 + 7.4 31.1 

Total 100.0 100.0 

Source: U.S AID, Kaharashtra Medium Irrigation Project, Vol. 11. 
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Thus, while the average farm size is 4.3 hectares, 46 per 
cent of farms are less than two hectares. They include 11 per cent 
of the total farm land, while 7 per cent of the farms exceed 10 
hectares and occupy 31 per cent of the farm land. It is clear that 
the small tarmers operating less than two hectares must be 
considered the target of the minor irrigation project. Another 
major target group is the vast pool of landless laborers in the 
state. They numbered 6.5 million in the 1981 census, and 52 per 
cent of them are women. The previous section indicated the 
importance of rural works programs for this sector of the 
population. Since that employment is not stable, or materially or 
spiritually rewarding, it is hoped that the minor irrigation project 
will provide better opportunities within agriculture, as more land 
comes under the cultivation of labor-intensive crops. 

Evidence regarding the beneficiaries of existing minor 
irrigation projects is extremel)' limited. The size groups of 
farmers was not always indicated in project reports, and there was 
no information about the impact on landless laborers. It was n'.t. 
possible to determine the extent to which beneficiaries belong to 
backward classes, or ev~n determine the proportion of female 
cultivators who benefited. Such information will be obtained and 
analyzed in socio-economic benchmark and follow-up surveys conducted 
under the project. 

It does appear that small farmers are generally the 
principal beneficiaries of the few proJects for which information is 
provided. Statistics on a minor irrigation tank in Jalgaon 
district, called the Nisard1 project, indicates that the average 
holding size was 2.5 hectares. The largest landholder in the 
command area of 561 hectares was a farmer with 8.7 hectares, while 
the smallest owned .3 hectares. The average holding size of a 
sample of farmers served by the Galan tank in Jalg80n district was 
even smaller -- 1.75 hectares. The largest farmer in the sample had 
5.5 hectares and the smallest, half a hectare. 

A report on the Pabhare minor irrigation tank in coastal 
Raigad district showed that 64 per cent of the landowners held less 
than one hectare while 28 per cent held between one to two 
hectares. (16) These figures are encouraging, for they suggest that 
the benefits of irrigation can be extended to the less-privileged 
farmer instead of being monopolized by those with resources and 
status. 

While the Irrigation Department does not identify 
beneficiaries by caste or ethnic group, the Pabhare study, which 1s 
one of the pioneering attempts td assess the impact of minor 
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irrigation upon a community, shows that tribal people were heuvily 
represented in the command area, with nearly :l8 per cent of the 
population. The scheduled caste population was only :l.5 per cent, 
However. 

B. Socio-Cultural Feasibility 

1. Socio-cultural Aspects ot Minor Irrigation 

Minor irrigation has a long history in Maharashtra. For 
centuries, farmers in the northwest have operated an equitable 
system called phad, which distributes water from weirs. Tanks have 
dotted the landscapes of eastern Maharashtra' s Bandhara and 
Chandrapur districts for at least 400 years, and they are familiar 
in the Vidarbha region also. 

Elsewhere in the state, farmers may be unaccustomed to 
irrigation and it may take time for them to adjust their cropping 
practices. ThiS has proved true in Konkan, for exampl~, where 
irrigation seemed an impossible dream even 20 years ago due to the 
region's rugged terrain and small holdings. These factors rule out 
the possibility of large and medium scale irrigation works, which 
sets the stage for the development of minor irrigation. 

Because water is such a scarce resource, the low level of 
utilization of irrigation water in some parts of Maharashtra has 
caused consternation in some official circles. Studies suggest that 
the problem is not that the state t s farmers are unwilling to risk 
innovation. Instead, cultivators in a minor irrigation project area 
in the agriculturally backward Konken region were described as 
"progressive and eager to take up horticulture and new crops"(l7). 
Their heroic attempts to modernize their farms were described in 
some detail. Initially, farmers were enthusiastic about the 
potential afforded by irrigation, but technical difficulties 
prevented its utilization. They abandoned efforts to cultivate new 
crops and fell back on traditional subsistence agricuiture. 

Their problems centered upon deficient distribution systems 
and a laCk of land development, which made it impossible to receive 
water on a predictable basis. Such factors have contributed to 
shortfalls in irrigatiDll utilization throughout India (18) and 
within Maharashtra as well. Thus, although farmers in Vidarbha may 
be accustomed to tank irrigation and be as eager to exploit it as 
the would-be irrigators on the coast, the fruB trat1.ons of 
iIl8nipulating water suppHetl have deterred many. (19). The present 
project is designed to see that these deficiencies are COl: :ected. 
In addition, the Project will prOVide farmers with the extension 
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advice they require in order to use the irrigation water to the best 
advantage. Lack of knowledge regarding irrigated agriculture, or 
the inputs needed by newly-adopted crops, was identified as a 
constraint in studies and field interviews. (20) 

Minor irrigation projects offer important advantages 
over large-scale works. First, they do not greatly disrupt the 
environment, and the social landscape is relatively undisturbed. 
Secondly, the benefits of irrigation may be realized within a short 
period. A generation of farmers may pass from the scene in the time 
elapsed between the preparation of a blueprint for a major dam and 
the first release of water. For minor projects, the gestation 
period is only three to five years. 

Minor projects offer vast scope for innovative means of 
providing local communities with a scarce resource, and fostering 
cooperation in its distribution. While the canals associated with 
major projects traverse many communities, inhabited by villagers who 
do not know or trust one another, the scale of minor proJects is so 
small that participants may have long-established patterns I •.: 

interaction with one another. It is easier for farmers to deny 
water to downstream strangers than it is to the neighbors he has 
known for decades. Still, patterns of cooperation may involve time 
and effort, due to socio-economic as well as technical hurdles. 

It is concluded that with dependable water supplies, timely 
land development works, and appropriate technical assistance as will 
be prOVided under the Project, the proposed minor irrigation schemes 
will be socially and culturally feasible, even eagerly sought after. 

2. Rotational Water Supply Systems: Problems and Prospects 

Rotational dlstribution systems represent a form of 
organized cooperation among farmers designed to apportion water 
sequentially throughout a canal system. Rotational systems are not 
widely practiced in the state. In North India, by contrast, farmers 
have utilized irngation according to prescribed rotational forms 
since the latter part of the l~th century. 

While cultivators invariably opt for private irrigation 
systems wherever possible, in order to maximize control over the 
timing and delivery of water, rotational systems represent a major 
technical advance for application in Maharashtra. The field-to
field flood irrigation which is widely practiced does not permit the 
use of advanced agricultural technology. Since farmers cannot 
control the amount or timing of water received, the element of risk 
is very high. Rotational systems seek to provide a measure of pre
dictability to water distribution, so that farmers can plan their 
CfOp patterns and invest in inputs whose efficient use require6 
irrigation water. 



V-IS 

Even where farmers recognize the advantages of rotational 
distribution, it may prove difficult to adopt. Several prerequi
sites seem essential for its successful use: a scarce water situa
tion, farmers cooperation, effective and fair administration by 
irrigation department officials, and favorable technical factors, 
such as distributary, field channel and land development, and a main 
system that can dell-ver the water in a reliable and timely manner. 
Deficiencies in these areas can make rotaUonal systems ineffective 
or impossible, and deter many farmers from utilizing canal water. 

The technical section of this report has discussed problems 
of land and field channel development, and has shown why immediate 
attention is required. This section will focus upon socio-economic 
aspects of rotational distribution, and then discuss systems 
practiced in Maharashtra. The most prevalent form is the Shejpali 
system, under which irrigators are given water for the crops which 
are officially sanctioned for cultivation. Water is provided 
sequentially to irrigators along a watercourse, starting with the 
farmer located at the tail of the distributary. The Irrigation 
Department is committed to supply water to each farmer once during a 
rotational period, which usually covers a 21-day period during the 
winter season. 

The system is extremely flexible, because the time during 
which irrigators may take water is not limited. In addition, 
provision is made for last-minute changes in cropping plans. As a 
result, the Shejpali plan which was carefully calculated at the 
beginning of the season may not bear much resemblance to actual 
practice, which defeats the purpose of the elaborate planning 
exercise and may result in inequitable water distribution. 

'1'0 overcome these problems, the Irrigation Department has 
devised a system known as rotational water supply (RWS). Unlike the 
Shejpali system, RWS is very rigid, and the time period during which 
water is made available is carefully specified. The RWS has not 
been widely applied in Maharashtra, and only limited information is 
available about ita perfot'1llance. Yet some preliminary assessments 
about its prospects lDHy be made on the basis of the literature on 
irrigation systems and socio-economic conditions in South Asia. 

In many parts of South Asia, canals are associated with an 
ineqUitable distribution of water, for two reasons. The first has 
to do with the technology of canal irrigation, which tends to 
distribute more water to those at the head of the system than to 
those located at the tail, where th2 water ends its journey. The 
second concerns socio-economic factors, which determine the pattern 
of resource and benefit distribution. 
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The extent of India's 'tail problem' is not known, but it is 
estimated that perhaps 10 million hectares of tailend area are denied 
their fair share of water due to their location at the lower reaches 
of canals. (20) This is partly because farmers located at the head 
take more water than they should, and partly because canal seepage 
prevents appropriate quantities of water from reaching the tail. 

In addition, since field channels may be in poor condition, 
and land development work may be required, water cannot be eveniy 
distributed to all farms served by a given canal. The Shejpali 
system has addressed this problem by allocating supplies first to 
tail enders, but the evidence suggests that imbalances persist, and 
tail irrigators generally do not receive their fair share. 
Deficiencies in field channel and land development work bear a large 
share of the blame.(22) 

A recent study of major canal irrigation system's tail 
problem noted dramatic consquences for regional d~velopment. (~3) 

Agricultural development and related services tended to cluster at 
canal head reaches, as did towns and industry. Toward the tail, 
agriculture languish~d and populations were demonst(ably poorer. (24) 

The socio-economic inequalities which are rooted in an in
egalitarian landholding structure cause additional distortions in 
canal water allocation. While studies in Maharashtra show that all 
size classes of farmers suffer when they are located at the tail of 
a canal,(2~) a large body of evidence suggests that large and 
powerful farmers get more water than small farmers. 

As Daniel Thorner noted, there is a tendency for two classes 
of service to prevail in South Asia's canal systems. The first is a 
superior level of service, which goes to the 'strong'--those who are 
powerful as a result of their landS, wealth and contacts. SUCh 
farmers get water on a priority basis, and they often receive as 
much as they Wish, technology permitting. The second class service 
goes to the weak, who lack wealth and influence. In general, they 
get insufficient supplies and irregular delivery.(26) Such patterns 
have been observed along canals in Maharashtra. Mitra, for example, 
found that small farmers were much less likely than large and medium 
cultivators to get sufficient water and to get water on time. (27). 
As a result, the weak cannot be sure that their crops will surVive, 
so they do not invtlst in inputs which require precise applications 
of irrigation water. Thus their cropping intensities, productivity 
and incomes are lower than those of the strong. 
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While this scenario has been repeated throughout South Asia 
one region in Maharashtra offers an interesting variation on th 
theme. In the eastern area of Vidarbpa. some large landlords do no 
use canal water for fear of losing land under the stricter ceilin 
laws applied to irrigated area. Thus. iniltead of competing wit 
small farmers for scarce resources. large farmers opt out of th, 
game (28) and. by thus opting out. have brought about substantia, 
under-utilization of available irrigation water. 

In other regions. it seems large farmers are activI 
competitors who can supplement canal supplies through privatI 
facilities. particularly wells.(29) They can also flount officiaJ 
rotation schedules in order to ensure first class service for theil 
own lands. The two-tiered system of service may be reinforced b) 
institutions. Wade's study of the pressures impinging on irrigatioD 
officials in a state bordering Maharashtra suggests reasons why 
functionaries accede to farmers' demands. Because powerful 
cultivators often have contacts beyond the village. they can wield 
important powers over irrigation functionaries. For example. they 
might arrange for the functionaries' transfer to undesirable posts 
by appealing to politicians or to higher Irrigation Department 
officials. (30) 

The power of state and national level institutions 
frequently does not extend to local bodies. whose workings may 
iustead be determined in large part by forces within the community. 
The functionaries who staff subordinate levels of administrative 
organizations are typically paid very low wages but given large 
jurisdictions. With weak incentives for good performance. plus 
inadequate supervision. subordinate personnel generally try to make 
their work and life easier by appeasing those who can cause problems 
for them. Thus they may accomodate influential farmers and thereby 
deny service to the poor and powerless. The financial rewards can 
supplement meagre incomes and perhaps also enhance the living 
standards of higher officers.(3l) 

Canal officials may defend their me lfeasance on grounds of 
physical intimidation by large landlords. also. The influential 
members of a community can often mobilize dependents to carry out 
their Wishes. and in many parts of South Asia. irrigation water has 
provoked bloody battles. Transfer might not be the worst fate to 
befall an unmalleable canal insnactor. 

