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CHAPI'ER I
 

ADMINISTRATIVE ANALYSIS
 

A. Organizations
 

The responsibility of setting 
planning, design and construction
 
standards as well as the actual construction and maintenance for each
 
Minor Irrigation Scheme (MIS) is 
vested with the Government of Madhya
 
Pradesh, Minor Irrigation Department 
(MID). 1/ Ground water develop
ment and its monitoring is also controlled by 
the MID. Other develop
mental activities such as land development, extension, soil survey
 
testing services and supply of agricultural inputs such as seeds,
 
fertilizers and pesticides are organized and 
implemented by the Agri
culture Department (AD).
 

The following suctions describe the capabilities of the State
 
Irrigation Department nnd the Agriculture Department to undertake the
 
proposed MIS.
 

I. Irrigation Department (1i)
 

a. Organization at State Levol
 

Irrigation in Madhya Pradesh 
is being looked after by three
 
departments each headd by a Minister of Cabinet 
rank:
 

- Major and Medium IrriQation Department
 
- Minor Irrigation Department
 
- Narmada Valley Development (Major projects only)
 

There are two Secretaries, one for the department of Major and 
Medium and one for N'irmada Valley D,)viopmnt. There is a Special
 
Secretary to look atrer 
tihe work ot rhe Minor Irrigation Department 
(MID). The MID is r,.Nponsit 1, for the minor irrigation works in the 
entire state.
 

The Se:retaries hive the trcihnical 
support ot an Engineer-in-

Chiet (E-in-C) and 20 Chief Engineers (CE). 'hW: E-in-C coordinates 
the activities of all the (Is, assist,s Lhu Irrigation DeparLments in
 
the preparation of the respective ,nnual ,-nd five year 
 plan budgets 
and approves the s'inct ioning, recr~itmn:nt a:d placement o personnel. 
The CEs eversv :;'mrvey, inve.htigation, planning, de:sig;n, implement
ation, operatian and maintenanc,. (O&M), quality control, mcnitoring 

I/ Major and medium irrigation pro hcis (c, turabie cmmmand area 
greater than 
2000 hi.) are ptained, do'"igned and constructed based on 
(stahlishod Central Water Commission (WWC) Ichnical standards.
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and evaluation of the irrigation projects under their control. One
of the 20 CEs, will be made responsible for all activities under this
MIS (see Attachment 1-1). Until recently, the E-in-C had been
 
responsible to just 
 one Hinister. With th,. division of 
 the

ministerial responsibiLtit.'s, technical
the support may be revised.
 
For purposes of 
this project paper, all general references to the 
technical support the
of various irrigation departments will be
 
addressed simply as the Trrigation Department (ID).
 

b. Organization at Fieid Level
 

The field level organization for the Naruiada Basin consists of
 
five Superintending Engineers 
(SE) who oversee activities of oper
ational 
field units called Circles. The SEs report directly to the

CE located at the State 
headquarters. Survey, investigation, plan
ning, desigi and construction of th, 
project headworks and irrigation

distribution network down to public outlet is 
control led at the
 
Circle level.
 

Each Circle is comprised of tour to tivw 
 divisions (construc
tion, implementat ion 
 and sperv i:ion unit) each headed by an 
Executive Engineer (EE). The EE in empowered 
as a canal officer under
 
the Irrigat ion 
 Act and thuq; has the primary responsibility as

oxecutive officer for 
effici ent '-inagemnt of and control over the 
irrigation works under his cnarge. Each division consists of four to
fiv subdivisionq, .ach he,.dd hy an Assistant Engineer (AE) who 
reports to the EL. An AE has the support of four to five sub
engineers in hisprtorming responsibilitits at the construction
sapervision level (Sop Aft c!rot 1-1). 

c. ID Statf Strent h 

The existing I1)st fftstrn ;h comprises 11,724 engineers, 3640
of whom are gradiates and pos tgr.'iuaLes and the' remaining 8084 are
 
diploma holdrs. Of the ,,xis11,g I) Staff, 877 engineers are
 
deployea on MISs in the 
Narmada Biin as detailed below:
 

Category 
 Statp-Wide _ Narmada Basin
 
of 
 Major Medium & Total MISs
 

Engineers Projects MISs
 

CE & SE 
 73 56 
 129 14
 
EE 
 213 239 
 452 23
 
AE 
 1004 1988 2992 165 
Sub-engineers 3497 4654 8151 
 675
 

Total 
 4787 6537 
 11724 877
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Within the Narmada Basin, 527 MISs 
have been completed over the
 
past 25 years and 352 are 
 in progress. Over 
2000 additional
 
potential MISs have 
 been identified in 
 the Narmada Basin.
Distributiso of 
field personnel engaged on the 
ongoing and new MIS
 
in the Narmada Basin is as 
follows:
 

Ca tegory Activi _y - Total
 
of Engineer Surveying 
 Planning & Design Construction
 

EE 
 7 
 4 
 12 23
 
AQ, 55 
 60 
 50 165
Sub-engineers 250 
 50 
 375 675
 

Field staff deployed on surveytug are also supposed to look after
operation nndi maintenance (O&M) f the project. However, due to the
heavy surveying wtzI load, they devote little or no effort to O&M.Similarly, tle constructifn-supervi on !;taff which arc also vested
with quality control responsibilitip.s cannot devote much time towards 
thib act i',ity.
 

The existing norms for determining tne nt;tf requirements duringdesign and conntruction is one subdivision utilizing approximately Rs.1.9 million per year. For O&t.1 each ;ubdivision is expected to cover
24,000 ha. per year with a budget of Rs. 25/ha, which is in- adequate
to provide needed repairs and staff salaries. 

From an analysis of the field staffing pattern ab,'v,- ind from thebudgit figures shown under Section B.I of this chapter, the following 
beconss apparent : 

1) The current budget s are insufticient to support the requirements of the 352 on-going Ach.omes. This 4 con firm,:d by the slow rate 
of construction. 

2) The ent-ire ,trengh of the tie Id units hlia been deployed on survey and construction act ivi ii t s wi h Ilitt e or no emphasis given toeither the O&M of the operational 52/ MISs in the basin or to quality
control during construction. 

3) The current staff str, ngth is ina'dequate to uupport theaccele-rated pace ot con: ruct ion reqi red inder the proposed USAID 
supported project . 
4) The exi 'ting notms f O&MI rcuit. revi sio u considering th,
scattered nature of the MIS ,ind the raquire .nts of the irdividua I 
subprojec to. 

For the MISs to be support ,d undr tihi w prjk ct , the I) will
vide staff and budget, in , 

pro
,lormity with chair plannin,, and construc

tion norms; quality cont r"I and (Ai orgn, z:, in, will be improved
(see Section B of thi s chapter); and t he I ) will review the 



I-4
 

capabilities of the staff in place and those to be hired and develop 
professional training programs as necessary. See 
Section C.4 for represelt at Iv, prol essin,al cevelolpment needs. 

d. Ground Water DevelonLen Organization 

There has been no planned deve lopment of ground water in the 
State and legislation fo, controlled ground water development does not 
exist. In 1976 the Government of Madhya Pradesh set up a Lift 
Irrigation Corportion or construct ion c.f tube wells and lift 
irrigation schemes. Iho functions of t:he Corporation included 
promotion, ilvestigation, execution and maintnance of lift irri
gation schemes, exploring the availability of ground water for private 
and public development, construction of deep and shallow wells and 
preparation of master plans or basin-wise development of ground water 
resources. However, prog resq itl achieving the ob jectives has not been 
satisfactory. Recently, the re.-ponsibility for ground water surveys
and its planned dlevelopmnent has been taken over by the ID under the 
control of the Chief Engineer Ground Waiter Surveys. 

Ground water investigation and its planned basin-wise development 
is a complex matter requiring detailed studies. Under the proposed
project, technical assistanc,. will be provided to the CE Ground Water 
Surveys, as required, to assist in developing master plans for the 
ground water development within the Narmada Basin. 

e. Training Facilitifes 

'ile D, thus far, h'is mininalI provisions lor the training of its 
personnel. An Ac :d,,iny of Administrition locat rd ;it Bhopal, designed to 
train probationnrv officers ernttring administrative and other State 
services has bhtn 't enigthened witLh the induction of a SE and two EEs
 
since 1976. Soit' 
 i.'or:;rs it, 
arranged trnm tiytrr, to t imne cover ing .;Ubjects s'lch as design of canal 
.i d cal a St ruetr es-1, ('o1S rt Ct iOll of ITInisionry , earth and concrete 
dauis, hydrology, rcs ervoir 

t ,r;f'er for in-service engineers are 

m'l t on studis, :;i I surveys, quality 
control and te!;ts , land irrigm ilit' elasviicat ito, etc. In view of 
the incr,,.singlg c, ',ic,,rn brhout pomt on r,;tr'ict Io quality, poor utili
z'at ion of i ri1 at ion potentL1l Ii ird W)fre ;I h le I;pp I res o irrigation 
w.It, , the Stat' his p etporsd st-t Iiti, up of a t ra-ining institute on 
tb pattern of the, Wnt.'t ii tLand Manig'ment Institute (WALM) in 
Maharasht ra un(der its Cliihba 1 Phase I l rr Lat ion Project being
assisted by World Bank. 'he institite will impart short to medium 
term training to the field suporvisory ,;tmift (Ef"L, and AEs) involved in 
planning, d#-sign and ;up,-rvisi On tof the MISs in Narmnada Basin, in 
add it ion t it other 11) f i d ata If. "hv ins t it iit , when set up, wi 11 
also provide trai ining in si l '-: tvv ind lan, irrigability classi
fication. ftoweve r tri ni, t r,,(, 'r'oir operation studies, project 
preparation, qu,litv c,,ntr l, Ie i ,i)t h'adwomiks and distribution 
network, progres-;s report i.g ild ,.c nomi c aia lys i ! of irrigation pro
.iect ; would cort inre to ',e pr'ovided irr ih, Ac;id ,mnv of Administration 
in ilhopa . 
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In the event that the proposed traia inp, institute is not estab
lished in time to provide substintia[ training to the personnel res
ponsible for implementing the MS, grant funds are being provided to 
carry out workshops C)n the aIboV( subjects to assure that the key ID 
and AD staff are well equipped to carry out project implementation.
 

2. Agriculture Departmen; (AD) 

a. Oganizatio, at the State and Narnada Basin Level
 

The AD is headed by Ain Agricult ural Production Commissioner (APC) 
at the State level who iK ,.';isted b*y the Diroctor of Agriculture in 
the performance o agricultural dve.lopment activities in the State. 
The Director is supported by rhMe Addit;onal Directors (one each for 
extension, minor irrigation and dry farming, and project preparation, 
planning and monitoring ot oxtocrni'll y aidvd medium irrigation proj,,ct)
and five Joint Directors (On, ,ach fur inputS, crops, soil conserv
ation, agriculural ongineering and uhtalblihment). At the regional
level, the 3gricu l tural ie ,ve l opment p rogram is coord nated and 
monitored by ,leven Joint Directors wht are as!sisced by Depury Direc
tors, Subject Matter Specialists, and Assistant )irectors who in turn 
are assisted by Exrnsion 'fficers and Village Agricultural Extension 
Officers (VAEO) at 
tue tistrict, subdivision and block/village levels.
 
(See Attachment 1-2).
 

Ihe major AictivIt ies t t he A) include agricultural
 
extengion, adaptive re'oearch/ ria I, ar rag mont for 
 seeds and fert i
lizer, soil nd watr ons,rva ion programs, soil survey testing, and 
land development works i n .n,, l,,crt ma jr and medium irrigation pro
jects. [En addition Abera ,peiftcat i tate/cenL_ r<l schemes
 
such as puIse and c'.nmc:-iai ,r, . d,.v, iepm nt., agrictultara] marker
ing, dry farming ,.t . are also .n-Ic rt,.,n 
 ny th a AD. i- AD s
 
assiqted by ;tatu pi c tei
or hoi i,1, -,a c ias (i- he L.Ind IDevelopmnnt
Corpratinn, Agri cu I t ire P:,,,:-, r &Lt ,n' 3,-,ird , Sod .ve lopienr nmd 
Oil Fder.t in, , .... Anal Fir I)v,., -,. .. t (a, rpor, t cn, Sn,,,. C:rt i 
fication Agency, ani t.,r ;. S-n At t.chn- t I lr a d iw. cd iist ot
 
responsib lit ,s.
 

Four re i i l . )inL 01r, 's I a. ta 1:,b" p i , io ; , Hidrli.'Id 
BhopaI and I tndore idmini:iter rhe a.,ri,_ ir:, , vi pi,.nt ctiviti,.,
 
in Mhe Narmaud.a Ba,i n. M Y,/ ire 
 iii ,.w it th di .trict, sun
divisional n, i,,; k lev.l-, 5Y rtousvi ,,o, ri, a!: .- ilciais. :,
explained 3tnov,. In gvior ,i, tie it I i,, .ii,'.ttl , -t.--O? ,I 
the AD is. not al, . inr i ,nte iv,, 1 'at, aro r c., trn.i de-.w In' 
ment act ivi t.ies a i wi l he ', I i Wi thin th,, N1 rinij Basin as 
described in Chap v,.t II, e't in 1). 

b . Lan t'i!! n tWWork, 

Soil cnnse.rvat in units tI the AD under the control ol the Joint 
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Director at the Statr, level and I)puty Dirtctors at the district and/
or division level have the responsibility of carrying out on-farm land 
development works. Under the piject, the land development activities 
will include land leveling or .Lh:i;)pi, construction of field drainage
networks and field access roadq. At present the soil conservation 
units deployod in the Narmada Basin are engaged in carrying out con
ventional soil conservation :ctivitie.; (on a watershed basis.
Currently the soil conservation inIts do not carry out any on-farm 
land development activities on minor irrigation schemes.
 

Tl1he AD has a total of 110 soil conservation units, about 40 units 
have been loaned to Madhyai Pra desi Land Development Corporation
(MPLDC) for taking up on-farm land development works in seven major
irrigation project commanuds (Town, Chambal, Barna, Halali, Hasdeo,
Kharung and Maniyari). Then reuuinjing 70 units are deployed in 
agricultural watershed planning and thp.i r management including
construction 
of soil conservation 
and e roq ion control structures. 
based on the expei ience gained and tho available working days each 
year, the AD nas ctablished expenditure norm; of Rs 0.75 r' Ilion per
soil conservat ion unit each year or approximntply 250 hectares of

land development work p. vt,ar. J", 
 norms hive been reviewed and 
found realistic, as such the AD wilI have to either divert five of its 
existing soil consorvation u:it, !or on-farm land development works in 
the selected MLS under this pr.ij'ct or recruit new personnel for the 
formation of now un its. 

Soil consrvat ion technicians ir.' Agricultural Science graduates
 
or diploma ho'drs. Some have 
 haa up to six months in-house general

soil c ,ci:srv: t ii t01i ning, 
 bit hit' maj orm ty o them lack essential
 
woil and watr i ,, nv, 
 ut ,'nghii, ring bickvrounds. The training and 
technical rissisto ,e uiutds in thi. 'rc.i are .;pocilied in Section C-4. 

c. ExLyn iot It.A,) r i en 1 ti ir aI I-I9_ It ; , in CI,4-

All the. districts (41) "1 W;uhya Praitsh are covered by the
 
regular exte.ns ion prog-am ot thlie A). 
 Fi tea, o the forty-five
districts which cover major irrication prOi,"K. K more,.operational and
 
some still uder :onst ruct i.) 
 wre bromm.ht ,nler the reorganized

intensive agriultural 
 fPxta -wion 'rgran wi th W'orld Bank assistance
 
(". ,.,e 
 I) in 1q78. Oie rem ini iu ,n district. wi I I be covered underthe World Bank Agriruiltural Fi:xt'nsion Project (lPhase II) in a phased
:ianntr (5 years) which began in 1182. 1ie r'orga ized program aims at 
strengthening i0 srtaff, introduct ion of a t ixod ;chedule for regular
and frequent vis;its by VALCI wi th tirunors,, ,;tr'ngtheniIg of training
facilitie.s tor txttnsion wo'kp'r; , .rl sti:e ngth,'ni g arrangements for 
cordination ot input suppl ,: owle credit rquir,,ments. The project
will provide s,'tematic farmr c'ntact and I v,'huicl, fur transferring
technologica l inf ,rm- ation ,'ev'loped by rtsea rch institutions. At 
present tie qaystt'm (Iopno 
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not include subject matter specialists trained in water management but
 
has the capability to introduce them for ir.i.-ned forming areas. The
 
proposed USAID companion "Water Managemeit & Training Project"
 
(386-0484) will provide additional specialized training in water use
 
extension and farmer participation for the Narmada Basin MISs pro
posed under this project.
 

Until recently distribution of improved seeds was being handled
 
by 121 statewide Government agricultural farms. With the setting up
 
of a State Seed and Farm Corporation, the Government farms will be
 
gradually taken over by this Corporation and a network of sale points
 
established. Fertilizers are distributed througn cooperatives 
 and 
private channels which have 6900 outlets (3900 outlets owned by co
operatives and 3000 by licensed private traders). Similarly, marketing
 
of pesticides is handled by the Agro-lndunries Development Corp
oration and a network of privare dea'lers. 

There is a (airly well esLabiLmneJ system ol boZ-h short-term ant 
medium term credit to farners through primary cooperative societies. 
Madhya Pradesh Statu, Co(upe cativ,, 1iik deaLs with agricultural credit 
at the State leval, 4'4 central coupecratLive bank; oerate at the 
district level ' nd 65-0 primary cr-dit societies with a membership of 
about 29 mil lion are presently uporait unal at the village level. 
Madhya Pradesh State Cooperat,ve Land %tv,lopment Bank disburses long
term credit to tiarmneri and nas 45 aftilitatd District Land Develop
ment Bankb witn 260 branches througnout Lie State. (Specific details 
on credit availability are provided in C;hapter 3 Section D.4). 

B. Projec t d velonmnt and lm nL,i aii_ 

During the c irro nt Sixritn Yiv,.- Ye-ar Plan (1980-85) , the ID is 
constructing 2442 now MISs in Madhya Prade:sh including 352 MISs under 
construction or to he cont rc td in toe Narmada Basin that wil l 
irrigate an area of 84,000 ,:Wctar.ir5. 'Tae ID proposes to nominate 
about 50 MISs equally distribuiod over the four agru-climatc zones of 
the Narmada Basin, h<aving a total Culturable CMmand Area (CCA) of 
about 25,000 hectares. 

The tollowing budget provision for MISs has been made during the
 
Sixth Plan:
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MIS 	 Sixth Plan Expenditure Provisions
 
Provisions incurred during for
 
(1980-85) 1980-81, 81-82 1982-83 1983-84 1984-85
 

(2 years)
 
Million Rs. 

Narmada Valley 500 130 	 80 90 200
 

Rest of the State 1500 400 250 390 560
 

Total 2000 	 330
530 	 480 760
 

The estimated cost of a typical MIS at 1983 price levels is Rs 
25,000 per hectare (CCA). It is planned to complete the construction 
1f major MIS works on each individual MIS within a period of three 
years and complete the minor works and f ielId channe ts up to farmers 
field (holdings of 2 ha or ior-') luring the fourth year. 

Assuming that 10 MIS ; will bt, approved during the first year of 
project implemntation (1983-841 followed by 20 MIS in the two 
successive years ind that the canstruction expenditure will follow a 
pattern of 10, 	30, 45 a,,d 15 per'cnt during the 4-year construction 
period of iach MIS, the lt l uwin, hudge t requirements are anti
c ipa ted : 

GOMP Sixth Plan 	 St;venth Plan 
Fiscal 	 (Rs Million) 
Years 1983-84 1984-85 1 )8')-86 1986-87 1987-88 1988-89 Total 

[D 11.2 64.2 172.5 248.0 194.6 60.8 751.3 
AD 0.7 1.6 1.7 2.4 2.6 2.0 11.0 

Total 11.9 65.8 174.2 230./s 197.2 62.8 762.3 

'[he total est irnated project costs to complete the 50 MISs is Rs 
/t)2 mi ill ion. ihe II) and AD h avt assured USAID that adequate budget 
pro- visions luring the S;ixth and Sevenith Plans will be made 
available for tho life ot ti s project. Exist ink' budget provisions 
during 1984-85 ini the "ixth Five Ye;jr Pl.in are inadequate and will 
n_!ed to be enhanced. Also, ;id.ite provisions need to be projected 
for suitable, btdti,, 11 , IIcii h(,n'e;veith P l . 
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CE, (MIS-Nmrmada Tapti Basin), .SpecialY Secretaryp of': Irrigation,4'Special Secretary of Finaihcc and Add itinl' Director Agriculture(Project Preparation) as mrt.mbers theits with SE (SASC) as it's MemberSecretary. The creation of tho 'proposed. SASC and MIC 'will inhelptimely appraisil and approval 'of- MISS.- The -establishment costs ofthese units will he supported tinder the loan funds of this project...... 

After approval and ctjrtitcatjon of MiSs for their' technical 
-'2 soundness, the MIC will inform 11SA ID through the E-in-C. USAID will also attend thei MIC mf'etings, oil a selective basis, during the life 

- of the project. 
-

4. Im~pleme'ntation and MtiiiLo-inlg 

a. Implementation
 

The ID will be responsible for tile MIS implementation from theheadworks (dam) down to and ineIlid ing thle construction ,of fieldchannels to the individual farziui or to. two hn. operational holdings,.....whichover dre larger. The constrtictaon is, <suporvised anby EEcharge of thie MLS who is ssie4LLd by Lhree to 
in 

tfive AEs on the site.Each AE is assisted by five six Junlor /sub-engineers . The SEsupervises n number 
.to 

of MISs cit the regional level, while the CE(Narmada Tapti Basin) is iii overall -charge of the MISS in the NarmadaBasin.. 

The costs incurred onl survey, planning, design and supervisionuntil the start of construction are paid Iroiti tho general ID surveyfunds. The .ID has an .establinhed system of awarding -construction* rontract.4 through competLitive biddling by rogistered contractors.Legal notices stating scope of works, quantiti(,s, current unit ratesestablished by the ID, completion Lime and the contractors' quali* tications, experience and cati-gory, etc., rire published in leadingnewspnpers. In the case of excossively high bids or no response, the1:) takes up the work themselves, involving Hiwitl local contractors*for piece works or dtipartmontal ly either by deployment of machines orengagemont of labor on muster. roll. Somo itoims of work are alsoexocited drpnrtmentally duei to roasons. of nafoty of work, qualityconsideration or items of' work nonboit sutacoptible to measurement.This procedure will bi- adopLud for tileconstruction of MISs ildentified under this project. The. format rippliod to LC8 (local competitive bidding) for World 13-nk projocts will be used on this project. 



Mngement ':Project ,(386-0481i): o!n the useTof i!farmers#' 
org0£aniziationsa'ii771
to ::7L7 
m d...." =n gewa ter.}7stribu tion<= ,below '' ;> out let '.i',d ....'7+and mainitain<;"_ i X.
.. " ' , < thel," waterco .,=,
u rsesi "
 
adfield,ji!chanines!ilfl'be util:fized. .f tiS';i{bei madetEffrt w l Lbyth7ie )AD(7+7 71 
and ID :, .....encourage farmers'...... or::ganiza:tions, to ,take ~upT; operation, : :7

imanagement +.and!maitn tenance :o f t he s yst em below.s1ingile o ut let's= (about,,: 7 x; 

. The AD .wllassume the responsibility of implementing the on
.<-farm tland. development -works :(individua~l works')i and ~isuppling 7inputsT<;

sHVseeds,7~~sc :fertilizer aind pesticides. Th'e ADi units kwil;l move7 f;7 i: 
..... <
:i:I.;:::7into project'areas onde .year7 aftfer7 the£ strti.of 7constructio0nodf7 the 7' i+: 'L: m
 a j o6r¢ works bSy the )ID:to ,initiatie the on-farm liand =developmen~t wrs
 

44 ,ntfo4e 
 c4o-a
!:~ursicurdafter) grup of'
March 131, 7: 1983,; wi.ll become ,eligible ,ifor ;i:

ribreet Teh iaasistance and trai!ning in: land development;

,'':)='::,1and :in )organizingifarmers'!gr-oups [~or:: operatio-sytem il n and manalgement": of he "7:e be provided(detailed i-n Section C.4)us
 

u
: C rrntly,: th!ere is no seperat
the project construction level st-up either at. the.,Stt ra
to ensure quality of construction . 

the .,," tlMISs Although design normns- laid down by-the rID require damt'::="::stability analysis for dam s higher= than 
15 mneters lard: testing of soil
 
7 - samples from the,"foundation ant] borrow are~as, 
 in p roiCtiCe the soil ' 

