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CHAPTER 1

ADMINISTRATIVE ANALYSIS

A. Organizations

The responsibility of setting planning, design and construction
standards as well as the actual construction and maintenance for each
Minor Irrigatioan Scheme (MIS) is vested with the Government of Madhya
Pradesh, Minor Irrigation Department (MID).!/ Ground water develop-
ment and its monitoring is also controlled by the NID. Other develop-
mental activities such as land development, extension, soil survev
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 scctions describe the capabilities of the State
Irrigation Department and the Agriculture Department to undertake the
proposed MIS.

l. Irrigation Department (ID)

a. Organization at State Level

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

~ Major and Medium Irrieation Department
- Minor Irrigation Department
- Narmada Valley Developuent (Major projects only)

There are two Secretaries, one for the department of Major and
Medium and one for Narmada Valley Development.  There is a Special
Secretary to look atter the work ot the Minor Irrigation Department
(MID).  The MID is responsible for the minor irrigation works in the
entire state.

The Se retaries have the technical support ot an Engineer-in-
Chief (E-in-C) and 20 Chief Engiuncers (CE).  The E-in-C coordinates
the activitics of all the CEs, asgists Lhe [rrigation Departments in
the preparation of the respective annual cnd five year plan budgets
and approves the saactioning, recruitment and placement of personnel.
The CEs oversee survey, iuvestigation, pltunming, design, 1mplement-
ation, operatinn and maintenance (0&M), quaiity control, mcnitoring

1/ Major and medium irrigalion projects (cu.turabie command area
greater than 2000 ha.) are planned, designed and constructed based on
established Central Water Commission (CWC) technical standards.



and evaluation of the irrigation projects under their control. One
of the 20 CEs, will be made responsible for nll activities under this
MIS (see Attachment 1-1). Until recently, the E-in-C had been
responsible to just one Minister. With the division of the
ministerial responsibilities, the technical support may be revised,
For purpuses of this project paper, all general references to the
technical support of the various irrigation departments will be
addressed simply as the lrrigation Department (1Ib),

b. Organization at Ficid Level

The field level organization for the Narwada Basin consists of
five Superintending Engineers (SE) who oversce uactivities of oper-
ational field units called Circles. The SEs report directly to the
CE located at the State headquarters. Survey, investigation, plan-
ning, desiga and coustruction of the project headworks and irrigation
distribution nectwork down to public outlet is controlled at the
Circle levet.

Each Circle is comprised of tour to tive divisions (construc-
tion, implementation and supervision unit) each headed by an
Executive Engincer (EE). The EE is empovered as a canal officer under
the Irrigation Act and thus has  the primary responsibility as
executive officer for efficient nanagement of and control over the
irrigation works under his cnarge.  Each division consists of four to
five subdivisions, cach headed hy an Assistant Engineer (AE) who
reports to the EE, An AE has the support of four to five sub-
englneers in pertorming his responsibilities at  the construction-
sapervision level (See Attachument 1-1).

c. ID Statf Strength

The existing ID staft strongsch comprises 11,724 engineers, 3640
of whom are graduates and postgraduates and the remaining 8084 are
diploma holders. Of the existing 1D staff, 877 engineers are
deployed on MISs in the Narmada Basin as detailed below:

Category State=Wide Narmada Basin
of Major Medium & Total M1Ss

Engineers Projects MLSs

CE & SE 73 56 129 14

EE 213 239 452 23

AE 1004 1188 2992 165

Sub-engineers 3497 4654 8151 675

Total 4787 6537 11724 877



Within the Narmada Basin, 527 MISs hsve been completed over the
past 25 years and 352 are in progress. Over 2000 additional
potential MISs have been identified in the Narmada Basin.
Distributizu of field personnel ¢ngaged on the ongoing and new MIS
in the Narmada Basin is as follows:

Category Activity Total
of Engineer Surveying Planning & Design Construction

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

Field staff deployed on surveying are also supposed to look after
operation and maintenance (06M) of the project.  However, due to the
hicavy surveying worikload, they devote little or no effort to O&M.
Similarly, the construction=supervision statf which are also vested
with quality control responsibilitics cannot devote much time towards
this actirity.

The existing norms for determining tne statf requirements during
design and construction is one subdivision utilizing approximately Rs.
l.9 million per vear. For O0&M cach subdivision is vxpected to cover
24,000 ha. per yuar with a budget of Rs. 25/ha, which is in- adequate
to provide aceded repairs and staft salaries.

From an analysis of the field stafiing pattern abuve and from thne
budg:2t figures shown under Section B.1 of this chapter, the tollowing
becon~s apparent:

1) The current budgets ure insufficient to support the require-
ments of the 352 on-poing schemes. This ‘y confirmed by the slow rate
of construction.

2) The entire streng*h of the tield units has been deployed on
survey and construction activities with little or no emphasis given to
either the 08M of the operational 527 MISs in the basin or to quality
control during construcction.