Yet while the cana~ ter or other minor Irrigation 
Department employees are indeed bject to pressure and violence. 
they can hold tremendous power i1 ommun1t1es dependent upon canal 
water supplies. This derives from their command of discretion. 
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which enables them to specify the terms on which water is made 
available. (32) They can thereby increase or dispel the ris~s 

involved in agriculture for their clients. From Kerala to Karachi, 
there are proverbs about the power of lowly officials ellployed by 
the Irrigation and Revenue departments. Where such an official has 
the power to ration scarce water supplies, farmers must bargain with 
him even to get the services to which they are entitled. Thus to 
understand how canal water is allocated, it is essential to collect 
field-level data about the pattern of interaction between farmers 
and subordinate officials. While a field trip did find evidence 
that some canal masters in Maharashtra could dispense water froll 
II1nor tanks as they pleased, disregarding official Shejpal1 
schedules, there is a critical lack of information on this issue. 
This project will fHl in those gaps by closely evaluating and 
monitoring the operation of minor irrigation schemes. 

The need for "water reform" (33) has been recognized by 
irrigation officials as well as scholars and disadvantaged fa~ers. 

Prevailing systems could be characterized by an excess (." 
fleXibility, which foster the development of a two-tier syf>. t.:1U of 
delivery. It is not as if farmers with superior service make more 
efficient use of water supplies. Studies show tholt they tend to 
over-irrigate their crops, thereby wasting water, denying it to 
others and aggravating the threat of waterlogging and sal1uity.(34) 

In order to remedy these difficulties, the Irrigation 
Department devised the rotational water supply system CRWS), which 
minimizes fleXibility in prevailing allocation systells by authoriZ
ing water releases appropriate for a given crop, in a constant 1.0 
cusec discharge throughout the rotation. The RWS schedule is to be 
strictly observed by both canal authorities and irrigators. 

EVidence on its workings is limited to an official study 
(35) and an academic paper by A. Mitra. (J 6). While the former 
reports encouraging results, Mitra concluded that the system's 
success 1s conditional upon fp.ctors which are often absent. They 
include well-designed and maintained main distribution systems; 
steady and predictable discharge; and the prevention of unauthorized 
irrigation by influential farmers. (37). 

Mitra found that since the Mula project site was in an area 
whose climate and soils favored sugarcane cultivation, the 
te~ptation to do so proved irresistible for cultivators with access 
to water supplies, although GOK policy did not permit the use of 
canal water for this purpose. Irrigation officials found it 
impossible to deny canal water to farmers who said they were using 



water from their own wells rattler than pub.Uc suppli~s. In fact, 
officials reported: "1f they were to implement the present rules 
very strictly, then, probably, canal water would have to be denied 
to the majority of the irrigators under pilot-project, thus, 
virtually abandoning the project itself." (38). 

Farmers' reaction to RWS appeared qualified. While the idea 
of fair, measured distribution has wide appeal, farmers resented the 
system's crop restrictions. (39) Some irdgators in the Mula 
project threatened to discontinue their dealings with the Irrigation 
Department if regulations were strictly enforced. Farmers' 
opposition to strictly-enforced crop restrictions, which have been 
associated with RWS, has impeded officials' ability to popularize 
the system.(40) A second factor limiting the spread of RWS concerns 
technical prerequisites. Officials doubted whether these 
conditions--namely, precise discharge and land aud field channel 
deve!opment--could be widely met in the near future. 

The difference in irrigators' cropping pattern objectives, 
practices and capabilities makes it difficult to establish a uniform 
pattern of rules for a given watercourse, which can be strictly 
enforced. Pilot projects will be able to address this problem 
during the planning stages, by seeking to ascertain farmers' 
objectives regarding irrigation as well as their requirements. The 
pilots will also address questions of optimum conjunctive use of 
ground and surface water supplies and cooperative exploitation of 
these resources by communities and irrigation officials. 

A second issue which requires attention in irrigation 
systems throughout South Asia concerns the administration of 
canals. It is clear that both incentives and supervision of 
subordinate irrigation personnel require enhancement if performance 
is to be improved. Systems such as RWS may threaten to close off 
sOlie present income sources, and this may prove so unpalatable to 
officials that they choose to re-establish personal control. It 
does not appear that administrators have been provided the means or 
incentives to Withstand these pressures. 

Approaches to the problem are suggested in the literature on 
irrigators' organizations in Sri Lanka and the Philippines. (41) In 
conjunction with efforts to organiZe. farmers, there were attempts at 
"bureaucratic reorientation" in order to elicit better performance 
from subordinate irrigation personnel. Through their contacts with 
organized farmers' groups, officials and farmers gained a better 
appreciation of one another' perspective and established grounds on 
which to build more cooperative relationoh1ps. PreViously, 
relations between irrigators and officials had been generally 
hostile, and the exchange of rewards and sanctions had been 
conducted almost exclusively upon an individual basis. 
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While irrigation officials endorse the concept of farmers' 
organizations, little is done to facilitate them. Other agencies 
such as the Agriculture and Cooperative Departments, which have 
organizational capacities could assist in this effort but their 
assistance has not been effectively mobilized. The involvement of 
these agencies in the pilot projects on planning may evolve a format 
for effecting viable farmer organizations. Persons trained in social 
work and community organization were effective in facilitating both 
farmers' organization and communication between irrigators and 
officials, as was the case in Sri Lanka (42). A longer range solu
tion now under consideration in India would be the creation of water 
distribution cadre in Irrigation Departments. 

The organizational process must be location-specific, since 
no blueprint has been found that 18 applicable to the variable con
ditions obtaining in South Asia. It does appear that conditions in 
Haharashtra offer some grounds for optimism, however, since rural 
socio-economic structure is not characterized by sharp inequalities. 
Experience suggests that organizational initiatives have a better 
chance of survival where small farmers predominate. 

To address the problem discussed above, Project design cri
teria will require analysis and adoption of some tOl~ of rotational 
water sUPf~.y or strict enforcement of the SheJpali system. Organiza
tion of farmer/irrigators will be experimented with on selected 
pilot schemes, as will the adoption of cropping patterns suitable to 
farmers' needs as well as those of the Government. 

c. Benefit Incidence 

1. Impact on Incomes and Nutrition 

The direct benefits of irrigation projects may be considered 
in terms of enhanced incomes, nutrition and employment. This section 
will briefly review the evidence on income and dietary changes before 
turning to the question of employment. 

Changes in income may result from increased yields, increased 
cropping intensities and changes in the crop mix. Of these three 
factors, changes in cropping pattern may have the most dramatic 
i.pact upon agriculturalists' income levels. Specifically, it is 
the switch to high-value crops, which are often perennials, which is 
most likely to provide more cash to farmers and more jobs, and 
therefore more income, to agricultural laborers. 

Table 2 noced the very large gaps in the gross value of 
agricultural production 1n Maharashtra's various regions. It showed 
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that in Konkan, agricultural incomes are lowest in the state, 
although there is much scope for the cultivation of valuable crops 
such as mangoes, bananas and cashews. Because irrigation is limited 
in that region, few perennials are cultivated. Even vegetables are 
imported from Bombay in some parts of Konkan, although the relation
ship should be exactly the reverse. A major objective of the minor 
irrigation scheme in this area is to facilitate the production of 
high-value produce, for which there i8 a ready market. (43) This 
change in crop pattern would undoubtedly expand lagging income and 
employment opportunities in the region. 

A case study showed farmers in Konkan to be well aware of 
market prices for horticultural crops, and eager to cultivate thell. 
But irrigation was so problematic that even during the winter season, 
only 10 per cent of the village land was cultivated. (44) Farmers 
wi th irrigation facilities were able to grow crops such as coconut 
and betelnut, but the majority could cultivate only paddy. They 
could not earn cash which would allow them to invest in the oppor
tunities which were so apparent, but still beyond their reach.(45) 

A recent study of developed and underdeveloped parts of 
three districts (Satara. Sangl1 and Kolhapur) found important dif
ferences in yields, cropping intensities and incomes as a result of 
irrigation. In the developed region, the average farmer irrigated a 
much larger proportion of his holding than in the underdeveloped 
region and grew a higher percentage of intensive crops. The percen
tages of food grain crops and cash crops were 45 and 46 respectively, 
while foodgrains occupied 92 per cent of the cropped area in the 
underdeveloped region, and cash crops only 8 per cent.(46) In both 
regions, the proportion under foodgrains declined with increased 
farm size. 

Farmers in the developed region used larger quantities of 
inputs, and thus their per farm costs and costs per cropped hectare 
were higher than in the underdeveloped region. The per hectare net 
income for the developed region was Rs. 2400, as against Rs. 450 in 
the less-irrigated and therefore underdeveloped region. (47) The 
average annual income in the developed region (Rs. 11,600) was about 
one and a half times more than that of the underdeveloped region 
(Rs. 0900). Employment opportunities for agricultural laborers were 
also greater in the developed region, and the laborers' incomes were 
1.4 times higher than in the underdeveloped one.(48) In the 
underdeveloped region, laborers needed to supplement their earnings 
through participation 1n non-farm activities such as the Employment 
Guarantee Scheme.(49) 
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Further evidence 10 offered by a study of benehciaries of 
the Ghod irrigation project in Ahmednagar district, and their non
beneficiary neighbors.(SO) The gross income from crop production of 
benficia~ies was found to be about four times that of the gross 
income of non-beneficiaries. Fifty-one per cent of the beneficia
ries' gross income came from sugarcane. while 91 per cent of the 
non-beneficiaries' income came from sorghum. As a result of the 
irrigation project. the gross income of the selected villages in
creased by Rs. 154.000. which represents a 171 per cent increase. 
Without irrigation. important cash crops could not be cultivated. 
and this variable accounted for significant differences in cropping 
pattern and income between beneficiaries and less fortunate farmers. 

The authors also found significant differences in foodgrains 
yields as a result of irrigation. Beneficiaries of the Ghod project 
reaped 7.2 quintals of jowar per hectare. while nonbeneficiaries 
harvested only 4.8 quintals of that important foodgrains staple. 
Only 1.7 quintals of hybrid bajra per acre were halvestea by 
nonbeneficiaries while beneficiaries reaped an astounding 10.7 
quintals.(Sl) 

Farmers interviewed at a minor irrigation project site in 
Pune district reported a 50 per cent lncrease in their sorghum and 
millet yields since their lands came under tank irrigation. Yet 
they said they would prefer to grow cash crops such as groundnut and 
cotton. which were more profitable than foodgrains but were not 
sanctioned for cultivation. 

As a result of the project. however, they were able to in
crease the area under cultivation, which meant more work for family 
and non-family labor. The Kohalpur study also noted differences in 
the amount of land under cultivation in developed and underdeveloped 
regions. In the former, the net cropped area was 87 per cent, as 
against 61 per cent in the lagging area.(5l) The gross sown area of 
Villages in the Ghod survey increased by 800 hectares, or 4.3 per 
cent as a result of the project. The increase in area under irrigated 
cropa had a substantial impact on the beneficiaries' incomes.(S3). 

Minor irrigation schemes may also serve to increase cropped 
area, incomes and yields in an indirect way. Groundwater supplies 
may be augmented by tanks. allOWing farmers to supplement public 
water supplies through wells. Although precise estimates of this 
benefit are not available. its importance is considerable and will 
be the subject of some of the pilot schemes. 
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It is hoped that agricultural development will also result 
1n nutritional improvement in the project areas. Farm families 
whose caloric and nutritional intake are inadequate cannot perform at 
maximum productivity, or maintain good health and longevity. Studies 
have shown clear associations between consumption patterns and 
income. In Haharashtra, increased income leads rural households to 
switch from coarse grains such as sorghum to whea.t, and to decrease 
the overall proportion of cereals in their diets. 

Khare's study of expenditure patterns in Ahmednagar shows 
a clear decline in foodgrains and pulses with increased income, and 
a rise in expenditure on foods such as milk, meat, fish und oils.(54) 
The increased income was made possible by the extension of area under 
irrigation. The studies show that the poor seek to diversify their 
diets whenever possible, and agricultural development allows them to 
make better choices about their food. 

Another study sugggested that landless persons' diets may 
often be deficient in calories, according to Indian Council of 
Medical Research standards. This is a particularly serious problem 
for women. Since cultural traditions demand that they be served 
last, they generally do not get as much food as men, even though 
they may work harder due to their dual roles as homemakers and 
agriculturalists. (55) Their insufficient diet leads to higher 
mortality rates and difficulties in accomplishing their heavy 
responsibilities. 

2. Spread Effects 

Regional development is an important issue in Maharashtra, 
where rural hinterlands have recently made claims on the state's 
limited supply of resources earmarked for developmental purp06es. 
Perhaps all rural Maharashtrians are aware of the importance of 
irrigation in a water-short economy. Agricultural development is 
necessarily associated wi th the provision of irrigation water, for 
both crops and domestic purposes. 