7 ' 
 -testing laboratories set up for tho conduct; of these analyses give
~~~low priority to Ole M[ss dtiv t~o tlhir iioavy iovolvemunt in imajor and 
:: ee!dium irrigation projects. UISAiD ox×prionce (oil thie medium 'irri:
:i :: gation projectsunits are in oth nr stfs indiciit,is tlhai strongessential aod t hat.4 hort-terin quality controltraining for supervision
 

~staff and contractors is; required.
 

For this project,, rte ID wilIl es tab Iislh separate Quality

Control Units headed by As;sal Enier fu aho'agopo
 
MISs depending 
 on their nizo. These iinits will work under the Superintending Engtnuer at Lhc Circile level (Sue Attachment 1). The AEs 

wilcryout qult otrol inspoctions and prepare reports for
the SE and the field LE ad AEo the concurnod MIHS, recommend to the 

fied cnsrucio stffimprovemeunts, Lo be :made, and assist inl 
. " carrying; out4the workshiops onTDwill set up soil constructionl qualiity control. Intesting lborotoriub, as addition,
required and agreed
 
':•:,,,to by USAID, support~ed bly the project grnnt and loa n.
 

c. Monitori ng
 

ExImpeienaionpeion, Mhtring atnd
Enluaton Divisiond
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(IOMED) will be established lindet the SASC (Attachment 1-4) andinclude an agronomist, n engineer, a social scientist andeconomist. anThe IOMED will bt, r,'spomnsiblJ for in-depth monitoringreview of the progress on each 
and

MIS from survey, planningto construction compietion. and design
'lh I()MED r'sponsibilities will beprepare comprehensive progress reports t wi c 

to 
a year providingcomplete physical and financial ,detlIs for o'ach MIS.identify existing They will alsoor fureseen constraints to project implementationand report thesp to the SE, SASC !or action. The SE willreport to the E-in-C and USAIID 

pass the
aifong with advice ot the efforts takento remove the identiftied constra ints, it ,iw,,. The SASC will preparean annual summary report covring the period I .n ly through 30 Juneand submit it to HISAID during Ugust of each var. 

5. (Oiperat i'n Maiten a, n itring " li r i :an O__rat ion 

At pre.sent, the MlS ; ,' ie 'ha.iiltainod by tih, inrisdict ionalsions Q divif the I) aI teor nisI rui,.' IJel,e COmnpl't"ef. Each maintenancedivisioi is headed ly a,. EE who, is ass istel by five to six AEslooks after the ald nper il in I n aintenance tf projectsjurisdiction the in theof the ,iviion,. Very little attention is paid toact vities O&MIe ti low budgetary Nl"cations 
higher (Rs 25/ha CCA basis) andpriortties assigntd t o ,,w :nd ongoiw,. schemes. Moreover, thedivisions re';pon ible ,for O&M hive .' mix of respwisibilitiessc ;.ornes as on otherwell as sLIrV(ys anrid constrtrction or Lhe new schemes. 

For t!,is projoct, th, ID )roposes to appoint Lull-time ProjectManagors (Of AE level) from 'ithor the Al) or ID who will be trainednder tihe "Professional Dovlopmint" portion of this projectPenance, operation in mainand water mandge!ileitnll . Ki ch Project Manager willhe respon.;ile for ensuring tinly, rW iable and equitable deliveriesof water in thre or four MIS. Projct Managers will also coordinatesupply of input s Ihrough the AgricultuiraI Extnnsion Services. 

Bas,, on he ex,riec, g. ined in Mh.rashtra Irriationn0logy and .Mal tigerrit l'rojct , 
Tech

f a rlers ' vrolp involvementtenarce ! watercirurses for main
.ind water distribut ion lip to and includingthe 5-8 ha. blocks will be tried in ,l,,ted schemegradually :;pra, in other MIS.4 

areas and
to re lieve 11) personneltenrince burden below 

of the main
th, 40 ho outlet. Existing farmers' organi zat ions , if any, in tile i rrit ltio pro k.t s aroundstud ied the MIS will benid di f ront opt ion: t ried arid te..ted to formulate recommiendatios for us, in the cormmlIls (if o tler MISs. 

From ti - time of the fi rst water delivery,in coope'rat ion with the AD and 
the Project Manager,

[I) will sublli t -in annual report toSASC fo"riging ,) the agricultural aspects of th, project performance. 
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Once a MIS is completed, the operation and maintenance of the
 
MIS will be monitored by the IOMED.
 

C. Water Management Ipruvement Program 

I. General Overview 

The Water Management Improvement Program for this project will 
support activities aimed at assuring the desired technology transfer 
through improving the State data base and the capabilities of the AL 
and ID staff to carry out effectively the planning, design, oper
ation, and maintenance of MISs. As part of the effort, the program
will support the eontahlishment of demonstration chaks in each MIS and 
in two control pilot projecis within the Narmada Basin. The 
technical analysiq of the existing MISs identified a number of areas 
where critical informa tion is lacyial, ,nd where professional devel
opment would have a s igr ificant impart w,+ the effective planning and 
implementation of the SISs. There are several tit:Jd studies underway
that will identify and deve lop d.aLa collect ion techniques and 
planning and operation methodotoics that art: related to some of the 
problems with MISs. Thes-u :tai ,,; ie, lid,: those being taken up under 
the Maharashtra IT&M Pro j,t (AI) Prject No. 386-0481) as well as 
those being taken up uinder the M.P. Mediumn Irriga tion Pro ject (IDA CR 

1I08-IN) and ty other entitie s suci as the Indian Institute of
 
Management. The infornaition from these, studiu' will be available in
 
time to be of value in answering similar questions on the MISs in 
Madhya Pradesh. 

The activities 
 to be supported uni r the Water Management
 
Improvement Program 
 will include the .jssinilation and integration of 
the information obtained from the he retofore mentioned studies, addi
tional field studies to address quest ions specific to the MISs, the 
establishment of demonstration chaks on each MIS, eXLensive pco
fessional development, the establulitnent of two control pilot 
projecLs, technical assistance (local and foreign) to assist in the
studies, professional development, and planning of the control pilot 
projects.
 

AID will support, under grant fundai, :00 percent of the cost of 
the field qttidies, professional dev, Iopmeni and technical assistance 
whether foreign or local. In addition, portions of the cost of the 
demonstation chaks and the pilot proje as delined belowtLs will also 
be supported by AID. Atachment 1-5 provideos a repr sentaLive budget 
of $5 million for the items to be iintt,d in the Water Management 
Improvement Program. Tie individual items are only repre'sentative 
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andi will he sub ,'ct to modifi,''tio (both content and cost) during 
the implementation of th,. proj,.t. 

The profess;ional development requirements and most of the field 
studies summarized below, including their estimated costs, have been 
identified in other chanpters of this report. In addition, other 
studies and the Pstablikhm,.nt of control pilot projects are discussed 
below. 

2. Field Studie s 

The 	 field studios identified in other chapters of this report 
m.y be carried uut on existing MISs, participating subprojects or 
elsewhere. Studies to be carried out include the following: 

a. 	Watershed yield methodologies (Chapter I, Section E.1); 

b. 	Sedimentation rates dctermination (Chapter II, Section E.3); 

c. 	Development of irrigation guides (Chapter IT , Section E.5); 

d. 	Determination of estimated seepage losses along channel 
alignmnts. Study to include literature and field reviews 
of similar tests carried out on similar .;oils in M.P. and 
other states (Wnapt,,r I1, Section E.8);
 

e. 	 Recommeuded rotational water supply system and improved 
basis for water charge; to be usvd ou MISs. Study includes 
litn'ratur:. and fi.d review of similar systems in other 
areas "t India (tk iapt',r 11, ;ection G); 

f. 	 Farmer organi/L1.ions including literature and field review 
of successful farmer orga'.izations formed elsewhere for the 
opvr.'trion and maintnaruce .if irrigation syst ems (Chapter II, 
Section I); 

g. 	Evaluatien of the effectiveness of the seuds, fertilizer and 
pesticides distribution network (Chaptr [II, Section D.3); 

h. 	 Credit avail jility and acceptability (Chapter III, Section 
D.4); 

i. 	Socio-economic baseline studies on representative MISs to be 
implemented under this project and on the two control pilot 
projects (Chapter 1, Section C.5.d);
 

j. 	 Effects of water stress on crop yields (Chapter 1, Section 
C.5.d). 

The above list of ten studies is not necessarily all-inclusive. 
As the existing information in eompiled and ,cops of work are pre

http:Pstablikhm,.nt
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pared on the above ten identified studies, some may be modified or
 
additional questions raised that will require expanding the number of
 
studies. For the socio-economic baseline studies, the COMP and USAID
 
will jointly select the number dnd location of MISs to be studied.
 
In addition, the scope of work for th,. studies will also be developed
 
jointly.
 

Field studies are useless until thir findings are properly and
 
promptly utilized. 'rhe speci:il cell for coordinating these studies
 
(Section C-6 of this Chapter) will have the responsibility to
 
promptly report findings and recomenid'tions to the Special Secretary 
MID, Secretary AD, and USAID. In general, it is planned that the 
studies be completed and resuLts published within 32 months fr.)m the 
signing date of th: Agreement. Avai lability of the study results 
within the specifid time WiLI assur, that the projects under con
struction and those planned for construct ion during the life of this 
project will fully benefit frow thv studies. 

3. Demonscration Chaks
 

As outlined in Chapter 11L, SectLion E, four demonstration chaks 
of approximately eign ha. each will be established in each of the 
MISs, including several on the pilot projects discussed in Section 
C.5 of this chapter.
 

The demonstration chaks will provide a mechanism of exhibiting
 
to the farmers within the cmmainad of the .MISs and in the surrounding 
areas, the lntst i rrig , agricultI urt, d ,velopment technology for 
increasing crop production. The demons trat:ion chaks will exhibit the 
impact of land development in improving irrigation water utilization; 
suitable irrigat ion iMeLhod, corunsurt " with stream size, soil type 
and crops to be grown; etficitnt wati dt:trtblution and control tech
niques at the field level; rota t wlI water supply for improved 
equity of water distribution; tarmn'r involvement in sharing water 
and ma intenance of watercours, ; npriiml agronomic and cultural 
practices emphaq iZtng the importance o1 t ime ly sowing and use of 
hybrid seeds, l.rtilizer.A iud pest icide.
 

The demou:.trat ion chak:: wi 11. erve is a training ground for 
farmers and AD .nd ID personno!. 1,.- Al) will set up special units in 
each district where these pro jcts .re located to coordinate th, 
activities rI Led to the dnous raLt ion coaks. Each unit will 
consist of a Di strict Agricultural Ott icvr/Subject Matter Specialist 
(District love I), a Subdivi s iona I Ofif .Ki (Agr tcu lIture) to represent 
the Subdivi sion, a soni or extension of I icer (r , ,ent in; block) and 
the associatd agt i cmL ttural extension (Iftf ,Lersand VALOs positioned 
in the area where tLh demonstr.t lon ch.ik s located. The units will 
be responsible for organizin g inpt , that wi Il go in the demon
stration chaks and visits ,l tarmors trom other cliaks to the demon
stration areas at the critical -itag ct" crp growth when different 
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activities planned under the chak could be seen. The units will also 
be responsible for propagating the demonstration effects into the 
farmers fields within the command and surrounding areas. 

Under the Water Management Improvtinfnt Program, technical 
assistance will be availabi, tLo the AO [or establishing the demon
stration chdks. The cost of the requ ired inpit ; and the cost of the 
special units establishod by tho AD to coordinate and supervise the 
operations within the demonstration chaks will be funded under the 
grant component of this proj.ct. 

4. 	 Professional Development 

a. 	In-Country Training ini Workshops 

In-service, on the ground training and workshops including dis
semination of the information from the field studies being carried 
out under the project will be provided as needed. It is felt that 
professional development is th, key to successilil planning, design, 
construction, operation and maintenance of irrigation projects
 
throughout India. As the professional development needs of the staff 
related to the propo!:5d MIS's has not been Fully ascertained, train
ing plans must remain flexible. The following are some of the areas 
that have been identified wher the project and personnel could bene
fit from professional development:
 

i. 	Quality control (Chaper I, Section B.4b and Chapter II, Sec
tion F) - 30 workshops - one week each - 20 trainees each; 

ii. 	 Operation and maintenance managers (Chapter II, Section [1) 
5 workshops - two weeks .ach - 20 trainees each; 

iii. 	Watershed model opera[ion (Chaptr It, Section E.1) - 20 
persons - two weeks;
 

iv. 	Reservoir operatioii .;tdies (Chapter ii, Section E.3) - 15 
persons - two weeks ; 

v. 	 Planning and layout of di stributaries, minors and water
courses (Chapter II, S,.ct ion E.*5) - 25 workshops - 2 weeks 
each - 20 persoas each; 

vi. 	Soil survey investigations (Chapter 1I1, D.) - 2 workshops 
- 2 weeks each - 15 persons each; 

vii. 	Water Management Specialists (Chapter III, D.2) - 3 work
shops - 2 weeks each - 10 persons each; 

viii. Subdivisional officers and Village Agricultural Extension 
Officers (VAEO) (Chapter ll, D.2) - 7 workshops - one week 
each - 20 persons each; 



i:: been used :.for :bud'geting 'purposes. -°Howeve r , as 1 the-:init ial: trainingi, / ,iait a and .as moreinformation-becomes ,.undertakenavailable
 

' 
 -
Son . the capabi lities" of .those ind ividuaisl ca rrying out! the projects, !i: 

- ' areas. All of the above training a,tivities will: be coordinated with.
the USAID supported Water Management and Trainingwproject (3860484)
 
which may haver a cmponent in M.P. and with other on-go(ng training

actvitbes in M.P. under the Worid Bank, statewide or project speci

fbic programs. bSince the training -isessential for the sucessful
 
implementation of the project, it must bepihased in sucha manner
 

that the initial trainees will be working on the first ten MISs that 
will be under implementation and hannext set of trainees on-the 
following 20 MISs and the final set on the last groupiofnMSs tobe 
implemented under this project. During the initial few monthsof theproject, specific training schedules will be developed to match the
 
MIS planning, design, and construction schedules. It is expected
 

that the majority of the above in-country training will be con
centrated in the first three years of this project, but additional
 
training and workshops will be provided during years four and five,
 
as deemed necessary.
 

b. U.S. Training
 

Provisions have been made in the grant budget to provide a
 
limited amount of training of Indian Nationals in the U.S. It is
 
envisioned that this training will be mainly in the areas of short
 
training programs (ess than three mioths) in speciality areas such
 
as drainage, hydrology, economic analysis, sedimentation, agricul
tural water management and senior levl tours. No specific training
 
programs have been identified at this stage. After the implement
ation of the project, the COMP and USAID will identify training pro
grams for individuals or small groups of individuals to attend
 
courses established in the U.S. or other countries. For budgeting
 
purposes, it has been dssumed that there will be approximately a
 
total of 40 professionals of the GOMP receiving training over the
 
life of tht ptoject with tach training tour being approximately six
 
weeks in length.
 

5. Control Pilot Projects
 

a. Purpose and Objectvas
 

The purpose of the pilot projects is to demonstrate the adapt
ability of utilizing the latest sophistleited design and water
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control equipment coupled with improved management from the planning

through the 
operation stages to optimize irrigated agricultural pro
duction outputs in India. This concept 
will he applied to two 
typical MISs located in difterent agro-climatic zones within the 
Narmada Basin. The projects will demonstrate the control and manage
ment systems to provide water to each individual farmer upon his 
request (demand irrigation system), the effectiveness of computerized
irrigation scheduling svstn
and operation, the effectiveness of
 
modern technology in the control of irrigation and
the system, 

various irrigation methods Ircluling ba.in, border, furrow, drip, and
 
sprinkler. The projects will W used as adaptivean research ground 
to determine the most ef-thc-iv,, way of providing for planned under
irrigation to optimize prodtel ion pr unit of water rather than opti
mizing production per unit laI,. litaddit io , the1f project pro
poses to provide iaW.rmnitio to, the GOMP so that policies can be 
gen 3red to improve syst.m "s igns, oprat ion, and revenue gener
aLion; and encoirage control ledl qr:nlwate.r dewipment. 

b. Selection Criteria
 

Two MISs will be qplectpd out of the 50 heing proposed for USAID 
assistance. Each project will consist of approxirnat. ly 500-1000 ha. 
and be located in diffr-ent a.ro-climatic zones. The two MISs must 
be so .Olcted that they are rDrosentativ,, of the agro-climatic and 
social conditions in the area and that thy are easily accessible for
demonstration p 'rpuse;. The pi lot projects should be located near
 
major communication 
 centers so that senior Indian and U.S. Government
 
officials can easily come in And visit 
 thp pilot projects with short 
travel times. The selected projects must have no construction under
 
progress so 
 tha thuy c ,n be pl-antd, des ined and constructed with
out any bui lt-in physic il const rair tt . Ono -Itthe selected projects 
will be planned and designed u;ing the, mme de.,,ign criteria estab-
I ished in the chapters that follow aid will e od to test advanced 
management techniques . The othhr pilot pro jiect ei II t est and demon
strate 
both advancod technical nnd mainageen't techniques. 

Prior to the. initiation ot the courol p l L projects, a feasi
bility study of th, technical ,ld social aspect' governing irrigation 
water distribution practices and rv.ponse' of farmers to adapt to 
sophisticated design ot such irrigatiou systems will be undertaken by
(aMP with technical as;istance rrovi ed ,,d, the grant component of 
this project. stnldy at Iept idcntifyThe will re possible social 
con'traints that w,)eld rvstri:t th, pro)cjct t,,nctioning. Questions 
will be addressed such as, will the taritprq attempt to modify the 
control system i II r"I, ol theand thee of fic.r that controls the 
distribution of water hased el ndlividual r,,qee sts bhe acc-prieble and 
functional. In odd it ion the ,tudy team will c',viw nn statms, 
results and lesson; learnd on the 1500 ha. pilot project being
undertaken on the Chmba l Comm ni Area D.vy,1I lpm,,nt Project (Major 
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Irrigation Project) with the a'q:istance of the World Ba.,x. This
pilot project has similar innov:t ions and the experience gained by
the GOMP on the Chambal project could influence the final shape ofthe proposed control pilot projects. Bised on the results of the 
feasibilty 
with the 

study, a decision will 
control pilot project and 

be made as to whether to proceed 
what its general components will 

be. 

c. Types of Imp-ovements 

i. Technical
 

It is propospd that one of the selected control pilot projects
will be 
 designed with a dynamic fully automated water control
 
system. Technologies are available for the construction of irri
gation systems wnich can provide positive control on all water levels

in the main distribution system imi coi. rotI th, flows through the 
outlets mechanical ly or e ,.ctroniCallIv. Func'tioning of such irri
gation systems has hon tpLd And r, ir m'rits to supply the water 
to individual firm holdings on proven.d,,a. Howver, due toscaLtered and small I fandh lding, In Ndia, c ,rtain design modi
fications and adaptive trialIs tor tile opt imal operational efficincy
might he necessary. This project wil I dewonstrate adequacy of water
release controls at difterent leve ls in the system to suit the irri
gation water demand of the individual farmers.
 

The design of the pi lot projecut ; will bo undertaken by the 
GOMP in association with USAID.
 

,Lne collaboration .ftort continue conwill during
struct ion and for it lea;t on, year Atver the completion of the 
system. Such a cli[bora ion wi i rovid, for the operational study
ol the system, review of its adAptihility Among tarmrs ar.d modi
fication in the operation based on the ex perienc,± gained during the 
operational study.
 

The pilot pro ecL will h construt't," by the local construction 
contractors listed the Irriarionwitl GUMP Department, following the
normal contractual procedures, a inOig,:nous equipment except for 
some components AI the waet dA itrib,ut ion -ind control systems which
will have to be imported. Inn process iti sing local contractors 
will hPen replication At Aimilar ,vstt.iv; in other area, and provide
rhem with ncqiar, ,:pr ince and con! ,n e In t io to. acid deimon
strating the imprvd des us ,nd ot t C l"L op L'atioil capabilitie,
this pilot project will also have d, 'iistratiton cnak., on th pattern 
described earlier. 

Experience hIa, shown thait in i ti otin ti tC ilii 'oudn iss in
tie design t in irrigation sy tp,,i, ma.il.i.ean l al o pliv a signifi
canL role toi rdA t ll ici it p rlorinai .,. it is proposed to test 
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different managem-ot rodes individually or in combination on the two 
control pilot projects in order to recommend, if possible, a more 
efficient organizational set.-up tor the svqtem; planning, design, 
construction and operation. 

Different management alternatives wi II inc ude testing of the 
current organizational system prevalent in COMP-ID, a combination of 
a GOMP ID/AD set-up, manapemnvt by the farmets and Operation by 
private organizations or irrigation districts. Another possibility 
may be to invo lve tte iihove proposed maiagement oranizations in the 
design and construction st.ne io that they levelop confidence in the 
;ystem. Experience gained [rOin the orga". Citional studies in the 
>.aharashtra IT&M project will also be utilized in improving manage
ment of the control pilot proj.cts. 

d. Special Studies
 

Socio-ecnomic h so Iirp azrveys will he condut rd on both pilot 
areas prior to initLation (t constrtuction. These baseline studies 
will be index studies to assist in the determination of the full 
effectiveness and impact of irrigation on the project area and nearby 
market towns. In addition, a comprehensive study will be carried out 
to determine the most eftecnive way of irrigating various crops when 
there is insufficient water to provide the full irrigation require
ments. Past studies have indicated that approximately 90 percent of 
the maximum production can be- obtained by applyirg approximately 75 
p.rc.nt of the full water r,,.iremttnts. lhwever, a very high degree 
of management is required ind the exact irrigation timings must be 
determined so that the plants ire not stressed at crucial periods 
stunting their growth And ciusig signifticant reductions in pro
duct ion. Littl e adaptive research has M'eme done on this very impor
tant subject in water-short arena. It is proposetd that such a study 
be coordinated and carried out on then pilot projects covering all 
of the major crops grown in th,, Narmada js in. in addition, the 
salinity levels of the soil will W,.closely mnitored over a period 
of several years and the most ,ftpctivc. Ilech i ng procedures under 
conditions of reducod irriga ri e suppI ions evoIved. in theory, the 
irrigation application efficimencies un~der such , ituation could 
approach 100 percent , but tlhe Wng-t crm 5m=lint1 ion salinity levels 
may be unacceptable. 'Tlhe it; Ilation Of a systemn t~o provide less 
water during pak demand peri,<s has significant implications of the 
maximum design capacity and cot ;, of the overall irrigation system. 

e. Estimate(d Costs
 

It is proposed to fund under the grant component of this project 
all costs of the pi lot project preparation above what would be 
normally required under the MISs being cont rnct .d under the loan 



portion of this project. Essontially, th is will require the
financing of all imported equipment ind supplies and required 
tech

total additional cost of the two control pilot projects will be
approximately million (sue Attachment 1-5).
s2.2 


6. Coordination Cell
 

The management and coordination necessary to carry out 
the field
 
studies, professional development, 
 nnd development of the pilot

projects is complex. IN
extremely it 
 proposed that the GOMP
 
establish a spec ial coordination 
cc I under the E-in-C wi th repre
sentation from the AD (See Attachment. 1-4). The 
cell will be staffed
 
with two units. 'One unit will coordinate and assist in'carrying 
out
the field studies under the project and be responsible for the pro
fessional 
development activities, |ecrcing individuals for training,

organizing the management and logistics required to carry out the
 
training including 
s'lectLion of' instructiors, the 'organization and
 
management of the workshops and arranging For and 
sending candidates
 
to the U.S. for training. In addition, 
this unit will coordinate its
 
activities with the field
AD where studies ur craining will be con
ducted on the demonstration chaks. 
 A second unit will work with 
the
 
selected consultants in prep.ring 
 he pilot project plans, designs

and operation criteria. Tie composition. of this cull 
will be devel
oped jointly by GOMP, 
USAID and the selected U.S. and local consul
tants. The establishment costs the
of coordination cell will be
 
fully funded under the grant component ot this project. The 
coor
dination cell will be responsible for 
preparing quarterly progress
 
reports on all activities being undertaken 
in the water management

improvement program and 
will .ssur', that the results of the 
various
 
field studies are disseminated to th, affected departments within
 

GOMP and to the Central GO[ Ministriei.
 

7. Technical Assist:nce .nd _FI_.ldi".. 

Due to the complex natur, of tht, various studies, model devel
opment, guide development, plnnning procedures, and the planning
design and operation off the control I)ilOt projects, technicalI 
assistance should provided fundedbe and under the grant portion )i

this project. Th o technic, l ssisinnce woulId 
 take two fors, 
planning 
and carrying out the tield studius, incountry training and

workshops, and arranging [or the U.S. training. A U.S. resident

water manageniont sp,cialist wotild ho ,rovid d ;nI sippor.ed by short
 
term consultants as required. AH simi lar. arrangements are provided
under the on-going Mnaharashtra IT&M project, the resident 
specialist

will be shared equally between tho two projucts. For the pilt

projects, technical' assistance 
will consist of a U.S. irrigation

consulting firm 'n collaboriLigni with Indian resource
ai water

coosultiog firm. rhia joint vnturo will provide lie long and
 
short-term consulting
 

http:sippor.ed
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services required for 
 the pilot projects planning, design,
construction, supervision and 
initial operation in collaboration with
the GOMP. The detailed scope of work for the r(esident specialistwill be developed jointly by GOI, COMI' aoid USAID prior to the initiation of this project and rhe qcope of work for the consultants forthe pilot projects after the, pilot project tasibility study iscompleted. Th.? costs projected for the water management improvementcomponents for the proposed project are are given in Attachment 1-5. 
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COMP AgriCUltUre DepartmenL 

Main Fields of Activities:
 

1. Agriculture allied
and services, including intensive
 
extension and research projects.
 

2. Multiplication and distribution of 
improved needs.
 
3. Agriculture farms.
 
4. Manures and fertilizers.
 
5. Plant protection measures.
 
6. Commercial 
crops - cotton, sugarcane, oilseeds, soybean
 

and sisal development progrtm.

7. Extension and farmers training program. 
8. Agricultural engineering program. 
9. Agricultural education and research program.


10. Agricultural economics 1t.LisLti.C- ind monitoring and eval
uation of various schemes of agriculture.
 

11. Agricultural marketing and quality central program.
 
12. Agricultural credit program for minor irrigation (dug well 

schemes). 

13. Pulse development program.
 
14. Integrated horticultural development program.

15. 
 Soil and water management program and micro-minor irrigation
 

program.
 
16. Soil testing and soil survey program.
 

State Level Specialists
 

1. Field and extension education. 
2. Research training.
 
3. Information and publicity.
 
4. Monitoring and evalu.iton. 
5. Sugarcane.
 
6. Pulses and soyabean.
 
7. Fiber crops.
 
8. Food crops.
 
9. Oil seeds.
 

10. Plant protection.
 
11. Horticulture. 
12. Soil and water managnomnt. 
13. Soil survey and soil testing.
 
14. Command area developmonL.
 



Attachment 1-4
 

ORGANIZATION CHART
 

Minor Irrigation Committee
 
Special Appraisal and Supervision Cell
 

a ! 

ENGINEER-IN-CHIEF!
! (E-in-C l 

a• 
a I 

a I a 

' MINOR IRRIGATION
 
U COMMITTEE (MIC)
 

I 
I aO 

SPECIAL 
 SPECIAL APPRAISAL AND
!COORDINATION CELL 
 I : SUPERVISION CELL (SASC)!
!SUPERINTENDING ENGR! 
 SUPERINTENDING ENGINEER!
• • Chief Engineer (N-T)


Special Secretary (MID)
 

Special Sec. (Finance)

Add. Director (Ag.-PP4)


• SE (SASC)
 

a a II$ , 

!SPECIAL STUDIES ! 
 PILOT PROJECT PLAN,! : APPRAISAL! 
 !IMPLEMENTATION, OPERATION
!PROF. DEVELOPMENT: 
 DESIGN, OPERATION ! ! DIVISION 
 !MONITORING AND EVALUATION
 
_(Two)
* _!_ !DIVISION! 


EXECUTIVE ENGR. (1) EXECUTIVE ENGR. (1)
ASST. ENGR. (3) ASST ENGINEERS (3) 
 EXECUTIVE ENGINEERS (2) EXECUTIVE ENGINEER (1)
AG. OFFICER (1) AG. OFFICER (1) 
 ASST. ENGINEERS (8) 
 ASSISTANT ENGINEERS (4)

ASST. DIRECTORS (AG)(2) AG. ECONOMIST (1)
AG ECONOMISTS (2) STATISTICAL OFFICERS (2)
 

SOCIAL SCIENTIST (1)
 



CHAPTER I I
 

TECHN[CAL ANALYSIS
 

Page 

A. General Description of a MIS 
 01
 

B. ID and AD Responsibilities and Capabilities 
 02
 

C. Present Planning and Design Criteria 
 03
 

i. Water Supply, Requirements and Budgets 03
 
2. Dams and Reservoirs 
 04
 
3. Data Base 
 05
 
4. Distribution and Drainage Systum 06
 
5. Construction and Opcra in 
 07
 

D. Summary ot Performance Study 
 08
 

E. Proposed Planning and Design Criteria Under 09
 
this Project
 

I. Water Supply 
 09
 
2. Water Budg#,ts 11 
3. Dams and Reservoirs 12
 

a. Structures 
 12
 
b. Operotion Studies 
 12
 

4. Surveying and Mapping 
 13
 
5. Planning Piocedures 
 14
 
6. Land Development 
 15
 
7. Watercourses and Field Channels 
 16
 
8. Canals 
 16
 

a. Descript ion and Criteria 
 16
 
b. Lining 
 17
 

9. Drainagc 
 19
 
10. Groundwater Dv,,lopme n 19 

F. Construction 
 20
 

G. Water Allocation and Rotation 
 21
 

H. Ope cation and M, in ten.'nce 21 

Attachment I1-i - Map of MIS 
Attachment 1i-2 lBinnie',; i'erLentage 
Attachment 1I-3 Otrange's Table 
Attachment 11-4 - Estmad anJ Actuu Witr,,had Yields 
Attachment [1-5 - Salient Nat ures of MIS. Studie.d 
Attachment 11-6 Desinud anI Acral (,roip ,d Area 
AtLachment 11-7 M.'. Minor mIrri gation Projcot 
Attachment 11-8- lydranulic Conductivity T':nt 



CAPTEIR II
 

TECHNICAL ANAIYSIS
 

This Chapter provides a description of i MIS; summarizes the current 
planning, design, and operatiun proct'iliirs; and presents the procud
ures that will be followed uinder this project. Currently, the per
formanco of the existing MESs is disappointing. An effort has been
 
w.de, based on the analysis of existing and planned MISs 
by a team of
 
GOI, GOMP AID on AID
and officers and vxperience in irrigation 
projects in the States of Gujarat, Rajasthan, Maharashtra, and
 
outside India, to develop effective And practical planning, design,

construction and O&M criterit 
to assure the success of the project.
 

A. General Description of an MIS
 

By definition, each individual minor irrigation scheme (MIS) 