3) The current staft stroogth  1s  Taadequate to  support the
accelurated pace ot con:truction required under the proposed USAID
supported project.

4) The existing ovoims  for  0&M requlre revision  coosidering  the
scattered nature of the MISs .and the requitements ot the individual
subprojects,

For the MISs to be supported under this peoject, the ID will pro-
vide staff and budgets in contormity with their planning,e and construc-
tion uorms; quality contenl .and G&N orpanications will be improved
(sce Section B of thisy chapter); and the 1D will review the



capabilities of the staff in place and those to be hired and develop
professional training programs as nccessary. See
Section C.4 for representative protessional deve lopment needs,

d. Ground Water Development Organization

There has been no planned development of ground water 1in the
State aud legislaticn for controlled ground water development does not
exisc. In 1976 the Government of Madhya Pradesh set up a Lift
Irrigation Corporation tor construction c¢f tube wells and lifte
irrigation schemes. The  functions of the Corporation included
promotion, investigation, execution and maintenance of 1lift 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, proyress in achicving the objectives has not been
satisfactory. Kecently, the respousibility for ground water surveys
and its planned development has been taken over by the 1D under the
control of the Chief Engineer Ground Water Surveys.

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

e. Training Facilities

The TD, thus far, has miniwmal provisions tor the training of its
persounel. An Academy of Administration located at Bhopal, designed to
traiu probationary officers centering administrative and other State
services has been strengthened with the induction of a SE and two EEs
since 1976, Some retresher courscs tor the in-service eagineers are
arranged from time to time covering subjects sich as design of canal
and  canal structures, construction of masonry, earth and concrete
diams,  hydrology, reservoir operation studies, soil surveys, quality
control and tests, land irvigability classitication, etc. In view of
the increasing concern about poor constraction quality, poor utili-
zation of dirrivation potential and unreliable supplics ot irrigation
wite , the State has proposed setting up ol a training institute on
th pattern ot the Water and Land Management Justitute (WALML) in
Maharashtra under its  Chambal  Phase L1 Irrization Project being
assisted by World Bank. The institute will tmpart short to medium
term training to the field supervisory staft (EEs and AEs) involved in
pianning, design and supervision of the MISs in Narmada Basin, 1in
addition to other D tietd stalf.  The institute, when set up, will
also provide tratning in soil sorvey and  land irrigability classi-
fication. However training 1o reservoir operation studies, project
preparation, qualitv contrel, design of headworks and distribution
network, proxress reporting and cconomic analysis of irrigation pro-
Jects would continue to e provided in the Academy of Administration

in Bhopal,



In the event that the proposed training institute is not estab-
lished in time to provide substantial training to the personnel res-
ponsible for implementing the MIS, g¢rant funds are being provided to
carry out workshops on the above subjects to assure that the key 1D
and AD staff are well equipped to carry out project Implementation.

2. Agriculture Department (AD)

a. Organization_at the State and Narmada Basin Level

The AD is headed by an Apricultural Production Commissioner (APC)
at the State level who is assisted by the Director of Agriculture 1inp
the performance o¥ agricultural development activities in the State.
The Director is supported by three Addit:ional Directors (one each for
extension, minor irrigation and dry farming, and project preparation,
planning and moritoring of externally aided medium irrigation project)
and five Joint Directors (one cach for tnputs, crops, soil conserv-
ation, agriculural ecagineering and cotablishment). At the regional
level, the agricultural development program 1s  coordinated and
monitored by cleven Joint Dircctors who are assisced by Deputy Direc-
tors, Subject Matter Specialists, and Assistant Dirvctors who ia turn
are assisted by Extension Uftficers and Village Agricultural Extension
Officers (VAEO) at tue aistrict, subdivision and block/village levels.
(Sce Attachment 1-2).

I'he major activities ot  the AD  include agricultural
extension, aduptive reweacch/trials, arrauyement for seeds and ferti-
lizer, so1l and water coanservation programs, soil survey testing, aand
land development works 1n selected wajor and medium irrigation pro-
jects. In addition a number oi area specitic sctate/central schemes
such 4s pulse and commeccial crope aevelopment, agricultaral market -
ing, dry farming e, are also nodertacen ny the AD, The AD g
agsisted by state public sector bodics such as  (he Land Bevelopment
Corporarion, Apricaltare Produce “MarioCine Soard, Seed Development i
01l Federation, See o and Fires Devedcpme t Corporation, Seeds Corti-
fication Agency, and theri.  Soc Attachoent 13 tor o detasled list ot
responsibilities,

Four regilonal Joant Dire Lors socale i at Jaboapiur,  Hosnang 1bhad,
Bhopal and Iudore administer rhe aericultaral developuent  activities
in i{he Narnada #Basin. They are aasicted g0 Lhe district, sub-
divisional ana biock levels by var.ous CAategortes ol oriicials  on
explained anove. In peneral, the csrstiaye orvanisiatioo ) sel-uy ol
the AD 15 ot adequitt e tor Tntensive rrigated apricaitural develop-
ment activities and will be wrrengtienca within the MNicaada Basin as
described in Chapter 11D, section b,

“y

b. Land ngq{@p@gg(wwprf

Y

Soil conservation units ot the AD under the control ot the Joint



Director at the State level and Deputy Directors at the district and/-
or division leve! have the responsibility of carrying out on-farm land
development works. Under the project, the land development activities
will include land leveling or shaping, construction of field drainage
networks and field access roads. At present the soil conservation
units deployed in the Narmada Basin are engaged In carrying out con-
ventional soil conservation :ctivities on watershed basis.
Currently the soil conservation units do not carry out any on-farm
land development activities on minor irrigation schemes.