It is always hazardous to concentrate resources in one small 
point on the map, because the impact on surrounding communities 
cannot be predicted. In areas parched for centuries, the introduc
tion of irrigation and irrigated agriculture may be watched somewhat 
cautiously by farmers not served by a given project. It may take 
time before non-beneficiary farmers demand their own project, but if 
the trail blazer has the desired impact, it is likely that others 
will follow. This process is illustrated by the construction of 
percolation tanks, which have been in great demand by local leaders 
and their constituents. 
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The technology of irrigated agriculture may be spread in 
diffuse ways, perhaps more through farmers' direct observation of 
one another's fields than through extension agents' "lectures". 
Innovations are also spread Widely through patterns of labor migra
tion and marketing, in processes not generally chronicled in studies 
of the diffusion of new ideas and practices. This does not diminish 
the need for special ~xtension efforts in areas new to irrigation, 
however. 

The development of canal irrigation in India has been 
followed by thl: ~rowth of towns, markets and transport, which have 
changed barren landscapes forever. On a small scale, the minor 
irrigation project seek.s to effect such a transformation in ~Jaha

rashtra. To do this, two areas will receive particular attention. 
First, irrigation supplies will be made as reliable as possible, 
through distributary and field channel development and land develop
ment. Secondly, institutional help in extension, inputs and market
ing will be prOVided, to meet farmers' changing needs. 

3. Employment Effects 

Irrigation officials estimated that the implemerl.<!tion of 90 
proposed minor irrigation projects commanding jl,OOO ha would 
increase on-farm employment by up to 1. 3 million person/days per 
year. It further estimated that project construction would create 
jobs totalling about ~l million person/days over a six year 
period.( 56) 

Some minor projects are constructed under the Employment 
Guarantee Scheme, which requires that 60 per cent of expenditure be 
on unskilled labor. This guarantees that jobs will be made available 
to the poor in project areas. When EGS labor is used, irrigation 
engineers are r~quired to superVise their work and handle their 
weekly payments. This is a source of annoyance to officials, who 
contend their work is slowed as a result. While this is likely, 
important advantages of the EGS were noted in Section A. It is 
clear that the EGS, and the work it prOVides, make a vital contri
bution to many rural households in Maharashtra. 

The Planning Commission holds that agricultural development 
must be stepped up in order to prOVide for expanded employment in 
related fields. 

"This means increasing the produc tiviCy of available land 
through irrigation, multiple cropping and improved technology. The 
main thrust of the planning strategy, therefore, would be to expand 
the area under irrigation as rapidly as possible, and to develop 



V-25 

cropping patter.ns and agricultural practices which optimize the use 
of land and water resources."(57). 

The lrri~at1on Department projects a sizeable increase in 
the need for agricultural labor due to yield increases, crop pattern 
changes and the expansion of area under cultivation. A few statis
tics offer powerful supporting evidence. For example, the main 

. product of sorghum amounts to 1.4 tons per hectare under rainfed 
conditions, but the projected yield under irrigation is 3.5 tons per 
hectare. While the former requires 80 person days of labor per 
hectare, irrigated sorghum needs 110 person days. Wheat yields 
were expected to register a five-fold increase with irrigation, from 
.50 tons per hectare to 2.5, while the labor requirement would 
double, from 55 person/days to 110. 

Vegetable yields could increase from 12 tons per hectare to 
lO tons, while the labor requirement would jump from 199 person days 
to 332. (58) These figures do not take into account corresponding 
increases in labor involved in marketing and processing. Some of 
those jobs will also go to the poor, and particularly to the marginal 
farmers and landless laborers who are important target groups for 
the minor irrigation project. 

A study of beneficiaries of the Ghod irrigation project found 
that they used much more labor than their neighbors who were not 
served by the canal. The irrigators were able to grow intensive 
crops which used more labor than traditional rainfed foodgrains, but 
their labor requirements increased even for those crops. (59) 
Similarly, a study of the Kolhapur region found far greater scope 
for agricultural labor in irriaated areas than in dry ones, where 
the poor were forced to seek othl!r sources of income. ( (0) • 

4. Reservoir Displacement and Land Acquisition 

Thousands of persons have derived inestimable benefits from 
the c~velopment of major and medi~scale irrigation works in 
Maharashtra. But their construction has meant hardship and even 
ruin for others. Villages have been submerged to create reservoirs 
for major proJects, forcing the relocation of thousands of persons. 
Until 1970, the displaced persons were given cash compensation but 
were not provided with alternative means of livelihood.. The 
bitterness increased as irrigation developed, and governmental 
attention was drawn to their plight. A series of public meetings 
were held throughout the state, which offered those who would be 
hurt by irrigation projects a chance to air their grievances. 
Displaced farmers and artisans urged pol1cymakers to induce 
beneficiaries to give up some of their land for resettlement 
purposes. This proposal was sUbsequently adopted by policymakers. 
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A comprehensive program to assist displaced persons was 
adopted under the Maharashtra Resettlement of Project Displaced 
Persons Act of 1976, which assigns the government responsibility for 
resettlement. This legislation has not been applied to minor 
projects. Villages are not submerged by minor schemes. Land 
acquired for re~crvoirs and the canal system can be no more than 25 
per cent of the proposed cOlllDl8nd area. Still, house sites and farm 
land must be purchased by the government, and the process is no less 
painful to the individuals concerned than it is to those displaced 
by larger developmental initiatives. 

The Land Acquisition Act of 1976 gives the state the 
authority to identify and purchase land required by a proposed minor 
irrigation project. The Act is complicated, with many facets, and 
the land acquisition processs may be drawn out over many months. A 
minimum of 44 weeks is required by various procedures included in 
the Act; in addition, there may be further delays if the property 
owner contests the acquisition in court. 

The Irrigation Department works in conjunction with Lile 
Revenue Department to identify the land to be acquired and process 
the paperwork. The latter decides upon the rate of compensation to 
be paid, and this is published in official documents. The com
pensation paid depends upon land sales transactions of nearby 
property. Still, the amount may not be sufficient to allow the 
displaced person to purchase additional land, and thiS is why 
farmers dislocated by larger projects prefer compensatory land to 
cash. 

Cultivators and landless laborers displaced by minor 
projects often migrate to urban areas, wh~re their compensation 
money is used in the search for employment:. Their situation is 
therefore precarious. While the mil'rant who Willingly left the 
countryside has powerful incentive to adapt to his new milieu, the 
project-displaced person may not be 8S willing or able to adjust. 
The Resettlement of Project Displaced Persons Act also prOVides for 
resettlement of landless laborers whose jobs are lost due to 
acquisition of project lands. 

A study of persons displaced by a major irrigation project 
in Pune District found a sharp decline in the socio-economic 
position of farm families and laborers. (6l) Land holding sizes 
declined and many families had to sell part of their capital assets 
and livestock in order to make ends meet. The provisions made under 
the rehabilitation pr0l'ram could not compensate for the losses 
incurred. While the dislocated could obtain some income from the 
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EGS and scarcity work.s, the authors suggested that additional help 
De given iu tbe form of land, financial a8sistances and employment 
activities. 

Land is not generally given to persons displaced by minor 
projects but they are given priority in leasing "tank beds", or land 
which is submerged when the tank is full but left exposed when it is 
not. 

Over the long term, it is expected that the development of 
irrigation will create additional employment in agriculture, which 
may absorb some of those whose lands and houses were submerged. In 
the meantime, there is scope to develop agro-related industries in 
the project area, which could offer opportunities to those who would 
otherwise feel impelled to migrate. Such industries may include 
fisheries development, rope-making and food processsing such as 
mango pulp manufacturing. These enterprises would also provide work 
to unemployed or underemployed members of farm and agricultural 
labor households. 

In order to provide equitable treatment 
affected by the Project, the GOM will arrange the 
persons left with uneconomic sized units as a 
acqu1sition for Project purposes. 

to all 
resettle
result 

persons 
ment of 
of land 

5. Effects on Women 

The conventional notion of an Indian farmer centers on 'the 
man behind the plough,', a sturdy figure clad in a dust-colored 
loincloth. Yet in many parts of India, and particularly 
Maharashtra, the farmer wears a sari. 

Statistics clearly show the pivotal role which Indian women 
play in agriculture. They sow the seeds, weed the fledgling plants 
and reap the harvest. In Maharashtra, there are 85 female landless 
laborers for every 100 males, compared with the national figure of 
50 laborers per 100 males. (62) There are also many more female 
cultivators in Maharashtra tllan in India as a whole: i", 
Haharashtra, there are 33 women farmers for every 100 males, while 
the national figure tor women is only 13. (63) 

Despite their prominence, there is little official 
recognition of women's role in agriculture or knowledge of their 
objectives and difficulties. Official and scholarly sources still 
focus their attention upon the man behind the plough, rather than 
the woman who shares his burdens in the field or cultivates alone. 
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As a result, in this and other spheres, the Planning Commission 
observes that non-recognition of women's role "has led to complete 
neglect of their needs." (04) 

Some of the difficulties faced by women are related to 
problems encountered by other disadvantaged groups, as a commision 
on the status of Indian women noted in 1974: 

"Sexual inequality cannot in reality be differentiated from 
the variety of social, economic and cultural inequalities in Indian 
society. The inequalities inherent in our traditional social 
structure, based on caste, community and class, have a very 
significant influence on the status of women in different spheres." 
( 65) 

The status of women varies regionally, and among different 
social and economic groups. It also depends upon their position 
within the family and the wider social system. These factors may 
change dramatically over time, but some broad generalizations can be 
made. First, Indian society assigns distinctive roles to its r·' 
and female populations, relegating the latter to tht: home. Women 
are supposed to cook, serve and process food, while men seek a 
living from the world beyond theil' doors. A woman's further 
contrioution to productive activities or family income varies mainly 
with the family's socio-economic status. When that status is low, 
she may seek employment in manual labor; thus there is often an 
association between membership in a statutorily designated backward 
class and this type of labor force participation. As a result, the 
female manual worker will face probl~ms similac to those of 
scheduled caste men. 

Regional patterns of feDUile labor force participation are 
striking. In parts of North India, for example, a family's social 
status has traditionally depended upon the seclusion of women within 
the hODlE:. In Punjab, for example, only families in dire economic 
circumstances allow women to work in the fieldli, but in neighboring 
Haryana, such participation is more socially acceptable. In 
Haharashtra, also, women have a long tradition of working outside 
the home. 

For women ana traditionally disadvantaged groups, expanded 
opportunities which will allow the worker control over economic 
resources seems to offer the best hope of elevating his or her 
social status as well. As Barve observed: 

"For the welfare of women and in order that they may be 
enabled to develop their personalities fully and partake of their 
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duties and responsibilities as full-blooded members of the 
citizen-body, the most important factoe is economic self-reliance; 
that is to say, employment opportunities." (66) 

It would be useful to sketch the opportunities available to 
women and the condition8 under which they work. First, women's 
association with the home means that she cannot shed doae8tic 
responsibilities even if she puts in a full day's labor in paid 
employment. Not only do they bear and rear children, they must 
perform all household chores, including cooking and washing. Thus a 
female farmer cannot simply go to the fields at dawn as her husband 
would do, she must first cook and feed the family. On her return at 
dusk, she must again tend to the family's needs. This put~ severe 
limitations on her performance as either a farmer or a mother. 

Employment opportunities for women are limited. Ninety per 
c~nt of Indian women workers are employed in the unorganized sector, 
where the state cannot enforce job conditions and pay scales. Wages 
tend to be short and hours 10n8, conditions perpetuated by the great 
surplus of available labor. Job~ in th~ organized sector tend to be 
located in urban arean, and assigned to men. There is little scope 
for wom~n's employment in manufacturing, mining, transport and 
services. Thus "in Villages there is work for women, but in 
cities, there is not." (67) While educated urban women can find 
employment in fields traditionally open to them, such as teaching, 
most Indian women find employment in agriculture. 

As a result, employment tends to be seasonal 1n nature and of 
short duration. Where the local economy depends upon a single crop, 
income-earning opportunities are scarce throughout the year. The 
number of women forced to depend upon this erratic and limited 
employment has 1ncreased in recent years. Throughout India, the 
number of agricultural laborers registered a sharp increase between 
1901 and 1971. In Maharashtra, the nWlber of male agricultural 
laborers rose from 24.5 per cent of the total male work force to 31 
per cent; while the figures for women were 34.5 and 55.3, 
respectively. (bij) These figures suggest deteriorating employment 
and income levels for both men and women. 