subproject provides canal irrigation t" areas having a cultural 
command area (CCA) ranging irom 40 to 2,000 ha. Each MIS consists of 
a dam which impounds monsoon run-o If from stra,,; and tributaries, a 
spillway for passing flood waters, And a branching distributior. 
system consisting ot main distributarios and minor canals, serving
public outlets commanding approximately eight to 40 ha. each (see 
Attachment 1l-1). 

During the preparation ot this report , three operating MISs 
(Kunda, Dhuwdhar and Dnukrikheda) ini difterent agroclimatic zones 
within the Narmada Basin were visited and analyzed by a team of GOI,
COMP and USA I1) otficials. h'll MuS., were selected as being
representative of typical in Madhyi Pradesh. It was observed that 
the total canal syst-r: was un] ined rtgardiess of the infiltration 
rate of the soils, no crois regulators wtee provided to cointrol water 
levels, regulators were provided only ,,t th, head of some of the

distributaries and minors, and li out lets (serving approximately 40 
ha.) were unregulate i. It was a o ittd that it had been ,-ssumed
that the f irmers .omehuwwoU I d coint rnw t the watercou rses and field 
channels below the muiLet t4, each individual f ieId. However, very
few watercot rhes were se n ird iht:t Chat did exis!. %ere in poor
('onditin and hid no control ,L;Lmci rc ;. Also thore was no provision
for an adequate surlace drainage network. Tihe cultivator-,s reported
that the system as tither t a 117 Ol 0 .- ()t , t ny normally neve!r 
knew when the, watsr was, goi!,, tih ,vii kib , the timmers near th: 
outlet took of water, miusInst ile and l:rmrs had not seen an 
extension wonrker i th ir irL4. I - et! 1i-s Ilau,Va," t ben properly
levelled io rigat tion fa rme l-, ;pAand prepre i[r ii .it ppeared to be 
following the same general agricul Iira I priet ices ,ed tnder rainfed 
conditions 
 (ordinary qeeds, low plan t pnpiiatnn , low fertilizer 
npplicatdons, etc.). 
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The MISs generally are planned to provide irrigation water to
 
ensure kharif (rainy 
season) crops from dry periods during and
 
following the monsoons and to provide irrigation for rabi (winter)
 
crops. Depending on the climatic zonAe 
and water availability, water 
may be reserved for hot weather season crops or for pre-monsoon
 
planting of kharif crops.
 

To be effective, an MIS must 
be properly planned, designed, 
constructed, operated and maintained. There must be an orderly, 
fully controlled distribution and ,nauagement system for allocating
and delivering water when needed and in proper quantities to fields 
which have been properly prepared for irrigation. To take full 
advantage of the MIS infrastructure, farmprs must have access to 
production inputs such as improved seeds, lertilizer3 and pesti
cides. They need to be tnore invoIved in the deveIopment and operat
ion of the system and it's reliabiltiy -ust he demonstrated to 
develop their confidence that witer will be avdilble when required
by the crops. In addition, credit andi o;rk,.OL 0 ,portunities must be 
available to provide economic incentive:q to the farmers for adopting 
Pew practices and taking new risks. Farners also need to be fully 
informed about current irrigated asr icultur.al technology and 
practices to be tollowed under irrigated conditions. A% MIS must be
 
regarded as an intograted socio-technicil agricultural production
 
system in which water management and the integrated use of inputs 
are the dominating feature r,'ithr than vi,!wed as a reservoir and 
distribution svstem which simp lv stores and transports water. 

B. ID and AD Responsibilities and Capabilities
 

The GOMP Irrigation Dpartment (ID) Ia overall responsibility 
for the identification, planning, design, construction, operation 
and maintenance of the MISs. The ID is also responsible for coordi
nating their ictivities with ai obtaining input ; from the Agricul
ture Department (AD) for the overall planning of the agricultural 
activities such as development ot nropoted cropping patterns and 
estimation ut irrigation requirement, at the field level. The AD is 
responsible tor providing thc ,ncy.,sary s.rvir .e hfore and during
project operation, for makinig the reym ired input.,, available to the 
farmers and providing the reqiired rosesirch and oxtension services. 
Chapter 1, Administrative Anal'.iy s, provi,s a detailed description 
of the organizatiomal et-c" Al both the I) and AD and describes 
their linkages. 

Tne capabilities ot the ,taff of the lu ;jnd AD to implement the 
MISs to be supported under this projct vary by discipline. In 
general, the ID) and AD have a large ,xp,.rienced statf. However, 
certain areas of improvement have ben noted where professional 
development through training (natinly 
 sh,,rt in-country courses and
 
workshops) would be beneficial to strvngih.n 
cAp'bilities within 
various disciplinps and to introduce ,h, iorsonne I to the concepts
of an integrated ti.arr, npproach I- sy.stn pi.luroiing aid mlwperftinn. 

http:o;rk,.OL
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Areas where personnel could benefit from professional develop
ment have been identified and tentative estimates made of person 
months of training to be provided under the grant component of this 
USAID supported project. Th!'are,'as of n,,d are identified in this 
and other Chapters with a sumimary nd cost estimate in Section C-3 
Chapter I. During implementatin, continuous monitoring of field 
activities will identify areas and typLs of additional personnel 
that could benefit from prote. inO ...valopment.
 

C. Prsent Plannin _and D,''sin Criterk
 

I. Water Sup yRleguirement, .nd Hu,_e _
 

The annual y i e d trum each indt i. ioua I NIS varies widely depend
ing on the climatic zone, tp.grnph , vevetative cover, soils and 
the size and slope of the wattrshud. In addition, the year-to-year 
variation in yild is qigniticxnt due to th" rainfall concentration 
variability on small watershlous. 'ih, re ire fvw, i I any, stream 
gauges located (on thi. strcam ,and r iv,'rs ',it th,! proposed dam sites 
for the MIS,; resulting in IwtI It! rviiK > U K Vhing available to 
estimate the actual yiel d trow Lit wni,.r:h'd for reservoir and 
spillway sizing. Therefore, the potort'it ,Auid trom watersheds on 
the MISs is currently being esti ried using empi rical formulas link
ing yield with precipitation and taking ,to consideration some of 
the topographical and vegetativt charict,,riscics of Lhe catchments. 
The most commonly used formulas are thosc of Binnies ind Scrange's. 
The key inputs for using thes, lormulis are the anniual precipitation 
records obtained from the neareus t linhi i or District headquarterea. 
Generally, in the case of minor irrigition schemes with small catch
ments (up to 25 square kin), Bcnli,,s tables ,'re. used (ALtachment
11-2). An adjustment factor is used, as :,huwn beIow, to account for
 
some of the characteristics of IUh'.tchmnt:
 

0.80 for flat CUltiL vati carciment 
O.85 for partly hIly and partly Ilot catchments 

'nad ,lt
0.90 for hilly /rj !low catchments 
1.0 for stinp catchm:.nt'. 

Mr. Binnies derivd is r.i l,,s iv 18'i) hy observing a number of 
small watersheds in Madny:a Pra,ltsh ', waor shed conditions were 
considerably differen, from tel ,'' c, ii I .s. 

In the cases (it catctirnenis largr than 25 :oquirc km, ;trange's 
tables (Attachment I1-3; 'a osed, nv tgorising thtu individual 
catchmentms as good, avernyle or bad, ,io w ithi e slop,' and cover 
characteristics into accoumt. Strane', il, , wore dewvoped in 
the 1890's from observit Oln' mid.' in (ii.ri'nri India whvre t'hK 
climatic and topographical c":rd it.i, 1 1a cia"Nuid.ronly different 
than in Madhya Pia:,a h. Cnnmnor Iy, tho, , i i,n wate.r s upply i t, chosen 
as that which can be expected in 75 p,.rcnt At the yer:.
 

http:catchm:.nt
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An analysis of the eszimawl'd watershed yields using the above 
formulas and the actual recorded yields for the three projects
analyzed (Attachment 11-4) shows that the variation between desivn 
and actual yields ranged from an ndcr-estimiate of over 200 percent
to an overestimate of appzoxiriteoy 50 percont, in a recent World 
Bank conducted review of fven resurvoir operation tables for medium 
irrigation projectn (SAR 060-N), for which Ifinnies tabcls were 
used, it was revealed that in a significant number of cases the 
run-off was s'i,nific.:n !y less than that predicted Irom the Binnies 
relationship. There could to many reasons !or the variation in the 
yield between the design and ictual and for itn erratic nature.
 
Inciuding th unreliability "I rainfall 
 data representing the 
catchment area, inacurate yield measurements at the reservoir site,
the computation of yield without referent, to rainfall intensity and 
antecedent precipitation conditions, and not properly accounting for 
the topography and soils. 

Until recently, the irrigation water "equirements for the pro
posed service area of the MISs were competed by the ID based on tne 
cropping pattern provided by the District Agriculture Officer (AG).
The water requirements were not computed based on the evapor
transpiration needs of the plants in accordance with the clima
tological factors ir the are, but on a lpre-determined duty of a 
fixed flow per 100 hectares. Rcntly, this procedure has been 
replaced (in the case of Wrld Bae'nk uided Medium and Major projects)
oilizing the modified Per :n'n method and rihe ID hin publihed a 
ha.-idbook "Water Requi rement s of crops,", November 1981 , that provides
 
the procedure to be followi 
 to lt'rin n the monthly crop water, 
requirement,9 by agrrcl it i naT d by crop. 

The procedure out lined by ID for d't.rminiug water requirements
is a qantum jump fr)m the dutv pr ',lure'. low,..v, r, for fine tuning
the design and "p,,ation of motltn systemis, more precise calculat
ions are rqfir,d. 

2. Dams and Re-i,'rvoirs 

The dams lor the MIS,; are ho jiug de,.,igued irg rtechnical cir
culars issuvd by the GOMP/ID. ?or dammnn leos; than 13 nieters height 
no stability Analysi ii unetidk n. Ihe soil ,,,aup]os of 'he found
ation and borrow area ir. supposed to h", tsted in te Circle level 
,noil laboratoriq, but due (o tIf, heavy workload from imlor projects 
very few, if any, :;oil samples , re teqtvd. 

The f ,ee hoard ,f the dams -ire ba ed o n o ml)irical ,;tandards. 
For dans over 12 weqt urs high, he free board is established by the 
e'stimated wave height corputed on th basin (of the Ietch of the 
lake. For tlhoqu- Jams b5 twv.,n Nix and 12 mneterts , thre re board is 
iet at 1.5 meter.. 
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The maximum peak flood discharge is estimated either by
Dicken's formula Q : 1400 A3 / 4 for flash floods,13 mm per hour for
 
24 hours for prolonged 
floods, or ftrm the highest known flood
 
levels. The formula 
does not take into account the variations from 
site to site in topography, soils, vegetaLive cover, antecedent pre
cipitation conditions, length of channelo, etc. The high flood
 
levels are ascertained at 
two or thrie sites on a stream by visual 
observations 
and by taking cross ind iongitudinal sections. The
 
flood discharge is then estimated 
for these sections and 25 percent
 
extra is added. The gLeater of the abovc results is 
 taken as the
 
maximum flood discharge.
 

The flood modaration of the reservoir due to the storage

between the 
 FRL and MWL is Laken into consideration and Captain

Garret'a Tables are 
used tor computing the moderated flood discharge
 
of flash floods and prolonged iLoods.
 

The above determination of flood flows 
is crude and subject to
 
wide variations from actual flows.
 

The silt production from the watershed is estimated using empi
rical formulas and normally has been computed at an average rate of
238 cubic meters per square km of cat-chment area for a period of 50 
years. The dead storage level and th, level of the sluice is fixed 
at the location which will stre th, silt deposit for 50 years,
assuming 
100 percent trap ci ficiency aria that the silt is all

deposited in the lowcr port ion of rhe reservoir. No accounting is
 
made for the fact that SLit production in rel.atiti to volume of run
off is several time s greater in Lhe low ra infall 
 zones than in the 
higher zones, and thar it is A functim of rainfall intensity, 
soils, vegetative cover and topography. 

3. Data Base
 

Topographic maps prepared by 
the survey of India with a contour 
interval of 20 ,eters are 
 used for Alont ification of schemes.

Detailed topograplhical maps are then prp,red by actual field survey
with contour intervals ot one or Iwo ::ie! wr. and are uzed for

appraisal nd layout of :he .lI-S;. For the location cf the main 
canals, distributaries and minors, strip levelling is Y,)ne. While 
satisfactory for identifying th, genta l location an(J boundaries of 
the MIS, these, :,rveys are not ,utf iCLP"t iv acc,,rate t:o properly

locate the distribut.aries , minor, , w, rt,courses and field chan
nels. Use if sunch raps tor t ) [,,sin p ,i often leads to layou:s
that are not Lost: O.fective and can raui in irrigable areas being 
excluded from the ,.iilabl,.e 
water suppli,.
 

At the preuent. time, tiiu.r. ir a) dtLu ltfI soil surveys, soil 
testing, or groundwater survoys nia ' lr tno planning of the MiSs 
As such, the determination of the area to i rrigalcd, type of 
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on-farm irrigation methods and depth 
of water application are based
 
on assumptions 
or from visual indic-itors.
 

4. 	Distribution and Drainage Svs:e01:;
 
On the 
three MIS studies .ind on MISs 
in general in the Narmada
Basin, 
the main canals and distribution systems are laid out based
on survey of India maps suppe'(mcnt.d by strip surveys. llngatedpublic outlets 6trvirg apprwximflely 40 hect-are clhaks are providedboth from the main canal ns we , jq from the distributariesminors. Except for 	 the heid rogulators, 

and 
no ,ther regulating ormeasuring structures 
are provided. The LN.P. Irrigation Act providesthat the watercourses and field channLI below the public outletsare to be constructed by the tanners. (See Attachment 5 for the

features of the three MISs st idiod).
 

The outlet duty is computed on the 
 basis of monthly field irrigation requirements to 
be dL iveted to the field in a base 
period of
20 days assuming 24 hours 
irrigation per 
day. Field losses
taken as 20 percent of the 	
are
 

fitId requ i remeint. From 	the outlet duty,
the capacities 
of the system are worked out 
assuming a conveyance
loss of 2.44 m3/sec/million 12 
 (8 c .ecs per msft). Fifteen
percent 
extra capacity provision 
is made for future expansion or to
provide for 
any change 
that n,,y be required due to change of cropping 	pattern. The above 
val icW are used 
for all sites regardless of

the soils 
found in the commna id area.
 

For the 
actual conditions 
in thi MISs visited, it was apparentthe loss assumption led 	
that
 

ro ovcv'ly optimistic estimates 
of water that
would be available 
for crop Production. 
 As a result, the actual
cropped area 
has 	heen as tow 'is 25 
porctr of the designed area
(Attachment 
11-6). More importantly, due 
to the Unreliability of
supplies 
 the 	 farmers can 
 not take rhe risk of converting tointensive irrigated agricltur.1l practices jnd purchase of costly
inputs with the result that ,vein in the simil areas that 
do receive

irrigation, production remainls tow. 

In the three projects virgiltcO, the water w.as; revloasod for irrigation starting in 1956, 
 1963 and 1969, 
yet 	 m,,,,t of the service areas 
have no .ntercournes 
or 	 ii ld ehan eis be low the outlet andfarmers hiave ro rely on field--Lo-fijl 
L ir 	g,t ion. The responsibility for planning, and construc io t ot the re-uired watercourses
and field chann,-ls 
below the, out lkt (srving up to 40 ha each) hasbeen left to the larmers. Without means Ior tht_, 
farmers to establish 	 proper organizations and obti,in technicnl and financial assistance, the watercourses and field channels were not 	 constructed.What channels were present had non-ui formed cross teuctions andslopes and had no division or other control structures. In addition, there were vory few f~elds that were level or properly prepared to take advantage of th,- irrigati, n water. Although there
no records 	 areavail able to ditermin,, the deliv, ry, application and 

http:agricltur.1l
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overall irrigation efficiencies, it would be doubtful if the overall 
irrigation efficiency from the reservoir to the root zone exceeded
 
25 percent. Additional factors noted that add to the cause of low 
efficiency are the lack of hydraulic head available in the minors to 
serve the fields and inappropriat, discharge capacities at the 
outlet. In many of the s-.rvice areas visited low discharge into the 
basin in the order of 1' liters/sec required considerable time to 
fill a normal size basin leading to non-uniform application and nigh 
percolation losses. In addition, there has been no systematic plan 
for a surface drainage network or groundwater development program to 
balance recharge in the MISs. This can eventually lead to water
logging and salinity problems.
 

Thus the vital links of conveying,, 'ind applying irrigation water 
to the farmer fields for which the entire project was conceivd, 
planned and constructed remain missing, resulting in under and non
utilization of irrigation potential creatad and low production. On 
the above mentioned projccts, an average of Rs. 2,500 per ha were 
spent on the system down Lo the 40 ha out lets. 

In summary, the minor irrigition sysiems in Madhya Pradesh are 
currently designed from the head down. After the location of a 
suitable reservoir site, the main canals are located based on the 
land that can be commanded by a contour canal, then distributaries 
are laid out at a specific interval or down ridge lines from which 
minors are laid out, from which outlets are located. It is then up 
to thP farmer to determine the land that can b irrigated and to lay 
out individual watercourges down to the individual fields. 
Experience in India and outside India has established that this type 
of design leads to poor utilization of resources and improper canal 
sizing to meet demand tor developing cropping pterns. 

5. Construction and Oper"tion 

Construction and operation of the water distribution system 
down to the public out let is carried out by Lh ID. Construction is 
generally done by loc.l ,c, itractor:s. In C seO where no reasonable 
bids are received, the [) ,ie, the cou t,r,,-tincu d,'partmentally using 
local labor. Q i lit ,, control iK Imitud (Net- :ha Ler I, Section 
B.4b). W.ter Mti At ion and totation ,re 1grdov,rntd by the! '1.l. frri.
gatin Act o 19i ind IrrigAtion RuIS ot 1r15. '1h, Act i s quite 
detai led and Ni'ils with th, unctimv, and of canal officer,,pmw,,r, 
consrruction andaod ain lamice procedurii.s, land -icquisitLou, a no all 
manners of rules, provisions, pon;liti., V, . concerned with the use 
and conservat ion o irrigat ion water by individuals and organi
zationA. 
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Unlike northern India, where water rights go with the land or are compulsory for paddy, as in Andhra Pradsh and Tamil Nadu, irri
gation is optional within the command and is sanctioned by the ID
based on applications made by farmers 
for 	seasonal as well 
as annual 
crops. The Act pro,,ides f"'r long-trm agreements in the case of
paddy as in the Chhatisgarh area. However, every farmer within the
 
command of an irrigation projcct has to 	 pay an irrigation cess
Rs. 	 12.50/ha irreapective of whether he 

of 
uses water for irrigation or
 

not. In actual practice, water is neither allocated nor rotated in
the MIS and farmers are free to take water as they choose when the
canals are running. Thig has lead to considerable water wastage and
 
unequal distribution with the 
tail farmer suffering the most.
 

D. Summary of Performance Study 

The study of the three existing MISs has revealed that the 
hydrology, basic dam and spillway design and distribution system
plans and designs require improvement. They have been designed
without taking sufficient account of basic planning standards,
 
present and possible 
 future cropping patterns, scientific crop

wa ter requirlmlen t computations, and reali itic conveyance losses and
field efficioncios. In addition, the 	 system of canal operation and
maintenance aid farmer ned s hav not been dealt with sufficieutly

during the preparation 
 of the project documenLs. Detailed topo
graphy, soils, and groundwater surveys have not been made and taken 
into consideration.
 

In 	 all the three MISs studied, shortage (if 	 watvr to irLdLW
tihe 	 designed command aroa is a common problem. Assumptions of crop
water reqvirernnts and w.ater Io it-.-e have both rIsulted in an over
estimation ot the irrigation potential. This, together with low
planned irrigation intensiti.'s, his reul ,d in drcanal system being
laid out and cons tructed vr a much largt, r area than what can
effectively hu served. A; i result, distribution of water to 
farmers has be'n both inequitable and 'nrt.liable. 

Deficiencies commonly ,.evn 	 in the existing M!Ss include: 

1. 	 Inaccurate determination of wortorshed yield and expected
peak di scharges for spillway design, 

2. 	 Exces ivt. channel ,,eepage loss due to no lining being pro
vided where channols pass through soils with high in
filtration rates and 	 dr, to poor maintenance,

3. 	 Deterioration and loss of channol capacity by siltation, 
erosionu, weed growth and general lack of maritenance,

4. 	 Absence of control structures to maintain design flow 
leve ' 

5. 	 No provision for regulation or imeasurenelt of flows at off
-takes from distributari,,, minor, or outlets 
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6. 	 Improper alignment of canals and incorrect position of out
lets due to lack of detailed soils and topographic surveys, 

7. 	 Supply to an excessively large area frow a single outlet 
without watercourses and field channels o- on-farm control 
structures,
 

8. 	Inadequate density of delivery ,ystem, 
9. 	 Lack of organization of cultivators in the command area. 
10. 	Heavy operation losses due to absence of gated outlets and 

water control struct,,rs, 
11. 	 Inadequate number ot bridges, cilverts, roads, and entry 

facilities for village domest ic u s, 
12. 	 Inadequate road access for Lanal inspection operation and 

maintenance, 
13. 	Absence of field drainage network, 
14. 	Absence ot commnication tiacitiries for conveying the irri

gation demands, 
15. 	Absence ot delivry schedules, 
16. 	Absence of suitable organization atuned to the needs of the 

cultivat ion at the farm level, and 
17. 	Inadequate delivery at the Larm gates (small stream size) 

resulting in long irrigatiUn period, non-uniForm distri
bution and high deep percolator losse.s. 

The following scction. of .his CGhapter pre',ot the planning and 
design criteria developed jointly by Gol, GOMP, and USAID to remove 
the above identifi,,d constraint; to prvi.e efticient and effective 
irrigation project planning, design, construction, operation, and 
ma intenance. 

E. Proposed Plannlin an Desii) rrCri_ 	 Projecti t Under this 

1. Wate r ujplv 

The weaknes. in tho ,mpirical ftor: ,, in proc..edure:s currently 
used to et wate shed i well inneitd and recognizedi ,te yi, arc do 
by tae hydro logits and engineec, Q the =1P. The State is taking 
posit ive action to iraprov, the runoff ,lit available throughout the 
Stat," which in turn will improve* rh, wailrshed 1i ,,5 prcdictions. 
The ttate h,, instAI i, 128 gau'iln, It I , - twru ,ino M.P. :,nd the 
World Bank is helping' tinance, with two oi it., pr,j,.ct ,, the instal
lation of in Idd i ,-, % 315 g. ,in, st, . th:nignr the SLate. 
The instllation t n>,,, 443 Itt ,,H, Ind ,pradin,' of current 
statian:, will aprovid ui 4nnd hiis , 1 r , r nn t:,.. hyarologic 
predictions for dams d r, ervoir, h, ,, .:o, ,t rotr.,d ,irou.nout the 
State. As such, no i i tac,v Irom S.\IO 4 r,.q,,ired iiithni area. 
However, it s1hould h,- noted Lnit h,., ,, ()I th: i.i, r, quircd to 
instil I I 1and ob t ai n ui i c i Innt Aa I )t 0 I L Li " n purpoje the 
insta llation oft the,, tat will4 1 1 m, V tt i,' ,LInc I o imaproving 
the run-off prod ic tion lr Lt, MIlS, to - cont rlc ,., u, ,r thi'; 
prolct. 's such, tw,, p,;-.lle. l ,,t ,,l iv tit. arc p)op ,ed in 
determining the wat,rsh,.d vild o the inldividual MISs. 

http:pr,j,.ct
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Through the initial 
stages of this project, a hydrological

forecasting system based on 
a continuous water balance model will be
 
developed. With 
 the recent development of mini-computers, it is
 
possible to simulate the complex continuous water balance processes

that 
take place in small watersheds. Hydrological techniques 
such
 
as the Stanford Watershed Model and 
the OPSET model being used at
 
CWPRS, Pune which 
 uses daily and hourly rainfall and evapo
transpiration to calculate daily soil moisture and 
run-off have been

developed. These other
and conceptual 
models give vastly improved

yield predictions as compared 
to the use of empirical formulas.
 
With the use of computers the complex interrelated physical
 
processes that occur in the watershed area, such as rainfall distri
bution and intensity, potential evapotranspiration over time, soil
 
properties, vegetative 
 cover, topography, length and shape of
 
streams, land slope, drainage characteristics, surface evaporation

from existi-; nonds and reservoirs, etc. can be mathematically

analyzed. It is proposed, if found necessary after study- ing the
above two models, to develop in improved forecasting model for small 
water sheds wit existing Indian technological rosou- *es along with 
the assistance of short-term U.S. technical assistance. A team will 
be constituted 
under the directorate of hydrometeorology consisting
of hydrolovists from M.P., ass;isted by Indian and U.S. technicians 
to identify rupresentative MIS watersheds for data collection and
 
calibration of nuch a model for prediction of water- shed 
yields.

The selected watersheds will 
 have to have long term accurate
 
rainfall and stream gaugin., itations to be effectively used in

calibrating the model. As part of the model development activity
in-country training will be provided for hydrologists and engineers
 
on the deve lopmenit and operation of the mode 
 , ! o that they will be
in a position ro provide moditications and maintenance of the model
 
over the pursuinv 
 years. The cost of the technical assistance both 
local and U.S., of training, and th, procurement of a micro-computer
will be coverud under the grant component of this project. 

During the initial stages of th project while the above
 
mentioned model is being devw. lopd, the hydrology of the proposed
MISs will be developed using th, best avai lable data. On those MHSs
 
where there act ual
are stream 
!low records ru .:n : ,.. tionships will 
b ePstablished with the p'augim, irations available in the proposed
watersheds or nearby watr,;hds and corrllated with available rain
fall data in adjacent wa ,.r shed; 
 where tanks with appropriate

rcords. In tne cas s that "iging stations or tank data is not 
available in the proposed w.tersheds or nearby watersheds, then the
Rinnies or Strinqi.,'q tanIri w: I have to he uti lized for the initial 
designs. 'ne pro jct, d, iesi i 11 be adjusted where possible after 
the r,soIts of the rondel1 d'v pm,.nt ,ar. made availnhte.
 

To provid,, impioved meto.olo,y dat a and operation data for the 
MISm, climatnlogical stat ois wm I I he ,-tb Iinhvd within the command 
area of each MI.A. 1Ihe station will inc'iud,. no lt-recording rain 



gauges, wind velocity motors, solar radiation mneters, humidity andstandard evaporation pan. In those conmaind areas exceeding-100...ha .
~CC~to aal hr r existing climatological stations within the MIS, they will be up graded in lieu of

establishing a new station. The cost of locally available equipment_
for the climatological stations will be a reimbursable cost under 
this project. The cost of imported instrtimentation will be covered 
under the grant portion of this project. 

,iJ--,,--.-i 

2. Water Budgets 

The Water Budget 

will be prepared on the 

for each 

baqis of: 

MIS subproject under this projc-.t 

a. Crop requirements calculated according to the cropping
pattern developed by the AD and the climatological data from the 
area or near by areas. A fortnightly irrigation water requir.tment
shall be developed for the study period of 20 years using actual
recorded rainfall in the project. command area or adjusted from 
stations in nearby aroas. However, since this is a difficult and
time consuming process, the following short cut procedure will beused until such time as the computer facilities and training are
provided as detailed in Section E 3b (operation studies) of this 
chapter. 

The crop water requirements will he calculated using the
cropping pattern dev.,loped by the AD ind the mean climatological
data from the area or near by area. Monthly water requirements
shall be computed. The effective rainfall shall be computed for the
75 percent chance rainfall for the month in the command and the net 
monthly water requirements shall be worked out. 

b. Fo planning purposes, efficiencies and requirements for
land preparation, etc. in a systm from livad of canal to the lowest 
government controlled outlet, should he in accordance with the
values given in Attachment 11-7. The use of thu higher values of
efficiencies would require full justification bas(ed on seepage tests 
on the soils that the canals will pass chroi.gh. 

c. A groundwater development program will 
balance the expected recharge In the uystem for 
during rabi and the hoL weather season. 

be estimated to 
irrigating crops 

* *... 

d. It is assumed, based on pa,4L stidli,, that supplementalkharif water supply, including a provision for pre-nonsoon irri
gation should be tested In the reservoir operation study (See Sec
tion 3,b below). The watur supply for kharif crops should be such
that the cropping pattern wa.er requIromento be iatisfied in no less
than three years out of four. The ar:a to he sown In rabi would be
determined by the storage available prior to the rnbi planting
seasona 
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3. Dams and Reservoirs
 

Under this project, the masonry 
dams will be checked for
stability under various loading conditions, as per Indian Standard 
1.h.6512-1972 "Criteria for Design of Solid 
Gravity Dams". Thedesign of earth dams over 15m in height will be based 1.S. 8261978 "Guidelines for Design of La rge Earth and 

on 
Rockfjll Dams"(technical circulars theof ID will be used for smaller dams) andshall have to meet the basic requirements for safety against overtopping, stability, safety against internal erosion, and safety

against surface erosion.
 

For the spillway design capacity of MISs with a catchment areaOf more than 25 sq. km. the 50-yemr design flood will be computedusing the methodology established by Centralthe Water Commission
publication report 1/73
No. (revised) "Estimation of Design Flood

Peak", Hydrology for CatchmentSmall Directorate. For MISs withcatchment areas lessof than 25 sq. km., the design flood will becomputed 
using the present practices of the 
 ID. The freeboard
 
requirements will be determined by the T. Savellies 
method as is
being currently done 
on World Bank aided medium irrigation projects.

The present 
 procedure for estimating silt accumulation in the

reservoir over its designed 
life requires improvement as noted in
Section C.2 of this Chapter. In recognition of this Madhya Pradesh,

with the assistance of the World Bank, 
is carrying out a program to

study the distribution of sediment deposits within the storage 
areas
of existing projects. To supplement this study, an additional 
study
will be carried out under this project of representative watersheds
where gauging stations are available that have sediment recording
capabilities. The study will be conducted by the ID with Indian andU.S. technical assistance :to improve on th. current 
 empirical
formulas being used for estimating sedimentation rates. The costs

of the study and technical assistance will be covered under the
 
grant component of this project. 
 In addition, a program will beestablished for 
the MISR being constructed 