The AD has a total of 110 soil econservation units, about 40 units
have been loaned to Madhya Pradesh Land Development Corporation
(MPLDC) for taking up on-farm land development works in seven major
irrigation project commands (Tawa, Chambal, Barna, Halali, Hasdeo,
Kharung and Maniyari). The  rewaining 70 units are deployed in
agricultural watershed planning  and  their management including
construction of soil conservation and erosion control structures.
sased on the experience gained and the available working days each
year, the AD nas cstablished expenditure norms of Rs 0.75 million per
soll counservation unit cach year or approximately 250 hectares of
land development work per vear.  Theeo norms have becen reviewed and
found realistic, as such the AD will have to etther divert five of its
existing soil conservation units tor on—farm land development works in
the selected MIS nuder this project or recruit new personnel for the
formaticn of new units.

Soil cunscrvation technicians sre Agricultural Science graduates
or diploma holders,  Some have had up Lo six months in-house general
soll conservition training, but the majority ol them lack essential
<01l and water manavement caglaecring backerounds. The training and
technical assistaace veeds in (his area are speciticed in Section C-4.

C. EX‘J’DJ~"”{1__9:iti:11L1531£:1}__JLXP‘*‘“ and Crl;ﬂj_{

ALl the daistricts (45) ot Madhya Pradesh are covered by the
regular  extension  program ot the  AD. Fitreen ot the forty-five
districts which cover major irrivation projecta fsome operational and
some  still wnder constructicn) were brousht uader  the reorganized
intensive agricultural exte-sion program with World Bank assistance
(P gee 1) in 1978, The remainineg 30 districts will be covered under
the World Bank Agricoaltural Extension Project (Phase 11) in a phased
manner (5 years) which began in 1982, TIhe reoryanized program aims &t
strengthening o8 staff, introduction of a tixed schedule for regular
and  frequent visits by VAEC with farmers, strengthening of training
facilities for catension workers, .and strengtheniog arrangements for
coordination ot input supplies and credit requirements.  The project
will provide systematic farmer contacts and o vehicle for transferring
technological intorm= ation developed by research ipstitutions. At

present the system doey



not include subject matcer specialists trained in water management but
has the capability to intrvoduce them for ir.iu~-ed f(.rming areas. The
proposed USAID cowpanion '"Water Managemeut & 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 uand a network of sale points
established. Fertilizers are distributed through cooperatives and
private channels which have 6900 outlets (3900 outlets owned by co-
operatives and 3000 by licensed private traders). Similarly, marketing
of pesticides 13 handled by the Apgro-Incustries Development Corp-
oration and a network of private dealers.

There ts a [lairviy well estabiiuncd system ol both short-term and
medium term credit to farmers through primdry cooperative societies.
Madhva Pradesh State Cocpucative Bk deals with agricultural credit
at the State level, 44 central cooperative banks operate at  tne
district level and 6575 primary credit societics wilh a membership of
about 9 million are presently operational at  Lhe village level.
Madhya Pradesh State Cooperat've Land Development Bank disburses long-
term credit to tarmers and nas 45 aftilitated District Land Develop-
ment Baunks witn 260 branches throughout tac State. (Specific details
on credit avatlability are provided in Chapter 3 Section D.4).

B. Project Doevelopment and Impiementation

L. Program and budgeting

During the current Sixtn Five Year Plan (1980-85), the ID 1is
constructing 2442 aew MISs in Madhya Pradesh including 352 MISs under
consgtruction or to be constructed in toe Narwada Basin that will
irrigate an area of 84,000 hectares,  Tae ID proposes Lo nominate
about 50 MISs cqually distributed over the four agro-climatic zones of
the Narmada Basin, having a total Culturable Command Area (CCA) of
about 25,000 hectares.

The tollowiny budget provision for MISs has becn made during the
Sixth Plan:
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MIS Sixth Plan Expenditure Provisions
Provisicns incurred during for
(1980-85) 1980-81, 81-82 1982-83 1983-84 1984-~85
(2 vears)

Million Rs.

Narmada Valley 500 130 80 90 200
Rest of the State 1500 400 250 390 360
Total 2000 530 330 480 760

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
7f major MIS works on each individual MIS within a period of three
years and complete the minor works and field channels up to farmers
field (holdings of 2 ha or more) during the fourth year.