There are often Wide disparities between the wages paid to 
men and women. This is true in agriculture, where custom often 
dictates the sexual division of labor and a~s1gns different values 
to various 9&r1cultural operations. Ploughing is generally a male 
preserve, afl are transportation by bullock carts and large scale 
marketing. (69) As a result, these taska are considered more 
presti8ious than those associated with womli!n, such BS weeding. 
According to a national survey conducted in 1974/7~, male 
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agricultural laborers were paid Rs. 3.72 per day for sowing while 
women were paid Rs. 2.60. Women were paid Rs. 2.35 for ploughing 
while men received Rs. 1.00 more. Weeding paid Rs. 3.11 for men and 
Ra. 1.95 for women.(70) Part of the problem may be that a work day 
is defined as a seven to nine hour shift, whereas many women must 
use a portion of that time in household pursuits. A large 
proportion of her wages may be deducted as a result.(71) 

The position of women in Konkan illustrates the problem of 
women agriculturalists in extreme form. Women are the dominant 
members of the cultivating class due to the mass exodus of 
able-bodied men to cities. The circumstances for agricultural 
development appear unfavorable. Holdings are small and the terrain 
is often hilly, which complicates the application of advanced 
agricultural technology. In any event J the most important 
prerequisite for its use, irrigation, is generally absent. 
Agriculture is thus pitched at the subsistencp. level, yielding 
perhaps one modest foodgraius crop per year. That crop may afford a 
s11m existence to the family J which may be supplemented by a smaLL 
check from the male household head employed in the city. 

The money order is sent to the eldest male in the house 
rather than to the migrant's wife, who iR the principal agricultural 
decision maker. (72) It is used to purchase essential items which 
are not produced locally, such as utensils and cooking oil. There 
is no spare cash available for invelltmeat in improved agricultural 
inputs, such as seeds, fertilizer and equipment.(73) 

Incentives for improvement cannot easily be developed under 
present conditions. First, there are limitations of time and energy 
due to the women's dual roles as agriculturalists and providers 
within the home. Both jobs involve a great deal of drudgery, which 
may sap strength already drained by malnutrition and poor health 
{74) • In addi tion, a woman may be forced to spend a sizeable chunk 
of ber day fetching water, for domestic and irrigation purposes. 
Barve found it "monstrous and insufferable" that ·'so many mUions 
of women in our country should have to waste away large portions of 
their daily working lives in the mere act of drawing up and 
supplying water for the daily requirements o£ their families. The 
provision of these and other elementary and basic labour-saving 
devices is now an indispensable pre-reqUisite of civilized existence 
and the need for extend1ng such amenities, at the highest possible 
speed, hardly needs to be emphasized." (75) 

Incentive is also frustrated by a general lack of 
institutional support. As in more developed countries, Indian women 
are less likely to receive credit from banks or cooperatives--even 
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less likely than the average small farmer who is a male. In any 
event, women agriculturalists rarely venture to approach a 
male-dominated credit institution on their own, because they fear 
the complicated procedures which detel many males from seeking 
credit. Thus tbere may be more limits on a woman's ability to risk 
investmenta 1n her farm, even if circumstances improve through the 
construction of an irrigation project. 

Institutional help from male dominated and oriented 
extension services may not be available to her. Extension agents 
often tend to neglect poor farmers who cannot afford to risk 
lnnovation, as well as those who do not complain about deficiencies 
in extension performance. Agriculture Department officials conceded 
that their field staff does not try to reach women, who are short of 
capital and overburdened by both household and farm work. The 
agents' neglect also conforms with cultural taboos on the 
interaction of unrelated males and females. 

The experience of the Employment Guarantee Scheme suggests 
that where on-farm family labor is sufficient, there is considerable 
scope for expanding off-farm employment among women. Initially, it 
was believed that women would not seek emplyment on public works 
schemes built under the EGS, but women sought such jobs as soon as 
they became available. Landless families sent equal numbers of men 
and women to EGS sites; while cultivating families of small holders 
might send only women household members for EGS employment. 

The construction of a minor irrigation project may thus 
represent important employment opportunities for women in a given 
community. A second benefit which becomes available immediately is 
water which may be used for domestic purposes. This can have a 
great impact on womp-n's energy levels and the household's levels of 
sanitation and nutrition. Ideally, the introduction of irrigation 
should trigger agricultural growth, thereby expanding both 
employment and income opportunities. This occurred in one coastal 
area served by a minor irrigation project (76) but important 
constraints made it difficult for the women farmers to push 
agriculture to a higher stage. 

First, there was a labor shortage, due to the male 
population's permanent relocation in Bombay. Second, institutional 
support in the form of credit and information on cropping practices 
and markets was not provided. There was also a lack of help from 
official agencies in developing the project's field channels to 
dIstribute the water, and the lands which were to rece1ve it. In 
order to maximize use of such facilities by women agriculturalists, 
then, such problems must be addressed. It would seem useful to 
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foster the development of cooperative societies which could help 
women find both credit and markets. In some areas, where high-value 
crops may be grown with irrigation, the prospects for employment 
generation and income enhancement are substantial. 

Women clearly benefit from the provision of irrigation water 
to rural communitiea due to employment generation and relief from 
needless drudgery. Yet it is also clear that women will need 
additional institutional assistance in the initial stages of 
development in order to enable them to create a better life for 
themselves and their families. 

A pilot scheme focusing attention on women farmers is 
recommended. Although women comprise a substantial proportion of 
Maharashtra's agricultural labor force, they seem virtually 
"invisible" to official agencies. The pilot would be located in the 
area served by Mahatma Phule Agricultural University (MPAU) since 
its Transfer Technology Center has experience in training farm women 
(1400 in 1~8o-81). The scheme selected would have a relatively 
large proportion of women agriculturalists. 

The MPAU would survey the pilot scheme; d~clign training and 
other programs to benefit women; train local extf.-!US ion staff in 
program implementation; and, after sufficient experience, develop 
recommendations for women's programs having general applicability in 
irrigated areas. 

6. Impact on Tribes 

About 7 per cent of 11aharashtra's population belongs to the 
traditionally-disadvantaged scheduled castes, who have been 
officially designated as those at the bottom of India's social 
hierachy, and an additional ~ per cent belong to scheduled 
tribes. (77) 

Traditionally, scheduled caste members were physically 
isolated by their higher-cas te neighbors, and in many rural areas, 
they continue to live on the outskirts of Villages. Tribal 
populations faced even greater isolation, for they tended to live in 
remote areas not easily reached by communications network.s. 
Although socio-economic change has broken down the old isolation of 
tribal cultures and forced their assimilation into the wider Indian 
society of cities and settled agriculture, tribes remain heaVily 
concentrated in hilly sections of northwestern and eastern 
Maharashtra. Due to the limited spread of institutional resources 
and facilities, those areas lag behind other regions according to 
developmental indices. 
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Since it is assumed that tribal societies cannot long exist 
in iaolation. the problem facing planners has been to ease the 
transition into new social and economic orders and to minimize the 
inevitable dislocation involved. The central government has long 
favored protective discrimination to raise the social and economic 
status of disadvantaged castes and tribes. through reservations in 
educational institutions and employment. 

In 1975. the Indian government inititated a special program 
to promote tribal groups' economic welfare. which was followed in 
1976 by the enactment of a similar program in Maharashtra. Most of 
the state plans were designed to further agricultural development. 
because 80 per cent of the population depends upon farming.(78) 

Tribal agriculture is typically characterized by small 
holdings, the use of traditional techniques. meager capital and 
inadequate inputs. Access to institutional support from credit 
agencies and cooperatives is also limited. As a result. 
agricultural yields aud income are low. One case study estimated 
per capita income of tribal persons at less than $50. (79) Because 
agriculture is not productive. and tied to uncertain rains. the 
population may depend upon only one crop per year. This means 
limited employment opportunities. and frequently. malnutrition due 
to an inadequate diet.(80) 

The topography of the lands inhabited by tribal communities 
often rules out the possibility of exploHation of water resources 
through large-scale irrigation projects. Deep water tables may make 
it virtually impossible for poor farmers to dig a well. Lift 
irrigation and land development may be prohibitively expensive. 
There is considerable scope for the development of minor irrigation 
in such areas. 

Minor irrigation offers important advantages. First. the 
schemes do not disrupt the landscape very much. Tribes' 
relationship to their environments is delicate and complex. and 
change may easily have adverse consequences. For example. the 
exploitation of natural resources through mining or forestry may 
threaten tribal populations' livelihood where food and income is 
derived from forest prOducts. In addition. soil erosion has been 
aggravated by resource depletion in tribal parts of Konkan. 

Second. small minor irrigation schemes can be run by 
communities, and adapted to their particular requirements. In 
addition, routine maintenance does not pose problems which would be 
exacerbated by limited communications and repair facilities. 
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In some areas, tribes and backward caste members have a 
traditional association with minor irrigation. Tanks have long been 
used in the eastern districts of Chandrapur and Bandhara, where 
there are large concentrations of tribal people. In such areas, 
local populations may be quick to take advantage of new water 
resources, especial~y 1f given supplementary assistance in areas 
such as credit and extension. 

Where tribal communities are isolated in underdeveloped 
areas, they face particularly severe problems of communication, 
markets and institutional and social services. Small and scattered 
settlements are not readily served by extension agents, who have 
only bicycle transportation, or by credit instititions. Populations 
become dependent upon the local traders for supplies, which often 
results in indebtedness for tribesmembers and a shortage of cash 
which could be used to improve agriculture.(81) 

As Brahme emphasizes, a development program to aid 
scheduled castes and tribes must begin by ensuring that such farmers 
have productive resources which will allow them to meet their ba ,. L 
needs. Programs must also take into consideration the critical 
deficiencies in infrastructure J skills and education in the 
beneficiaries' communities. (82) Training programs in irrigated 
agriculture will be essential. 

The minor irrigation proJect may be seen as a direct effort 
to improve the beneficiaries' prOduction capacities, and tnereby 
expand employment opportunities. The construction of such 
facilities has provided jobs to tribal populations under the EGS J 

and it has helped them break out of vicious circles of 
indebtedness. (83) Yet because the areas where such disadvantaged 
groups are concentrated are not represented by influential political 
leaders, they may have difficulty securing such projects. It is 
certain, however, that tribal persons will receive greatest benefit 
where minor irrigation programs are fully or partly funded by the 
government's tribal sub-plan.(84) 

For the period 1978-82~ the funds allocated to minor 
lrrigation in tribal areas repreti~nted 16 percent of the total. 
This represents a deliberate effort by the GOM at benefitting tribal 
populations who represent only nine percent of Haharashtra' s 
population. Such preferential treatment is expected to continue 
under this Project. 
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To fully utilize irrigation resources, the benficiaries must 
be assured acce~s to credit, inputs and information. They should be 
given extension advice for agriculture, including tree planting and 
conservation techniques. Irrigation is likely to allow for 
production of new crops, which could represent important additions 
to local diets as well as to income. Such crops include tubers, 
yams, casava and other deep-rooted plants.(85) Work in 
reiorestation and cultivation of deforested common lands would 
enhance employment during lean periods of the agricultural year. In 
all these areas, special extension attention and trainin~ may be 
required. 

To the extent possible, local men and ~omen should be 
trained to assume leadership positions. The tendency for non-tribal 
extension agents to ignore women has had an adverse impact upon 
tribal economies, and in particular, upon tribal women. Whereas in 
the past, tribal women played an important role in cultivation, 
Which was mostly carried out on a shifting basis, extension agents 
have taught new technology only to men. (8b) The objective of 
irrigation and associated development projects is to ensure that 
tribal and lower caste beneficiaries obtain the resources and skills 
to take advantage of new opportunities. To this end, extension, 
credit and input supply will be included in Project financed schemes. 
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A. Introduction 

Economic viability of the project was examined using 
time-discounted cash flow analysis of a sample of four proposed 
schemes. Description of the schemes, methodology used for analysis 
and the results of sensitivity tests for certain assumptions and 
estimates are summarized. 

1. Present Appraisal Procedure 

Estimates of benefits and costs are currently developed and 
benefit/cost ratios are calculated for minor irrigation projects in 
Haharashtra by the ID. Using market prices and crop yields supplied 
by the the AD, gross value of total production from part of the CCA 
(which would be prOVided with irrigation) "before" and "after" 
project is calculated. From this gross value deductions are made, 
using certain rules of thumb for farm inputs; labor cost for 
instance, is taken to be 20 percent of the gross value per ha of the 
crop. Net value of production is derived after deducting costs of 
fertilizer, chemicals, seeds, labor, depreciation (10 percent of 
gross value) and interest on production credit (5 percent). In the 
calculations of the net value of production "after" irrigation, 
credit is taken for tank bed cultivation to the extent of 50 percent 
of ',h~ submerged area, and for the rainfed area. Net incremental 
direct benefit due to the scheme is derived by subtracting net value 
of production "before·' project from that "after·' project. A 
Ihree-year transition is assumed for rainfed land to shift to 
~rrigated cultivation. No transitions are considered for 
agricultural productivity. 