to carry out, on selectedMISs, surveys every five years to determine the actual quantity ofsediment deposited and its pattern of distribution within 
 the

reservoir. However, the andin interim for planning purposes, a
silt provision will be made at the average rate (if 238 cuomo per sq.km. for a period of 50 years for setting the L.S.L. 

The live storage capacity of nll MIS reservoirs will be based 

on the estimtated 75 percent dependable inflow.
 

b. Operation Studies
 

Under this project, reservoir opuration studies will be carried
out for each of the MISs. The Ntream £low shll ho reconstructed
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on a fortnightly basis for n minimum 20-year period, using estab
lished 
rainfall run-off correlations and recorded run-off patterns
 
at nearby stream gauging or oxiscing reservoir projects. Evaporatone will be baseiduipont o .ie,,-greservor [rface p re nd ad or r.! 
ponding evaporation rate from the nearest climatological station.The water demand should be obtainudd in the manner described in 
previous paragraphs. The water available for rabi irrigation begin
ning approximately October 15 will 
be the water in storage at the
 
end of September, plus anticipated post-nonsoon inflows less
 
estimated evaporation, less any amounts to be 
used in maturing the
 
kharif sown crops, and possible carry over for pre-monsoon irri
gation. A comparitively simple computer program to carry out the
 
operation studies been
has developed for the USAID/World Bank
 
supported medium irrigation project in Gujarat. This 
program will
 
be made available to the M.P. ID by USAID. As part of zhe grant

component of this project, 
a desk top computer wilt be procured and
 
training will 
be provided to selected personnel of the ID in per
forming operation studies.
 

Until such time as the above mentioned computer, program, 
and

training is made available to the ID, the following procedure will
 
be used for the reservoir operation studies. 
 The stream flows shall
 
be constructed for the 75 percent dependable year on a monthly
basis. With the computed monthly water demand, 
reservoir operation

studies would be made 
 for the 75 percent dependable year with
 
criteria that cropping
the pattern is satisfied in the kharif
 
season, under utilisation up to 10 percent 
 in any month being

tolerated. Evaporation will be based upon the reservoir 
surface 
aren and the corr,spnnding ovaporation rnat from the nearest climat
ological station. The net 
CCA area that could be irrigated from the 
MIS is thus arrived tit for the designed croppi.ng pattern. 

4. Surveying and Hapna
 

As mentioned in Section C, tho of
u.e the Survey of India maps

supplemented by strip surveys 
is ccoptable for determining the dam

location and possible location of the main canals. However, before
 
the final location of the main canals iire mad,, a detailed soil 
survey will be made as described in Chapter III, Section D.1 of this 
report. Situations have arisen where canals laid out thewithout 
benefit of a soils survey were 
constructed 
in areas of shallow soil
 
overlaying rock. such canalAs the constrution costs were high andthe surrounding land was not irrigable. Prior final
to location of 
the remainder of the water distribution iystern, detailed topographic 
maps will be prepared, considering the following: 

a. Cadestal and village map to nted anbe base map after 
appropriate enlargements,
 

b. Topographical survoys will be carried out by taking spot
levels in each survey numbor, and 

c. The survey map to depict: ground elovation on fields, 

http:croppi.ng
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location and value of benchmarks within the area surveyed, cadestal
 
boundaries, all permanent st.ructures in the area, visibly unculti
vable and uncommanded areas, and alignment of main canals with the
 
FSL indicated at appropriate places.
 

Considering the availability ()f all village maps at scale
the

of 1:4000 and thoat a minimum space of one cm is required between two
 
consecutive survey points on the map to 
provide writing space, the
 
following specifications will be followed:
 

Slope Groups
 

greater than
 
0-1% uniform 1% uniform &
 

rolling land
 

(I) Spot levels (approx.) 6 per ha 8-10 per ha
 
(2) Contours interval 
 20 cm 20 cm
 
(3) Mapping scale 
 1:2000 1:2000
 

ID prepared maps will be used 
by both the ID and AD for
 
planning, designing and constructing the irrigation and drainage

network from the 
last survey number to the reservoir outlet. This
 
procedure will reduce 
the duplicative effort 
now used where both the
 
Ii)and AD survey the CCA. in addition, it will ensure that suffi
cient information is available 
to properly locate the lower end of
 
tile distribution system and have the outlet 
properly located.
 

5. Planning Procedures
 

The current de;ign procedure followed in laying out the irri
gation distribution systom starts at tht, dam and down theworks to 
public outlet. Under this project, th irrigation system will be 
d signed stoirt irg wi li the f;irmers ' tie' d and move upward through

the system to the rservo - ( tlet. A detailed cropping pattern
will be ,evelop, d bv the AI), us ing tilt det,i I led soil surveys. On 
the initial IS; to ho ds jid tnder this project: compOsite monthly
waitr requirem-,,nts ci I.hk kvv,-loped ,ising thek ID handbook "Water 
Rquirements .)f Crops". Th'', II Hi II ma;ike te tat ive watercourse lay
outs ,i iu'i toqpot.raphic ima,-pq vi t.-r'swuerbhii) maps followed by
ttntativ layouts ,)f rilt,e in.rs;, ,.istributaries and mains based on
 
thio dota i ,d tpo'ramoi ic ,i ,,, 1 maps. Prior to the finalization 
ot plans, th, ID And A pcrsom nl will meet with the farmers in each 
crnim,no and review with thi, "th, t:'rtative plans and layouts of the 
watercourses, fi eld clianneI,; in! turnout locations. Possible tech
nical ialternitives for of 
to the farmers. based on rhese 0 iscuss ions the plans 

the ofuitthe system will be presented
 
final will be 

prepired 
fhr ]bcnion and sie tlh,' system. 
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As this technique isnew iii India, workshops will be provided
 
for the ID and ADpersonnel involved. Tho workshops will 
 be provided
 
on proposed subprojects where -the surveying has been completed and
 
the-partic ipan ts -wiI -be - rvi(e ''a d -n--tr n n - n-ly n --o t-,-
sample distribution networks and, working with the farmers. The cost
of these workshops will be covered under the grant component of this 
project.
 

To improve, simplify and standardize the planning of the on-farm
 
irrtgation and determination of water requirements, an irrigation
 
guide will be prepared as partof a speCial study under this pro
ject. This guide will 
 provide the plannors and extension personnel

with a matrix of information on (laity consumptive use, depth of
 
irrigation required and frequency of irrigation for various combin
aLions of soils, crops, climatic vooes, and irrigation methods. In
 
addition, it will provide unit irrigation streaim sizes required for
 
obtaining high application ufficioncies. This guide will not only
 
provide the planners with an easy tool to plan the system, but
 
provide the extension workers a handy reference to advise the
 
farmers on necessary changes required for optimum irrigation, field
 
sizes, maximutm depth of application, and irrigation frequencies for
 
various crops. The cost of developing this irrigation guide,

including technical assistance will he provided tinder the grant
 
component of this project.
 

6. Land Deve lopment
 

Land development works include ill imProvements on individual
 
farmers' fields ordtor propare them for
in to eflicient use of irri
ga Lion water and provid, ii. :ucsary dra inag, fat,i 1'Lies. Improve
ments include land shaping/lev lintg, oj-farm distribution channels,
 
water control .tructtires, hunding, and provsio.is for surface drain
age. R.asonable itiil ization of woto:r 
 can ho, iichi ved only if fields
 
are suitably prepared. Unevii land results in low irrigation appli
cation efficioncitis 
 Mid substanti ally relucos the erfectiveness of 
fertilizer, pesticide applications .and tillage efforts which in turn 
lead to low crop yields. Lt-vel-bed irrigation is satisfactory under 
most conditions (e.g. for rice or for very small fields), but
 
requires precision leveling Lo IS mm toli'rance. Graded boarder or
 
fi rrow irrigation with slopos in the direction of 
 water flow
 
requires less earth to he moved, saving costs. on the
thus Based 
site specific conditions the most cost ,ffective land development 
activities will be planned. 

Normally, the land devetoptnit works are oxpected to be carried
 
out by brneficiaries themselves but seldom The
v iiro undertaken. 

principal reason is the fnrmt'rs' rluttrance to invest his own 
resou rces bl.C41use he tee I s tiIl the irrigation water is not 
asssured, In aiddition, the rqiro d rtsouro'us al technical assist

, dre 0nt l'is to,1mit o ton avTihil,. Itrtho'r addn ith.tinder-utitii

http:provsio.is
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zation of irrigation water. The expenditure required for land
development works is approximately Rs. 2600/ha. which is equivalent
to ten percent of the cost of the project. This expenditure can
also be obtained from goverimont or other institutional financing
but normally, the farmers are not able to avail themselves of these 
financing facilities dup to the following reaisons: 

- Defective land title,
 
-
 Illegal occupancy of land,
 
- Holders of land allocated under the ceiling act,
 
- Overdues more than the specified limit, or
 
- Reluctancy 
 to apply for loans. 

To assure that the necessary land development takes place, the 
GOMP will provide technical and tinancial assistance to the farmers.
As discussed in Chapter 1, the AD will concentrate additional staff,
after proper training, in the project areas to help the farmers
understand the potential benr'lits that can be derived from irri
gation and what steps must be taken to prepare for irrigated agri
culture. Prior to the construction of the distribution system, the
AD personnel will work with the farmers (See Chapter III Section D2)
to provide information of the benefits of land development, assist
in arranging credit, and provide technical assistance. For those
farmers that are unable to obtain finance through regular channels,
the GOMP will look into the dt'sirability of establishing a special
loan fund as has been done for Ch major projects. 

7. Watercour,,es and Field Chinnls 

Watercourcts :re def ind ;is rh,,, cLhannoels LiiaL transport water

from the 40 ha ,ut lit (contr()l point where 
 current ID respoiisibility
ends) to the eight ha turnouL. From the eight ha turnout to the

farm gate, the channels are r'fr'ed to Is I ield 
 channels. In this
project, the I will b, responsible lor the planning, design and
construction o f the wa t, rc' ur .,s ind fiel( ch,innels to serve each
holding or to the point thait ;'rvoL two ha., whichever is larger, at
proipct cost. This expendi tir. , less than tn p'rcent of total pro
ject cost, is a vital key to lh,, t: i Izat ion of th, other 90 percent
of the required expeniditur'' . The fie Id ch,nnels shall be designed 
so as to prov-.le a minium working had )t 15 cm over the highest
field to be irrigated within Ih, CCA ind consequntly, the water
level requirerints in water:o r, #; minors and distributaries shall
be worked out icc-)tint ing for ti, opra lionua head losses and working
head requirement; 0CMvO.s ,Upas one th,' system from the field level. 

8. Canals 

a. Description and Critria 

The canal system consists- a tre' like branching system of main 

http:prov-.le
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ocanals, branch canals, distibutari and minors feeding outlets 
serving the watercourses and field channels,
 

to meet the following minimum design criteria:
 

(1) The canal system will be laid out, designed and constructed
 
down to regulated outlets/turnouts serving an average of 40 ha chaks.
 

(2) The canal system should be designed to deliver at least 30
 
litres/sec. of water at the outlet on a rotational basis. Outlets
 
from the main supply channels should be gated or have an AP
 
installed.
 

(3) Main and branch canals should be designed and constructed
 
to permit full irrigation deliveries at distributaries, minors and
 
outlet offtakes when flowing at 50 percent of their design
 
capacity. Distributaries and minors should be provided with
 
sufficient control structures to mako the required diversions
 
throughout the full operating range of thet- channel.
 

(4) Measuring devices should be provided at the head of main
 
supply channels, at each oadsking dtiributary and mitor canals,
 
and at each outlet to a watercourse srving approximately 40 ha.
 

(5) Escapes (wasteways) should be provided as needed at the end
 
of canals and atvarious points along the canal alignment. Wherever
 
possible, wasteway gattes should be combined with side channel over
flow sections, Ispeci,ally towards the tail end, so as to provide both
 
an automatic control feature and capacity to empty the canal.
 

(6) Topography permitting, small, regulating reservoirs within 
the CCA provided along the canal alignment or above the canal to 
increase project water supplies for the irrigation schemes and add 
[exihility for project opvration.
 

(7) The canal system capacity will be based on the peak irri
gation requirements with the system running 24 hours per day. 
During non-peak periods, the distribution system will be closed 
except when irrigations are required at which time it would run at 
full capacity. 

b. Lining
 

Analysis of lining costs and benefits generally show that lining
 
is economically feasiblt. Recent ocnomic analysis carried out by
 
the World Bank have established that in area where seepage losses
 
exceed 2.44 m 3/sec. par mil. sq. meters (8 cu/socs/million ft2 )
 
lining is economical. Lining costs nre incronsing and scarcity of
 
cement is a problem. As such, before investing in lining estimated
 
seepage loss rates should be determined, One solution would be to
 
defer lining until after the subproject is in operation and seepage
 
losses can be evaluated, hutL this would cause programmatic and
 
budget problems. The high cost of lining argues strongly that some
 
effort be made to find a hotttr approach to estimatlng seepage 



involved are 
the saturated hydratilic con:duc.tliity of e eeatera
m i iii.:
 

I " wh '.e " .seepaga2.."2ion 22i'ne 22 2<22.22-<.2 ' or ":to2AWln canii:i.,arei;excessieL)2Zto , .2not. 222 .i ,'22) a! be H in. th2de'te>r2.n:(sandy ils 'nd thoisemade'.ia'reas": where'ad .seepage# lo]asse s-i:-~~':!:3oulZd be low (0w337!1'.',::
clay 3and:c lay ....ms ca,- d n ife nd a d tem n 
so lwhre :it isi questi onable, c -t 0w i":flong Hevriach sugge sted :: he°ea pproa hif:/ !':ths :;".
. 

Fo eemnn h e d of. lining .. Ti:es t p its!: are at -not .du~g morel7:,
thn50 ee ntervails along thie •canal[alig;nme~nt' toae pt equal-to,the rop o sed le ve l,of t:he. canal1 bed. M su reme nt of:h
p 

lyd r a ulic :(:'i
conductivity :3at bed Leve are ade olwn h poeue efothinAtacmet e1-.
The 11 wiolwake studie tpoetablsh the-:3
 
coreaton of, hydraulic .conductivity to acua sepae 
 osrte 
inodrt siaeseepage loss rates :.in subpojec caal ... :,


S.:,.Hydraulic conductivity :tests could be correlated- with- reaches :of:-;:L:, .'S'canas whresepage .losses have been measurud or with water manage
metstdescrried ou neitn MIss and efforts w i l l be made,

.tecorrelate seepage lsraewihthe' Unified Soil 'Classification(

System, for Engineering 
 (IS:. 1491 -1970)., The costs of the studies,: " including technical assistanice, will be provided under the: grant

': component of this project.
 

Black cotton soils are dominantl in many of the areas that will
•be served by the MISs. :In these soils, maintenance of channel shape

rather than seepage toss appears to be the principal problem. This

is because the sioils are qluite impermeable and unstable when wet.
See Chapter" 111, Section B. 
In the upper watershed areas where MiSs
 
are most apt to, be located, black cotton soils may be relatively

shalow nteratd t othe.r non-swelling and more permeablend 

soils. Larger cannts, especially 
 those in cut, often penetrate

th rough the black cotton,soil layer 
 into the subsoil or weathered

rock substrata which are quite permeable. Under these and possibly

other conditions, such as when expansive .4oilsn 
 ark! stabilized by
replacing swelling -4oi1s with non-sw I Iing oneas, lining may be
 
needed, Under the USAID funded Mnharnsht ra l'r&M project, a special

study is proposed to address Lhe question of lining in black cotton
soils, its feasibility nnd desirability.' The results of this study

wnich are expected to be aivailable by June 1984 will be used to
 
ascertain the desirability of lining the channels in the MISs that
 
pass through similar soil conditions. For purposes of project prepsaration and estimation only, it will be 1ssumned, unless available
 
,storma~lon Indicates otherwisn,-that 50 percent of the distribution
 
system will be lined. Actual lining will be on the basis of guide
lines to be devvloped ns isbw.
stuiabv 
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9. 	 Drainage
 
Drainage works are present Ly not 
 planned 'orcontructed-under---

MIE~~ 7iniF~ h~~tT~ j j~ l fyifacilities capable of 	
g s bpr jec s i urface 'drainag eremoving excess surface water, from individual 

fields and delivering it to natural and constructed drainage
channels will be provided. The faci lities will be 	 such that, allexcess rainfall and irrigation water is readily removed and does notcause crop damage in the area. Natitral drainage channels will becleared and bridges and culverts> provided so that surface infrastructure such 
as 	roads and caials 
'Idon1ot impede drainage. Field
and 	collector drains will 
be sizud 

a 	

tr, remove rainfall intensities offive year recurrt.nce interval rapid enough 
to 	avoidi crop damage.In areas with high water 
tabL.s and/or areas with saline groundwater 
conditions, subsurface drainage facilities will be designed
prevent water 	 to 
root zone. 

tables from rising Lo heights that would affect the 

With the provision of required - field and collector drains
outlined above, there 	

as 
would be no danger of waterlogging and
salinity development in 
the 	project command areas.
 

10. 	Groundwater Development
 

The state of Madhya Pradesh is underlain by massive basaltic and
granitic rock formations. Overlying this subtratum is 
a zone of unconsolidated 
 material consisting of fractured 
 rock of variable
thickness. 
 This layer usually is several meters 
thick and provides
an aquifer of limited but 
potential capacity 
for 	economical exploitation for irrigation in 	 Madhya Pradsh. Exploitation of these
aquifers by high capacity 
tubewalls 
is not possible because of 	 the
low 	water transmission capacity of 
the aquifer. Inicontrast, dug
wells several meters in diamter and tip 
 to 	15-20 meters deep can be
used. Water may 
be pumped by mechanical means, electric or diesel,
 
or by using animal or human powor.
 

Aquifers are recharged primarily by 
rainfall 
and the amount of

rainfall that enters the 	 ,quifor is affected by the degree of 	land
development which increases the rainfall recharge Lhrough percolation. Deep percolat 4 on from rvservoirs, irrigation 
canals and irrigated fields also add substantial 11mount (approximately 20 percent
of the total divorted flow 
 under a well de~signed and operated sur
face irrigation system).
 

Minor irrigation schemes normwally do iiot provide water for the more remunerative pertonnials 
like hot weather groundnutn and sugarcane. Croundwater which can he used for cash crops or for pre-monSo~on sowing provido's . very vljable, complement to a farm house
hold economy. Cunjunctiv, iit of groundwater is thus a powerfulfactor in acclernting development in irrigation commands, Full
well development within the comimad urvia Lu balance rhe natural and
surface irrigation induced rechnrgo will 
also essentially eliminate
 
any potential waterlogging hazards.
 



As part of this~project,prev--- "" ' the GOMP 2 will review and improvero... unwae d:evelopmen ........... to encourag suffic€ien't
 

devo pm n to bal nc th expecte re haee Also a' monitor'b1 

proorae odiscouragd. . 

F.Construction
 

Two different procurement procedures are used f'or construction;competitive bidding or forced account by the ID. Competitive bid
ding procedures follow usual pract 'ices. Lea noie ttn the 
scope of the works, quantities, current unit rates established by the ID, completion time and contractor qualificationsare placed in 
newspapers. The contractor certificntion of qunlifications isest
ablished bythe ID depending on their experience and current financ
ial resources and equipment inventory. If tilhe low bid for a project
is close to the-unit rates, the contract is awarded provided other . - r legal requirements are met. Where bids are too high or no resp
onsible bidder can 
be found through the competitive bidding process,
ID may do the work departmentally with their own machinery using
local labor at set rates. Piecemeal work may also be let to small
local contractors. Many of the MISs in M.P. will be located in 
isolated areas where it may 
 be difficult to obtain qualified

contractors. It thatis expected approximately 50 percent of the-
MIS construction may be accomplished departmentally. In some cases,
the ID may transfer funds and responsibility to other depart- ments 
such as for the construction of roads. Preliminary inspection
indicates that construction cacibility and contracting procedures

being used in M.P. are satisfactory. However, considering that theID and local contruictors will now be involved in a more concentrated 
effort towards 
the lower end of the irrigation distribution system,
it is anticipated that these individuals could benefit from work
shops on construction quality control. 
 As such, under the grant

component 
of this project, workshops will be established along the

lines of those being carried ouuL on the USAID supported medium irri
gation projects in Gujarat and Malarashtra.
 

The AD will be responsible for working with the farmers and

providing technical assistance for the construction of the on-farm
development 
works. The actual construction in most cases will be 
carried out by the soil conservation division personnel with the 
cost charged to the farmers' account. The GOMP will investigate the

possibility 
of having the Agro Industries Corporation or private

sector contractors 
 carryout some of the land development

activities. Again, workshops will be 
developed and provided to the

personnel involved in the final design and construction of the 
on-farm development works. 
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G. Water Allocation and Rotation
 

It is proposed to allocate watet in proportion to the size of
 
each holding with in upper limit and to apply a rotational water
 
supply (RWS) and where feasible a demand or modified demand system. 
To accomplish this, the M.P. Irrigation Act of 1931 and Irrigation 
Rules of 1975 will have to be modifiec. The ID will apppoint a 
special study team to recommend necesiary changes. In the RWS 
system, farmers on the same watercourse or under the same outlet 
follow a fixed roster of turns when they can take water. The turn is 
fixed at a specific hour and day of the w,,k with water being avail
able weekly, hi-weekly or ionth 1y depot; ing on the time of year. 
The RWS of irrigation has been practic,,,J from before the turn of the 
century on canals of Punjab, laryaina and Western Uttar Pradesh, 
where canal irrigation waq .velop,, within the legal framework of 
the North Inlia Canal i nd brain,,at,, Act , 1873. Thi: Act defined the 
rotational procedures ii, detail ind prescribed pnalties for tarmers 
whn took water out if turn. olwever, ,mtt.mpts to introduce it else
where in the new commands hav met with varying degrees of success 
even in wheat areas. Anlalysis of th is var iat in and its causes has 
not been made. One of th: rva,;ons ,ay be that it the higher yield
ing varieties do not get wa ,,r it crtain critical periods, yields 
fall off dramatica ly. In contra.t., the varieties whichi were 
prevalent in north wnts" India when rotat.onal irrigation was insti
rutionalized could withstand a wide range ot variation in water 
supply without much ,-Ifect on productivit'. 

Under the M.P. M,,dium Proje ct (IDA Cr-1108-IN), a study is pro
posed on four mAnagemurr ar.,as e,acrnvir mg about 400 hia. located in
 
different agio-climatic zones. Rotational water supply (RWS) would
 
be dpplied, huLk rtaii i e )I widtr hy the II) to water user asso
clation testd, and Th, 1 c..tiv o, A 
 tih Operation will he
 
studied. 
 in aidtt ion, n imi la ttl.u ' ie to ho cdrried out oi the 
UiAID -issistcd :,dium ii i i.,,nt c(n pro e ct s i n Mah,ir,.htLra ; Ippiy1nd, 
th : She japali wa ter rot.,t" ".Il s ys ,.Li, Ihe I,"sults at both these, 
studie-i wiil he availible prior to th,, ompl tion ot the firsL HIS 
an] can hie ued to toovelop a pi icy on tio heit NWS to be applied 

the MISs.
 

Dur 1n, I ht. m m l t. ,; I r , I Iprd I i ,t ,ot .,ich in ilvid. i MIS 
tihe I) w ill I i , .,,. to ! , t i- o ,wi. -it .ii r mal ilt ,11.°l;ct. m t itl 
system. A u n. d i , in,"v.r I I I ," I a i F timh e ID i, c" , lab
orai/ ion with i n .\Ih .i ! tn,. ic ilim hm. r Im-l , m Lm ,:msolve._ 
to ak, e v r t h. p. I it I I , , JI mlm I I 't1 , 1"4to' it 'j,' , ti i, sta rt i n 

'I tm t 'v Ih.: 1 . ti' is T I V I I ', I(Ill mIy1',lr. 'jn .r 

pllll'm' ip. *, nt:l.' i t l\ ' Iima! I . . i '. " tiii i I leanm icc aiO'l ISm 

1r1i v, etIi in ,I i i i i J i : i .[ ' i s L I )m I eo ttr o d i n 
o~ryo i', ng~~,!,,rma r", Ir ,hm i io,1 , ocia,,| an)''ld econom| l~ic* rtvn'il~ns 

j 
of til 
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country. Many studies are under process in 
India to attempt to 
answer the question on how best to organiz,: 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 Fouda.ition, studio.; are proposed to be
 
carried out on the USAID supported Maharashtra [T&M project and 
studies are being cirried out 
under World Bank projects. Under this
 
project, workshops will 
 be held by the AD to assimilate the
 
information being Fathered 
 roim the various studies. To accomplish

this, the ID will mppoint a committee to identify and analyze the 
studi es that wilId provide u!;eim inIormation for the organization 
of farmers under the MIS. A report will be prepared by the end of 
the secon1 year of this proji-ct to be used as a guide in carrying 
out workshops of the ID and AD personnel responsible for organizing 
farmers in each of tl, MIS.;. 



0 

AI IALhM NT 11-1 

CANAL
 

SC~h.MATIC IRRIGATION DISTRIBUTION NETWORK 1
7r 4 0 t - u 

0/s 

CAAUDA 

!!ELO 
# ,Sft, tt OCLSLOC 

, At.l 'i)L 2)1Ir / 

WATER DISTRIBUTION "- ')iIt ! rWITHIN A CNAK 



BINNIES PERCENTAGES (adjusted) 
 Attachment 11-2
 

Annual 8innies Corresponding 
 Differ- Annual---- s Correspondin Differ-
 Annual Binnie's Correspond- Differrain percent- yield per sq. 
 ence for rainfall percent- yield per sq.
fall ames ence for rainfall percent-
nile in 0.1 inch ing yield ence for
Jqes mile in O.i inch ages per sq.
nillion cubic million u ic 0.l in 0.1 inch 
feet fee t mile in
1_ - c,6----- --- i,-iion

-27 - - T3-- cubic feet
11 9 2.045
S .0-9004 0.04? 3031 ?7? 513 9 f 1.5 0.135 517-5 0.1732.509 0.046 32 29 
51 45.0 53.317 0.1742l 9y 0.139
13 I0 3.00 0.051 33 
52 45.6 55.100 0.1783u ?3.3C0 0.144 53
4 11 9.578 0.056 34 

46.2 56.886 0.179
31 4.486 0.149 
 54 45.8 58.703 0.182
 
T2-- ---- S -- 0.0-o

17
10 13 4.328 0.0C5 35 - 033 27.600 0.153 550.158 47.3 60.438 0.18317 14 5.832 0.070 56 47.0 62.318 0.18837 34 79.226
19 15 0.163 57 48.40.273 0.074 33 54.092 0.177
19 15 35 30.399 0.167 58 49.07.453 0.079 66.026 0.193
39 
 36 32.618 
 0.171 
 59 48.5 
 67.349 0.182 
17s 79- 37-421 18 8.782 34 .3-4 0.177 60 50.00.088 41 69.696 0.185 
19 37.9 36.100 0.172 61 50.59.711 0.093 71.564 0.1874? 38.7 37.730 0.166 
 62 51.0 73.458 0.189
?2 0.z 7 
 0.092
24 21 11.798 43 39.5 39.159 0.1700.1n2 44 63 51.5 73.374 0.19240.3 41.198 
 0.174 
 64 52.0 
 77.316 
 0.194


25 22 12.778 0.107 45
26 41.0 42.863 0.167 6518.886 52.5 79.278
0.11113 46 .]96
41.7 44.568 0.170
24
37 15.054 0.116 47 66 53.0 81.266 0.199
42.4 46.297 
 0.178 
 67 53.5
25 16.262 83.274 0.204
0.124 48 
 43.1 48.863
29 26 0.177
17.617 0.126 49 68 54.0 85.308 0.203
43.7 49.746 
 0.168 
 69 54.5 
 87.364 0.206
 

Example: 
 What is the annual yield from a catchment of 27.3 square miles, if it 
means annual rainfall
By table yield from I square miles 42.863 + (.17 x 6) = 
is 45.6 inches.43,883 million cubic feet, and the yield from 27.3 square
-iles will be 
+ 43.833 x 27.3 - 1,198,806 million cubic feet.
 



Attachment 11-3
 

STRANGE'S TABLE
 

Rain Yie d@ Rainfall Yit d 

fall** Good Average Bad Good Average Bad 

(1) (2) (3) (4) (5) (6) (7) (8) 

1 0.002 0.001 0.001 31 19.733 14.799 9.866 

2 0.009 0.006 0.004 32 21.188 15.891 10.594 

3 0.028 0.021 0.014 33 22.693 17.019 11.346 

4 0.065 0.048 0.032 34 24.329 18.246 12.164 

5 0.116 0.087 0.058 35 25.939 19.454 12.969 

6 0.209 0.156 0.104 36 27.600 20.700 13.800 

7 0.341 0.255 0.170 37 29.312 21.984 14.656 

8 0.520 0.390 0.260 38 31.163 23.372 15.581 

9 0.732 0.549 0.366 39 32.980 24.7j5 16.490 

10 0.999 0.749 0.499 40 34.848 26.136 17.424 
11 1.329 0.996 0.664 41 36.767 27.575 18.383 
12 1.728 1.296 0.864 42 38.835 29.126 19.417 

13 2.174 1.630 1.087 43 40.858 30.643 20.429 
14 2.699 2.024 1.349 44 42.9. 32.199 21.466 
15 3.276 2.457 1.638 45 45.058 33.7,j' 22.529 
16 3.903 2.927 1.951 46 47.342 35.506 23.671 
17 4.581 3.435 2.290 47 49.572 37. 179 24.786 

18 5.353 4.014 2.676 48 51.654 '3.890 25.927 
19 6.135 4.601 3.067 49 54.186 40.639 27.093 

20 6.970 5.227 3.485 50 50. 686 42.514 28.343 

21 7.855 5.891 3.927 51 59.123 44.342 29.)61 

22 8.842 (.6 1 4.421 52 61.(11 46.208 30.805 

23 9.832 7.374 4.916 53 64.151 48.113 32.075 
24 ,0.873 . 154 5.4 3o 24 66.866 030.149 33.433 
25 1 .964 8.973 5.18285 10.5i) 'i?. 13 , 34.755 

26 13.168 9.876 (.:) 4 56 7 0.05 34. 15) 6.102 
27 14.364 10.773 7. IL,2 57 74.951 (j.213 37.475 
28 15.612 11.709 7.806 58 77. 8 3 8).412 id.941 
29 1t).91 1 2. 83 8.4)3 5v ,O0. 734 60.550 40 .367 

30 18.330 13. 77 9.165 60 o3.Ki5 f2./26 41.817 

@ in mi ll on ()ibic t.et per squ;ire mt It! t tht, catchmunt area 

** monsoon rainfamlI-inches 
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ESTIMATED AND ACTUAL WATERSHED YIELDS
 

Year Des Ln Actual 
 Variation 

(MCUM) (McuM) (%) 

Dhuwadhar (Mandla District, Agro-climatjc Zone No. 2) 

75-76 12.30 22.80 
 + 85.6
 
76-77 8.83 
 6.66  24.6
 
77-78 9.51 
 14.27 
 + 50.1 
78-79 7.48 
 14.84 
 +193.3
 
79-80 2.20 
 3.72 
 +168.9
 
80-81 8.76 
 14.30 
 +163.1
 

Dhukrikheda (Hoshangabad Dist. Agroclimatic Zone No. 3)
 

72-73 
 9.77 
 9.14 
 - 6.48
 
73-74 19.27 
 18.35  4.76
 
74-75 
 9.31 10.06 
 + 8.06
 
75-76 15.66 
 10.80 
 - 34.31
 
76-77 24.39 
 11.98  50.87
 
77-78 19.95 14.93 
 - 25.16 
78-79 
 7.81 
 5.74 
 - 26.5 

Kunda (Dhar District - Agcoclimatic Zoie No. 5(b)
 

71-72 3.81 7.66 - 13.03 
72-73 1.94 4.07 +2U9.00 
73-74 16.27 18.64 + 14.57 
74-75 2.11 1.74 + 17.41
 
75-76 
 5.06 
 4.23  16.40

76-77 15.61 19.85 + 27.15 
77-78 5.53 4.74 
 - 14.35
 
78-79 [',.55 34.88 
 +239.60
 
79-P,) 5.71 7.94 + 37.50 
80-81 
 4.58 
 5.25 
 + 14.71
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SALIENT FEATURES OF MISs STUDIED 

1. Name of Scheme Dhuwdhar Dhukrikheda Kunda 
2. CCA (ha.) 1392 7625 1938 
3. Length of canal system 19.4 61.7 31.5 

up to 40 ha. (km) 
4. Number of outlets (no) 61 186 56 
5. Biggest chak (ha) 45 13 57 
6. Smallest chak (ha) 16 9 9 
7. Number of structures 

a. Cross drainage 7 - 9 
b. Cross communication 20 19 15 
c. Drops 51 55 38 
d. Regulation s:ructures - 5 -
e. Water measurement -
f. Escapes - 2 

8. Density of canal sysLem 14 27 i6 
(m/ha) 

9. Length of water courses - 23 
(kin) 

10. Outlet duty (ha/cuSec) 32 40 49 
11. Type of dam zonal homogenous zonal 
12. Top width (i) 4.27 3.66 3.66 
13. Slide slopl, U/S 2:1 2:1 2:1 

D/S 2:1 2 :1 2:1 
14. Maximum height (m) 19.3 18.08 17.4 
15. Fret, oard (W) 1.8 1.5 1.8 
16. Number ot d.ays in which 

the spillw,-iv hai I inctioni d 

Year 1968 - 1
1969 - 38 
1970 - 22 NA 
1971 - 2 NA 
1972 - 2 
1973 22 46 NA 
1974 18 -
1975 39 -
1976 - - 26 
1977 43 31 -
1978 31 27 49 
1919 - - NA 
1980 50 -
1981 25 - 55 
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DESIGNED AND ACLUAL CROPPED AREA 