Assuming that 10 MISs will be approved during the first year of
project implementation (1983-84) followed by 20 MIS in the two
successive years and (hat the construction expenditure will follow a
pattern of 10, 30, 45 and 15 percent during the 4-year congtruction
prriod of cach MIS, the tollowing budget requirements are anti-
cipated:

GOMP Sixth Plan Seventh Plan
Fiscal (Rs Million)
Years 1983-84  1984-85 1985~-86_ 1986-87 1987-88 1988-89 Total

I 1.2 64.2 172.5 248.0 194.6 60.8  751.3
AD 0.7 1.6 .7 2.4 2.6 2.0 11.0
Total 11.9 65.8 1764.2 250.4 197.2 62.8  762.3

The total estimated project costs to complete the 50 MISs is Rs
/62 million. The ID and AD have assured USAID that adequate budget
pro= visions during the Sixth and  Seventh Plans will be made
available for the Tife ot this project.  Existing budget provisions
during 1984-85 in the Sixth Five Year Plan are inadequate and will
need to be enhanced.  Also, adequate provisions nced to be projected
for suttable budeet allocation 1o the Jeventh Plan.












(IOMED) will be wostahlished under the  SASC (Attachment [-4) and
include an agronomist, an engineer, o social sclentist and an
economist. The 1OMED will be responsible for in-depth monitoring and
review of the progress or cach MIS trom survey, planning and design
to cumstruction completion.  The [OMED responsibilities will be to
preparc  comprehensive  progress  reports twice a  year providing
complete physical and financial details for vuach MIS. They will also
identify existing or forescen constraints to project implementation
and report these to the SE, SASC for action. ‘lhe SE will pass the
report to the E-in-C and USALD along with advice ot the efforts taken
Lo remove the identified constraints, it any. The SASC will prepare
an annual summary report covering the poriod | July through 30 June
and submit it to USAID during August of vach vedr,

>+ Operation, Maintenance and Monicoring I uriag Operation

At present, the MISs ape walntained by (he lurisdictional djvi-

Sions ot the 1D after constracisen os o comploted, Each maintenance
division is headed by au EE who s assisted by five to six AEs and
looks after the operation and maintenance of the projects in the
jurisdiction of the divi.ioy. Very Tittle attention ig paitd to 0O&M
activities due to low budgetary allocations (Rs 25/ha CCA basis) and
higher priorities assipgned to new and ongoing schemes., Morcover, the
divisions responsible for OgM have a mix of responsibilities on other
schemns as well ag surveys and construction for (he now schemes.,
For this projece, the b pProposces Lo appoint tull-time Project
Managers (of AE fevel) from cither the AD or [D who will be trained
under the "Professional Development' portion of this Project in main-
Feniance, operation and water miandagement..  Each Project Manager will
be responsihle tor ensuring tim-ly, reliable and equitable deliveries
of water 1n three or four MIS, Project Managers will also coorcinate
supply of iuputs Phrough the Agricultural Extinsion Services.

Based on the experience pained in Maharashera Trriation Tech-
nology and Management Project, tarmers' wroup involvement for main-
tenance o! watercourses and water distribution ap to and including
the 5-8 ha. blocks will be tried tn selocted  scheme areas and
erafually spread in other MISs to relieve 1D personnel of the main-
tenance burden below the 40 ha ontlet, Extsting farmers' organ-
lzations, if any, 1n the irrigation projects around the MIS will be
studied and dificrent options tried and tested to formulate recom-
mendations for use in the comminds ot other MISs.

From the time of the first water delivery, the Project Manager,
In cooperation with the AD and 1D will submit an annual report to
SASC focusing on the agricultural aspects of the project performance.



Once a MIS is completed, the operation and maintenance of che
M1S will be monitored by the I[OMED,

c. Water Management Improvement Program

l. General Overview

The Water Management Improvement Program for this project will
support activitics aimed at assuring the desired technology transfe-
through improving the State data base and the capabilities of the AL
and ID staff to carry out eftlectively the planning, design, oper-
ation, and maintenance of MISs. As part of the effort, the program
will support the estabiishment of demonstration chaks in each MIS and
in two control pilot projecis within the Narmada Basin. The
technical analysis of the existing MISs identified a number of areas
where critical information is lackiag and where professional devel-
opment would have a signiricant itmpact on the etfective planning and
implementation of the MISs,  There are several tield studies underway
that will identify and Jdevelop data  collection techniques and
planning and operation methodologics that are relaced to some of the
problems with MISs. ‘These studies include those being taken up under
the Maharashtra IT&M Project (AID Project No. 386-0481) as well as
those being taken up under the M.P, Mediuwm Irripation Project (IDA CR
1108~IN) and ty other entities such as the Indian Institute of
Management. The iaformation from these studies will be available in
time to be of value in answering similar questions on the MISs in
Madkya Pradesh.