Costs include construction costs of dams, canals, field 
channels, outlets, land acquisition, and physical contingencies - 
all valued at current financial prices. Operation and maintenance 
costs (O&M) are taken at is 80/ha of CCA. Annual net benefit and 
cost streams are then discounted at 12 percent over 30 years and 
sWllJlled to deteraine the net present worth (NPW) of investments and 
benefits. Finally, the benefit/cost ratio is derived by dividing 
the NPW of benefits by the NPW of costs. 

2. Methodology Used for AID Analysis 

The AID analysis developed indiVidual crop budgets using 
World Bank (WB) projected 1990 world economic prices expressed in 
1983/84 price level and "backed'· to the fara gate. WB estimates of 
present rainfed yields and projections of "Without Project" (WOP) 
and "With project" (W/P) yields for Maharashtra were utilized to 
determine the gross value of crops produced per hectare. For some 
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non-traded commodities, financial prices were projected to 1990 and 
adjusted for inflation, these were then further adjusted for 
projected chan~es in demand and supply, including an appropriate 
conversion factor. After the recent sharp downward revision of WB 
agricultural price forecasts, the world market prices of most traded 
commodities have come close to parity with the Indian market prices; 
in fact the market prices received by Indian farmers for some 
commodities are now higher than world market prices. Consequently, 
a conversion factor of 1.0 was used in the case of some non-traded 
cOllDlodities. 

WB's estimates of inputs per hectare were utilized. Labor 
was shadow priced at is ) per day while the economic cost of draft 
animal labor per day was taken to be is 10. Fertilizer, in terms of 
N was priced at is 4/kg for the Present case and is 4.8/kg for the 
WOP and W/p cases. Table I summarizes the economic crop budgets for 
principal crops. 

Costs in this analysis included (a) capital investmen~ 

needed to achieve the projected income, such 8S ceservoirL and 

associated works and the distribution system; (b) C09t of land 
development at the rate of Rs 2220/ha of CCA; and (c) operation and 
m~intenance (O&M) costs. Financial cost of construction was 
converted to economic costs by the use of a construction cost factor 
(eCF) ot O.7!J. ceF was applied also to cos t of land development. 
O&M cost was taken to be Rs 80/ha of CCA and the standard conversion 
factor (SCF) of 0.8 was used. Construction cost estimates related 
to 1981. These were brought up to date and were expressed in 
1983/84, that is, the base year's prices, by using a combined 
wholesale commodity and an agricultural laboc consumer ;price index. 
All costs and benefits were expressed in terms of 1983/84 purchasing 
power. Price escalation was ignored. Construction CClst did not 
include the cost of land acquisition. However, the income from 
submerged agricultural land was deducted from the projected W/P net 
benefits. 

Direct benefits in this analysis included incremental net 
farm income from crop production. Credit was taken for income from 
reservoir bed cultivation in the rabi season. Incremental net farm 
incoJll.e was calculated as W/P net farm income minus WOP net farm 
income, exclUding transfer payments. 

Estimates of benefits took full account of transition 
periods involved in land and irrigation development and in the 
development of projected levels of agricultural productivity. Foe 
the WOP case, an eight year linear transition was assumed for net 
returns from the Present case. r~ansitions in cropping patterns 
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were expected to be short and were taken to be subsumed in the land 
transition. For the W/P case a four-year linear transition period 
for irrigated area expansion was assumed, while an eight-year linear 
transition period was considered for alricultural product1vity 
beginning at the 0.5 level, i.e., assuming that one half the 
irrigated yield potential is achieved during the first year of 
irrigation. This transition was applied successively to each 
incremental area brought under irrigation. To reduce calculations, 
a combined transition obtained by multiplying area and productivity 
transition factors for each successive incremental area and summing 
for each year was applied to W/P net return.!/ 

Subtracting annual costs from annual benefits, the annual 
stream of incremental benefit (or cash flow) was derived for each 
scheme. The annual cash flow entries were then discounted by the 
Present Worth (PW) factor derived from the expression PW • 
(l+&)-n, where R is the interest equal to the opportunity coot of 
capital and n is the number of years after the base year. Following 
AID'S traditional procedure, the base year's values were discounted 
by a factor of 1.0. The Economic Rate of Return (ERR) was 
determined through an iterative procedure. Annex tables illustrate 
the step-by-step procedure and the determination of the ERR in the 
case of the lode Scheme. 

B.	 Analysis of Proposed Schemes 

1.	 Description of Schemes 

Kode: Located in the western district of Kolhapur, the 
scheme consists of a 460 meter long earthen dam across Jambali 
Nalla, a 70 meter spillway and a lift network to irrigate 491 ha out 
of a CCA of 58~ hectares. Present cropping pattern includes 
inferior cereals some paddy in kharif and sugarcane as a perennial 
crop. The W/P cropping pattern is proposed to include irrigated 
rabi crops - high-yielding varieties (HYV) of wheat and maize and 
vegetables. 

II	 The W/P irrigated net farm income ought to have been adjusted by 
an averag~ wat.er supply factor. However, in the absence of 
refl~!'voir operations studies, the averaae water supply factor 
could not be estimated. Therefore, benefits are somewhat 
over-estimated. It is recommended that (a) such studies be 
undertaken as part of the preliminary project report for schemes 
forwarded for AID fundil'lS' (b) average vater supply factor be 
calculated from these studies and used for adjusting W/P 
irrigated net farll incolle. 
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Gavase: This scheme is located in the same district of 
Kolhapur and consists of a 340 meter long earthen dam across a local 
Nalla, a spillway of 40 meters, lined main canal, field channels and 
drains. It is designed to irrigate 191 hectares out of a CCA ot 239 
hectares. Cultivation at present is rabi oriented (wheat, maize, 
gram and vegetables), though some paddy, sorghum and vegetables are 
grown in a small area in kharif. The proposed W/P cropping pattern 
does not introduce any new crops. 

Waki: Located in the eastern district of Osmanabad, the 
schelle consists of an earthen dam 1620 meters long across the Waki 
Nalla. It 1s designed to irrigate 1150 hectares. Presently 
cultivation ~8 restricted to kharif season, the principal crops 
being sorghum, pulses and groundnut. The proj~cted cropping pattern 
W/P includes shifts to two seasonals and reb1 crops like wheat, 
gram, and HYV sorghum. 

Dhule: This scheme 1n the northern district of Jalgaon 
consists of a 1284 meter long earthen dam and a canal network tc 
irrigate 232 hectares in a CCA of 412 hectares. Present cro:'l .1'0 

"attern includes mostly kharif crops -- sorghum, cotton, pulses and 
aroundnut. Irrigation will enable cultivation of 
wheat, sorghum and gram, and vegetables. 

rabi crops -- HYV 

2. Economic Rate of Return 

Using methodology outlined in Section A.2 
Return (ERR) for the schemes were calculated. 

Economic Rates of 

Subproject 
Capital Cost/ha 

with CCF (Rs) 
EER 

% CCA (ha) 

Kode 9,640 16.03 589 

Gavase 14,870 9.43 239 

Waki 8,403 17.14 1150 

Dhule 9,405 12.80 412 

The estimated ERR varies Ii good deal from one scheme to 
another. All schemes, except Gavase, yield an ERR greater than 12 
percent, which is generally taken to be the opportunity cost of 
capital in the Indian economy. Two factors seem to have been 
responsible for the low ERR in the case of Gavase: (a) it is 



VI-5 

obviously a high cost scheme; and (b) W/p cropping pattern is almost 
the ~ame as the WOP cropping pattern without any shift to high value 
crops. The W/p rainfed cropping pattern includes only low value 
inferior cereals and grass. 

3.	 Sensitivity Analysis 

Sens1tivity analysis was carried out in respect of 
construction period, initial period of release of water, shortfalls 
in area irrigated, and costs. First, completion of construction 
work was assumed to be delayed by one year with consequent delay in 
the start of the benefit stream. Second, water was assumed to be 
released one year sheaa of schedule, other assumptions remaining the 
same as in tne base case. Third, the scheme was assumed to have 
provided water to only 60 percent of the designed irrigated area. 
Finally, costs were assumed to be 10 percent (a) greater and (b) 
lower than the base case. The impact on the ERR of these variations 
in base case assumptions is shown in the following table. 

Project	 Kode Gavase Waki Dhule 

1.	 Completion delayed by 
one period 15.78 8.83 15.85 11.75 

2.	 Benefits start one period 
ahead of schedule 19.52 10.51 19.47 14.47 

3.	 Costs increase by 
10 percent 16.21 8.69 16.13 11.92 

4.	 Costs decrease by 
10 percent 18.39 10.28 18.35 13.81 

5.	 Irrigation provided to 
00% of des1gnated area 7.32 1.81 12.85 7.86 

6.	 Base case 16.03 9.43 17 .14 12.80 

The results show that the rate of return is sensitive to an 
early release of water and sdvancing the benef1t stream by one year 
ahead of the usual schedule. The physical construction schedule for 
minor irrigation schemes usually includes 8 four-year period of 
planning and construction and release of water in the fifth year, 
though it is frequently eight to 10 years before water is available 



VI-6 

throughout the area that can be . commanded. Th~ design and 
construction schedules under the Project are intended to make water 
available, to at least part of the command, during year four. 

If land development and work on the distribution system are 
undertaken early, it would be possible to release water in the 
fourth year and derive a greater return on the investment. 
Considering the small size of most of the proposed schemes, it seems 
feasible to complete the construction work in three instead of four 
or more years. 

However, the most important factor affecting scheme 
viablli ty is the degree to which the system is operated to its 
design capacity. A review of the evidence regarding existing minor 
irrigation schemes shows that most schemes have been underutilized. 
An analysis 2/ by the 1D of 49 schemes in NaisK, Dhule and Jalgaon 
Districts showea an average rabi utilization rate of about 40 
percent over the life of the schemes. Variability from scheme to 
scheme waa great, ranging from ten percent to 89 percent. 

At rates of utilization currently prevailind on Maharashtra 
minor irrigation schemes, they are clearly an uneconomic 
investment. Factors causing this underuttlization are many and 
varied. Most frequently mentioned in the studies that have been 
I18de is the lack of reliabj.lity of the physical system to deliver 
water to farmers. This takes many forms -- from actual lack of a 
distrubution system, through poor quality construction, to improper 
operation and maintenance. Design criteria and implementation 
procedures under this Project will eliminate, or at least minimize, 
these factors. 

Another significant factor is the variability of rainfall. 
Dams and reservoirs will be designed at 50 percent reliability, 
which means that in only halt the years during scheme life can full 
utilization of the system be expected. This is a deliberate policy 
choice by the GOM which is intended to provide water to a larger 
number of beneficiaries than 1£ the system were designed for more 
reliability. USAID has concurred in thia design procedure with the 
proviso that GOM subject it to a thorough engineering, economic, and 
social analysis. 

Some of the more intractable factors influencing 
underut111za~ion are institutional. Water allocation laws in 

"Minor Irrigation Works in the Bombay Region, Report Summaries," 
Minor Irrigation Surface Water Unit, Nasik, 1979/80. 
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Maharashtra under the Shejpali system give farmers the choice at 
various ttmes during the year of requesting water if it 1s needed; 
or not requesting water, and therefore not paying for it, if it is 
not believed by the farmer to be needed. Thus, in good rainfall 
years when a full irrigation water supply is likely, it is also 
likely that farmers will not request the full water supply. In this 
situation, water will likely remain in the reservoir at the end of 
the rabi season and could be released for hot season crops, even 
though hot season irrigation is not designed into minor irrigation 
schemes. The ID will analyze demand scheduling as an alternative to 
the Shejpali system for water allocation. The GOM is also exploring 
the possibilities of a minimum charge for irrigation water 
availability so as to encourage farmers to take water. This charge 
has not yet been imposed. 

Another institutional variable is the land ceiling law which 
imposes smaller ceilings on irrigatt!d land. This has made farmers 
in some areas reluctant to utilize irrigation water that is 
available to them. 

It has also been observed that farmers newly introduced to 
irrigation have not been given sufficient education in its use and 
are therefore reluctant to use it. Agricultural development 
demonstration chaks on each scheme financed under the Project, plus 
one trained resident VEW and one trained Canal Inspector on each 
scheme, plus the organization of outlet committees will remove this 
institutional constraint. 

This is not an exhaustive list of the factors affecting 
irrigation water utilizatIon, 
consideration by the GOM.l It 
factors to be Rpecifically addresse

nor 
does, 

d under 

of the 
however, 
the project. 

measures 
focus on 

under 
those 

C. Financial Analysis 

1. Financial Rate of Return 

The Financial Rate of Return (FaR) was calculated for one 
project, Kode, by using market prices for outputs and inputs. 
Inputs, in this case, included interest on working capital, 
depreciation of machinery and implements, water charges, taxes and 
miscellaneous financial expenditure. Construction costs were not 

See tbe "Report of the High Power committee," Government of1/ 
Maharashtr~, November 1981, for a detailed analysis of 
underutil1zation throughout the State and l'ecolllllendat1ons for 
improvement. 
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adjusted by the CCF. The estimated FRR for this project was 10.8 
percent, compared to an ERR of II;) percent. This result seems to 
suggest that without shadow pricing of inputs and outputs and 
without appropriate adjustment of the construction costs for the low 
productivity labor component, some of the minor irrigation projects 
may not be economically viable. 