Kunda (Dhar District - Agroclimatic Z0ne No.5(b) 

Designed 
 Ac LuaI
Cropping pattern 
 Cropping pattern. 

Kharif: Nil. 
 (Average of five years from
 

1975-76 to 1979-80)
Rabi: 1658 ha. (ord.wheat) Kharif: 100 ha. 
Rabi : 302 ha. 
Perennia!: 6 ha. 

Total : 408 ha. 

Dhuwadh;ar (Mid( Ia Di s trict -Agroc I imatic Zone No.2) 

Designed Ac tuaj I
Cropping pattern Cropping pattern 

Kharif: 1190 ha. 
 (Average of tive years fromRabi: 
 202 hi. 1976-77 to 1980-81) 
Kharit: 1085lta : 1392 ) a. 

ha. 
Rabi: 305 ha. 

1390 ha, 
Dhukr ikhOda (iloM'iigJnbad District Ag.rocI Init ic zone No.3 

Designed Ac t 'i I 
Cropping pnttern Cropping, pattern 

Khor i : Nil. (Avr,-igt of five years from 
1976-7/ to 1980-81)Rab1: 2672 ha. (ord.wheat) Kh.iri I: Ni I. 
Ord. Wh4,,a : 393 ha. 
Ilyv. w!,.lt : 511 ha. 
Puls : 180 ha.
 
Gri,: 595 ha. 
Other Crops 18 ha. 

Total: 1697 ha.
 



Attachment 	11-7 

MADHYA PRADESH MINOR IRRIGATION SCHEME
 

A. 	Maximum Efficiencies to 

until infiltration test 


I. 	Conveyance trom dam to 
8 ha. Government outlet 

2. 	Operational losses 


3. 	Field channel losses 


4. 	 Field application 
losses 

Overall Efficiency 


bo used in Project Planning
 
results are available.
 

Kharif Crops* Rabi Crops*
 
Loss Efficiency Loss Efficiency
 

(0* 90 10 90
 

15 85 t0 90
 

10 90 tO 90
 

20 	 80*** 20 80
 

55 58
 

B. Land Preparation, Pre-sowing Water Application and Percolation
 
Rates
 

1. 	Land preparat ion (paddy) 


2. 	 Transplant (paddy) 

3. 	Pre-Sowing 


4. 	 Percolation 


* assumes basin irri ati on 
** assumneS loss.s of 3 c'msec';/M sq. 

Sined ) 
'I field :tpp icati,,n ,'fficiency )1 
whero hi,,h-yioIdiilg rice v:,rietie-

paddy fieId.; 

150 	mm
 

125 	mm 

100 min for kharif plantings,
 
60-65mm for follow-up rabi
 

plant ing
 
2-4 mm/day (paddy)
 

ft. 	 (')0 perce,.nt of length 

8" per-cent could be obtained
 
aro grown in well-levelled
 

http:perce,.nt
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HYDRAULIC CONDUCTIVITY TEST
 

Test Pit Methed
 

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 procedure, 
 equations and sample computations
describe one method which is considered sufficiently accurateto 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 withside dimensions of a, and (3) a rectangular test withpit side 
dimensions a by 2a.
 

The test should be conducted 
 in only textural classification such 
as a cobbly, course gravelly or loamy sand. A
backhoe, power auger, 
or hand tools can be used 
to excavate
down to the test zone. The test 
 pit is then carefully

excavated to the desired shape and depth by hand. Larger sizescan be used, but the larger the pit, the more 
water required.
Small cavities 
left when cobbles are removed or few
a small
cobbles sticking out theinto test pit or thein average
diameter of a circular pit or in the side dimension of a square 
or ructangular pit. 

Matrices with textures such as 
 fine sands, silts,

larns and very tine 

silt 
sands tend to slough into the pit whensaturated. 
 For the(e conditions, the pit should be filled with
 a clean (washed) fine gravel 
 before water is applied. 

b) Procedure - After the test pit has been excavated and, if
required, backfilled with tine gravel, 
 it is filled to a predetermined depth with clean water. All water entering the pitshould be filtercd to remove the suspended l Its and clays.The depth of water in the, hole can he mintained by using bypass hoses and a large carbure_ tor for th, fLner regulation tokeep the water depth reaionahly, constant. The 
by Lt 

carburetor canbe installed ptacing in a perforated tincan located inthe middle of the test pLit. 'Ihis test normally takes only ashort time to run, so the wter depth in th, pit can be maintained by hand if a carburetor is not available. A clearplastic cover should be placed over the pit to keep material 
from blowing in.
 



c. Calculations - The following equation is used to compute the 
hydraulic conductivity. 

K = 	1,440Q
 

CaD 

Where:
 

=K 	 hydraulic conductivity (feet per day) 
a = 	diameter of a circular pit, the side dimension of a 

square pit, or the dimention of a rectangular pit that 
is a by 2a. 

Q = 	quantity of flow per unit of time (cubic teet per 
minute). 

D = depth of water maintained in the test pit (feet) and 
C = conductivity coefficient from the tollowing tabulation. 

Circular test Square test Rectangular test 
pit of pit of pit of 

diameter dimensionbn dimensions 
D/a a a . a a . 2a 
1. 492 	 549 735
 
2. 692 	 768 989
 
3. 878 	 970 1218
 
4. 1065 	 1161 1444
 
5. 1239 	 1354 1659
 
6. 1409 	 1533 1862
 
7. 1587 	 1715 2068
 
8. 1752 	 1895 2281
 
9. 1922 	 2074 2482 
10. 2072 	 2251 2687
 

A sample data and compu tat inn sheet is shown on figure 1. 
Sufficient time must elapse after fill tng the test pit and 
before taking moasuremvnt s to permit estab I ishment of a 
relatively steady state A tlow. A comparison of values of C 
obtained by an electric anolog study with~ 1 vaiues determined 
analytically ;hnwd th, anolog valus t ( b,-, al ut 3() percent 
lower at it rat io o f D/O '3 .in1 ,hut 0 perce. lowur at ai 
ratio of D/a = 10 than th,. an ;lyt iraI siy. henever possible, 
the test pit method ,huild 0' 'hckel Aga nst ,oia- othur method 
ot determining hydraulc conduct ivity. 



FIGURE-
 1
 

Location
 

Observers 

Date
 

Texture of zone
text Structure of test 
zone
 
Type of pit: 
 circular with diameter a
 

D = 2 feet
 

a = 1 foot
 

D/a = 2 feet
 

C= 6.92
 

Tank reading 
 Hydraulic
 
Time 
 Time 
 ft3 
 Q conductivity, K
 

Initial 
 Final 
 Min Initial 
 Final ft3/min ft/day
 

0800 0810 to 0 5.10 0.510 53.5 
0810 0820 10 5.10 9.98 0.488 50.8 
0820 0830 10 0 4.20 0.420 43.6 
0330 0840 10 4,20 8.36 0.416 43.4 
084C 0850 10 8.36 12.51 0.415 43.2 

Calculations: 
 K = 1440
 
CaD 

K =1440 
 104.05 Q
 
(6.92(1)(2)
 

From Drainage Manual, 
U.S. Bureau of Reclamntion, 
1978.
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CHAPiiTI I 

AGRICULTURAL ANALYSIS
 

A. Physiography and Climate
 

Madhya Pradesh is located in central India and is India's 
largest State with a geographical area of 44.3 million ha (13.5 per
cent of India) and has a population of about 52 million. The pop
ulation is predominantly rural with only eight percent living in
 
urban areas. The State 
is bordered by Maharashtra on the south and
 
Gujarat and Rajasthan on the east, where USAID currently is sup
porting irrigation development. The State lies in the semi-arid zone
 
where tropical monsoon and alternate dry periods with moderate
 
temperatrues permit year-round cropping. The State is broadly

divided into seven physiographic regions: (1) North low-lying plains;

(2) the M.alwa Plains; (3) the Vindhyan Plateau; (4) the Satpura

Stretch; (5) the Chhatisgarh Plains; (6) the Bastar Plateau; 
and (7)

the Narmada Basin.
 

The proposed Minor Irrigation Ichemu (MIS) is located entirely

within the Narmada Basin. Thu Nnirmada Basin occupies a central
 
position in the State and covers the 
districts of Mandla (Upper

Basin); Jabalpur, Narsinghpur, Hoshingabad, Raisen (Middle Basin);and Khandwa, Dewas, Khargone, Dhar and Jhabua (Lower Basin). The 
Basin stretches from East to acrossWest the State and is nearly 564
kilometes long and 50 kilometers wide, running almost parallel to the
Tropic of Cancer. 'Ihe Narmada River originates from the Amarkantak 
region of the State at nn elevation of 1051 meters and is joined by
41 principal tributaries (19 4ru,. the right bank and 22 from the left 
bank), each with a catchment area vxceeding 500 square kilometers.
 
Near the south-west of Basin, rho River
ond the enters the State of 
Gujarat and finally drains into the Gulf of Cambay.
 

The total catchment of the Narmada Basin&, comprising the States

of Madhya Pradesh, Gujarat and Maharashtra is 8.6 million hectares,
 
of which about 90 percent lies in ths State 
 of Madhya Pradesh. TheBasin has a gross command of 7.7 million hectares and a culturable 
area of 6.9 million hectares. Thu rainfall in the Basin gradually
diminishes from East (Upper Basin) to 
West (Lower Basin), ranging

between approximately 1,600 nun 
 to 610 mm per year (See Attachment 
1II-IA). The Basin has a large 
reserve of water resources (average

annual surface run-off is 40,740 million cubic meters and groundwater

recharge of 8,025: million cubic muturs), coupled fertilewith soils
which offer a promising intensive irrigated agriculture opportunity 
with the development of irrigation. 
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The 	 State 
zonesil based 

of Madhya Pradesh is divided into seven agro-climaticon climatic, physiographic, 
 and agricultural

characteristics. 
 Four agro-climatic zonos, I.e 2,-,3, 4..-and.5(b


coer-lrg-	 ar so -h~--a--r-''--.,,i Ba inandfollows 	 are briefly described as(See Attachment Ill-B):
 

Zone 2, Rice-Wheat Zone: Includes the Upper 
Narmada Basin. The
rainfall varies 
from 1000 
m 	 to 1400 mm. The main 
crops 
are 	rice
and 	wheat, each accounting for 25-40 
percoit of the cropped 
area.
Other important crops includo millet during the kharif 
season 
on
shallow soils and 	 grams during the rabi season. There has beenrelatively little development of Irrigation in this zone.
 
Zone 3, Wheat Zone: Includes the cenLral parts 
of 	the Narmada
Basin. The rainfall varies 
from 1200 to
mm 1400 mm. Winters are
cool to mild. The relatively flat 
 topography has 
 resulted in
evidence of 
poor drainage and waterlogging problems 
for 	cultivation
of 	kharif crops which 
occupy 10-25 percent of the cropped 
area.
The 	remaining land is sown with 

net 

rabi crops 
after kharif fallow and
yields depend on residual soil moisture. Apart from the 
Tawa Irrigation Project, there has 
been little development of irrigation in
 

the zone.
 

Zone 4, Sorghum (jowar)'-Whea 
 Zone: Covers
the Narmada 	 the southern parts of
Basin nnd the Satpura 
plateau. This ia primarily a
kharif cropping area 
 with sorghum (jowar), millet and pulses
occupying about 60 percent 
of 	the cropped area, while 
about 25-30
percent is to and
sown wheat 
 gram during rabi. The 
 rainfall
 
averages 1000 to 
1200 	mm.
 

Zone 5(b)_ Cotton-Jowar Zone: 

zone has low rainfall 

Covers mainly the Nimar Plains. This
,arying from less 
than 800 mm to 
1100 mm and
has 	mild 
to 	warm winters. Cropping 
is 	dune generally during 
the
kharif season 
with jnwar and cott(n bv.ing the principal crops.
Pulses normally intercropped with jowar arv 
grown on a large scale.
 

B. 	Soils
 

Seven major 
soil types - alluvial soils, deep black soils,
medium black soils, shallow black soils, 
mixed red and black soils,
red 	and yellow soils and skelet 
or 	gravelly soils 
occur in 
the 	State
of 	Madhya Pradesh (Attachment 1ll-lA).
 

The Narmada Basin has prominantly (85 percent) black soils 2/ of
varying depths. 
 lixed red and yellow Noils 
and 	skeletal soils
occupy the remaining 15 percent of 
the Basin.
 

Deep black cotton soils occupy 
about 25-30 percent of Narmada
Basin localized 
in 	 the districts 
of 	IlonhanAnbnd 
nnd 	Narsinghpur.
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These soils are fine textured, dark greyish in color, 100-150 
cm
 
deep with clay percentage varying between 40-60 percent. The soils
 
have very low infiltration (4-10 mm/hr) and low permeability rates(0,:5-1%m/hr)--a nd-a -high --wat erholding-: capaci ty -vary ing----be tween : 
39-60 percent. The pH of these soils ranges between 7.4-8.5, tend
ing towards alkalinity. The organic carbon content is low (0.28-0.5

percent) with calcium carbonate content varying between 2.5-li per
cent. While these soils have a medium to high potash content,
 
available phosphorus and nitrogen contents are medium to low. The
 
soils are formed from basaltic rocks and contain large amounts of
 
montmorillonite clay which makes them highly expansive (soils 
swell
 
when wet and shrink on drying). Due to the higher clay content and
 
corresponding poor infiltration, permeability and drainage, the
 
soils 
 require special management for successful construction,
 
tillage and cropping.
 

Medium black soils occupy about 50 percent of the area of the
 
Narmada Basin. Clay content of these soils varies 
between 35-55
 
percent with depths varying from 50-100 cm. Medium black soils have
 
moderately slow infiltration (4-12 mm/hr) and high waterholding

capacity, ranging between 30-55 percent. These soils have low
 
available nitrogen, medium phosphorus and high potash availability.
 
Like deep black soils, these soils also pose a problem of management
 
and for engineering construction.
 

Shallow black soils are located in areas of undulating topo
graphy and comprise nearly 10 percent of Narmada Basin soils. They
 
are dark brown to light grey in color with clay content ranging bet
ween 25-40 percent. Shallow black soils have fairly high percentage
 
of clay loam and sandy loam. Infiltration rates are moderate 6-12
 
mm/hr and the waterholding capacity ranges between 20-40 percent.
 
The nitorgen, phosphorus and potash availability characteristics are
 
similar to medium black sois.
 

Black soils, in many areas, particularly those with high clay
 
content, are left fallow to conservt moisture for use during the
 
winter season (rabi) cultivation. The effect of black soils on
 
engineering construction is well documented in India and methods 
are
 
evolving to deal with construction alternativos in such soitS3.
 

Mixed red and tollow soils occupy about eight percent of the
 
Narmada Basin and are light toxturosd deep soils with a clay content 
varying between 15-30 percent. Thete hoils arc classiied as loamy
sand to sandy loam. The red and yellow color of the soils is due to 
varying high degree of hydration of ferric oxides. The soils are 
largely composed of oxides of Iron and aluminium and devoid of 
calcium carbonate. In goneral, th" suils are acidic, poor in 
nitrogen and phosphorru availalility and havo moderne amounts of 
potash,
 



The skeletal soils 
covr about live percent area of the Basin.These are gravelly coarse in texture and yellow in color. 
 The range
of these soils in Narmada Basin is restricted to stony up- lands ofthe Vindhyan andSatpura ranges, covering the-MandlaDistrictin the 
Basin. 

C. Seasons and Multiple Cropping
 

1. Cropping Seasons
 

The agricultural 
year in Madhya Pradesh is divided 
into three
cropping seasons 
of about 120-123 days 
in length: kharif, rabi and
hot weather. Kharif starts with the beginning of the south-westmonsoon which 
lasts 
from about mid-June to about mid-October. The
rabi season is from mid-October to March and the hot weather 
season
from April to mid-June. Seasonal 
length is roughly the growing time
for many annual (seasonal) crops. 
 Besides reflecting the cycles ofplanting and harvesting crops, irrigation water 
allocations

canal operations are 

and
 
tied to the three seasons.
 

Crops may be seasonal, i.e. andsown matured during a singleseason, such as soghum, wheat, 
pulses and oilseeds; bi-seasonals
extending through all or part of kharif and rabi like chillies andsome cottons; and perenniali such as 
 sugarcane, certain horticultural crops and fodder, extending through three or more seasons.Some seasonal crops grown during kharif may extend 
into rabi and may
not be harvested in time to plant the same land a rabito crop, thuslimiting double cropping. The rainfed rabi crops must rely primarily 
on residual soil moisture following kharif fallow. Without
irrigation, rabi crops produce very low yields. During the hot
weather season, 
no cropping is possible without 
irrigation.
 

2. Irrigation and 
roo nt.n.n ± t 

The combinations of natural seasons and varying lengths of cropgrowing season leads to some confusion ahout the meaning of croppingand irrigation intensity. 
 Most commonly grown crops, whether
seasonal, two-seasonal or perennial, are counted only once.example, suppose For100 ha of culturable command area (CCA) has the
following cropping pattern: 

Irrigated sugarcane 
 10 ha (all three seasons)
Irrigated chillies and cotton 15 ha (two seasons)
Rainfed kharif sorghum 60 ha (seasonal)
Irrigated rabi wheat 
 30 ha (Seasonal)

Irrigated hot weather groundnuts 15 ha (seasonal)

Total area of crops 
 130 ha
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The cropping intensity is said to be 130 percent with an irri
gated area of 70 ha. Cropping intensity is appropriate for farm
 
budgetin.gand.. assess ng.water.charges,_etc -which are-,,calculated. on .. _._
 
an 	annual cropped area basis. However, to describe seasonal land
 
use 	on the entire CGA and for calculating water requirements, it
 
must 	be clear as to how much of the' land Ls covered by crops. The
 
following intensities are calculated:
 

Irrigated Crop 	 ----- Seasonal Area, ha/per 100 ha. CCA----

Kharif Rabi Hot Weather Total
 

1. Sugarcane 	 10 10 10 30
 
2. 	Chillies and Cotton 15 15 30
 
3. Wheat - 30 	 30
 
4. 	Groundnuts - 15 15
 

Irrigation 	Intensity 25 55 25 105
 
(percentage)
 

Rninfed Crops
 
5. 	Sorghum 60 60
 
Cropping 	Intensity 85 55 25 165
 

(percentage)
 

Fallow 15 45 75
 
Total (Percent) 100 100 100
 

The value of 165 represents a better index of multiple cropping than
 
does 	the conventional "cropping intensity". This convention is used
 
in 	descriptive information generally in this section and in the Eco
nomic Analysis Section 	except where nu, of the other conventions is
 
needed for computational convenience.
 

D. Agricultural Dve lopmont
 

Agriculture dominares the economy of the State contributing
 
about 55 per cent of the tateus domestic product and provides 11 
percent of India's total foodgrain production. Of the State's 44.3 
million ha, about 18.4 million ha art, cropped with an overall aver
age cropping intensity nf Ill per cent per year (1979-80). Rice, 
wheat and sorgh.n, (jowar) 'ire the major fond crops covering more 
than 50 percent at the cultivated ared. Rice cultivation is local
ized in ChhAtisgarh region of the State and sorghum is considered to
 
be the most important kharif crop. Whoat is mainly grown as a rain
fed rabi crop.
 

In the Nsrmad Basin (cllturable litd area of 6.9 million 
hectares),paddy in the main crop In the Uipper hain, wheat in the 
Middle Basin And sorghum, kharitf pulses and groundnut in the Lower 
Main (Attachment [11-2). Thu cropping intotaity is 119 percent in 
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the Upper Basin and gradually reduces 
to 102 and 87 percent, in the
Middle 
 and Lower 
 Basins, respectively. 
 The lower cropping
intensities 
are attributed 
 to less rainfall in 
 the Lower
compared Basin
to, the_.Upper Basin._-Areas -irrigated 
 in the- Upper)- Middl ..
and 
 Lower Basins are 135,000 ha, 156,000 ha, and 100,000 ha,
respectively, totaling 391,000 ha which 
is about 9.3 percent of the
cropped area 
in the Basin (AtLachment 111-3).
 

Statewide average 
yields (1979-80) major
of food crops are:
Rice 
403 kg/ha, sorghum 512 kg/ha, bajra 
(pearl millet) 204 kg/ha,
corn 726 kg/ha, 728
wheat kg/ha and 
 gram 425 kg/ha. Cotton,
soybean, groundnut, 
 pulses and oilseeds are some of 
the other crops
grown in the State (See Attachment 111-4 for details)#
 

As a result of low percentage of 
area under irrigation (11
cent) 
in the State and Narmajda Basin 
per
 

in particular (6.4 percent in
the Upper Basin, 9.9 percent in the Middl. Basin and 
18.3 percent in
the Lower Basin - average 9.3 percent), thl, average yields of major
crops are 
low (74 perctL t all 
India average yield figures). The
yields (Attachment 111-4) 
are also low due the
to use of low yielding varieties 
and low use of fertilizers 
and other inputs. The
fertilizer use 
is 
only 1/3 of the national average consumption.
 

With the devlopment of irrigation 
in the proposed MISs in 
the
Narmada 
Basin, higher yields will be possible provid-id other agricultural inputs such 
as HYV seeds and fertilizers are made available
on time and in quanttities required, ligher yields will result 
if the
 prop.,r crop varietits for the differnt climatic conditions and soil
types are and 

will call 

used timely irrigation supplies are ensured. 
 This
for a coordinated effort between the Agriculture and Irrigation Departments. 
 The ongoing USAID supported Maharashtra 
Irrigation Technology and Managesinit Project (386-0481) has several
field 
studies being carried out in the 
areas of agricultural water
:nanagemunt, utilization oi' 
Improved kharlt 
watr management technology, improved utilization 
of soil surveys in selecting cropping
pattrns and conjunctive use 
of groundwattr. 
 The rusults of these
studies 
in Mahrashtra coupled with additional 
site spucific studies
detailed later in this 
chapter and Chapter 
I will provide the tools
for improving agricultural production on 
the irrigated and non-irrigated lands within 
the Narmada Basin. D'monstration chaks established 
in each MIS (see Section W) will 
be used as a vehicle to disseminate improved technology to the users.
 

Opportunities 
tor training and technology transfer will also bemade avilable under 
the proposed USAID 
supported Water Management
and Training Project (386-0484). This will provide expertise to
extend water management extension training to ID and AD personnel aswell as to farmers and others Involved in important aspects of 
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agricultural production. In addition, to strengthen the overall
 
agri- cultural development program, the agricultural extension
 
service,-organizat ions ..for.-prov--iding.-.inputs and-soi-l-surveys will be ........
 
improved as detailed in the following Sections (Also see Chapter I,
 
Adminis- trative Analysis for Organizational Set-up):
 

1. Soil Survey and Testing
 

Detailed soil survey and testing of soil physical and chemical
 
properties help to optimize land use planning, manage soil resources
 
and establish suitable cropping patterns. Currently, only 2.7
 
million hectares (six percent) of the State's geographical area has
 
been surveyed in detail and 3.7 million l'ctares (nine percent) are
 
covered under reconnaissance soil surveys. The Sixth Plan (1980-85)
 
targets for Madhya Pradesh aim at completing 1.0 million hectares of
 
detailed soil surveys and about 2.4 million hectares of reconnais
sance soil surveys. The ,xisting 40 noil survey units in the State
 
are located at 9 regional poinits (Attachment 111-5). The All India
 
Soil and Land Use Survey Organization defines a soil survey unit as
 
consisting of a soil survey assistant, field attendant, surveyor or
 
tracer, and a chowkidar. The avurage Unit has the capability to
 
provide detailed soil surveys of 8,000 ha per year or reconnaissance
 
surveys on 32,000 ha per ytar. On this basis, the existing 52 units
 
have the capacity to carry nut 320,000 ha per year of detailed
 
survey or 1.3 million ha per year of reconnaissance survey.
 

The Narmada ias in has l6 soil survey units (six each 
headquartered at Jabalpur and Hoshangabad and four at Khandwa) and 
six soil testing Iaboraturies locatud in Hoshangabad, Dhar, Khandwa, 
Narsingpur, Jhabua and Jabalpur districts. At present, the soil 
survey units are engaged on the survey of the irrigation commands of 
major and medium irrigation projects and have not carried out any 
surveys in the minor irrigation scheme areas. As part of the pro
posed project, the AD will establish two additional survey units for 
the proposed MISs in the Narmda Basin. The detailed soil surveys 
will be conducted on all subprojects according to the procedurer of 
the National Bureau of Soil Survey and Land Use Planning, Nalpur, 
and will be completed prior to the final planning of the dittri
butarles, minors, watercourses and land development works. The
 
establishment costs of these two survey units to carryout the
 
detailed soil murveys will be an eligible cost for reimbursement
 
under the project loan.
 

Nutrient soil testing is acknowledged as a valuable tool in the 
planning and operation of agricultural production systems. By pro
viding soil testing services, agricultrsl sciuntists can advise 
farmers on the crop fortilizor reqairemvnts anad thereby optimize 
fertilizer usage for increased crop production, Currently, much of 
the fertilizer i4 applied improperly rvau.titng in tile loss of many 
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nutrient 
tons each year. 
 The AD has developed a systematic plan and
program for providing soil 
testing services. At 
present, the
has 25 State
soil testing laboratori4q, 
one each in 25 of 
the 45 districts
in the State (see Attaionent 111-6). 
 Each soil 
testing laboratory
has the capacity of testing 800(0 soil 
samples per year.
proposed by the 
It is also


AD to have a central control
at the n;uiI tenting laboratory
State level. Th'e central labora tory 
will spot-check
accuracy of analyses being done 
the
 

at the various testing
provide centers,
dissemination 
of information, 
and provide training
district to the
units. Althou'h 
the estimoted 
con;t of establishing
central laboratory the

has oeen included 
in the project budgets its
feasibility will have 
to be determined jointly 
by GOMP and USAID
before expenditures 
are aithorized.
 

To 
provide adequate '-oil testing 
facilities 
for 
the MISs within
the Narmada Basin 
being fundod 

soil testing 

under this project, one additional
unit will 
he established 
at Khargone.
required The cost of
imported laboratory equipment 
wi II be provided under
grant the
fuindin;, corponwnrt 
of this project

laboratory ,quipment 

aud Lh, locally procured

wi I! )e ,'ligible ror reimhbur;oment underloan portion the
of this pr ject. The sanction =nd positioningstaff of theof these uinits an( the setting up of the laboratoryadequately serve shouldthe need, of 
the MISs proposed under 
the project.
 

Training programs will 
be developed 
as requiredsurvey and testing for the soilstaff and associated costs will 
be financed under
the grant component 
of the pr,,,ct
 

2. _31icural Extensiu
 

The existing, igriculturdl 
 extension organization
ponsibiIity is the reso t the Extension Wing of the AD. The extension programprovides 
for one Agriculrural Extension Officer 
(AEO) and 10Agritultural Ext, sion Oftcrs (VAEO) 
Village
 

pr block, regardless
number of farmers, the 
of the
 

:rea ,overed, or whthr thegated or rainfed. land is irri(see Ar.ttachment 
 1-2 of Chtpter I).to In idditionguiding the farmers ':; n; rioved ;grii, r"l, t'chnology,
staff has theaddit ion.il rc;p),,,sihiIity 
 for cl .c ing crop data andarranging the 
supply of rqJiired inputs. 
 It ha:; been observed
the ,ffectiv,.n e,' that

rlt rh,. ,!X",,;,'vn ervicee to provide proper guidance 
 to the t;arrnrs un6,r this 
 e t of responsibilities 
 is very

limit ed.
 

Agricultural 
extens-ion services have hen reorganized
distt icts covrin , the in the
V rnada 
ional Phase II 

Basin throiwh the currently operat41"Madh'ya Prad,,h 
Agricultural Extension Project"
financed by 
 th, World aqk Crd it No. II W-IN. '11he
orginizat ion tots' rehas We, ph,,,t 
 ,vcr a ivc-',ar p,'riod I ror 1980 witha World BAink co tr i1 ),tjio, of 3 7 .* rmi IIion ti4 cover 30districts of the 45ol Mndhvj Prad-,h. 'lijt other I') (114 rictn ,, eresc ected
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under Phase I of the Agricultural Extonsion and Research Project,
 
also ,beingassistedby -the. World Bank_- (see Attachment..1II-7-for-
detailed objectives). 

In addition, planning committees at the state and regional

levels have been organized tinder Phase I to review the progress of 
project implementation, identify agricultural research priorities

and the translate results through extension, needs for the adaptive

research trials and the formulation of recommendations. Committees 
at 
 the State and regional. level have the representation of AD,

agricultural university and district level administration for
 
speedier implementation of recommendations. USAID and GOMP will
 
jointly review the recommendations and establish schedules to
 
implement the ones appropriate to this project.
 

The reorganized services will be based on the intensive 
agri
cultural extension, training & visit (T&V) system and will 500
serve 

farm families per VAEO in the irrigated areas and 700 farm families 
in rainfed areas. In addition, 'l-ere will be a separate
organization for arranging the supply of inputs. Subject Matter
 
Specialists (SMS) will represent disciplines in agronomy, plant
 
protection and training-communications. The program also provides
 
for training of SMS and audio-visual facilities for educating

farmers. Supplemental agronomic research activities will also 
be
 
provided at the 
regional agricultural colleges and universities.
 
The organization under the World Bank credit does 
not include SMS in
 
water management. Under this USAID supported MIS project, the AD
 
will need to induct additional staff: one VAEO for every 400 ha. of
 
irrigated area, one water management specialist for every 2000 ha. 
of irrigated area, and a subdivisional officer (water management)
 
for every 10,000 ha. In this way, the additional staff requiements

in the water management discipline will be provided. The establish
ment costs of the extension effort on the 50 HISs will be eligible 
for reimbursement under this project loan
 

Due to inadequate training facilities available in India and 
specifically in M.P. in the field of water management, the avail
ability of trained personnel to work as water management specialists

Will pose a constraint. The persontel employed to handle these 
positions will need to be trained. During the initial phase of the 
project the exact training requirements will be identified by GOMP 
and USAID and provisions will be made for the phased training of 
individuals under the proposed Water Management and Training

Project. For estimating purposes, it is assumed that at loast 15 
water management dubject specialists, five subdivisional officers, 
and 65 VAEO's will require training during the first three years of 
the project, followed by an uqual numbor by the end of the project. 
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3. Agricultural Inputs
 

A streamlined set-up 
for the supply of input exists 
in the State
and includes the Narmada Basin. 
 Jawaharlal 
Nehru Krishi Vishwavidyalaya University (JNKV) 
at Jabalpur produces 
HYV breeder and
foundation seed 
at selected research 
stations, 
which is further
multiplied on 
a commercial basis 
on the cultivator's fields, 
and on
farms 
run by the National Seeds Corporati 
 and the Madhya Pradesh
State Agro-Tindustries 
 Development Corpcration farm 
 located at
Hoshangabad within 
 the Narmada Basin. 
 The Madhya Pradesh State
Seeds Certification Agency 
certifies the 
seeds before 
their distribution to the 
farmers. In addition, tb. recently 
organized State
Seeds and Farm Development Corporation t.ill 
take over 
128 statewide
agricultural farms for multiplication and distribution of seeds in 
a
phase manner over a period of five 
to seven years.
 

Fertilizers 
are distributed 
 through cooperative and licensed
private dealers 
who have established 3900 and 3000 
distribution
points, respectively. There 
 are also 412 buffer stock storage
centers. In spite 
of this wide distribution network, 
the availability of fertilizers 
to farmers on a timely 
basis is poor. To
help overcome this problem, 
 GOMP proposes to subsidize transport
and atorage of fortilizrs 
with a provision 
of Rs. 22.5 million
during the Sixth Five 
Year Plan. Marketing of pest control chemicals 
is handled by the Agr-Indottries Develop.ment Corporation and anetwork of licensed private ,dealers. During the Sixth lan, GOMPproposes to stbvid i ie i noterest rates and storag,. charges on agrochemicals, to increase th ;utock of plant protection equipment heldby the Department of Agricultu,-., and to increase the distribution
of plant protection Pquip,:m nt 
to !arm,,r, at a subsidized cost. 

Monitoring of input supplies and distribution will be carriedout by a "Monitoring and Eva luation" unit established under Phase Iof the Agriculttral Extension Project hKing -iupported by the WorldBank. the Joint )irector (Statistics) loca .tedat the State headquarters and with the asintance of District Agriculture Officerswill be responsiblp for courJnating data co le.t ion and compilation
of records on 
input sipplis and distributi oo. 

The AD will provide AID an ,'vauation of the effectiveness offertilizer and psticidus distribution network and 
the 

farmer utilization after two qaon; of water delivery on the first ten MISscompleted. 
 The roport will 
 identify constraint.;, 