The activities to be supported uader the Water Management
Improvement Program will include the assimilation and integration of
the information obtained from the herctofore mentioned studies, addi-
tional field studies to address questions gpecitic to the MISs, the
establishment of demonstration chaks on each MIS, extensive pro-
fessional dcevelopment, the establistiment of two control pilot
projecus, technical assistance (local and foreigns to assist in the
studies, professional development, and plunning of the control pilot
projects.

AID wili support, under grant funda, (00 percent of the cost of
the tield studies, professional development and technical assistance
whether foreign or local. I(n addition, portions ot the cost of the
demonstation chaks and the pilot projects as defined below will also
be supported by AID. Attachment 1-5 provides a4 reprogentative budget
of 35 million for the items to be iucluded o the Witer Management
Improvement Program. The individual items are only representative



and will be subject to wadification (both content and cost) during
the implementation of the project.

The professional development requircements and most of the field
studies summarized below, including their estimated costs, have been
identified in other chapters of this report. In addition, other
studies and the establichment of control pilot projects are discussed
below.

2. Field Studies

The field studies identified in other chapters of this report
md4y be carried out on existing M1Ss, participating subprojects or
clsewhere. Studies to be carried out include the following:

a. Watershed vield methudologics (Chapter I, Section E.1);
b. Sedimentation rates determination (Chapter I, Section E.3);
c. Development of irrigation guides (Chapter II , Section E.5);

d. Determination of estimated seepage  losses along channel
alignments. Study to include literature and field reviews
of similar tests carried out on similar soils in M,P. and
other states (Cnapter 11, Section E.8);

Recommended  rotational water supply system and improved
basis tor water charges to be used on MISs. Study includes
literature and fic'd review of similar systems in other
areas ot ltadia (Chapter 11, Section G);

(¢4
.

f. Farmer orgamizations including literature and field review
of successtul farmer organizations formed elsewhere for the
operation and maintenance >f irrigation systems (Chapter IT,
Section H) ’

g. Evaluaticn of the effectiveness of the sceds, tertilizer and
pesticides distribution network (Chapter [11, Section D.3);

he Credit avail .ility and acceptability (Chapter III, Section
D.4);

i. Socio-cconomic baselin: studies on representative MISs to be
lmplemented under this project and on the two control pilot
projects (Chapter i, Section C.5.d);

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

The above list of ten studies is not wecessarily all-inclusive.
As the existing information is compiled and scopes of work are pre-
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pared on the above ten identified studics, some may be modified or
additional questions raised that will require expanding the number of
studies. For the socio-economic bascline studies, the GOMP and USAID
will jointly select the number and location of MISs to be studied.
In addition, the scope of work for the studius will also be developed
jointly.

Field studies are useless until their findings are properly and
promptly utilized. The special celi for coordinating these studies
(Section C=6 of this Chapter) will have the responsibility to
promptly report tiadings and recommendations to the Special Secretary
MID, Secretary AD, and USAID. In goneral, {t is planned that the
studies be completed and results published within 32 months from the
signing date of the: Agreement. Availability of the study results
within the specificd time witl assure that the projects under con-
struction and those planned for construction during the life of this
project will fully benefit from the studies.

3. Demonscration Chaks

As outlined in Chapter T1l, Sectiou E, four demonstracion chaks
of approximately eignt ha. cach 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 providec a mechanism of exhibiting
to the farmers within the comsand of the MISs and in the surrounding
areas, the larest irrigated agriculture development technology for
increasing crop production. The demonstration chaks will exhibit the
impact of land developmeat 1n improving irrigation water utilization;
suitable irrigation methods cormensurate with stream size, soil tvpe
and crops to be xrown; etficient water distribution and control tech-
niques ac the fileld level; rotations]l water supply for improved
equity of watur distribution; tarmer:' involvement in sharing water
and maintenanc: of watercourses; optimal agronomic and cultural
practices emphasizing the importance ol timely sowing and wuse of
hybrid seeds, tertilizers and pesticide.

The demonstration chaks will serve s a training ground for
farmers and AD and ID personnel.  The AD will set up special units in
each district where these projects are located to coordinate the
activities related to the demoustration  chaks. Each unit will
consist of a Distriect Agricultural Otlicer/Subject Matter Specialist
(District level), a Subdivisional Officer (Apriculture) to represent
the Subdivision, a senior extension oiticer (representing block) and
the associated aguicultural extension offtcers and VAEOs positioned
In the area where the demonstration chak is located.  The units will
be vregponsible for organizing iuputa that will o 1n  the demon-
stration chaks and visits ol tarmers from other chaks to the demon-
stration areas at the critical stages of crop growth when differeat



I ~ 16

activities planned under the chak could be seen. The units will also
be responsible for propagating the demonstration effects into the
tarmers fields within the command and surrounding areas.

Under the Water Managemeat Improvement Program, technical
assistance will be availabie to the AD lour establishing the demon-
stration chaks. The cost of the required tnputs and the cost of the
special units estahlished by the AD to couvrdinate and supervise the
operations within the demonstration chaks will he Ffunded under the
grant component of this project.