2. Farm Income of the Average Farm 

To ascertain the impact of irrigation on the net income of a 
two-hectare farm, a financial crop budget was developed. The 
present cropping pattern included the usual rainfed kharif crops 
with fallow land vf 10 percent. 
pattern was assumed to include rabi 
results of this exercise are shown below. 

With 
crops 

irrigation 
of wheat and 

the 
ma

cropping 
ize. The 

Farm Income for a Two Hectare Farm: 

Time 
Total Net Farm 

Income (is) 
Net Income 
Per h:1 (Rs) 

Present 1,071 535 

Future Without Project 1,470 735 

Future With Project 7,820 3,910 

D. Analysis of An Existing Scheme 

1. Description of the Scheme 

The performance of the Kothare scheme in Dhule district was 
reveiwed. Construction was started in 1972 and completed in 1974. 
However, no expenditure on land development was incurred. By 
today's standards, construction costs were low -- about Rs 2702/ha 
of CCA. The scheme was designed to irrigate 761 hectares out of a 
CCA of 810 hectares, with emphasis on rabi season crops. The 
projected irrigated crop pattern included about 73 percent rab! 
crops (mainly wheat and grain sorghum) and about 16 percent 
two-seasonals (cotton). 

Available records show that the maximum area that has been 
irrigated by the project was about 59 percent of the designed 
irrigated area, and that this area was reached only in one year out 
of seven years of operation. Surface irrigated area fluctuated 
widely from year to year. Records also show that the reservoir did 
not fill in four out of seven years. 
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2. Economic Evaluation 

AID analysis assumed four scenarios. In the first scenario, 
it was assumed that ultimately the project would irrigate about 
three-fourths of the deaigned irrigated area and that his area would 
be reached by the eleventh year of operation. In the second one, 
the assumption was that by the eleventh year the full designed 
irrigated area would be reached. The assumption in the third 
scenario was that the project would not be able to provide water to 
more than 59 percent of the design irrigated area, which is the 
maximum area irrigated through 1980/81. The fourth scenario used an 
average utilization rate of 46 percent which reflects Kothare's 
actual history during 1974 to 1981. 

Costs and benefits were evaluated at 1975 constant prices. 
Costs (excluding those for land acquisition) incurred before 1975 
were adjusted for price rise and brought up to the 1975 base year 
level by using a factor weighted by the wholesale and agricultural 
labor price indicesj these were adjusted by the CCF, and the O&M 
costa were adjusted by the SCF. Output prices were derived from 
1975 world prices and were "backed" to the farmgate. On the basis 
of the 1980/81 cropping pattern, annual rainfed area from 1974 
onwards was estimated. Composite net returns per hectare were 
estimated from the 1980/81 cropping pattern for canal and well 
irrigated areas and for rainfed area. W/O project net returns were 
estimated from "before" project cropping patterns, and deducted from 
with project net returnsj the incremental net benefit was adjusted 
for agricultural productivity transition by applying appropriate 
factors to incremental area under different types of farming 
(surface, wells, and rainfed) each year. Finally, net annual 
incremental benefitS were reduced by the WOP estimated income from 
submerged area to reflect its opportunity cost. 

In addition to the ERR under the various scenarios, 
present val~e of scheme benefits at 12 percent interest 
calculated. The results of the analysis are tabulated below. 

the net 
was 

Percent of Designed 
Area Irrigated ERR 

NPV at 12 percent 
(Rs 000) 

100 15.7 1,243 

75 13.1 300 

59 11.3 166 

46 6.3 -1,057 
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The ERR varies, of course, with the degree of utilization of 
the system. A rough interpolation of these data suggests that 
somewher.e around 66 to 68 percent utilization would achieve the 
cutoff 12 percent rate of return. Actual experence to date has been 
much less than this. 

The NPV data show the economic worth of the scheme to the 
Maharashtra economy at 12 percent interest. If utilization rates 
remain at the 46 percent level reflected in Kothare's history 
throughout the life of the scheme, the opportunity loss to the 
economy of Maharashtra for investing in Kothare rather than a scheme 
that did yield a 12 percent return would be over one million 
Rupees. Serious efforts are 
rates on Kothare and other 
discussed earlier in Section B

warranted for increasing 
lagging schemes. Project 
.3. are expect~d to help. 

utilization 
activities 

E. Economic Criteria 

Economic evaluation of schemes will use the discounted cash flr.. 
analysis described in Section A.2. 

A 12 percent ERR will be required for scheme approval. except in 
tribal, drought prone, or other areas lthere GOM policy provides 
concessions. In these areas, schemes will qualify with a 10 percent 
ERR. 
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Table 1: ECONOMIC CROP BUDGETS FOR PRINCIPAL CROPS 

Yield Price Gross Va1ue* Labor Total Inputs Net Val 
(Q/ha) (Rs/g) (Rs/ha) {Rs/ha) (Rs/ha) (Rs/ha 

Present: Rainfed 

Paddy 
Sorghum 
Pearl Millet 

15 
6 
3.5 

130 
90 

150 

2,150 
720 
669 

270 
180 
120 

840 
480 
270 

1,310 
240 
399 

Maize 10 104 1,160 216 546 614 
Nachani 4.6 82 417 120 175 242 
Grass 9 lO 180 36 36 144 
Cotton 3 380 1,140 225 420 720 
Groundnut 7 320 2,907 285 1,010 1,897 
Pulses 3 240 740 120 270 470 
Wheat .5 140 800 270 670 130 
Gram 4 290. 1,l20 135 335 885 

WOP 

Paddy 17 150 2,770 282 980 i,790 
Sorghum 7 110 980 189 501 479 
Pearl Millet 4 170 848 126 286 562 
Maize 12 126· 1,652 228 622 1,030 
liachani I~ • 6 116 574 120 175 399 
Grass 9 29 261 36 36 225 
Cotton 4 390 1,560 ;'40 495 1,065 
Groundnut 8 490 4,220 315 1,071 3,149 
Pulses 4 330 1,345 132 282 1,063 
Wheat 6 170 1,116 285 727 389 
Gram 5 330 1,720 147 463 1,257 

W/P: Irrigated 

Paddy 25 150 4,000 324 1,434 2,566 
Sorghum 30 110 4,050 255 1,125 2,925 
Pearl Millet 20 170 3,688 255 969 2,719 
Maize 30 12l> 4,180 342 1,412 2,768 
Cotton 18 390 7,020 630 2,690 4,330 
Groundnut 15 490 7,975 450 1,880 6,09r; 
Wheat 25 170 4,570 330 1,536 3,034 
Gram 12 330 4,140 216 1,140 3,000 
Sugarcane 870 24 20,880 675 4,515 16,365 
V~getables 200 80 16,000 996 5,816 "10,184 

" Value of Biproducts Included 
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Table 2: WHOLESALE PRICE INDEX AND CONSUMER PlUCE INDEX 
FOR AGRICULTURAL LABOR 

Wholesale Price' CPI for Ag. 
Index Base Labor Base 

1~170-71 • 100 1960-61 • 100 

1971 105.2 200 

1972 113.0 225 

1973 J.31. 6 283 

1974 169.2 368 

1975 175.8 317 

1!H6 172.4 302 

1977 185.4 323 

H78 185.0 317 

1979 206.5 360 

1980 248.1 409 

1981 278.1 448 

H82 285.1 441* 

1983 290.9* 460* 

* Estimated from linear trend equation 
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Table 3: COSTS, KODE MINOR 

Estimated construction cost 1981: Rs 7.078 million 
less price escalation - .512
 

Rs 6.566
 
less land acquisition - .137
 

Rs 6.429 million 

Wh price index 1983-84/1980-81 290.9/248.1 • 1.172 
N index 1983-84/1980-81 460/409 • 1.125 
W~ ~onstruction cost index (.4)(1.12~) + (.6)(1.172) • 1.153 
Base year (1983-84) construction cost (642~)(1.153). Rs 7.413 million 
Apply CCF: (.75)(7413)· Rs 5.559 million 

Land development cost at Rs 2220/ha: is 1.308 million 
Apply CCF: Rs 0.987 million 

O&H costs at Rs 80/ha: Rs 0.047 million 
Apply SCF: Rs 0.038 million 

Major Land O&H 
Period Works Development Costs Total 

0 667 667 
1 1557 1557 
2 2057 2057 
3 1278 118 1396 
4 275 10 285 
:> 363 19 382 
b 225 29 254 
7 38 38 

24 38 38 
25 -2779* -981** -3760 

* Salvage value 50 percent 
** Salvage value 100 perceot 
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Table 4: CROPPING PATTERNS AND UL'L'IMATE NET RETURNS: ICODE 

Present: Rainfed 

Area 
.Q!!l 

Net Value 
(Rs/ha) Total (Rs) 

1. Nachani 
2. Paddy 
3. Grass 
4. Sugarcane 

WOP: Rainfed 

128 
83 

202 
78 

242 
1,310 

144 
5,400 

30,976 
108,730 
29,088 

421,000 
-----_.
589,994 

1. Nachani 
2. Paddy 
3. Grass 
4. Sugarcane 

H8 
83 

202 
78 

399 
1,7'90 

225 
5,940 

51,072 
148,570 
4,; ,450 

463,320 
-------

W/P: Irr. 
708,412 

1. Wheat 
2. Maize 
3. Vegetables 
4. Sugarcane 

265 
113 

30 
83 

3,034 
2,768 

10,184 
16~365 

804,010 
312,784 
305,520 

1,358,295 
---------

W/P: Rainfed 
2,780,609 

1. Nachani 
2. Paddy 
3. Grass 

128 
~3 

196 

399 
1,790 

225 

51,072 
148,570 
44,100 

------
243,742 

W/P: Irr. 
RF 

2,780,609 
243,74:l 

---------
Total 3 ,O24,3~1 

WOP: 708,412 

Present: 589,994 
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Table 5: LAND AND PRODUCTIVITY TRANSITIONS 

Year Area Technology Composite 

1 0.25 0.5625 0.1406 

2 0.50 0.6250 0.2~b8 

3 0.75 0.6875 0.4687 

4 1.00 0.7500 0.6562 

5 0.8125 0.7187 

6 0.8750 0.7813 

7 0.9375 0.8483 

8 1.0000 0.9063 

9 0.9532 

10 0.9844 

11 1.0000 
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Table 6:	 ANNUAL CROP NET RETURNS: KODE 
(He t lle turns is 000) 

----------- W/P ---------- 
---- Transitions ----- Newly Present Net 

Year Coaposite Old Area. Irr. Area Area Total WOP Total_.
3	 ~90 590 . 590 0 

4	 .14 .75 423 454 877 605 272 

5	 .30 .50 907 310 1217 620 597 

6	 .47 .2~ 1421 159 1580 635 945 

7 .66 0 1996	 650 1346 

8 .72 2177	 btl,) 1512 

9 .78 2359	 680 1679 

10 .84 2540	 695 1845 

11 .91 2752	 708 2044 

12 .95 2873	 70G 2165 

13 .98 2964	 708 2256 

14 1.00 3024	 708 2316 

• Area not yet receiving irrigation 
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Table 7: INVESTMENT, INCOME AND INCREMENTAL BENEFITS: KODE 

Major Land O&M Total Farm Incremental 
Period Works Dev. Cost Cost Income Benefit 

0 bb7 667 - 667 
.1 1557 1557 -1557 
2 2057 2057 -2057 
3 1278 118 1278 -1396 
4 215 10 285 272 - 13 
; 3b3 19 382 597 215 
6 225 29 254 945 691 
7 38 38 1346 1308 
8 1512 1474 
9 1679 1641 

10 1845 1807 
11 2044 2006 
12 2165 2127 
13 2256 2218 
14 2316 2278 
15 2278 
16 2278 
17 2278 
18 2278 
19 2278 
20 2278 
21 2278 
22 2278 
23 2278 
:l4 38 38 2316 2278 
25 -2779 -981 3760 
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A. Capacities of Implementing Organizations to Undertake the Project 

1. Irrigation Department 

The Government of Maharashtra Irrigation Department (ID) is 
headed by a Minister. who is assisted in his work by a Minister of 
State and two Secretaries. one for Irrigation and one for COlllDl8nd 
Area Development on major projects. The Secretary for Irrigation iE 
supported by three central technical sections each headed by a Chief 
E:ng1neer (CE). 