 if any, and
propose procedures and programs 
to 
remove the constraints.
 

4. Credit
 

Short, 
 medium and long-term loans are available to 
 farmers
through cooperative credi t 
 locieties, State cooperative land
development banks and commnercial 
banks.
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The cooperative credit societies provide short and medium-term 
crop loans to farmers through primary Cooperative societies at an 
interest rate of 12 to 12 1/2 percent. The cooperative credit is 
organized on a three-tier basis with the M.P. State cooperative bank 
at the State leve 1; 45 central coopera Li ve banks at the district 
level and 5525 primary cr,!dit societies ",with 29 million members at 
the village level throughout the SLate. About 44 percent of farmers
 
are cooperative members 
tor whom loan advances increased from Rs 556

million in 1973-74 to Rs 
891 million in 1978-79. At the end of
 
1979. a total of Rs 1341 million was outstanding.
 

The amount of lending for irrigated crops is about 
two to three
 
times higher than for non-irrigated crops. Medium-term loans are

avilable for such itcmq as small 
pump sets, electric motors, diesel
 
pumps and wells, and short-term 
loans are used for seeds and other
 
inputs.
 

The M.P. State Cooperative Land Dv lopment 
Bank disburses long

and medium term loans 
(10-15 years) to farmers and has 45 affiliated
 
District Land Development 
Banks (DLDB) with 306 branches in the
 
State. Loans are advanced mainly for dugwells, tubewells, pump- ing

equipment, land development, farm machinary and establishment of
 
orchards. Lending by the land 
development banks increased 
from Rs
 
1.25 million in 1976-77 to 
Rs 11; million in 1978-79.
 

The commercial banks have been steadily increasing their lending
in agriculture 
and now have over 1200 branches in the rural and
 
semi-urban areas. 
 They have been I ancing 204 primary agricultural
cooperative societies 
since 1979-80 with loans amounting to Rs 1081
 
million.
 

Besides these institutions, there e non-agricultural credit
 
societies, marketing Societies, 
 procesnng and production societies 
and multipurpose societies helping the farmer families and the 
weaker section of the society in the State,. 

Even with all rlase farcilit K; available to the farmers, it is 
anticipated that credit tor land development act ivities in the pro
ject areas may he a constraint. On othv- projocLE ; being,, financed by
AID and the World Bank, it ha; ho,, Lotd Iha n yanvtimes credit 
cannot be obta inti, due to lack o prAa o: clear title to the land, 
poor credit rating, or lack o1 saIltiLQit ;1 ta, . 

The AD will appoint a coMrama t tee t, a ''itLt.gt credit avail-I, the 

ability 'and acceptability in the f airst ISu to be ,undertaken and
provide their report with recamendat ion,; to the GOMI' and AID. 

5. Marketina
 

Marketing oif ;,gricultural produce ikalens dtelopted i M.P. than 
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many other Indian StatC. Only ha I all markets which acceptparduesre regulated, andof ,these, only 15 
percent are improved
 

markets 
and 225 sub-markets have beon established.community development blocks in tile Stato, 357 
Out of 457 

are within reach of
regulated markets and sub-markets. During
is planned to provide a markc.ting yard in 

tie Sixth Plan period, it 
ment 

every block by establishof an additional 50 markets and 100 sub-markets. 

The Food Corporation of 
India sponsored the
Trading Corporation procures marketable surplus 
by GOI and State
 
for the central pool


and regulates public distribution.
 

The Madhya Pradesh Agricultural Produce Market
funds powerR Act provides
and 
 to from market committees responsible
up for -setting
new market centers. Market committees 
 are delegated
authority to purchase the

lands and construct 
facilities 
for operating
local sales yards. The committees are represented by growers,
traders, local 
 and state government authorities. 
 New market
committees 
will be established 
in irrigated command 
areas 
as the


demand develops.
 

E. Adaptive Research and Demonstrat.)n Chak
 

The responsibility 
 for Lh, conduct of adaptive trials, agricultural research and demonstrat ion is vested with the JNKV locatedJabalpur. atThe JNKV has a network of six regional agriculturalcolleges 
 located at Jabalpur, Raipur, Indore, Gwatior, RewaShore and 16 research subsLarions and 
to cover the main agro-climaticzones 
of the Stato. The regional colleges 
in collaboration with the
agricultural extension station. located on their campus, concentrateon adaptive and applied 
research activities 
to provide
farmers' problems. The Narmada Basin is 

answers to 
colleges and 

covered by the regionaltheir research sub-stations 
 located at Jabalpur
Indore. Limited and
trials are provided on small 
areas (not exceeding 5
hectares) at the regional collhges and sub-stationsfarmers' fields on selected(1 - 2 hectares) for Lhe 
and 

However, benefit of farmers.trials only atest matrix of agroomnic practices and fertilizer response. No activities in the area of water management arecurrently being considered by JNKV.
 

Under this project, operational demonstration chaks will
ablished tnder each be eatof the minor irrigation subprojects. Duringfinal design stages of each subproject, the Irrigation Department 
the 

collaboration with in
the Agriculture Department, will select two representative minors 
within each subproject, one located near the head
reach and one near the tai I of the 
system. Each 
representativeminor will 
 he selectd 
 on the basis 
 of the topography
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and soils representative of that region of the subproject. Withineach minor selected, the ID and AD_- working -with-the farmers--of .the 
are ill select one eight ha clink for demonstration purpose3.During the final design stages of the irrigation subproject, the ID 
and AD personnel will work with the farmers of the selected chaks t:o
provide them a full range of information related to irrigated agri
culture and efficient water mianagement and obtain their acceptance
and confidence. 

The demonstration chaks will provide a mechanism of exhibiting
to the farmers within the command of the MISs and in the surrounding 
areas, the latest irrigated agriculture development technology for
increasing crop production. The demonstration chaks will show theimpact of land development in improving irrigation water utili
zation; suitable irrigation methods commensurate with stream size,
soil type and crops to be grown; efficient water distribution and
control techniques at the field level; rotational water supply for 
equitable-water distribution; farmers, involvement in sharing waterand maintenance of watercourses; and optimal agronomic and cultural 
practices emphasizing the importance of timely sowing and use of
hybrid seeds, fertilizers and pesticides. The ID and AD 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 1/2
ha per farm at a subsidized cost to the project for demonstration 
purposes. 

For the first 
AD personnel will 

two years 
work with 

in which water is available, the 
the farmers io the two selected 

ID and 
chaks 

recommending the types of seeds, seeding rates, fertilizer require
ments, pesticide requirempnts and timings of application. On demon
stration chaks all ti inputs up to 1/2 ha will be provided at 
project cost to thu paticipating farmers. 

The demonstration chaks will *isio serve as a training ground for 
fArmers, AD and ID personnel. The AD will set-up special units tocoordinate the acLivities related to the demonstration chaks. Each
unit will consist of a District Agricultural Officer/SubjecL Matter 
Specialist (district level), a Subdivisional1 Officer (Agriculture), 
a senior Extension Officer (block lovel) and the associated Agricultural Extension Officers and VAEOa positioned in the area where the 
demonstration chak is located, The units will be responsible for 
organizing inputs and arranging for visits by farmers of other areas 
at the critical stages of crop growing when different activities are
planned. The units will also be responsible for propagating the
demonstration effects onto the farmers fields within the command and 
surrounding areas. This unit will exceed the normal requirements of 
the extension personnel in Irrigntd urea. After the second year
that Irrigation water Is available, the special unit will move to 
anothnr chak for two years within the ame minor and provide addi
tional demonstrations working wilth now farmors. 

+i++#++i:+?+:+++:]+; +::.:+ +kS++ ? +.',+++i++iL -:,,+++,+..:+-'Y++ ++': + ,:.. +i+ 2 k-.++
+++ +% +++ 
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++.++, ,+'?<+'+-+ +++.:i+ + ++ . ++.<++:..,:•++.+ ,.,+ ++.:+++ +'+... 
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1/ World Bank Report No. 1260-IN, SAR, MP MIP, February, 1982,
Chapter III. 

2/ Commonly referred to as black cotton oils and classifiedVertisol.s accordin, asto the 7th approximation system of soil classi
fication. 

3/ Katti, R.K., E.S. Bhangajle, V.V. Kulkarni, and D.G. Divashikar"Sheer Strength Development in Expansive Black Cotton or Without ai Ciohav iye NOn-Swel,I irg 
Soil Media With 

Stab i I o! 
Soil s trcharge. Application tocty U(nnal s in QH' .01(1 I'idankmclL i . " CentralIrrigation and Board ofPower, 'echnic.i Rpurt No. 20 New Delhi, March, 

1980.
 

4/ World Bark Appraiqal Rport o the "Madhya Pradesh AgriculturalExtns ion Priject - Phase I", Credit N. 1138-IN, Directorate ofAgriculture, tadhya Pradesh, Bhopal. 
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Attachment III 2 

Existing Crops and Cropping System in Narmada Basin 

U.er Middle Lower 
Narmada Basin Narmada Basin Narmada Basin 

Annual 

Crops 

Rainfall 1524-1270 1270-890 mm 890-610 mm 

Cropping pattern expressed as percent of net cropped area 

Rabi 

Wheat 


Barley 

Gram 

Rabi pulses 

Rape/Mustard 

Linseed 

Fodder 

Vegetables 


Sub-Total 


Kharif
 

Paddy 

Jowar (Sorghum) 

Maize (Corn) 

Bajra (Pearl Millet) 

Minor Millet 

Pulses 

Groundnut 


Sesame 
Cotton 

Sub-.ot a 1 

Miscellaneous Niger 
Spic,," 

Other Crops 

Sub-Total 


Total 

26 39 6 
3 - -

10 16 2 
5 8 -
2 -
7 4 1 
1 10 -
1 -

55 77 9 

29 2 5 
4 11 24 
3 2 4 

- 3 
18 1 2 
5 4 18 

- 1 11 
2 1 -

- 1 9 
61 23 76 

3 1 -
1a 

- _- 2 
3 2 2 

119 102 87 



--

Attachment 111-3
 

Area Under Irrigated Crops in Narmada Basin 

Season/ 
 Upper 
 Middle 

Crop Narmada Basin 
 Narmada Basin 


Area Irr. Area Cr. 
 Area Irr. Area Cr. 


(Area in 000 ha.) 

Rabi
 

Wheat 
 85 850 107 
 1189 

Barley 
 3 100 

Gram 
 2 200 
 14 108 

Linseed 
 -
 - 1 100

Vegetables 
 6 28 
 6 46 

Fodder  - -
 -


96 1187 
 128 [443 

Khari f 

Paddy 37 925 14 63 
Cotton - 1 50 

37 925 15 113 

Miscel lan,-ouq 

Sugarcane 2 2 13 14 
2 2 13T-


TOTAL 
 135 2105 
 156 1570 

Percent irrigitd 6.4 9.9 

Total irrig)taei (Irr.) .iro'a 391 ,000 ha. 
Total (.roppd (Cr.) iron 4. .')2, ()00 1,1.
PI.rcnt l r i .et, . 9.2b 

Lower
 
Narmada Basin
 

Area Irr. Area Cr.
 

50 62 

5 19 
- -

9 20 
25 

65 126 

- _ 
29 414 
2-9 414 

6 6 

6 6
 

'00 546
 

18.3
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Crop Yields in Narmada Basin 

(Kgs/ha.) 1979-80 

Crop B R L W R/M M .C 

All India
 
Avera ~ 926 1082 164 1437 412 688 797 970 480
 
M.P.Average 406 403 112 
 728 250 512 230 726 425 

Upper Basin 
Ma nd la 293 273 100 429 1 15 395 438 905 387 

Middle Bai in 
Jabalpur 351 74213 385 ' 222 303
332 472 

Nars,nghpur 
 387 219 99 568 200 560 434 659 509
 
Hoshangabaid 768 372 130 935 3'90 )61 655 792 482 
Rn I,, 802 256 184 768 2hA 1168 706 1131 641 
Aver, _, 57 265 122 6J4 22, 155 504 764 484 
Low- iBs in 
Khan wi 750 431 131 tt7 500 52)0 56b i256 574 
Dew~is 793 287 247 741 It 968 949 730 539 
Khargone 667 261 152 1313 300 348 626 71/, 48D 
Dha r 821 242 2 12 1'J,84 5(0 435 553 86. 357 
Jhabt i 555 125 21i 122o 1 552 413 .42 484 
Average 717 269 191 i058 i,_3 565 626 81 488 
Vii Il1v 
Aver.l 628 268 154 838 273 624 59l 786 449 
B - Barley, R - Rice, L - Lin ,,.d , W-Wh.a t , R/M - Rape Mustard, 
J-Jowar, G- Groundnut., M - Maize, G-Gram. 
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SOIL SURVEY UNITS 
- PARTIES IN MADHYA PRADESH
 

S.No. 
 Name of Soil Surve-y Unit and Location Yenr No. of 	 Units 

1. 	 M.P. State Detailed Soil Survey

Schemu, Adhartal (Jabalpur) 
 1964 6*
 

2. 	 Powtrkheda - (Dist. lahangabad) 	 6*1970 


3. 	 Indore 
1977-78 
 4
 

4. 	 Bilaspur 

1977-78 4 

5. 	 Rewa 

1977-78 4
 

6. 	 Nowgaon (Dist. Chhattaspur) 
4
1977-78 


7. 	 Sagar 
1977-78 4 

8. 	 Khandwa 
1977-78 4 

9. 	 Gwaior 

1979-80 
 4
 

40
 

*Located in Narm.4da Basin 
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LOCATION OF SOIL TESTING LABOIRATORAIES
 

S.No. District 


1. PowerKheda, Dist. Hoshangabad* 


2. Ujj&in 


3. Ujjain (mobile) 


4. Nowgaon, Dist. Chhattarpur 


5. Nowgaon (mobile) 


6. Morena 

7. Bilaspur 


8. Rewa 

9. Bhopal 


10. Sagar 


Il. Raipur 


12. Dhar* 


13. Blnlaghat 

14. Sehore 


15. Rajnandgaon 


16. Mandsaur 


17. Khandwj* 

18. Chhindwara 

19. Nars inghpu r* 
?0. hind (molbile) 

21. Satna (mobile) 


22. Jhabua (mobile)* 
23. Jabaiour* 

24. Indore 


25. Gwalior 


*/Located in Narmada Basin
 

Control
 

AD
 

AD
 

AD
 

AD
 

AD
 

AD
 

AD
 

AD
 
AD
 

AD
 

AD
 

AD
 

AD
 
AD
 

AD
 

AD-IDA Extn. Pro
 

AD 

AD 

AD 
AD "' 

AD " 

AD " 

AD " 

JNKV 

JNKV 
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M.P. AGRICULTURAL EX'IENSION PROJECT 

The proposed intensive agriculture extension and research
project seeks to achieve e,:rly and sustained increase ., agriculture
production through tho reorganisatL.-n an 6 s trengti-n ing of theextension service o" the dipartmnent of Ag-iculture. This project
would support the reerganiziti(,n by: 

I. Consclidating staft from Tho special crop schemes into a 
single unified q'urvice and strengthening the linkage 
between -,-, icultural rcs.,rch and .xten:,,'ion. 

2. Establishing a sing.le line r command between full time 
rural agriculture deve'lopuent officers and extension rural 
headquarters. 

3. Incorporating regular inservice training anas integral 
part of extension act ivities. 

4. Introducing a systematic fixed schedule for regular and 
frequent visits by rural agric' 'ture development officer to 
farmers fielJ. 

5. Strn2rhening of extension training ccntcr.
 

6. Deve!lping regular monitoring and ev,,iuation procedure. 

7. Providing additional ;tatf op.ra .ing expenses, equipment
vehicleq, training fcilitie, housing and office buildings 
required Lo implement these reforms. 
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CHIAPTER I V
 

SOCIAL SOUNJDNESS ANALYSES
 

A. Socio-Economic Setting
 

1. Population Charateristics
 

Madhya Pradesh, with an aroa of 44.3 million ha, is the largest 

State of indin. Its population ot 52.1 million (1981 Census) is 

growing at. a rate of about .2.5 pt.rcnL per annum - a rate slightly 

higher than the nattunL ; wVe age. Iie, av,-rage population density is 

about 118 pe.rson- per square kilomettr - lower than the national 

average ot 167. The pk,,ulation is predominantly rural (84 percent), 
with high percentage of scheduled casites and tribes (33.2 percent)..i 

In a state with such a large area, demographic conditions vary 

from region to region. What little information is available suggests 

that Narmada Basin, where this project will e loc,ited, has an annual 

growth rate of popli ation of about three percenr (higher than the 

State, average) and i higher proport.in ot tribal and scheduled castes 
(35.9 percenit).
 

2. Agro-Economic Etivironmlnt and Rhira l Incomes 

Although the averag, state-wide, rinfaal i; relatively high, 
, ia
the re a re m aritk (d ye t r-L - i - ,L, L atIo,I S- . 

varies from less than 8O) mm in tht we ist ind northwest to over 1600 

mm in the oorth,.st and southwest:. In Lh, Narr-ada Basin, rainfall 

ranges t rori a bou t 600 mm in Kiar, 'ene District to 1600 mm in 

Ilosh~angab,id, 

variat in r criticalGiven this ni ta i1 ll, i ri ,,.at ion is a 

fact or Int l ic ITg c -o1r, i it;I( . ilow v r , the proportion of 

irrigat,.d land t,, net Irc, s,own i.; ,,lv about 1l.u pt, rctnt (compared 

to the a I-Imd Ia avrV' , t 24.6 1),'co nt in 1979-80). In the 

d ist r ic t, in Na rmada 1.sin, p -op,rt ion vari,,; I rom I.4 Lo about 

14 percnt . "Ihl-ec oppin/ nt :n1i ty tor I ri, Stte s ,a whole is 113 

percent, whi 1 that in th, Ai,,t ssct tui tld in N.',rmada B,% sin varies 

from 10j to I1" pIc ,iit 

Al though th, .i,,I iltI ri] i iector i nt,, the, L,, economy, 

aggrugatfe to !k it "n.t 11,t 1ill:', he ', / r)1',t 1.56 percent 

per :innum only t.4e 19b7-6o itid 7t18-N1 - a pt.riod wi ich witnessed 

rapid iicreas,, in mlia'nas oolyri in proitIctL i o a a cont-que nce Of 

,t,.rived rrom exponential1/ Growt h rat, in this p.ira ,riph , e,. trends 

lol.fit td t hrough lst square g I M)s 
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the green revolution. The 
annual growth rate of foodgrain yields

during the same period has been only 
0.7 percent; in fact, apart

from wheat and barley, yields of most foodgrain crops have either 
stagnated or have declined. Crop output and yields in the Narmada 
Basin do not differ significontly from the State averages. 

Per capita income in the State in 1977-78 was Rs 896 (compared
to India's Rs 1163) in current prices. There was no growth in the 
net domestic product origi v ing in agriculture and allied acti
vities between 1970-71 and 1)77-78. With 76 percent of the workers 
(1981 census) being in agriculture, the percentage of rural 
population living below the poverty line (US$8O) is high - about 66 
percent in a normal year. 

3. Land Tenure and Farm Size 

Before the r")rganization Ai the State of Madhya Pradesh in 
1956, a variety ot laws dealing with land tenure arrangements were
in torce. A measure of uniformity was effected through the Madhya
Pradesh Land Revenue Code, passed in 1959. A ceiling on agricul
tural and land holdings was introduced in 1960 and amended by an Act 
in 1974. According to the provisions of this amended Act, a land
owner can retain up to 7.2 ha ot perennially irrigated land: if the 
londl 19 *..hcly rainfed, the caln [cvcol in~aout 22 ha. 

The distributions of operational farms and operated area in the 
StaLe in 1976-77, as the following dat, show, are uneven: 

Size (hectaces) Cumlall.tive Plrc,'ntage of
 
Operational Farms Operated Area
 

Lo'ss than 0.5 
 19.6 
 1.3
 
0.5 - 1.0 3?.5 4.0 
1.0 - 2.0 50.6 11.4 
2.0 - 3.0 63.2 20.0 
3.0 - 4.0 71. , 28.() 
4.0 - 5.0 78.0 36.1
 
S.0 -10.0 92.4 64.1 
10.0-20.0 98.4 86.4 
20.0-30.0 99.5 93.4 
30.0-40.0 99.8 96.1 
/,0.0-50.0 99.3 97.4 
50.0 and above 100.0 I00.0) 

Uo'wever, a I redu- t ionlight in disparities seems to have 
occurd betwt",n 1970-71 'n! 1976-77 . 'lh discributions of farms 
and op,'rat'Ld a ra i n Narma Iai Bas1in are not '4qmeltially different 
from rho,., t(,r U PWState, aIthonti, in tv.tins of th, conce.ntration 
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4 ratios, the 4isparitius in land distribution in Narmada Basin (C.R.
0.55) may 	be slightly iess..a/
 

Between 1970-71. 1976-77, total number ofand the 	 operational
farms increased from 5.3 million to 6.1 million, while the average
farm size declined from 4 to 3.6 ha. The number of small farmers 
with two ha or less land increased by about 19 percent. There are,
of course, large regional variations. 

Looking ahead over the life of 
this project the distribution of

land is unlikely to be drastically different from what it is at 
present. Changes or improvement will undoubtedly occur over time,
but will be small and slow, as evidenced by the trend since
1970-71. Again, extrapolating the trend of growth there probitbly
will be 	 a greater niumber of small and marginal farmers and an
intensification of the problems of accelerating food production and 
reducing 	poverty.
 

B. Social Consequences and Benefit Lticidence
 

1. Beneficiary Participation
 

In.the surface irrigation projects in Madhya Pradesh, farmers
participation in the past has only been as users when irrigation
water starts, and they were not actively involved in the stages of
planning and construction. The amended M.P. Irrigation Act of 1931
and the, rather elaborate M.P. Irrigation Rules of 1974 prescribe a
number of measures with a view to se~curing a modicum of farmer
involvement at operational Stated forthe 	 stage. is, instance, the
procedure for, the ,setting up of an elected 	 three-member "Irri
gation Panchayat" in village the command, 	 toeach within 	 assigned
these Irrigation Panchayata the taisks of (n) assisting Irrigation
Department officials iii detecting and preventing encroachmunt of
canal lainds, damage to irrigation wo rks , e tc., (b) assisting
officials in t'ie construction of water courses and in settling
disputes (c) collecting irrigation charge.4 and dues, und (d)

arranging 	for the repairs of waturcours'ss
 

In this limitud rkwhich is inure thti naturc ofin 	 rundering
assistance, to irrigation officials in the performance of their
duties rather than )f participating in the decision making and
implementing processes, the i rrigatinsystems, the Irrigation
Panchaynts have not functionod satisfactorily. in the major irri'.
gAtion systems, the Irrigation Panchayatn have nlready given way to*bureaucratic opeation with incrensingly more government agency* 	 involvement in the oporation and inantntanve above the outlet, while 
leaving the distribution system below tIh* outlet to take care of 

2/ The concentration ratio tor tho~ ntate-wide dintribution of lend
;mon)4 oparationil (arsipi i )'9l0-/1 i~i0.5h, 
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itself somehow. In the existing minor irrigation schemes, the
Panchayats simply do not exist. On the side of the farmers, they
too do not seem to be keen on their own participation in committees,
water panchayats or other voluntary groups.
 

The problem is certainly not unique to Madhya Pradesh; it
exists all over the country. There could be a variety of reasonsfor the farmn~rs' indifference to participate in the management of 
water distribution. To probe the factors, USAID has proposed in its
Maharashtra Irrigation Technology and Management Project (386-0481)
a study team, including a qualified social scientist with experience

in irrigation water user organizations, to investigate this question

and look' into the operational aspects of farmer organizations in
MaharashLra. The study will determine:
 

a. The appropriate relationship between the government Irri
gation and Agriculture Departments and farmer organizations;

b. Procedures and levels of incentives required to induce

* sustained farmer participation in O&M;
 

c. Alternative organizational formd of farmer participation;

d. The degree of formality required for an effective farmer 

organization;
 
e) A systematic 
 plan or applied methodology of implementation

to introduce farmer organizations in the qualifying irrigation

projects;


f. The functions, powers aind leadership of the organization,particularly affecting more disadvantaged groups of farmers (e.g.
scheduled cases, tribes and small larmers).
 

The study team would begin by reviewing the experience with and
rtsults of cooperative witer distribution offorts in India. Thisreview would constitute 
a basis for forming a constitutional

environment to study farmer organizations and for promoting trustand greater equity among farmers for O&M. In consultation with the
extension win& of the Agiculture Department, the study team wouldalso be responsible for designing different models of farmer organizations involving varying levels of farme~k involvement. The modelstwould then be tested to determine which level of farmer involvement 
has the greatest likelihood of success.
 

It is proposed to extend the results of this study to M.P. Amodel farmer organization would be initially up inset the demon
4tration chaks, and later, 
its suitability established, such organi
zations would be recommended for adoption on the balance of the pro
ject areas with expAnded roles in the man1agements opeiration, and
maintenance of the irrigation systems.
 

Investigations of farmer attitudus towards cooperative water
distribution have showni 
that, beng rational, farmers do not like to

put the cart before the horse, They want reliability of water 
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supplies to be established, first; other considerations comne later,They favor more rigorous government responsibility for water dis tribution rather than their participaition *itcommittees or panchayats.
That being the case, the ability .)f the AID-financed subprojects todeliver reliable water supplies would be an important factor forinducing farmer trust in the system and willingness to participate.
Another factor is for the farmners to feel that the system is partlya result of their efforts. Under this project, the farmers will* 
 consulted during the planning stage by the ID for the determination

be 

of the final alignment of the watercourses, field channelslocation of the turnouts. They 
and 

will also be involved during construction as a component of the required labor force for the completion of the irrigation and drainage network.
 

2. Benefit Distribution
 

Form location, and to some extent, farm thesize within commandof a watercourse are factors influencing water a'location in a surface irrigation system benefiting farms proportion locationin toand size of holdings. Farmers Located tit the tailend of the systemhave the least secure water supplies. Conveyance losses, maintenance problems and intervening irrigators who may disturb waterdistribution schedules are all factors which contribute to the insecurityof the tailender.
 

I k . . : . ;:. : ). j L . : , t ; :i ,: ! : ! 
 " : ' 
 . .. : : 


, In a study of two World Bank. / aided. - major. ,,q,irrigntion-!: L . : projects: /' . i ) in; 
M.P. itwas found that:
 

a. The supply of~water was not 
equitable and different outlets

received different quantities of water;


b. The location of the farm on the distribution system had avery sign'ificant effect on crop yields, the tallenders suffered incomparison with farms located at the head reaches of the system; onAn average, the tAilend 
 firms obtained 50-55 percent and the
middle-reach farms 75-85 percent of the yields obtained by farms atthe hand reaches;
 
c. Farmers generally favozed wubdivialuii of large outlet chaks

into smaller sub-chaks;

d. The time taken for completing irrigation within an outletcommand was short#or for small slub-cliaki; 
u. The variation in yield within ao ioutlift. Comand Was lesswhen the command was dividud into smaller units; and 
f. The variation in the' nvurngkC yield oiallerfroim sob-chaksWas loss than that of lasrger ch~iks for luoiui, middlu and tail reaches. 
The size of P. rhAk tis thtiraforo a factor for inequity. Toreduce this inequity In the AID f~inanced rainor irrigation scheme,the chak sice will be kept smatll. Tito to will be responsible forthe construction of minor and watarcoiursom up to 5-8 hectare turnout, and f ield channols uip to iniividualI form gates or two 

:: ,: ;LL
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hectare plots, whichever is largtir, Rotational water supply will be
introduced and the ID will be responsible for the operation of thesystem up to 5-8 hectare turnouts. This means that typically only
four or five farmers will, have to cooperate sufficiently to assurewater supplies to farm fields and jointly agree 
on maintenance of 
field channels. This also means fewer intervening irrigators' to 
disrupt water supplies and less maintenance problems. These 
arrangements would insecurities inequitiesreduce and inherent in 
the existing system and reduce yield disparities arising out of farm
 
location within the water distribution system.
 

Yield disparities within the command 
area are partly a function
 
of poor extension facilities. To this
overcome problem,

demonstration chaks would be set up in all of the AID financed minor
irrigation schemes. With the help of' enhanced AD staff and the
Training and Visit (T&V) system of extension, these chaks will 
assist farmers in shifting from traditional rainfed agdiculture to 
modern irrigated farming. This would be one of the major inno
vations introduced under this schome.
 

3. Water Allocation Practicus
 

In terms of the H.P. Irrigation Rules, water is allocated to
 
farmers on the basis 
 of both agreement (short or long-term) and 
demand. Farmers can enter into short 
or long-term agreements with
 
the ID 
 for irrigating crops other than perennials. The usual
 
practice is for the ID to assess the availability of water about a
month in of crop and theadvanoe each season determine area which 
can be supplied with available water for irrigation. Taking the 
farmer demand for water into account, a schedule for water supply is 
then drawn up. Subsequently, water is released according to this 
schedule. In this system, if demand exceeds available water
 
supplies, no farmer, except 
those who have a long-term agreement

with ID, can get all the water he needs. In such an event, the
 
small farmers 
are hard hit and are likely to face the prospect of a
 
declining income.
 

In the AID-financed minor irrigation scheme, the GOMP would

discard the prescnt system of water and adopt
allocation 
 the
 
Rotational Water Supply (RWS) system. 
 At the core of the system is

the principle that water should be supplied 
on semi-volumetric basis
 
rather than on 
the basis of crops grown. It would involve a level
 
of water utilization based on lnnd holdings 
and would allow farmers
 
to vary crops and irrigated area to maximize returns per cubic meter 
of water. Farmers would have the option of deciding intensive or 
extensive irrigation on part or 
all of their holdings depending upon
the cropping patterns and inputs used. Questions regarding eligi
bility requirements (whether or rot an irrigator has a clear title
 
to land) and rather complex mindgemant procadure for water appli
coition would no longer apply. since the damn proportionate volume 



of water could be sanctioned 
 for low as well as high water
requirement crops, the benefits of irrigation becould more equi
tably distributed among a larger number of farmers.
 

4. Employment Ef fects 

It is estimated that an irrigated and fertilized hectare
 
requires about 122 person-days of labor per year, 
or 48 days more
 
than a hectare of rainfed land. This includes farm family and hired
 
labor. Agricultural employment in the Narmada Basin, on 
this basis,

would increase by about 14,800 work-years annually as a result of
the project. Landless labor inclding women constitute about 24 
percent in Narmada Basin; 
they will most directly benefit from con
struction of the irrigation system which will provide an additional 
30,000 person years of employment during the life of the project.
The Government of 
M.P. is committed to labor intensive construction
 
techniques to provide employment to the rural poor.
 

5. Effects on Tribal and Scheduled Castes
 

Nearly 24.5 percent of the population in the Narmada Basin are 
tribal and another 11.4 percent belong to scheduled caste. Out of a

total of 98 development 
blocks in the basin, 27 have been declared
 
as 
fully tribal and another 25,blocks as partially tribal. Some of

the subprojects would be located in these blocks. Special efforts 
will be made to identify scheduled castes and tribes within the 
command areas of the subprojects during initial baseline surveys in 
order to assess the impact of irrigation on these groups. A special
provision is being made about the required economic rate of return 
for subprojects that Include at least 50 pt-rcent scheduled castes

and tribes. To qualify for AID financing, the economic rate of
return on subprojects serving areas with over 50 schedule
purcent
castes and tribes should be 10 percent or more, rather than the 12 
percent applicable to other subprojects. 

6. Reservoir Displacement and Land AcquisiLtion 

A large number of major, medium and minor irrigation projects 
have been completed by 
the GOMP in the last three decades. In
evitably, a large number of families wore displaced due to acqui
sition of land for Cim project reservoir sites, The affected 
families, who normally settled in neighboring villages, were paid
cash compensation for their land or 
property acquired for the pro
ject, Since the GONP is embarking on a number of major, medium andminor irrigation projects both in tio Narmada basin and in other 