4. Professional Development

a. In-Country Training and 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 the key to successtnl planning, design,
construction, operation and maintenance of irrigation projects
throughout India. As the professional development needs of the staff
related to the proposcd MIS's has not been fully ascertained, train-
ing plans must remain flexible. The following are some of the areas
that have been identified where the project and personnel could bene-
fit from professional development:

1. Quality control (Chaper 1, Sectioa B.4b and Chapter II, Sec-
tion F) - 30 workshops - one week ecach - 20 trainees each;

ii. Operation and maintenance managers (Chapter I[I, Section H) -

5 workshops - two weeks ecach - 20 trainees ecach;

iii. Watershed model operation (Chapter Tl, Scction E.1) - 20
persons - two weeks;

iv. Reservoir operation studies (Chapter 11, Section E.3) - 15
persons - two werks;

v. Planning and layout of distributaries, minors and water-
courses  (Chapter 1L, Section E.5) - 25 workshops - 2 weeks
each - 20 persoas each;

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

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

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






control equipment coupled with improved management from the planning
through the opcration stages to optimize irrigated agricultural pro-
duction outputs in India. This concept will be applied to two
typical MISs located in different agro-climatic zones within the
Narmada Basin. The projects will demonstrate the control and manage-
ment systems to provide water to vach individual farmer upon his
request (demand irrigation system), the cffectiveaess of computerized
irrigation scheduling and system operation, the ctfectiveness of
wodern  technology in the control of the irripation system, and
various irrigation methods tucluding basin, border, furrow, drip, and
sprinkler.  The projects will be used as an adaptive research ground
to determine the most ettective way ol providing for planned under-
irrigation to oprimize production per unit ot water rather than opti-
mizing production per unit of lawd. In addition, the project pro-
poses to provide itaformation to the GOMP so that policies can be
generated to improve system desigos, operation, and reveuue gener=
ation; and encourage controlled cronndwator deveiopment,

b. Selection Criteria

Two MISs will be selected out of the 50 being proposed for USAID
assistance. FRach project will consist ol approzimitley 500-1000 ha.
4nd be located in diffe-ent avro-climatic zones. The two MISs must
be sn selected that they are represceatative of the agro-climatic and
sncial conditions in the area and that they are casily accessible for
demonstration p - rpuses. The pilot projects should be located near
major communication centers so that senior Lodian and U.S, Government
otficials can casily come in and visit the pilot projects with short
travel times. The selected projects must have no construction under
progress so tha . they can be planned, desipned and constructed with-
out any built-in physical constraints., One of the selected projuects
will be planued and designed using the =ame design criteria estab-
lished in the chapters thar follow and will be ased to test advanced
management techniques.,  The other pilot project will test and demon-
strate both advanced technical and management techniques,

Prior to the initiation of the control pilot projects, a feasi-
bility study of the technical and social aspects moverning irrigation
water distribution practices and response ot tarmers to adapt to
sophisticated design of such irvigation systems will be undertaken by
GOMP with technical assistance provided vader the prant component of
this project. The study will attewmpt to tdentify possible social
constraints that would restrict the project tuncetioning. Questions
will be addressed such as, will the tarmers attempt to moditfy the
control system and will the role ot the officer that controls the
distribution of water based on individual requests be acceprable and
functional. In addition the study team will roview  .ge status,
resules and dessons  learned oo the 1500 ha. pilot project being
undertaken on the Chambal Command Area Dovelopment Project (Major



Irrigation Project) with the assistance of the World Ba..«. This
pilot project has similar innovations and the expericnce gained by
the GOMP on the Chambal project could intluyence the final shape of
the proposed contrul pilot projects. Based on the results of the
feasibility study, a decisiou will be made as to whether to proceed
with the control pilot project and what its general components will
be.

c¢. Types of Improvements

i. Technical

It is proposed tnat one of the sclected conlrol pilot projects
will be designed with a Jvnamic fully automated water control
system.  Technologies are uvailable for the construction of irri-
gation systems which can provi.le posttive control on all water levels
in the main distribution system aud control the flows through the

outlets mechanically or electronieally, runctioning of such irri-
gation systems has been tested and the ir merits to supply the water
to individual tarm holdings on  desand proven. However, due  to

scattered and small Fandtioldings o loadia, certain design mwodi-
fications and adaptive trials tor the optimal operational cfficiency
might bu necessary. This project will deaonstrate adequacy of water
relecase controls at ditferent levels in the system to sult the irri-
gation water demand of the individua! farwers.

The design of the pilot projects wili be undertaken by the
GOMP in association with USAID.

Toe collaboration «ftort will continue during con-
struction and tor at least one yeuar attver the completion of the
system. Such a collaboration wiil provide tor the operational study
ol the system, rceview of itg adaptibility among tarmers ard modi-
fication in the operation based on the experience gailacd during the
operational study.