The Irrigauou Secretary j ooks after the minor irrigation 
schemes and he 1s assisted by ti Chief Engineer with supporting staff 
at the Kantralaya (location of ID office in Bombay). The minor 
irrigation sector at the operational level is lo>oked after by six 
Regional Chief Engineer.s whose headquarters ar'! at Bombay. Nasik. 
Pune. Aurangabad. Amravati. and Nagpur. The Regional Chief 
Engineers are responsible for .the surveys. planning. design. 
implementation. monitoring. operation and maintenance of minor 
irrigation schemes along with major and medium irrigation schemes 
under their charge. l'he regional Chief Engineers g1ve technical 
sanction for the schemes. while the administrative approval for the 
schemes is accorded by Government. 

The six Regional Chief Engineers are assisted by 13 
Superintending Engineers who in addition to minor irrigation works. 
are also responsible for some of the medium irrigl..ton works within 
their jurisdiction. The planning. design. construction. management. 
monitoring and maintenance of the schemes at the Divisional level 
are looked after by Divisions each headed by an Executive Engineer. 
The construction of all the minor irrigation schemes is distributed 
among the 40 Divisions assisted by 148 Sub-Divisions each headed by 
a Sub-Divisional Officer. 

In order to carry out surveys. plans and estimates of each minor 
irrigation scheme. separate sub-divisions are earmarked by each 
regional Chief Engineer. There are 77 such sub-divisions which 
survey. plan and prepare estimates for irrigation projects assigned 
to them. including minor irrigation schemes. 

The jurisdiction of the Executive Engineer. normally extends to 
one District but in Districts where the work load is heavy. more 
than one Executive Engineer is posted in charge of minor irrigation 
schemes in the District. The Executive Engineers hold all the 
powers of canal officers ~nder the Irrigation Act and are therefore 
primarily responsible ae "Executive Officers" for efficient 
management of. and control over the irrigation works in their charge. 
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The table below gives the names of the regions and the numbers 
of circles, divisions and sub-divisions under which the minor 
irrisation work~ are distributed for planning. design, construction, 
implementation and operation. 

Irrigation Department Organization 

Name of Sub-Division 
Region Circle Division Survey Construction Total 

Bombay 2 6 16 21 37 

Nasik 2 7 15 28 43 

Pune :3 6 12 30 42 

Aurangabad 2 !J 20 36 r; ~J 

Nagpur 1 2 b 9 15 

Amravati 3 b 8 24 32 

------------------------------------------------
TOTAL 13 40 77 148 225 

The ID figures its work-load in financial terms. A sub-'division 
will accomplish work costing from Rs. 1.5 million to Ra. 2.5 million 
depending on uhether the work is on the distribution systelll or the 
dam and headworks. An average of Rs. 2 m11lion per sub-division 
year seems reasonable. On this basis 430 sub-division years will be 
required for construction and, at four per year, 25 sub-division 
years for planning and design. This efftlrt will not be expended 
evenly over the six year Project life. The following is a rough 
approximation of costs by year. the corresponding sub-division years 
required, and the new subdivisions that must be established b:l year. 
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Additional Sub-
Project Required Subdivision Years divisions Required 

Year Expenditure 
($ million) 

Planning Construc
tion 

Total Planning Construc
tion 

Total 

1 1.34 5 7 7 5 7 12 
2 ·5.44 10 27 37 5 20 28 
3 13.22 8 66 74 39 46 
4 20.10 101 101 35 44 
5 18.19 91 91 
6 7.07 35 35 

----------------------------------------_._---------------------------
Total 65.42 23 327 350 10 101 111 

The additional III subdivisions required to carry out ID 
responsibilities for scheme planning and construction will be 
supplied by transfer from other projects or the r~cruitment of new 
staff. or both. The GOM will sanction the required additional staff 
prior to initial disbursement of loan funds. 

The 10 staff includes about 9.000 engineers. about 3.000 of whom 
are graduate or post-graduate and the remaining 6.000 are diploma 
holders. The GOM/ID staff is highly competent in the fields of 
reinforced concrete and masonry design. hydraulics. hydrology. 
geology and soil \ mechanics. Additional training/competence is 
required in distribution system planning. systems operation and 
water management. and land development procedures. 

The 10 has established a Division of Irrigation Research and 
Development (OLiO) which haa the assigned responsibility and 
sufficient staff for making detailed soils surveys on medium and 
major irrigation projects and for designing sub-surface drainage 
schemes on major and medium irrigation command areas. MIS's will 
also be required to have detailed Bo11 surveys and additional DIRD 
staff and strt!ngthening of Soil Survey Units will be required for 
this purpose. 

An engineering staff college was established in Nasik in 1964. 
While under the control of the Irrigation Department. orientation of 
new recruits. refresher training and continuing education is 
provided not only for the Irrigation Department. but also for the 
Public Works and Housing. and Urban and Public Health Departments of 
the GOM. 
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In response to increased concern about poor utilization of 
irrigat:!.~n potential, a Wate ': and Land Management Institute (WALMI) 
was established in 1980 by the ID with assistance from the World 
Bank. This institute, located near Aurangabad, will conduct short 
and long-term training course for junior, mid-level and seni~r 

officers of the ID and AD responsible for improving land and water 
management. Curricula include agronomic and social science, as well 
as engineering courses applied to actual field problems. The 
capacity and capability of WALMI to train officials in all areas of 
irrigated agriculture is to be improved under the USAID Irrigation 
Management and Training Project. This expansion will have a direct 
positive effect on this Project. 

To implement this Project the GOM will establish (1) a Minor 
Irrigation Committee, chaired by the Secretary, Irrigation; (2) a 
special Appraisal snd Supervision Cell at ~tate level in the office 
of the Chief Engineer, Minor Irrigationj (3) a Special Analysis and 
Evaluation Cell in the office of the Coordinating Regional ~hief 

Engineer; and (4) a special Minor Irrigation Cell in the office ( 
each regional Chief Engineer. The functions of these organ1zaL~unal 

entities are described in Chapter 1. 

During the 30 years prior to the 6th Five Year Plan, the ID has 
planned, designed, constructed, managed, and operated major, medium 
and minor irrigation works serving 1. 45 million ha and costing Rs. 
11.5 billion ($1.15 billion).!1 The investment in state sector 
minor irrigation for this same period was Rs. 1.55 billion. Budgets 
for the ID in recent years of the 6th Plan have been about Rs. 3 
billion ($30U million) per year. 

In summary, the ID will be well staffed and organized to plan, 
design, and construct the dams and canals proposed to be financed 
under this project. There are suggested technical, training, and 
investigative activities to improve planning, design, and 
cunstruction processes; but even more attention will be given to 
management, operations, and maintenance. 

2. Agriculture Department, Soil Conservation Division 

The responsibility for carrying out the distributary and land 
development works (Part 1 and II works) below the 40 ha outlet rests 
with the Department of Agriculture, Soil Conservation Section 
(AD/SC). The Part I and II works include all improv~~ents from the 
ending point of the ID responsibility at the 40 ha chak, including 

At Rs. 10/$ -- Total not corrected for inflation. Source is 
"Maharashtra Minor Irrigation Tank Project," September, 1981. 
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improvement on the individual farmers' fields. Part I works will be 
financed under the Project. Part II works will be budgeted 
separately by the AD. 

The ADISC has 40 Soil Conservation Divisions and 200 
5ubdivisions under tlte supervision of the Deputy Director of 
Agriculture (DDA) for carrying out land development works. Of 
these, 15 Divisions and 75 Subdivisions are engaged in CADA work on 
major irrigation projects. The remaining 25 Divisions and 125 
Subdivisions are working on rainfed land development or on minor and 
medium projects. 

The GOM recently reviewed the work norms of the Subdivisions and 
has decided that each Subdivision must complete Part I eD~ Part II 
works in an area of .1,600 hec tares per year f:./ on an outlet basis 
ratner than an item-wise basis. These norms have been decided on 
the basis of experience gained and considering a field working 
season for construction activities of about four months. The 
revised norms appear to be reasonable. Since it is proposed to 
create 31,000 ha of additional irrigated area under thiS project, 
about 20 subdivision years will be required for Part 1 distributary 
works and Part lIon-farm land development works. The phasing of 
construction is such that six sub-divisions will be required during 
year four and five. The estimated requirements are given below. 

Year Area 
(ha) 

Sub-division 
Required 

New 
Sub-division 

1 

2 

3 

4 

5 

(, 

204 

1,564 

5,350 

9,962 

9,6HO 

4,240 

1 

3.5 

b 

b 

3 

1 

2.5 

2.5 

Total 31,000 19.5 b 

l/ Previous norms being 2,400 ha per year. 
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At 37 technical personriel per Subdivision. about 222 personnel 
will be required during years four and five for Part I and Part II 
works. The ADlse is not presently staffed to handle this additional 
workload. GOM and USAID will assess stafUng availability against 
projected requirements and GOM will arrange to sanction and recruit 
adequate ADISC staff. 

5C technicians are diploma graduates (High School plus two 
years). Some have had up to six months in-house general soil 
conservation training but the majority of field technicians lack 
essential engineering technical background. The AD/SC proposes that 
selected Subdivision officers be required to take six weeks training 
at WALKI. These officers will then train the personnel in their 
respective Subdivisions •. In addition. the AD/SC started a training 
program at Sholapur for training relating to field and drainage 
channels (Part I) and individual land development (Part II) 
techniques in 1981 ana opened another center at Aurangabad in 1982. 
Training will be provided to Sub-divisional Officers. Agricultural 
Officers. Supervisors. and Assistants. GOM and USAID will eval un to· 

where additional training efforts may be required to insure 
satisfactory design and operation of watercourse and field 
channels. Training costs and needed consulting aSEiistance will be 
fully reimbursable using AID grant funds. 

3. Groundwater Survey und Development Agency 

The Haharashtra Groundwater Survey and Development Agency (GSDA) 
is organized in the Department of Rural Development and has 
responSibility for development ana utilization of groundwater 
potential in the State. It is well staffed with professionals. It 
assessee the potential and extent of groundwater development in the 
State's 1.481 wate4sheds. Surveys on about one-third of these have 
been completed and completion of the remainder is scheduled wi thin 
five years. Well develoment is financed indiVidually. usually 
through institutional credit. principally with the Land Development 
Bank (LOB). Control of over-exploitation· is only through credit 
control with the GSDA certifying availability of groundwater in 
connection with loan applications. Groundwater exploitation as 
conjunctive use with surface water will be explored under this 
Project - starting with pilot schemes and evolVing a program to 
apply to all schemes financed. 

The Central Groundwater Board (CGWB) is involved in assessing 
and monitoring groundwater on an extensive scale and maintains 250 
test and observation wells in Haharashtra. 



VII-7
 

4. Forestry, Panchayat and Revenue Departments 
Forestry, PanchEyat, or Revenue Departments may become involved 

in tbe catchment treatment pilots if the catchments chosen involve 
lands under control of these Departments. In this case the GOM will 
arrange fClr appI'1>priate participation by these Departments. 

5. Credit Institution 

The role of credit institutions in minor irrigation varies with 
tbe 'different categories of minor irrigation. In the case of the 
state sector, the role of credit is limited but critical. Present 
policy provides for Government financing, as a project cost, for the 
entire system down to the farm gate. The critical role of financial 
institutions is in loanc~ for on-farm development works, including 
the field channels and appurtenant structures, land leveling or 
shaping, and dugwells and power sources (See Chapter IV.G.8.). 

6. The Agriculture Universities 

(See Chapter IV.G.l.) 

7. Construction Contractors 

(See Chapter II.C.2. and 3. a~d VII.B.5a) 

B. Procedures for Implementating the Project, 

1. MIS Identification and Approval for Survey under Current Practice 

As distinct from State level major and medium schemea, the minor 
irrigation schemes are called District level schemes and are 
included 'in the development plan for the District which becomes a 
part of the State Annual Plan. The State Plan is finalized after 
taking into account the district-wise requirements based on economic 
parameters like population and economic backwardness. The total 
outlay for all development schemes in the District is finalized by 
the Government in consultation with the District Planning 
Development Committee (DPDC) h~aded by the Minister-designate for 
the District. The District Planning Council under the Chairmanship 
of Minister designate, in consultation with the Regional and 
District level officers of the District concerned, decide the broad 
outlines of intrasectoral allocations and send their proposed plans 
to the Planning Department of the State Government for approval. 
After consultation with GOl, approval of the final Annual Plan is 
given by the State Government with necessary modifications which 
then forms the District level Annual Plan. In order to facilitate 
and hasten the planning process, a Kaster Plan for minor irrigation 
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lIcheaes for each District in the State has been prepared based on 
preliminary studies using topographic maps. The project authorities 
(ID, AD, et al) identify a list of MIS's, generally from saong those 
included in the Kaster Plan, and send them to the District Planning 
and Development Committee for allocatinz pr.iorities for scheme 
design. The final prioritized list i8 senC to the Irrigation 
Depart.ent by the DPDC. 