arqsa, it has a calledframed bill 
 "Thu Hndhya Pradush Displaced

Persons (Reaettlement) Bill 1981", covering aspects of the resettle
ment problem.
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Under the provisions of the Bill, a Resettlement Commissioner 
assisted 
 by an Advisory Board will be the chief controlling
authority cf all matters connected with the resettlement of dis
placed persons, and a Project Settlement Officer will be the 
principal executive officer for a project. 

It is not clear yet whether the process of establishing the 
organizational framework execute GOMP'sto the relocation policies.
has been completed or niot. Provision is being made, however, that 
the GOMP would provide a comprehensive resettlement plan, together
with an implementation schedule prior to the appraisal of each MIS. 
The resettle:nent process will be reviewed on the basis of this plan 
at the time of mid-term evaluation.
 

One factor the GOMP rehabilitation plan might take into account
 
is that the small farmer gets 
too small an amount of cash compensat
ion to profitably reinvest in the land,. He may consequently spend
it on a big wedding or on other ostentatious consumption. Extension 
officers could help and advise him to 
invest the compensation money

in a fruitful manner. However, it would be best for smallthe 
farmer to get land in compensation rather than 
cash, A genuine

effort should be made by the GOMP to compensate land for land for 
small farmers. 

7. Effects on Women
 

In India women constitute approximately 35 percent of the agri
cultural labor force. This percentage is lower than in other parts

of the world mainly because of socio-cultural norms which in the

higher castes restrict women's participation in economic
 
activities. However, in Mndhya and in
Pradesh, particularly the
 
Narmada Basin, the women's participation in agricultural activities
 
may be expected to be higher because of the very high tribal pop
ulation. Therefore, any agricultural activity such as irrigation
which aims at providing higher productivity, employment and income 
should include women as one of the target groups and the activities
 
undertaken in the proposed project to increase the proficiency of

the farmer should include women. The proposed project will have 
 a
model water management organization to be initially set up in the 
demonstration chaks, This organization include
should women 
(perhaps one third of the members) so that womens' role in the 
operation and maintenance of the irrigation system will be 
adequately recognized. 

For professional development the project 
proposes training pro
grams and workshops. It also identifies, the areas of training.
These training programs and workshops should invite women to parti
cipate. Often women do not come forward edpecially if training isgiven in a distant town or district hC1adquarters as they find it
difficult to leave their families, Among the very poor theeven 


-cry: en ihe: •a'-. 
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loss of a day's wage is a serious considuratIon. To overcome this
problem, monetary incentves and facilities such as provision for

small children at the traiing site should be provided.
 

There is evidence that men and women are affected differently
 
4. 
 by agricultural development. In India, Increase In prosperity in
 

rural areas and farm mechanization pushes women either out of their
 
traditi ial jobs on the farm or into unpaid household pro
ductionr2;I *This lessens their control over income and financial
 
resources and thus brin.gs about a loss in status. Therefore, the
 
project recommends that:
 

a. More labor intensivu techniques in production be applied so
 
that women are not displaced;


b. If and when mechanization takes place, women also be 
trained in using farm machinery; 

c. Provisions of Equal Remuneration Act be applied in the
 
project areas;
 

d. Where contracC piece work femily labor takes place, payment
 
is made tu the male head of the family. Recommend that a 50 percent
 
of the payment be made to the wife;
 

e. When cash compensation Is made for submerging land in a
 
minor irrigation scheme, the Irrigation DeparcmunL gives a cheque
 
and opens the bank account in the name of thii male head of the
 
family. Recommended that this account be in the name ot both the
 
husband and the wife; and
 

f. It land is compensated for land, joint Pattas may be issued
 
(Sixth Five Year Plan recommendation*).
 

Women also use irrigation water for domestic purposes. They
 
bath animals in the canal, wash clothos and utensils, and carry the
 
sama water for cooking purposs. There i, evidonce that water born
 
diseases increase in irrigated arosi/' Some thought should be
 
given to this problem and remedial measurus should be taken if
 
possible, Certain parts of the canal could be reserved for washing
 
purposes, and cement slabs could be build to facilitate Washing only
 
in those parts of the canal, while another part may be reserved for
 
water for personal use.
 

There is very little documented evidence regarding both on-farm
 
and off-farm activities and what happens to chum after irrigation.
 
Tho socio-sconomic basis line surveys to be carried out under this
 
pr, ,t will also addrass the quustion of the impact of irrigation
 
o ien.
 

J irw5 ,in' Agriultural 14oderniaation and Third World Woman,
 
an IL0 Study,
 

,A,
 



C. Spread Effucta
 

Crop cutting surveys indicate that yields of irrigated food
grain crops in.. P. are generally less than those obtained else
where in India. For Instance, the average yields of irrigated wheat
 
and rice in H.P. at approximately 13 quintals and 11 quintals, re.
pectively, are the third lowest among the Indian States for which 
data are available. While the reasons for these poor yields on 
irrigated lands have not yet been satisfactorily investigated, two 
factors seem to be extremely important.
 

1. The first of these rclate to the quality of irrigation that 
ensures that water is delivered at the right time and in the right
quantity. If the system is not dependable, farmers would be reluct
ant to invest in required inputs that would increase yields; or, if 
they use water at all, yields can only be poor and indifferent. The 
quality of irrigation depends, in nn Important measure, on the tech
nology that goes into the system ind on the overall design.
 

To improve the quality of irrigation, the GOMP and USAID have 
identified the to construct and oporate newneed plan, prototype

irrigation systems. 
 The goals are to achieve complete utilization
 
of the irrigation potential Created, and to 
ensure greater farmer
 
security in torms of adequato nnd reliable supplies of water. This 
calls for both technological and organizational improvement. 

Although USAID financed minor irrigation schemes in Madhya
Pradesh would be a small traction of the total number of such
schemes that the GOHP plans to undertake in the Narmad BSasin, their 
significance lies in the fact that they would serve as models to
 
replicate elsewhere and would provide a focal point for a major
effort in irrigation technology development and transfer of know
ledge. To achieve prototype systems, USAID and GOMP have closely
collaborated to develop new guidelines (or planning minor Irrigation 
systems. These include: 

a. Water supply design based on 
at least 20 years' operations

study with water requir.ments calculated by monthly estimates of
 
evapotranspiration, and a water delivery budget based on best
 
estinates of seepage and conveyanc losses 


b. Conveyance channels adequately designed 3nd regulated right
 
up to 5-8 ha turnout to permit full delivery to all outlets when the 
main system is operating at or about 50 percent capacity. Canals 
will be protected by cross drainage structures, and cc-crol g tes 
and measuring devices will be provdod for controlling and measuring 
the flow of water throughout the system;
 

Q NCAZRO "ocio-Zinomic Ipnct of Rmjasthaii Canal", 1961 



c. Unlined f ield channels constructed at project expense down 
to individual farmgates and operation of the distribution system up
 
to 5-8 ha.' turnout;
 

d. A complete surface drainage system planned and constructed;
 
.. 	 . e. Fully integrated surveys with improved vertical control and
 

detailed design undetaken for watercoursus, field channels, minors
 
and distributaries; water levels will be maintained sufficiently
 
high so as to ensure that the fields are properly commanded; quality
 
control of watercourses and field channels design and construction
 
will be monitored; and
 

f. Rotational water supply applied on all the schemes.
 

It is anticipated that the impact of these guidelines would
 
extend beyond the prototype minor irrigation schemes. The speed and
 
effectiveness of spreading knowledge, techniques and methods
 
developed on the prototypes will deperid on tho findings and results
 
from the AID financed field studies. These studies are summarized
 
in Chapter I, Section C.2.. The results of these studies would be
 
forwarded to the GO and the GOMP. It is anticipated that the GOI,
 
through the Central Water Commission and the Narmada Project Pre
paration Cell would use the knowledge gained in these studies in
 
their future dealings with M.P. and other State Irrigation and Agri
culture Departments, while the GOMP would introduce new innovations
 
In Its existing design, construction, operation and maintenance
 
standards.
 

2. The other factor is the knowledge of agronomic practices
 
relevant to irrigated farming. This is specially important where
 
generations of farmers have been accustomed to rainfed monoculture
 
as in Madhya Pradesh are suddenly called upon to shift to irri
gated farming.
 

A major innovative aspect of this AID financed minor irrigation
 
scheme is the setting up ot four demonstration chaks in each MIS. 
These chaks would be centers to demonstrate to farmers in the com
mand and neighboring aroas, tho modorn irrigated agricultural tech
nology for crop production and modern water management techniques. 
They would show, among other things, the value of land development 
for optimal watur utilizatioii, the importance ot timely sowing and 
use of high yielding varieties together with a complementary package 
of inputs of fertilizer irid pst.Licidea. As the knowledge of irri
gated agricultural technology and water management Apreads among 
farmerd, crop yields in the pruoaect areas can be improved substan
tially to the levels obtained olsuwhero,
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CHAPTER V 

ENVIRONMENTAL ASSESSMENT 

A. 	 Background
 

The Environmental Assessment 
(EA) 	for the project was based on
 
an in-depth examination of selectod areas of concern that were 
identified as having the potential for adverse environmental conse
quences. The areas of concern were identified by a scoping committee 
and documented in a Scoping Statement (Attachment V-i) that was
 
approved by AID/Washington (Attachment V-2). The Scoping Statement 
identifies areas needing further analysis as well as those that do 
not. 
 It is consistent with the new environmental regulations which 
generally require environmental assessments of all surface irrigation 
projects.
 

The 	 areas identitied for furthk' r ;tim-ly were based on a compre
hensive review of the three AID fi nanc.d EA: of the Gujarat and 
Rajasthan Medium Irrigation and Maha:rashtra irrigation Technology and 
Managemont Projcts,. The EAs for Lii, ,, three projects concluded that 
on the whole they would not have any adverse impact on the environ
ment. 

In addition to the Cu arat, R.ijas than and Maharashtra EAs, dib
cussions with officials at the World ,ink and Ford Foundation offices 
in New Delhi as .ell as witm M:ldhya Pradesh g'overnmeut officials 
aided in the final si-Vct ion ot onviron;nontail issu,_s to be studied 
for the Madhya Pradesh Minor IrrigaLion Sthem,. These discussions 
were further supplementen by ubx..'rvaLion ; made during site visits by 
USAID staff during the PID preparatLon. 

The 	 reau o i th, envi rn. :la ,st'samnrnt 
corporated in Chapter 11 and LI f this 

A have been in-
Volume of the project 

paper. The scti on holow provide a summiry discussions of the con.
clusions reachvd on ,ach ,i th, is , s identLfied for study. 

3. 	 Conclusions 

Ba-d on the mA,alys h nt tiln is. uu;e i ,terd below annd the r1eConi-
mended m.:asurs jor i i ,,tz flpWle, the i t . o l L( nvironnent, the 
project will n, have a sinficant advrs impact on the environment. 

I. 	 La'nd C1 2a bi i itv .1, K oX V'r l., 

T h ,,r t -) a oe i n i m(fi n : , idt on la nad ; , , nit, r o p p in ; , 
patr.rns on vcr i n , heca:L ,, W.i r pecial physical caracter
istits w=!±rn suhjLcted- a isto r.' ""da rLn oftin av, id LItiv.ting 
khar f crops because ti l[age L ILis dii tdi:f orLng monsoon, tempurary 
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flooding zeduces 
crop 	yields, 
rainfall is uncertain, and under rainfed 	conditions 
the 	farmers believe 
that 	sufficient moisture 
reserves
would 
not 	be available 
for 	thv rabi crop. However, with assured
irrigation 
under controlled conditions 
such as that 
 contemplated
under this project, 
farmers will be encouraged to plant high value
rabi 	crops such as 
wheat maximizing 
use 	of irrigation potential 
with
minimal adverse impact on soil conditions. Irrigation during kharif
season and during 
periods of 
 luw 	or no rainfall will be of 
great
importance. Accordingly, the 
design proposed 
for 	 the M.P. Minor
Irrigation Schemes will 
include provisions for 
not 	only kharif crops
but 	for their early pre-inonsoon sowing. 
 The 	constraints of temporary
flooding due 
to excessive 
monsoon rains 
will also be removed by
providing surface drainage system under 
the 	 project. 
 For 	a more
detailed discussion of 
the 	issues related to vertisols, see Chapter

III, 	Section B.
 

2. 	 Waterlogging, Salinity and Alkalinity
 

On the minor irrigation schemes 
presently in 
 operation, the
potential for the 
 deve lopment of waterlogging, salinity and
alkalinity conditions 
is significant. 
 The 	causes 
are 	the method of
water distribution, 
irrigation application procedures 
and 	lack of
drainage facilities. 
 The current method 
of 	distribution 
includes
channels 
with 	uncontrolled 
outlets 
that 	are normally not provided
with 	waterrourses 
or field channels. 
 As such 
there is a continuous
flow 	of water at the 
40 ha outlet 
and 	the farmers revert to farm
farm ';rigation which 	
to
 

results in significant seepage and deep 
percolation losses. 
 In additin, 
as no soil 
surveys or detailed topographic surveys 
are 	 made in the proposed project areas, the need 	of
drainage is not apparent to control water lovels or con:trol salinityand 	 alkalinity. 
 In 	 ;addition, no 	 drainage facilities have beenprovided to remove excess 
surfice water.
 

Under this AID supportd pro ject, 
several measures 
will 	be taken
that 	 will mitigate the incidenice, and impact of waterlogging, salinity
and 	clk-linity. 
 They includ, Ltaijed topopraphic surveys
utilized in the 	 to bet and
lay~, construction of a highlv controlled surface 	 irrigation system clown to 	 t'le farmgat.e co mhnirnize 
delivery
losses and to lay out a surface. drainage network to remove excessrainfall based on a five-yeir trequoncy inteial. As the system will
deliver water 
to tie farmgate, [,rrI to farm irrigation practices willbe eliminated 
thus reducing surface 
ponding and 
deep percolation
losses. In addition, detailed 
soil 	surveys and systematic soil
water testing 
will be carried out on 	
and
 

potential problem 	
each project to identify
areas so that necessary action 
can 	be taken. Each
project 'will have 
a groundwater development 
plan to balance the
anticipated recharge Irom 
 the 	 irrigation system and 
 the 	 expected
rainfall 
in the area. It i ,nticipated 
 that 	under a well designed
and 	operated system 
approximartily 
 20 	 to 30 percent 
of 	the total
delivered surface water supplii,,' will 
entvr thu groundwater table,
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plus the component from expected rains. As 
the majority of the minor
 
irrigation schemes are located in areas of low-yielding aquifers, 
programs will be developed to encourage groundwater development by
individual farmers 
 for balancing the recharge by irrigating hot 
weather crops or for supplementing the rabi crop requirements.
Additional details provided inare Chapter III, Section D.1 and 
Chapter II, Section E.8 9 and 10. 

3. Conjunctive Use of Groundwater
 

The project proposes the introduction of groundwater irrigation
in subproject command areas wherever favorable aquifers are avail
able. Groundwater will to the croppinguse add potential that can be 
realized from irrigation sources within the command ofareas sur
face irrigation sy.stems. Groundwater levels in such areareas 

augmented by thu deep per,:olation 
 pruce:,.s traceable to reservoirs,
canals, and fields. Theirrigated use of. groundwater to balance the 
recharge will aid in mitigating any alt icipated wacerlogging
problems. S.,e Chaptevr 1I, Sect ion il . 10 1or further discussions of 
the groundwater dove lpmnent program. 

4. Water Losses and Cnal OperaluOtn 

Of special concern in tho proposed irrigation systems is the
problem of the distribution (cana ls) systm, seepage lossen and 
alternative measures to control theum in the interest of attaining

economic and environmental objectives. Canal lining is gu.nerally

acknowledged as an acceptable eciinical solucion in roducing 13opage

loss rates which in turn can 
 mitigaLe the problem of waterlogging.

However, lining in ',2rtisol; or black cotton soils 
 "ireas poses a
 
special problemi a. cdnals ro:nd t ) nma:ntain th,,ir original shape


time. In l ight ot these problom:;, rather than Ine
over all canals,
field tests will be mineo to ,I,'t-ermin,, seepage l,;3: rates along the 
proposed canal al ignment. The lata ml le':ed wtli servo as the basis
 
for deciding where in the sv,: 
ni l in 1g is technically, ,cono
mically and environmemnta lv tea,m ll. Op,,ration prucedure3 cqn also 
lead to signihtcmnt systm, wt.iter lu0"ses. To thesereduce losses,
structural as well as UINX;g,,in'1Sa ur,: wi I I he underLaken. The 
sy tein will be ,Jos ignI i i,,; it iv,, cantrol st 'uc rures to properly 
regt late 1 lowS w th,)n l Signii C.l II o't ,, ,; . In addit (in, ,Ilanagement
workthops will prv to dam And operatorsbe Pad caraI to improve
their offfectivren,. Sine, II, E.8b.Chapter Sactio, for a more 
detailed discunssion of lning procedurns. 



Attachment V-i
 

SCOPING STATEMENT
 

ENVIRONMENTAL ASSESSMENT
 

MADHYA PRADESH MINOR IRRIGATION SCHEME (MIS)
 

I. Introduction
 

A. Background
 

USAIb/New Delhi prepared a PID on May 14, 1981 
for this
 
project to be located 
in Madhya Pradesh StaLe. An Environmental
Assessment (EA) is required of irrigation or water management pro
jects as stated in AID's environmental regulations 22 CFR 216.3 (3)

d. Accordingly, 
a Scoping staLement consistent with the procedures
outlined in 22 CFR 216.3 (a) (4) has been prepared as provided below.
 

B. Scopin, Process
 

The Scoping loc Nadlhya
Statement Lt, 
 Pradesh (M.P.) Minor

Irrigation scheme 
was 
prepared usirig the Mahirashtra Medium Irrigat
ion Scoping Statement as I point of cefur'ence. That s! itement was
prepared using findiag, thethe of 
 AID finincd Environmental
Assessments of the Guiarit and Raja:athan irrigation.edium programs
as well as the concl,sions prs,,ntd iW USAID's Maharashtra Medium
Errigat ion Scoping Statemt.. A 1copi ng CommitLee constituted tocomplete thig effort rvi ,-d -he,;,u dcium,_'nts and determined that 
their findings and c:onclusins,, weie relevant in preparaing the 
statement for the M.P. project. Tis was possible in the com
mittee's judgemnent 
as medium ,ini ninor sy.stum:; are :;imilar in their
 
project objectives and the 
tchnical strat,,ies they employ in mini

watermizing surtace pot,,lial ior irrigition. The observed differences between both typ, of svst:n,; relate primarily, to the size

of individual mvdimm and 
minor irrigation projects.1 Therefore,

it was in the Commnitt,'s view (see ALtchmvnt I for a list of
members) that the envirn, lantl issu's and1 analytical requirements
for medium pro jects .aro essent ially the, same for minor systems.
Thus, the ,;tat ent presented below retf cts the same basic sub
stance as the Maharashtra Scoping Stat.ent based on (a) field

observat ions o f proposed :,ubpro jc t :3 te s prepara tory PIDto 

development; and (h) iscubsions by USA[D/ iadjd ,11.iciakl, 

1/ edium i rrii tion ,rojcts a , currntl defined as; encompassing 
irrigabl ar,.:, ,f 200i to 10,oU0 I0 't es, ,'h,:reas minor irrigation
projects cover 
ar.as upto 2,000 hectars.
 



with the officials of the Madliva Pradesh (M.P.) Irrigation Department. As a result of these fforts, environmental consequences
having greatest potntial for adverse impacts were identified forfurther examination as listed in Section It below. Environmental 
const luences of minor significance not requiring any further
detailed analysis 
 or study lave also 
been identified and are 
presented in Section III below.
 

I. Adverse Impacts 

A. Land Resources 

i. Land Capability and Use of Vertisols (Black Cotton Soils)
 

These soils are very 
 usceptible to swelling 
and shrinkage

under wetting and drying and 
are 
generally quite impermeble and

stable when 

un
wet. They occur 
widely in Madhya Pradesh. Because of
their peculiar physical characteristics they could have a signi

ficant impact on land use and cropping patterns under irrigation. 

2.Waterlogging, salinity and Alkalinity 

A small percent of areas under Surface irrigation in Madhya Pradesh
suffer from waterlogging, salinity and alkalinity due to poor drainage. During project des ign, the procedures and standards being
adopted in Madhya Pradesh and their adequacy for control of the 
above will be examined in depth.
 

B. Water Resources
 

I. Conjunctive Use of Groundwater 

Under prevalent geological conditions in Madhya Pradeshgroundwater recharge from ilonsoon rains and river discharge is smalland is substantially increased when surface irrigation is provided.Thus, both conjunctive use ind conjunctive supply have possibilities

and will have implications for waterlogging? control and also 
 for
increasing mut i-qeasonal land use. 

2. Water Los s ts 

A re lated issu is loss of water fromn irrigation channels
because of seepage and ope rat ioinal losses. These losses may range
in the ord,,r of 40 to 60 percent.. 1,mpact of water 
 losses relatingto project ,conomni S, water logginv, groundwater recharge and system
(Operation will be exmnined durin, project de,ign. 

3. Ca IlOperation - Instabilitv and Erosion 

Instability of canals, lined and unlined, and of small
structures in verti!Lol ar,,.i; nay call for special engineering treat
ment in order to a,:sure 4'conoicalI and effective operation of 
sys tems. 



Ill. Issues to be Eliminated from In-depth Analysis
 

A. 
 Land and Soil Resources
 

1. 	 Soil Erosion in the Watershed
 

The Gujarat and Rajasthan EA,; noted 
that increased pressure

on 	the watershed 
could result from consLruction activities. Control
 
of 	human intervention 
and 	afforestation 
of 	these areas were 
recom
mended mitigation measures. 
 During PP development, d;iscussions will
be held with Madhya Pradush forestry officials to d,,termine whether 
the same problems prevail around dain sites in Madhya Pradesh and 
what corrective measures are being taken as solutions. 

2. 	 Sedimentation inl 	 Reservoi-s
 

Madhya Pradesh has a program of measuring time changes

volumes of sediment in reservoirs which 

of
 
will lead to better quanti

fication 
of 	this impact. Rservoir design 
 in India invariably
allows for decrease in rest,rvoir capacity over oftime by allocation 
sediment stor-ge space ini tho rservoir. Although available data
concerning this aspect ot dt,,ign oi ,tams suggest that currently used 
criteria are acceptable, during the course, of project d.sign the
appraisal team will exmine current design criteria to see if they
adequately tLke into account sedimentation deposits. 

3. 	 Constriction Activiti:s 

USAID pre-PID inspection (f .uveral completed MIP sites in 
Madhya 
Pradesh revealed that construction areas around dams are 
being planted and landscaped successfully to control soil erosion.
 

4. 	Cropping Pattern
 

Nlalhya Pradesh t i cia I,;arc awa re of the potential for the 
depletion of s Itl it r;,iti , . a result of 	 i nrasi:d crop diversi
fication, accordingly, 
 rno n i,,ts tak- L 	 is factor into account
when cons ideri, , la!o cIpat: ii ity cla.ss ficat ion for irrigation
purposes. Cropping pit.tern and soils ca pa b i lity procedureLS witl be
reviewed by th,. apprai:a tI.ai., and appropriate , project criteria, if 
neede', identified. 

.	 Bed Cu I ILi ,a(!
 

Tho (;jl it: [A 
 , ..i t ho' fI,, I ol agro-chemical use 
on recession cii 	civ, t In ol rest.rvoir bcis and cau,tioned against the 
use o organic tertiliz,,r in 	 ,irder to .viti l ,trophication. 



B. 	 Water Resources 

I. 
Streamfiow Characteristics 

Instalation of 	 a reservoir and 	 di.sLribution of 	 watergated land changes downstream 	 to irri
flow cha,'acteristics.
flow is reduced, 	 While totalflood peaks and often low 	flows
monsoon-generated 	 are moderated. Thesmaller rivers

Irrigation Systems) 	
of Madhya Pradesh where MISs (Minorare 	 normally cited have similarto 	 characteristicsthose of Gujarat and Rajasthan soexpected. 	 similar modificationsReservoir 	 can beoperation studies requiredMIS under the project will 	

for each qualifying
reveal most of the 	 iownstream flow

effects. 

2. 	 Floods 

Reservoirs 
 reduce 
 flood peaks and
levels. 	 consequent
If 	 dams "ail, damageflood peaks are
main consideration 	 greatly increased, thusis 	 dam safety. Iii 	 practice, 
the 

safety is 	 design for damsite specific. The Centralofficials 	 Water Commissionare 	 highly aware and State
of the needand utilize 	 for safe dam design criteriathe 	 most advanced techniques for 	 guarding against

failure. 

3. 	 WaterQuality 

The 	 Gujarat FA identified the 	 spectrum ofassessing 	 considerationsthe 	 effect inof 	 NIPs ol water quality and waterupon agriculture. 	 of qualityrhe 	 Ra jitL inn MILPmeasrem,.nt s 	 stressed the need for quality0 l 	 river water ;uppiiKs. Staindard swatpr qua Ii ty 	 for irrigationare 	 well deve Iopeddiscu;inns 	 and us'e-d worldwide. Pre-PIDwith 'aidhva Pradessh officials r'o 	 aledmade routinely 	 that these areand 	 rmtoitored 
The 	 project Jesign 

by satistactory laboratory analysis.team will examine waterMadhva Pradesh 	 q l ity criteria forMISs and iak.tippro1)r ia tI, recommendations where 
requ i red. 

4. 	 Dra i 1:J
 

The potential 
 for poor or inadeqlttegated by the use of 	 dra nage will be mitidrainage criteriasuch 	 for MISs. Thecriteria 	 adequacywill be examined during the 	
of 

course of 	 PP developmentand ecommend-ition,; made i tic,'ssa ry. 

C. 	 He a 1th 

1. 	Ag ro-Chemi ca Is
 

Both the Rajasthan and 
 Gujarat EAs 	 examinedpesticides. The 	 the impact oflatter stated that the 	 problem of pesticide conta

http:measrem,.nt


ruination is "not serious at all". This conclusion can be extra
polated to Madhya Pradesb since withpesticide use is associated 
intensity of cropping'. Data for psticide use by states is not
available; however, the following shows comparisons between the four 
states:
 

Madhya

Maharashra C Ljarat Ra asthan Pradesh 

1. 	 Percent of total 
area cropped 59 49 44 40
 

2. 	 Percent of total
 
area irrigated 5.8 
 7.2 7.4 3.2 

3. 	 Percent of 
cropped area
 
irrigated 9.8 14.7 16.8
 

Irrigation potential is i 
useful proxy indicator of agricultural
intensity. Information on statewise pc ticide use, when received, 
will be examined to see if it supports the same conclusions with 
regard to Gujarat and Rajasthan. 

2. Water-borne Disuases 

The 	 effects of irrigation on incidence of water-borne 
diseases such as malaria, schistosomiasis and toxicity hazard were 
examined by the Gujarat and Rajasthan EA:.. Thi, Rajasthan EA com
pared geographical incidence of water-bcrHe diseases by district to 
irrigation and concluded thar some p,sitivc relationships exist but
 
no rigorous statistical analysis 
 was pos ible. Further, the rela
tionship was not t'vidpnt Ior r phoi o, pac,ityphoio or other salmo
nell a infecLiong 1.With r,11, rd to malaria, geographical incidence
 
was higher than normal 
 in severa districts with irrigation and high
rainfall, hut was al.o higher in thre ditricts which have neither 
irrigation nor high rainfall. 

With regard to schistosomiasis onllv on,- outbreak has been 
reported in India in Ratna,,iri District. Sustained constant water 
lewls needed Car sn: i vLctor popul.tion is quite limited in MIS 
reservoirs and cannl: Jcaase tey operate intrmittently. 

D. Biolog icalt, s urc;; 

1. Fishertes4 

Ih impact of res rvoirs1 on migritory river f ishe!; on the 
emphemernl rivers of the tLntes g'. 'xlro by the Gujarat and 



Rajasthan EAs which ale, reportd the offsetting benefits of development of reservoir fishries. Madhya Pradesh MISs impound smallrivers, all dependio;, on Ion,moot rain with consequent dry or minimalflows during most of the year. 'lhes,, rivers .re not very productivefisherie-s however opportuni t ivs for dewv lopmont of reservoir fish
eries can be expected in Mnadnya Pradesh. 

2. Flora
 

1he Gujarat and Rajasthan EAs discussed the impact of development on native flora, which will reduce as agriciltural cultivationbecomes more intensive. Conceivably, large major irrigation projects
could have a significant adverse effect on speci;,lized species butthis would not apply to scattered MISs with areas averaging less than1000 hectares each. 
 Increased water supply around reservoir area andin irrigation commands will have 
a beneficial effect.
 

3. Fauna 

A generally very positive oneffect fauna, especially wildfowl was r'2ported by the Cujarat EA. The Rajasthan EA pointed tc adecrease in the population of Larger predators and game animals butattributed this primarily to increased hunting pressure which is onlyvery indirecty linked to MIP development. It will be confirmed duringthe project design that the national park and six wildlife preservesin Madhya Pradesh will not be encroached upon by the MISs. 

4. Livestock Di'eases
 

Both Gijarait in1 R:ilashtan EAq point to a possible rise intranunmission ot cerroin animal diseases due to grazing in waterloggedor continuously 'hoist aireas. Waterlogging will be minimized by MISdesign in Madhya Pradsh. See Suction 11.2 above. 

IV. Timing mnd Decision Making 

A project preparation team is tentatively scheduled to conductproject tean;ibiti,y studio, ,.nd appraisal during the fall of 1981 orThe first two ,nonthq of 1982 for pe.rioda tf mix to eight weeks.indicated in the scope'; of work, the 
As 

term.; of reference will ,ncom-pass the environmental issus to be oxanmind in detail. Based onteam's report, USAID/India 
the 

will prepare .a PP detailing findings andinclude project recommendations. USAJD/lndia will provide sufficienttim. ;or any further review and .in;ilys is prior to project approval. 

V. Analysis - Methods and Staff;nw 

1. Methodology 

1he project design team and scopes of work on thewill focus 



issues identified in Part II of this chapter as part of overall 
project appraisal efforts. In is anticipated that sufficient data are 
available with 
 the Madhya Pradesh Irrigation Department that will
 
permit analysis of the environmental issues and 
enable recommendations
 
to be made. Data collection and 
analysis will w,. 'rtb,.r supplemented 
by site visits to selected project areas, plnned discussions and 
meetings with key Madhya Pradesh irrigation, agricultural and forestry
 
officials. 

2. Staffing
 

The project design tam will consist of qualified individuals 
with expertise encompassing a broad range of subjects relevant to 
analysis of the environmental issues delineated above. Team members 
will include: (a) an irrigition water management engineer experienced 
in groundwater and surface hydrology, water management, (b) an agrono
mist/soil scientist, (c) an economint and (d) two specialists for 
design of field studies. This team will be Supplemented by USAID 
staff experienced in related disciplines. 

3. Format 

IJSAID envisions a concise statment ot it:; review of the key
environmental issues to he incorporai d in the text At the Technical 
Section of the Proj.ct Papier. The .LaLement will present: (a) major