The pilot project will be constructe by the local construction
contractors listed with tie GUMP lrriyation Department, following the
normal contractuusl procedures, anu LA Igenous  cqul prent except for
some components ol the water Jdistribution and concrol systems which

will have to be tmported, Ihe process 1 using lucal contractors
will heln replication of similar systoms 1n other arcas and provide
therm with necussary cxporieace and coutlidencu. In addrtion to dewon-

strating the improved desipus and bt erent operationsl capabilities
this pilot project will also have dewonstration chaks on the pattern
described earlier.
i1. Management
Experience has shown that in addition to technteal woundness 1n
the design ot an irrigation systew, wanaewent also plavs a gignifi-

cant role towards etticient pertormance. It s proposcd to test



different managemant modes individually or in combination on the two
control pilot projects in order to recommend, if possible, a more
efficient organizational sct-up tor the sydtems planning, design,
construction and operation.

Different management alteornatives will include testing of the
current organizational system prevalent in COMP-1D, a combination of
a GOMP ID/AD set-up, managemeat by the farmers and operation by
private organizations or irrigation districts. Another possibility
may be to involve the above proposcd management oranizations in the
design and construction staze so that they develop confidence in the
iystem. Expertence gained trom the orpanizational studies in the
hMaharashtra IT&M project will also be utilized in improving manage-
ment of the control pilot projrcts.

d. Special Studirsy

Socio-economic haseline surveys will be conducted on both pilot
areas prior to initiation ot construction. These baseline studies
will be index studies to assist in the determination of the full
etfectiveness and impact of irvigation on the project area and nearby
market towns. In addition, a comprelensive study will be carried out
to determine the most eftecrive 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 ohtained by upplying approximately 75
percent of the full water requirements.  However, a very high degree
of management is required and the cxact irrigation timings must be
determined so that the plants are not stressed at crucial poeriods
stunting their growth ond causing sipaitficant reductions in pro-
duction. Litrle adaptive research has been done on this very impor-
tant subject in water-short are.as. [t is proposed that such a study
be coordinated and cacrried out on these pilot projects covering all
of the major crops wrown in the Narmada Basin, {n addition, the
salinity levels of the soil will be closely monitored over a period
of several years and the wost voftective lecching procedures under

coaditions of reduced irripation supplivs covolwved, In theory, the
irrigation application «fliciencies under such o siltonation could
approach 100 percent, but the long-term sorl solution salinity levels
miay he unacceptable, The atilization of a system to provide less

water during peak demand pericds has signiticant implications of the
maximum design capacity and costs, of the overall irrigation system,

e. Estimated Costs

It is proposed to tund under the grant component of this project
all costs of the pilot project preparation above what would be
normally required under the MISs beinyg constructed under the loan
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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 resident specialist
will be developed jointly by GOI, GOMP and USAID prior to the ini-
tiation of this project and the scope of work for the counsultants for
the pilot projects after the pilot projuct teasibility study 1is
completed. The costs projected for the water management improvement
components for the proposed project are are #iven in Attachment 1-5.
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CHAPTFR 11

TECHNICAL ANALYS1S

This Chapter provides a description of MIS; summarizes the current
planning, design, and operation procedures; and presents the proced-
ures that will be tollowed under this projuct. Currently, the per-
formance of the existing MISs is disappointing. An effort has been
m.de, based on the analysis of existing and planned MISs by a team of
GOI, GOMP and AID officers and on AlD c¢xperiecnce ia irrigation
projects 1in the States of Gujarat, Rajasthuan, Maharashtra, and
outside India, to develop effective and practical planning, design,
construction and O&M criteri: to assurc the success of the project.

A, General Description of an MIS

By definition, cach individual minor irrigation scheme (MIS)
subproject provides canal irrigation to areas having a cultural
command area (CCA) ranging from 40 to 2,000 ha. Each MLS consists of
a dam which impounds monsoon vun-otf from streams and tributaries, a
spillway for passing (lood waters, and a branching discributior
system consisting ot wmain distributarics and minor canals, serving
public outlets commanding approximately cight to 40 ha. each (sec
Attachment 1I-1).

During the preparation ot this report,  three operating M1Ss
(Kunda, Dhuwdhar and Dhukrikheda) in difterent agroclimatic zones
within the Narmada Basin were visited and andalyzed by a tecam of GOI,
COMP  and USATID otficials., The MIS.  were selected  as bein;
representative of typical in Madhys Pradesh. It was observed that
the total canal sysrem was unlined regardiess of the infiltration
rate of the s0ils, no cross regulators weee provided to control water
levels, regulators were provided only at the head of some of the
distributaries ant minors, and all outlety (serving approximately 40
ha.) were unregulated. [t wis also noted that it had been assumed
that the tarmers would somchow construct the watercourses and field
channels below the cutlet to each individual field. lowever, very
few watercourses were scen and those that did exist were in poor
condition and had no control structures.  Also there wis no provision
for an adequate surtace drainage network.  The cultivators reported
that the system was cither totally on o ott, tacy normally never
knew when the water was Auine to be avariable, the farmers near Che
outlet took wost of tne water, and wmost  tarmers had not seen an
extension worker in their ared. Very tvw tields had been properly
levelled and prepared tor irrigation and Lhe farmers appeared to bu
following the same general agricultural practices wsed under rainfed
conditions (ordinary «eeds, low plant populations, low fertilizer
anplications, 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 zoue and water availability, water
may be reserved for hot weather season crops or for pre-monsoon
planting of kharif crops.