Detailed design and preparation of. projeet. reports are conducted 
by the respective survey sub-divi~ion on instructions from the 
Superintending Eugineer and Executive Engineers. The plans and 
estimates are routed by the sub-divisions through the Executive 
Engineer and Superintending Engineer to the Regional Chief Engineer 
who is the final authority for according technical sanction to 
MIS's. For purpose ot administrative" approval, the Regional Chief 
Engineer sends e proforma of salient features of the feasible minor 
irrigation schemes to the State Governm~nt. 

2. Fund1n,g Arrangements under Current Practice 

The Executive Engineer of the District forwards a list of 
adlllinistrs,tively approved schemes to the District Planning and 
DevelopmeD.t Committee for allocating funds for implementation of the 
schemes. The funds for these schemes, within the allocated 
priorit1eE; by the District Planning and Development Committee, are 
finalized under four programsi (1) State Plan, (2) Integrated 
DevelopmerLt of Western Ghat region, (3) Drought Prone Area Program. 
and (4) 'J.'ribal Sub-Plan. The Drought Prone area program and the 
tribal su'b-plans are funded fully by the Government of India. The 
funds fOI: operation and maintenance cOile from non-plan grants 
prOVided by the State every year. 

The inter-regional allocation of funds under the four different 
programs are closely watched by the State. With a view to monitor 
orderly development of all the areas by laying special emphasis on 
the development of areas which are backward due to socio-economic 
and agroclimatic reasons, such areas are given a higher weightage in 
allocation ot funds. The economic yardsticks for judging the 
economic viability of the Betlemes to be taken up for implementaUou 
in these areas are also modified to bring larger and larger areas 
under ir:rigation. The allocation of "funds under each of the four 
programs by the State during the last five years is given below. 



Funds Allocation to State Sector Minor Irrigation
 

Killion R,s.
 

Allocation Allocation Allocation 
Total 
Year under State Allocation under Tribal under Western 
allo-

Plan (normal) Under DPAP Program Ghats Program 
cation 

1977-78 111.5 23.2 28.3 9.5 172.5 

1978-79 127 33.5 28.3 9.5 198.3 

1979-80 103.7 30•• 8 25.0 159.5 

1~8o-81 107.2 16.4 25.7 3 152.3 

1981-82 

% to Total 

120.0 18.5 30.0 6.5 175.0 
----------------------------------------------------------

569.4 122.4 137.3 28.5 857.6 
----------------------------------------------------------

6b.4 14.3 16 3.3 100 

Completion of minor irrigation schemes has tended to be slow 
because of the large number of schemes under construction and 
tendency of the District Councils to spread available budget 
resources too thinly over this large number of schemes. Budgets for 
HI scheme. financed under this Project will be allocated directly at 
State level rather than through the District Councils in order to 
assu~e timely, or even accelerated completion of the schemes. 

3. Design Procedures under the Project 

Schemes will be jointly designed by the GOM Departments of 
Irrigation, Agriculture and other involved institutions according to 
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the norms and criteria laia down by the State and additional 
criteria included in the Project Paper. The SAEC will be 
responsible for all special studies, the pilot analysis and 
demonstration program, MI Systems model development, and data 
collection and coordination efforts. It will assist the Minor 
Irrigation Cell to be established under this Project in each region, 
in the planning and design of pilot schemes and also assist the 
regular Circles and Divisions in planning and design of the 
non-pilot schemes. The SAEC will coordinate the extensive inputs 
from pilot planning activities into the design process. 

4.	 Appraisal and Approval Procedure under the Project 

The SASe will be responsible for preparing an appraisal report 
on each AID-funded MIS. The appraisal report will be prepared on 
the basis of guidelines and criteria as detailed in the Project 
Paper. The appraisal, generally, will involve the following 
concerns. 

a.	 design and engineering of the MIS, from the dam to field 
channels irrigating individual fields; 

b.	 land development program including land grading, field 
access roads, field ditches, drainage, etc; 

c.	 cropping patterns in the MIS cOllllll8nd area, current actual 
patterns, plus those which would be feasible when the MIS is 
operational, and water requirements of potential cropping 
patterns; 

d.	 MIS construction cost -- whether· projected expendi·tures for 
the ensuing four year period is within the approved 
four-year budget of the ID, AD, and other involved agencies, 
(this is an AID requirement, to prevent the project's being 
delayed due to shortage of funds); 

e.	 staffing of Irrigation Departments at the construction and 
supervision level to assure that sufficient staff is 
available to supervise construction adequately (this is 
likewise an AID requirement); 

f.	 Staffing of AD in both Technical Extension and SC land 
development Subdivisions to assure that Part I and II works 
are installed by the time water is available and to assure 
technical support for water management; 
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g.	 General plan of the ID and AD in workig witb. the farmers in 
the layout of the system and plans for est.ablishing formal 
or informal farmer groups for the O&K. 

h.	 economic rate of return for the proj~ct: AID and the 
Project Preparation Cell, Pune, have been working together 
on improved procedurl:!s for calculating rate of return and 
this improved pr.ocedure will be used for all HIS I sunder 
this Project; 

1.	 provision of agri~ultural support services such as seeds, 
fertilizers, pesticides, agricultural ~xtension (T&V) , 
short-term credit, etc. 

The Minor Irrigation Committee (HIC) will then review each 
appraisal report and certify the scheme is eligible for AID 
financing. USAID would participate 1n HIC deliberations on a 
selective basis. 

After approval of the scheme by the Committee, the eligible 
expenditures accrued after the date of signing of the agreement will 
become eligible for reimbursement under the loan. 

5.	 Implementation 

The SASC will have full time responsibility for assisting 
Regional CE I S in HIS developJlOent. The SASC will oversee 
implementation of this project, and maintain liaison with GOM 
Departments of Irrigation, Agriculture, and other involved agencies, 
for coordinating project preparation, construction and other 
activities. 

a.	 Construction of Dam and Canal System 

Administration and design costs until construction is 
started are paid from general ID funds. For completion of detailed 
designs and implementation and supervison of construction, the 
appropriate number of divisions and subdivisions are established. 
These costs are called "field establishment costs" which are Project 
costs. 

Two different procurement procedures are used for 
constuction -- competitive bidding and force account by the ID. For 
implementation of dam and appurtenant works, model draft tenders 
have been prepared by the State Government for guidance of the 
officers. These items are generally let out to classified 
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registered contractors, after inviting tenders publicly. The 
irrigation distribution system is generally ttxecuted through sll8l1 
piece-work or under the EmploYment Guarantee Scheme (EGS) to provide 
assured eaployment to local labourers. Works are also ~iven on 
contract to registered labour cooperative societies for 
implementation at estimated rates.!/ 

The canal system will be constructed through local contractors, 
piece-work by inviting quotations publicly for fixing unit rates for 
each item of the work', under the Employment Guarantee Schelle, or in 
a few cases with the registered cooperative societies. However, the 
dall and appurtenant works will be COl1struct~d by local contractors 
using competitive bidding to a8sure that tht: works are implellenteo 
efficiently and economically. . . 

In order to assure orderly completion of scheme construction and 
timely delivery of water to farmers, the ID will fill the dam gorge 
ooly after 7~ percent of the di~triuution network has be~n 

constructed. Thi8 will assure ~ater availability to farmers as soon 
as construction is completed and will improve water utilization. 

Contractor's certification of qualification is etablished by the 
Public works Department in one of four cla8s~8 depending on 
experience and current financial resources and equipment inventory. 
If the low bid for a scheme is close to the unit rates established 
by ID, the contract is awarded, provided other legal requirements 
are met. Where bids are too high or no responsive bidder can be 
found through the competitive bidding procedure, ID may do the work 
departmentally using their own machinery and a set labor rate. 

MIS I S funded under the Project will be relatively small and 
frequently located in isolated areas so that there may be difficulty 
in obtaining qualified contractors. In such cases, the ID will do 
the work under force account. 

b. Distributaries and Land Development Works 

GOM Department of Agriculture (Soil Conservation Section) is 
responsible for field and drainage channels and other distributaries 

There are 2,847 such registered labour co-operative societies in.J 
the State classified under "A," "8, .. "C," and "D" category 
depending upon their aS8essed capacity vis-a-vis others. The 
society registered under "A" is assessed to execute works 
costing not more than Ra. 100,000, while the lowest category of 
the co-operative society classified as "D" can be entrusted with , 
the works costing less than Ra. 25,000. 
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from the 40 ha chak to the farmer. field, as well as for land 
development. ' The AD/SC will start implementing land development 
works in each outlet command as soon as field channels have been 
constructed up to the farm gate. Field channel and drainage works 
are usually constructed under the EGS. 

Other activities like agricultural extension (T&V System) 
will commence two years prior to the expected delivery of water. 
The VEW required to be prOVided for each scheme will be trained and 
in place to help initiate extension activities. 

c. Quality Control 

The ID has a quality control system that works 
satisfactorily for controlling quality on major engineering works, 
particularly for earthwork and concr~te masonry which constitute 
most of the major works. Maintaining quality on minor items, some 
canal structures, particularly lining and small structures has been 
a problem in Maharashtra. ThiS is more than a problem of quality 
control in the traditional sense but ,rather involves lack of 
experience on the part of small contractors and government 
supervising staff. Experience on medium projects in Maharashtra 
indicates that short-t~rm training for supervisors and contractors 
will b2 helpful. 

The SASC will make a review of quality control and 
construction supervision on one or more on-going MIS's in each 
Region as soon as possible follOWing Project approval to detel"m1ne 
what ID or AD actton, including training~ if any, needs to be taken 
to insure quality control at all level of construction. The SASC 
will 'place a quality control unit in each of the five regions. 

6. Monitoring and Evaluation 

After the approval of each subproject by the MIC, the SASC will 
begin the process of in-depth on-site periodic progress reviews and 
annual implementation reviews. During these reviews physical 
progress, adequacy of staff and budgets for timely completion of the 
project will be reviewed. The Regional CE will be regularly advised 
on the inadequacies noted during the conduct of reviews so 
appropriate acti~n can be taken. GOM Departments of Irrigation and 
Agriculture, lind USAID will be kept adVised on the project status 
through the re,'iew reports of the SASC.. Regular quarterly and 
annual reviews ~ill occur throughout the construction period of the 
MIS, and will he followed up thereafter until the project becomes 
fully opere'icaal. Review of a sample of completed projects by SASC 
will continue for an additional few years (about five) to evaluate 
operational effectiveness of the project and utitlization of 
irrigation potential created. 
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For 1I0nitoring and eva!uat1on at the regional level the SASC 
will place a unit in each Regional Minor Irrigation Cell. In 
addition to this systems monitoring and evaluation. the Monitoring. 
Evaluation. and Survey Unit of the SAEC will conduct beuchll8rk 
surveys. 1I0nitor and report to GOM and USAID on the evaluation work 
at the regiona! level. and conduct follow-up impact surveys and 
analyses of Project programs. The MESU will be partially staffed by 
the Agricultural Universities. (See Chapter r- .B.3.b.) 

7. Operation and Maintenance of the Canal £/stem 

the 
div

After construction is completed the scheme 
jurisdiction of the appropriate operation 

ision in the region. 

will be 
and 

placed 
mainte

under 
nance 

a. Operation 

Irrigation water is supp!ied to the farmers in the rabi 
season after collecting their applications for a supply of 
irrigation water tQ meet their requirements for the full crnlJ 
period. These demands are met by the 1D to thE:: extent of the 
availability of water. During the kharif season protective 
irrigation is given on application Without resortin~ to formal 
practice of collecting demands from the farmers. 

On each minor irrigation scheme financed under the Project. 
at least one canal inspector will be in charge of operation and 
maintenance of the irrigation systell. 

b. Maintenance 

The maintenance of the minor irrigation distributation 
system down to the 40 ha out.1et will be the responsibility of the 
ID. Field channels and other Part I works constructed by the 
Government. however. wil! be maintained by the farmers. In case of 
failure on their part. the Government reserves the right to deny 
irrigation water. Even though the AD will be responsible for 
constructing Part I works. maintenance by farmers will be monitored 
by the ID. 

To enable the maintenance staff to maintain the irrigation 
works in a satisfactory manner. GoverOllent has increased the 
maintenance grant from is. 40 per hectare to as. 80 per hectare 
since 1981. This cost includes the expenditure on work-charged 
establishment but not the temporary and permanent establishment of 
the Government. Normally: the grant is found to be adequate to 
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maintain the irrigation system in a satisfactory condition. But. in 
the coastal region due to frequent breaches of the irrigation system 
during rains and heavy cost of desiltat.ion and de-weediog. a high 
maintenance cost. nearly four tiMs the above figure is required. 
The State Government provides such grants as a departure from normal 
practice. 