conclusions concerning the i ,u,,s examined, (H;) description of the
affected environment, (c) descriptio of environmental consequences 
and corrective measurs to h. t:ken, and () a description of project 
alternatives. In adcition to the foregoing, an appendix that lists 
participants involved in tne 
EA will be prepared.
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Copy of State 165757
 
Secstate WASDC to Amembassy New Delhi
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Subject: Scoping Statement for Madhya 
Pradesh Minor Irrigation
 
Scheme (MIS)
 

ASIA/TR/EGE (M. PHILIEY) HAS REVIEWED AN J APPROVES SUBJECT SCOPING 
STATEMENT. 4RITTEN COMMENTS BEIN(G POUCHEDt MISSION. IF FUNDS
PERMIT, PHILLEY WILL TRAVEL I() COLOMBO fN JULY TO REVIEW MAHAWELI
ENVIRONMENT PROJECT AND COULD EASILY SIOOVER IN NEW DELHI FOR FEWDAYS IF MISSION CONCURS AND IS ABLE TO COVER PER DIEM. TIMING WOULD 
LIKELY BE EARLY AUGUST. PLEASE ADVISE. HAT(.
 

UNCLASSIFIED.
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CHAPTER VI
 

ECONOMIC ANALYSIS
 

A. Introduction
 

1. General
 

Economic viability of the 
project was examined using time discounted cash flow analysis of a sample of 
four proposed subprojects

and of 
three existing projects, Attachment I. The four proposed sub
projects, Ranipur, Sangwa, Sironj 
and Richhai were selected as being

representative 
of the principal agro-climatic zones in 
the Narmada

Basin; the first two are 
also located in predominantly tribal 
areas.
 
Kunda, Dhuwadhar and Dhukrikheda 
were selected as representative of
 
existing projects the and
in basin were evaluated on the basis of
 
historical information. Sensitivity 
due to variations in certain

crucial estimates and assumptions was examined. 
 Economic methodolokgy

and criteria to be used for subprojects analysis were developed 
and
 
summarized.
 

2. Present GOMP Procedure
 

Estimates at benefits and costs are currently developed by GOMP/

ID only for the major and medium irrigation projects in the state

following procedures that use neither shadow prices for inputs 
and
 
outputs, nor discounted cash flows. 
 The net direct annual benefits
 
at full development, tak,.n as total 
 increase in net farm income
 
attributable to irrigation, are divided 
by the sum of the annual
 
interest on capital construction, invstmunt, depreciation and 
admin-

Istrative 
charges, to derive the benefit/cost (B/C) ratio. These 
costs are calculated -t.ing annual intorest Ut .10 percent, straight
line depreciation of cosLs over the project lifetime (50 years) and
operation and management (OW&) costs at Its 25/ha of CCA. 

Net annual benefits are taken as the difference in the net value
 
of produce before and after irrigation, Farm budgets 
are calculated

using local market 
prices for farm products. and estimated financial
 
costs of fertilizer and pesticides. Allowances for financial 
costs
 
of harvesting, tillage of
and labor art made as fixed percentages 

gross income after deducting harvesting costs.
 

RrFid Pcnnom-t e tljlAIonm renot rrrentlv carried outon minor irrigation schemes. Uoder 
the existing procedures only

the percentage of costs that will bv at
recovered the end of the 
twentieth year, beginning front th, date of initial investoent, iscalculated. Costs are taken to 
be thelt-,nt capital costa of dams 
and canals and interest on the capital at the rate of 4.5 pe,'cent.

Returns are taken to sumhe the of revenue from betterment levy 
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(which ts seldom collected), water taxes 
and irrigation cess minus
 
annual O&M costs. 
 Both costs and returns are summed 
over 20 years.

Thus, the percentage capital cost recovered equals the sum of 
returns
 
divided by the sum of costs, multiplied by 100.
 

3. Methodology Used for AID Analygii
 

a. General
 

The analysis 
usod in this paper differs from the GOMP proce
dures3 in many respects. 
 Using economic rather than financial prices

the Economic Rate of Return 
(ERR) was calculat ed for each 
of the
 
study subprojects. Only direct benefits, the economic value of the
 
incremental ("With Project"(W/P) minus "Without 
Project" (WO/P) net
 
farm income excluding transfer payments such 
as tjxes and water
 
charges) after deduction of "operation and maintenauce" (O&M) costs
 
were included in benefit
the stream. Costs included the costs of
 
capital investments necessary to achA.eve 
the increased income, such
 
as irrigation works and distribution sv.tem, drainage and land
 
development costs, regardless 
 of whether publicly or privately

financed. Total investment cost inotuded capital costs 
of land
 
acquisition 
for reservoirs and canal rights-of-way. No deductions
 
were made for loss of incone on these lands.
 

The AID analysis utilized World Bank projected 1990 world
 
economic prices expressed in 1980/81 price level and "backed" to the
 
farm gateL/ . Those were ,ised by World Bank to develop crop budgets
for different agro-climatic z.m,_s in Madhya Pradesh for analysis of 
the IDA financed Madhya Pradn sh Medium Irrigation Project. World 
Bank crop budgets pric"d th, opportunity cost of labor at Rs 2.1 - Rs 
2.7/da" depending ,poun con!,itions in agro-climatic zones. For AID's

analysis, labor costs were Idjusted to Rs 2.8/day. All labor,
whether farm family supplied or hired, wis included as a cost. 
Similar adjus tments were ,oti,. to financial costs for construction. 
For this purpose, the World Bank's Construction Cost Fac:tor (CCF) for 
Madhya Pradesh was ,, ilized, at cr 0idjusting for an unskilled labor
 
comp nent of 60 perc,,nt instead of 55 perce. t as 
 assumed by World
Bank. The adjus ted nCF wis tk.n 74to be , r,eri of financial 
coStS. The us, ,f CF, wi i Ch t.Akes i n t, accont the international
 
pric,. of traded 
 i tems and the op),or',inity costs of unskilled labor 
enables the comunted ERR ro propr ly tneasurte the economic costs and 
returns to a .api tat pmr oc t; it also f'ivors use of underemployed

labor in .ubproject sehcti n.
 

Capital costs for construction of major works, canals, distri
butaries and minors were taken from the subproject reports. Costs 
of developing communal field channels, watercourses and drainage
 

I/ The World Bank, india, Staff Appraisal Report, Madhya Pradesh 
Medium Irrigation Project, Vol. 1, December 5, 1980. 
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below the outlet and up to 2 hectares level were also included in 
the capital costs. COMP/AD and ID will develop cost information and
methodology [or estimating land development costs on individual 
subprojects. Until such timt is these are available and agreed to,
the costs of on farm deveLopment shall be taken at Rs 2600/ha. In
this analysis, costs of land development on individual farms were 
applied to 50 per c,nt of CCA. Anaual O&M costs were taken to be
Rs. 50/ha; OSM costs for land developrient were estimated at five 
percent of capital costs.
 

For the analyses, all costs and prices were expressed in terms
of 1980/81 purchasing power. Earlier or later estimates were
 
adjusted to the same base year of 1980/81 by using all India whole
sale commodity price and labor cost indices in an appropriate
combination. Values of these indices are shown in Table 1. 

b. Transitions and Development Period 

It takes time to place rhe additional area under irrigation and 
to introduce new irrigntoi ari,:u]tiii l tc, nnology. Hence, transi
tion estimates ire needed vrom the "resut,& cane to the WO/P and
W/P cases. A review t[ development Oxpurience revealed that there 
were always sh,,ctfalls in achicving ,lesig;:il arem. Careful examin
ation ot the evidemt, indic;itud that in minor irrigation projects,
the area ultim itely it miiro, coiid be reached in four years. 

For th - 'With Pr, ,'cL" (W/P) cS:;., . four-yar linear areal 
tranwitian was aisrum,,,i. Strdv of th,' productivity of present irri
gation compared to projec tel productivi t iyani 'masuredby the effect 
on nit W/P retuiu n, ; '. t d o n g: tcera,chnology transition 
beginning at 0.5 levvi. on ,ight-yv- r lki;,r ir.nsition period was
assumed, ald Lhi transit i,, wa; ,p ii :ousccess,ively to .ach incre
menta I area lrought under rri at ion. 'lo rud- ce ca Lculations, a 
combined train i t ion obt, i nod by ruNIt pyi n; area and tuchnology
transitions for oach succisi vu i ncreni,; * a rea arid summing for 
each year was applied to W/P nor return (Y'Th1v 2). Even if the sub
proj,1,ct is not built, SGMQ i;provomou:,i in produc* ivity and possibly
shifts in c ropp in ! pa rt r Can be oXpe-ti-L'i. Accordingly an eight
year linear trans i t in a an imd :or L .,o; i tion o1 n,,r revenue 
from the "Prscni" ca, to the W(,/P aa;n.. 

NO traits i t iwi. wre .l s'sum'l MoiH;it in cropping patterns for 
each incrmn ail I . rea. Civen - bpr ,ct Aid project c i teri.a, the
transition: are "p:cted to be eol- l ,i ,,hort and w -.-re assumed to 
be subsumed in Eti areal tr-,nsition. 

Given pr,-sent (;)/c,{Ut t in, ,'qu i r t, for mobil izing 
resources, [tibor ini iLterialI, our y,r:i would normally be required
for cnras6ruction otf majior work', including dam aid ,anal systemi. 
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Construction of commun.il and land development would take about 
three years beginning one year after the start of construction of 
the major works. Thus, the combined development is assumed to be 
completed in four years at approximately 10, 30, 40, and 20 percent 
each successive year.
 

B. Analysis of Proposed Subprojects
 

1. Summary of Procedure
 

The following information is needed for economic analysis of 
each subproject:
 

a. Cropping patterns: Present, WO/P and W/P for each season, 
both irrigated and rainfed crops. Cropping patterns should be based
 
on average water supply, rather than designed supply.
 

b. Irrigated and rainfed areas: Present, WO/P and W!P for 
each season. 

c. Farm budgets showing net economic returns per hectare for 
each crop: Present, WO/P and W/P. This analysis utilized World 
Bank estimated farm budgets ror the WO/P and W/P cases. For the 
"Present" case, plausible assumptions were made, based on field 
visits, discussions with officials and available records on crop 
yields. 

d. Annual operating and maintenance costs for the irrigation 
works, land developmota, etc. 

e. Capital costs of mnjor works, land development and any
 
other required investments necessary to achieve the projected pro
duction.
 

f. Transitions from present to projected areas, cropping 
patterns and from present to projected level of agricultural techno
logy.
 

From this information, future benefit and cost streams are 
calculated. Table 3, us'ng Sironj as an example, illustrates 
calculations of returns per composite hectare of net CCA. Table 4 
Thows the schedule of capital and operating costs. In time dis
counted economic analysis, the present worth (PW) of each annual 
cash flow entry is discounted by multiplying by PW- (I+R)-n where 
R is the interest or discount rate equal to the opportunity cost of 
capital, and n is the number of yvars after the base year!/, and 

2/ In these tabulations, the base year (the year construction 
begins) is taken as year zero. Expenditure made during the base 
year is not discotmnted. 

http:commun.il
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summing over the lifetime of the subproject. Table 5 shows a format
 
for this analysis. Acrually, this; analy:sis was run for 25 years.
 

This is made equivalent to project lifetime by introducing credit
 

for salvage value (undepreciated capital) into the final year. In
 

Benefit/Cost (B/C) analysis, B/C is the ratio of the PW of benefits
 

(crop net returns less operating and maintenance costs) to PW of
 

capital investment costs. The Economic Rate of Return, ERR, may be
 

calculated graphically, or by iteration ,ntil PW benefits equal PW
 

of costs. For the present analysis, ERR was computed by using a 
computer at Indian Agricultural Statistics Research Institute.
 

2. Description of SubjLrn jects Examined 

a. Sironj
 

Located in agro-climatic zone 5 (Spa attachment 1), the average 

rainfall in the Lirnaud is ibuve 927 mill 5 (r year. "he project is 

planned to cover a total cultur;hli, cutmmand area i)f 1647 hectares 

and provide innu:l i irr i , ,l tcilitiK; tor th, net (CA of 1400 
hectares. The total lil.Lial Cost 0, Ct,is$Lr'tct ionl of Ell- plrop,.ct 

is estimated at Rs. 35.455 million (in ,,rr.nt pri.s;) or Rs ,325 

per ilectare. h! croppint, p.tt.rn ": thy zonut Ls primarily kharif 
oriented with jowar and ai. : ; s p m: in kharif crops. Other 
kharif crops are cortn, puls,., ,roundnu' and to a lesser extent 

paddy. Wheat and grams are th ma in rdhi crops. 

b. anipur 

The Ran ipur tank project envi sage; construction of an earthen 

dam near village Ranipur in Metal tAi ,.,tBetul district across a 
nallan locally known an ,.ndikol to ar,,.Le C; m rage re.ervoir of 

9.99 n. cum. gross capacity. 'Is. CCA of the project in 1982 

hectares while the net CCA is 1664 lcLare . 'llti total financial 

cost of construct ion t the pr j'nt I , .t iM,, d at Ks. 40.65 

million or R 2h,429/hectarc ,of ot CLJA. 'lIne command area comes 
under agro-v Iimat ic zo:, 4. ihI; ,,Cn, , pr mstr ily khari f crop-I 
ping area with jcwar, m inor - I let, .Am .t w khari f crops and whear 

and gram as rabi crop.q. [he avrait raitnl l in the command area is 

1100 mm to 13('0 mim. AL present only l i prc, t A the area is 
being irrigated 1rom weilb whilp '-4 p,,rcu t area i; rnint:d. 

C. Rich h,!L nk __ . . C 

['he Richhai tra n K 1t,.ject (Narsinghpar thnil1 or Narsinghpur 

district) enivi ,., e :c ,tEi uict isn A an .,a, thon hsl across a local 

nallah, a tributary of river Nsirridda, insLorcpt in,; catcho, nt area of 

12.95 sq. kms. to ispoisd 3 .961 mi Iliun is. "I water. h, cultur
abie cornriand ar,;,A i' (0l hectar,;, th. .L C(A ,,iy V'A ha. 'li e 

total financial CUM! "I tne pruuj'ct i ust Lited at Ks. 16177 

http:plrop,.ct
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million or Rs 28,134/ha of net CCA. 
 The command area of the project

falls in the agro-climatic zone 3. The average rainfall in thecommand is about 960 mm. per annum. The cropping pattern of the
 
zone is primarily rabi oriented with wheat 
and grams as the main

rabi crops. Paddy, 
jowar and other kharif crops are grown in kharif
 
season.
 

d. Sangwa Tank Project
 

The Sangwa tank project envisages construction of an earthendam across nallah Paniya and Basha (a tributary of river Banjar
which is a tributary of Narmada) and canal system for irrigation inthe tribal belt of Mandla tehsil 
of Mandla district. The project is
estimated to cost Rs. 24.177 million. The cultu:able command areais 1266 hectares while the net CCA is 1108 hectares. The command area of the project falli in the agro-climatic zone 2 which is afairly high rainfall area - the average rainfall being 1433 mm perannum in the command of the project. The cropping pattern of thecommand is dominated by paddy cultivation during kharif and wheatduring rabi. 
 Besides maize, millets, gram and pilaies are 
also grown
in the zone. The present cropping intensity in the command is as 
high as 124 percent.
 

3. Economic Returns for Proposed Subproiects
 

A base case study was made for each of the four proposed sub
projects using the irrigated areas and cropping patterns given
GOMP/ID subproject feasibility report,,j. Economic rates of 

by 
return 

were as follows:
 

Invetmnvnt C,,qts with CCF Ultimate Net Ret. ERR 
(Rs. 000) (Rs.000/Ann.) % 

Ma j o r 1-i n d To ta I 
Works Dev1t. 

Sironj 24026 
 1347 25373 8946 
 15.6

Ranipur 28882 1601 
 30481 7866 
 11.8

Sangwa 16384 1066 
 [7450 0657 15.2

Richhai 10922 553 
 11475 2311 
 8.4
 

Economic rato of return (ERR) on total capital is greater than

12 percent in the 
 case of Sironj and Sangwa projects. ERR forRanipur project, n predoini_i,nt lv tribal area is slightly less than
12 percent, but greater than 10 prrcent, which is the minimum rateof return stipulated for AID-fonded projects in predominantly
tribal, scheduled caste or drought prone nreas. ERR [or Richhai
project is on'y about 8 percent. This is , high cost pro- ject (Rs28,030/ha of area irrigat.-,) ind rhe proposed croppi',g pattern does 
not seem to gentrate adoqtao i nlco.in. 

Sensitivity analysis indicated that the ERR was most sensitive 
of decline in crop yields and to delays in project completion. The 
results were as follows: 
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aniur Sangwa Richhai
1 ilsa ulSironj 

developrnicnt 80 per
.................- cent~f-projected -4 

2. 	 Construction costs 
overrun 20 percent t3.63 10.14 13.61 7.03 

3. 	 Project completion 
delayed two years 12.64 9.66 12.62 6.62 

4. 	 Shorter transitions of
 
agricultural produc
tivity (4 years) 17.89 13.54 18.28 9.73
 

C. 	 Analysis of Existing Projects
 

1. 	 General Description
 

a. Dhuwadhar Project
 

The dam and associated works were constructed during the year 
1958-63 at an estimated cost of Rs. 3.632 million. The canal system 
was completed in 1969 at an estimated cost of Rs. 0.577 million. The
 
project was designed to irrigate net CCA of 1190 hectares in kharif
 
and additional area of about 203 hectares rabi witif cropping intens
ity of 117 percent. However, the actual average area irrigated
 
during three years ending 1980-81 under kharif was only 90.5 percent
 
(1077.5 hectares) compared with the designed area whereas the area
 
under rabi was ne.,arly three times more (645 hectares) than the
 
designed area. The cropping patteri with irrigation has not under
gone any substantial change as paddy (in kharif) and wheat (in rabi)
 
continue to dominate the scene as major crops.
 

b. Dhukrikheda
 

The project was completed bewatt 1953-56 at an original esti
mated cost of No. 3.909 million. Ile project was designed to irri
gate in rabi alono with a net CCA ot 2672 hectares. The projected 
cropping pattern envisaged wheat cultivation (local varieties) only
 
for the entire command area. lo actual cropping pattern for irri
gated cultivation in rabi is wheitt (local and high yielding) and
 
grams with the latter occupying as much as 44 percent of the croppped
 
area in rabi. There has been no irrigation during kharif. The
 
average area irrigated had been 1920 hectares which is about
 
three-fourths of the designed CCA under rabi cultivation, Under
 
rainfed conditions, khnrif cultivation had been confined to linseed
 
and jowar wile in rabi, wheat (locnl) and gram had been cultivated,
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c. Kunda Project
 

The dam and associated works were constructed during the year
 
1956-59 at an estimated cost of Rs. 2.212 million. The 
canal was
 
completed in the year 1963, i.e. about 4 yoars after the completion
 
of the dam at a cost of Rs. 0.758 ,iillion. The project covered GCA
 
of 2199 hectares, CCA 1900 ha. while 
the canal system was designed to 
irrigate a net CCA of 16')8 hectares in rabi only. The projected 
cropping pattern envisaged cultivation of wheat (local) only through 
irrigation. In 1980-81 the gross cropped ar2a was reported to be 
2417 hectares, while the actual irrigated area was much smaller, 
about 419 hectares only. A ,ima II are,i averaging less than 80 
hectares has been irrigated Ouring khari.. The average area irri
gated by tank was about 400 hectaros only (average for the last three 
years), i.e. less than 25 norceiit. 

2. -:anomic Evaluation 

Both WO/P and W/P returns were calculated on the basis of the 
area actually irrigated; roturns from rainfed land were estimated. 
WO/P cropping patterns were taken to be those estimated by the World 
Bank for relevant agro-climatic zones. Technological transitions 
described 
earlier in this chapter, were imposed on estimated net
 
returns.
 

Construction costs for major works incurred were corrected to 
1980-81 purchnsir , power by ,isin. a combination index of labor and 
wholesale price indices of 14.32. Land development costs were not 
inchded while O&M costs wort. ,stimat,,d a:i for new projects as out
lined earlier in thi,; chaptr. 'hie estimated ERR was as follows: 

Pro jec t ERR 

Dhuwadhar 13.1 
Dhuk rikheda 12.6 
Kunda 4.0 

The poor performance of the Kunda projec" is attributable Lo 3 
number of factors, of which the technical and administrative being 
the most import irt . Fi rt , poor planning .Id design of the 
irrigation sY. temi 'idv, rs,, Ly a f f,.c ted th, system's efficiency.
Conveyance lsse in th, ma in canals varied between 11 and 25 
percent. (.anai capacity wa.i undrd,_,;igned by about 50 percent to 
meet the peak waitor retqui rern,,L. '[hese were des igned on the basis of 
the assumption that they wool d run tor 2,. hours a day during rabi 
season; since farmers were unwilling to taker water during the night, 
the water supply reqtmirement of 24 hours had to be met somehow in 12 
hours, with the restuit that firms in the tailend had to go without 
irrigation. 
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Second, the practice of leaing the construct ion of watercourses 
to farmers led to an average denqiy ot watercourses between 4 and 1.2
 
meters per hectare, which is tar below the opt imum density of 50 to 
75 m/ha. Irrigation notwork below i out let has notthie main been 
constructed as yet in Klmda. Sine,, An ,dwyji wt,'r distribution 
network is lacking tnoe project IS technically incapable of supplying 
water to all farmers equitably. Without 1dJ-lUatt, investmnent in land 
development, the project has inevitably failed to irrigate the 
designed area. Other 
techical and engineering shortcomings have been
 
detailed in earlier chters.
 

Finally, Kunda's poor econo.mic performance is also partly due to
 
an inordinately long construction period. 
 In this project, the 
construction of the reservoir and the main canals took about 8 
years. A delay of two years in construction is equivalent to a 
decline in the ERR by about 2.5 points . tnwfilIs were further 
reduced because the actual area irrigat_.!d wa, significantly smaller 
than the designed area.
 

D. Summary of Analysit, 

The assumptions made in this analysis have been, on the whole,
 
conservative. The construction period 
 of tour years is believed 
realistic, but could he reduced to tnrye year., given sufficient
 
planning 
and uninterr pt.d flow of t i nance . The eight-year tech
nolor~y transition period combined wilh thr four-year 
 area transition
 
means 13 years (16 y,'ars alter coiistr"Ct ton starts) before full
 
returns are realized. Tnis couid he cnsi d r,d ly 
 shortened by

further improvemnt ot exte.n in work ,oh n;, pilot demonstration
 
farms in demonstration chak.A t,,r whic; ;rnv ,,i n has been made 
 in
 
this project. The ettct woulu 
be A . [ I{linlt I.iprovement in the
 
ERR. Projected yieldA bhu d be 
 ttianl,- van tnn, additional
 
efforts coupled with W, ,arlv lar,'d iv'iopmut pro iar'n. Estimated
 
benefits are cm,.ns rvative bec - !u 1 rd ia-, not 
 1-en take.,n for
 
income on rainfed land. Me , ,iS, t're r,,, shows 
 that invest
ment in minor irrigation projct- pro .,h. .l',lortie, project, if they 
are properly desi ed and o.xc t(d t , net th,'ir target service 
areas, 
can be 'xp, cted to yilu u0co l;,r: returns greater than 12 

pert, at.
 

The fact rs rtuspn.ibl,, for lh,' po r p) rtoi;i,,eii:,, ,t the existing
projects 'mive bon o,t ined in earli,.t I,,ct ions of this chapter.
 
This ,x-po ,t .niIv i ro, is con,, V t iv,, i,t ,', 1ou1h y choice , l 
by data limitaLt .t,, henttLi ',ri ,' ir'li l c eA,;ed yihids, A change 
in cropping pattern and trun increase il t.h, croppad Irt:a. 'Jae datai 
provided by the ID related ,ntirely Lo the ir gad areab , and 
assumption had Lo be mlde about how nUCh ,f .lh ari continued to 
support rainfed cr)ps. "Fne,e alis uinpt IA)11 s , Md , alds- in r,,);,Ird C thrL 
prop ..;:l Mtbprject:;, conld be ,tbict I) rv (W Furner benefi:s 
due( Lo i;roundwater ,-voloe mint in th,, ,xistXit , JIre #,-ct,,lv, been 
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left out of this tnalysi. In the main, however, the performance of 
the existing projeCL would be considerably improved if technical/
administrative aspects were adequatuly attendd to.
 

E. Subproject Criteria._Studies and Training
 

For subprojects qualifying under the loan ERR calculated as
described in Section A3, shall be not less than 12 percent. In keep
ing with AID policy of promoting irrigation development equitably,

subprojects in tribal and/or droughtprone areas showing ERR of 10 
percent will be Favorably considered. Present, WO/P and W/P cropping

pitterns, and crop yields for calculating bencfits shall include the 
en ire CCA, not just the area to which irrigation is provided as now,

and all rainfed crops shall be included for each case. 

GOMP will hive n baseline survey conducted by a competent apency
in at least four subprojects in the Narmada Basin. Grant funds will
 
be provided for the baseline surveys.
 

GOMP/ID in association with AD and/or State agricultural univer
sity shall 
 develop crop budgets or different agro-climatic zones in

the Narmada Basin. Until this is 
developed, reviewed and agreed 
upon, economic analyses of ,bprojcts may hav to use the economic 
'arm budgets estimated in Worldth, Bank Madhyi Pradesh report.
 

Additional capability in economic analysis with professionally
trained economists will be establishled in the Project Preparation
Cell and the Apprai ,al Divi 'ion attached to the SASC. This group
will monitor economic aniyse;, of subprojects; compile economic in
format ion resIitiny from j:n,'line ,urveys , buch as farm budgets;
analyze economic implications of information collected by water 
management mttdi, s. Using grint f nds, AID will support costs of 
field studies, inclLding 'onsultaints and six weeks training in the 
U.S. in , vs iqeconmomic ai, tot two mid-level officers responsible for 
subproject devulopr.'m, and ,viluition. I" country training will also 
be arranged by organiziX,, work shops of two weks for ten persons. 



Attachment VI-I 

Table 1: 	 WHOLESALE COMMODITY PRICE INDEX AND

CONSUMER ?RICE INDEX FOR AGRICULTURAL LABOR, 
INDIA
 

(Base: 1970-71 = 100) 

Year AgLLabor 	 Index* Wholesale 	 Price Index 

1970-71 
 1.000 
 1.000
 

71-72 
 1.042 
 1.056
 

Y2-73 
 1.172 
 1.162
 

73-74 
 1.474 
 1.397
 

74-75 
 1.917 
 1.749
 

75-76 
 1.651 
 1.730
 

76-17 
 1.573 
 1.766
 

77-78 
 1.682 
 1.858
 

78-79 
 1.651 
 1.858
 

79-80 
 1.875 
 2.176
 

80-81 
 2.130 
 2.573
 

81-82 
 2.333 
 2.805
 

*Thle index based on 1960-61  100 has been converted to 
1970-71 


100. 



Attachment VI-2
 

Table 2: 
 LAND AND TECHNOLOGY TRANSITION
 

Year Area TechnoIogy 2Cps ite 

1 0.25 0.5625 0.1406 

2 0.50 .6250 .2968 

3 0.75 .6875 .4687 

4 1.00 .7500 .6562 

5 .8125 .7187 

6 .8750 .7813 

7 .9375 .8438 

8 1.0000 .9063 

9 
.9532 

10 
.9844 

11 
1.0000 



AtLachinent VI-3 

Table 3: 	 2IRONJ: ECONOMIC CROP BjjWD ;LUS i,'()R PRINC[PAL CROPS 
(IN 1990 PRi,.J[CTED WORLD PRICE.; AND EXPRESSED IN 
1980-81 PRICE LEVEL) 

Crop Yield Price By-Product ...-npu t-- Net 	 Revenue
Q/ha R.,/Q Rs;/ha Labor Other Rs/ha 

Rs;/na Rs/ha 

Pres en t 

Paddy 10 
 226 176 
 378 520 
 1516
Groundnut 6 298 
 224 715 849
Maize 
 10 141 120 [68 264 1098 
Jowa r 
 8 156 170 168 233 1017

Cot t oil 3 554 266 308 
 1088

Khar if puI se; I 269 45 104 229 519
Ot htr kha ri f 3 269 104 2'26 477 
Gram 5 2,3 90 112 428 765Paddy ( i rr. ) 20 226 200 189 10,0 3281
WheaL ( irr. ) 20 150 220 975 2060 

WO/ 

Pa d v 
Groitidnuit 
Maize 

Jowil r 
COtt mn 
K. pIlses 
Othe khari t 
Grnm 
Pad dy (irr. ) 
Wh i: (I r. ) 

1.0 
6. 5 

12.0 

8.5 
3.0 
3.5 
j.5 

.0 
22.0 
22.() 

22 
298 
141 

15f) 
54 

269 
269 

243 
226 
150 

176 

120 

110 

45 

90 
200 
2?0 

178 
224 

L68 

168 
'261 
i04 
04 

1 [2 
389 
185 

531 
723 
279 

?37 
306 
235 
233 

440 
1050) 
975 

1731 
990 

1365 

1091 
106, 

647 
604 

996 
3733 
2360 



Tablc 3 (Cont.) 

Crop Yield Price By-Product ---- Inputs.----- Net Revenue 
Q/ha Rs/Q Rs/ha Labor 

Rs/ha 
Other 
Rs/ha 

Rs/ha 

W/P: Canal Irri.gatev 

Paddy 35 179 280 390 1769 4386 
Cotton 15 716 560 2337 7843 
Jowar 27 156 270 210 1140 3132 
Maize 32 141 200 210 1316 3186 
Groundnut 15 29 294 1372 2804 
Ch il I ies 11) 837 630 1413 6327 
Wheat 27 150 405 210 1596 2649 
Gram 11 243 165 146 863 1829 
Fodder 400 22 644 1915 6241 
Vegetables 150 64 350 4290 4960 

W/P: Well Irrigated 

Paddy 

Whena t 
35 
27 

179 
150 

280 
405 

400 
210 

1800 
1700 

4345 
2545 

Gram i1 243 165 146 900 1792 

W/P: Rainfed 

Jowar 

Maize 
10 

14 
156 
141 

180 

130 
168 

168 
237 

279 
1335 

1657 
K. pulses 5 269 50 104 235 1056 
Wheat 7 173 180 140 419 832 
Gram 7 243 90 112 440 1239 



Attachment V1-4 

Table 4: CROPP[NG PA'rri.,!%NS AND COMPOSITE NI RLTURNS: SIRONJ 

Crop NeL Revenue Crcpped Area Composite Net 
Rs/ha Percent Returns: Rs/ha 

Present 

Paddy 1516 0.50 8 
Groundnut 849 5.45 46 
Maize 1098 1.96 98 
Jowar 1017 37.00 376 
Cotton 1088 7.58 82 
Kharif pulses 519 24.59 128 
Other kharif 477 12.42 59 

Gr 11 765 1 .20 9 
Paddy (irrigated) 3281 '1.5() 115 
Wheat (irrigated) 2060 3. 0 72 

(104.70) (993) 

WO / P 

Paddy 1731 0.50 9 
GrolIndnu t 990 5.45 54 
Ma I [33 8.96 122 
Jowa r 1091 37. 00 404 
Co ton 1088 7.58 82 
Khiri f pu lss 64 24.59 159 
Othter 1harif 604 12.42 75 
Cr,,-n 996 11.20 12 
Pacidy (irrigated) 3733 '3.5U 131 
Wh,,at (irrigated) 2360 1.)0 83 

(14.70) (1131) 



Table 4 (Cont.) 

Crop Net Revenule Cropped Area Composite Net 
Rs/ha Percent _ .turns: Rs/ha 

W/P: Canal Irrig tejd 

Paddy 4386 2.0 88
 
Cotton 
 7843 
 25.0 1961 
Jowar 
 3132 
 15.0 
 470

Maize 
 3186 
 7.5 
 239

Groundnut 
 2804 
 7.5 
 210

Chillies 
 6327 
 5.0 
 316

Wheat 
 2649 
 50.0 
 1324

Gram 
 [829 10. 0 182
Fodder 
 6241 
 2.0 
 185
 
Vegetables 
 4960 
 2.0 
 c9
 

W/P: Well Irrigated
 

Paddy 
 4345 
 2.7 661

Kharif vegetables 1.4
4850 
 68

Wheat 
 2545 
 3.9 99

Gram 
 1792 
 0.2 
 4
 

W/P: Rainfed
 

Jowar 
 1335 
 2.5 
 33
Maize 1657 2.5 
Knarif pulses 

41 
1056 
 28.9 
 106
 

Whv-I L 832 9.1 76Gram 1239 7.1 88 

(184.33) (6390)
 

CCA 1647 ha.; 
 PCA 1400 ha.
 

Ultimate Net Rt2turns 

W/P: 
 (6390) (1400) 8,946,000
 
WO/P: 
 (1131) (1647) 1,862,757
 
Present: 
 ( 993) (1647) = 1,635,471 



Tabl 4 (Cootd.) 

Crop Net Revenue Cropped Area Composite Net 
Rs/ha Percent Returns:Rs/ha 

W/P: Canal Irrigated 

Paddy 4386 2.0 88 
Cotton 7843 25.0 1961 
Jwar 3132 15.0 470 
Maize 3186 7.5 239 
Groundnut 2804 7.5 210 
Chillies 6327 5.0 316 
Wheat 2649 50.0 1324 
Gram 1829 10.0 182 
Fodder 6241 2.0 185 
Vegetables 4960 2.0 99 

W/P: Well Irrigated 

Paddy 4345 2.7 661 
K. Vegetables 4850 1.4 68 
Wheat 2545 3.9 99 
Gram 1792 0.2 4 

W/P: Rainfed 

Jowar 1335 2.5 33 
Maize 1657 2.5 41 
K. Pulses 1056 28.9 306 
Wheat 832 9.1 76 
Gram 1239 7.1 88 

(184.33) (6390) 

CCA 1647 Ha; PCA 1400 Ha. 

Ultimate Net Returns 

WP: (6390) (1400) = 8,946,000 
WO/P: (1131) (-64J) 1,862,757 

Present: (993) (1647) 1,635,471 



Attachment VI-5 
Table 5: ANNUAL NET ECONOMIC RETURNS: SIRONJ 

Year --- Transitions----------- Net ,turnsComposite Old Area 
(Rs 000) ------

------ W/P 
 ------ WO/P Net Total
 
New Irr. Present Total 

Area
 
Trans it ion 

3 
1635 1635 1635 0 

4 .14 .75 1252 1226 2478 1663 815 
5 .30 .50 2684 817 3501 1691 1801 
6 .47 .25 4205 409 4614 1719 2895 
7 .66 0 5904 0 5904 1747 4157 
8 .72 6441 6441 1775 4666 

9 .78 6978 6978 !803 5175 

10 .84 7515 7515 1831 5684 
11 .91 8141 8141 1859 6282 

12 .95 8499 8499 1863 6636 

13 .98 8767 8767 1863 6904 
14 1.00 8946 8946 1863 7083 

8946 8946 1863 7083
 



Attachment VI-6
 
Table 6: Construction and O&M Costs (Rs 000): 
Sironj
 

Year Major 
 Land System Land Total
 
Works Development O&M O&M 
 0& M
 

1 2162
 

2 7208 269
 

3 10331 404
 

4 4325 674 
 13 23 36
 

5 
 26 46 72
 

6 
 39 
 69 108
 

7 
 52 
 91 143
 

8 
 52 91 
 143
 

26 -12013* -1347**
 

* Salvage value it 25 year life.
 
•* Assured salvage value 
is 100 percent.
 

Notes
 

Cons t rLICt on CO ts
 
Construction 
 cost est iIa t es, 1981-82, Rs 35.455 million.
Who,1sal1e price 11d(,x 1981-82/1980-81 = 280.5/257.3 = 1.09. 
Agric,,lturaI labor indox 1481-b2/1960-81' 2.333/2.130 = 1.095
Weighted conscruction ivlx ( .4) (1.095) + (.6) (1.09) 1.092 
Bas, year Co.,,L: (35.455)/(1.092) 2.4,b inmillion. 
Apply CCF: (0.14) (32.4o5) R,,,24.026 miiiIo.. 

Land Dyev,1)
 
Rs 1 tO0/lla cl 'VCA1400 Iiii 
 RH 1.820 mil iI n. 
Apply CCF: (0.74) (1.820) Rs 1.347 million 

St,,n O&M 
(Rs 50/Ha) (ICA) (CCF) = Rs 0.052 million
 

L[and 0M 
5% of land development cost - Rs 0.091 million 