To be eftective, an MIS must be properly planned, designed,
constructed, operated and maintained. ‘There must be an orderly,
fully controlled distribution .und management system tor 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, farmers wist have accegs to
production inputs such as improved sceds, fertilizers and pesti-
cides. They nced to be more involved in the development and operat-
ion of the system and it's reliabiltiy wust be demonstrated to
develop their contidence that water will be available when required
by the crops. In addition, credit and marketl npportunities must be
available to provide economic incentives to the farmers for adopting
rew practices and taking new risks.  Farmers also need to be fully
informed about current irrigated awricultural technology and
practices to bu tollowed under irrigated conditions. A MIS must be
regarded as an integrated socio-technical agricultural production
system in which water management and the integrated use of inputs
are the dominating feature rather than viewed as a reservoir and
distribution svstem which simply stores and rransports water.

B. ID and AD Responsibilities and Capabilitivs

The GOMP Irrigation Department (ID) has overall responsibility
for the identification, planning, design, construction, operation
and maintenance of the MISs. The ID is also responsible for coordi-
nating their activities with and obtaining inputs from the Agricul-
ture Department (AD) for the overall planning ot the agricultural
activities such as development ot nroposed cropping patterns and
estimation ot irrigation requircments at the tield level. The AD is
responsible tor providing the necessary service: hefore and during
project operation, for making the required inputs available to the
farmers and providing the requized resesrch and extension services.
Chapter I, Administrative Analysis, provides a detailed description
of the organizational set=-va ot both the D and AD and describes
their linkages.

The capabilities ol the staff ot the Iu and AD to {mplement the
MISs to be supported under this project vary by discipline. In
general, the ID and AD have a large oxperienced statf, However,
certain areas of improvement have been woted where professional
development through training (mainly short in-country courses and
workshops) would be bheneticial to strengthen capabilities within
various disciplines and to introduce the poersonncl (o the cuncepts
of an integrated team approasch to system planning  and operation.
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Areas where personnel could benefit from professional develop-
ment have been identified and tentative estimites made of person
months of training to be provided under the grant componnent of this
USAID supported project. The areas of need are identified in this
and other Chapters with a sumnary and cost estimate in Section C-3
Chapter 1. During implementation, continuous monitoring of field
activities will identify areas and types of additional personnel
that could benefit from protes:iviul aevelopment,

G. Present Planning and Desipn Criteris

I. Water Supply, Requirements and Budgets

The annual yield from each indiviausl MIS varies widely depend-
ing on the climatic zone, Uopopraphy, vevetative cover, soils and
the size and slope of the watevshed. In addition, the ycar-to-year
variation in yield is signiticant due to the rainfall concentration
variability on small watersheds. ihere are few, if any, stream
gauges located on the streams and rivers at che proposed dam sites
tor the MISs resulting in little reiian’e data heanyg avallable to
2stimate the actual vyield trow Lhe watershoed for reservolr and
spillway sizirg. Thercfore, the potential vield trom watersheds on
the MISs is currently being estimated using evmpirical formulas link-
ing yield with precipitation and taking :nto consideration snme of
the topographical and vegetative characteviscics of t(he catchments.
The most commonly used formulas are thosce of Binnies and Scrange's,
The key inputs for using these tormulas are the annual precipitation
records obtained from the nearest deshil or Distriet headquarteres,
Generally, in the case of minor irrigation schemes with small catch-
ments (up to 25 square km), Bennies tables are usced (Attachment
[1-2). An adjustment factor is used, as shown below, to account for
gsome of the characteristics of the catchmeat:

080 for tlat cultivatea carchment

0.85 for partly hilly aad partly tlat catchments
0.90 for hilly and geat!le tlow catchments

1.0 for steep catchments.,

Mr. Binnies derived hus tiblos in 1895 Ly ohserving a number of
small watersheds in Madnys Pradesh vien watershed conditions were
considerably differene trom tediv's conditions.

.
-

In the rases ot catchmen:s Largor than 25 square km, Strange's
tables (Attachment 11-3) are nsed b caleporising the iadividual
catchments as goud, averare or bad, .od taking the slope and cover
characteristics into accoant. Stranpge's iables  wore developed in
the 1890's from obscrvatious made 1n wouthorn  India where  the
climatic and topographical condilion. ap coustderanly differeat
than in Madhya Pradesh. Commonly, the desien water supply is chosen
as that which can bae expectod tu 75 prreent ot the yoirs.
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An analysis of the es:imated watershed yields using the above
tormulas and the actual recorded vyiclds for the three projects
analyzed (Attachment [1-4) shows that the variation between desiyn
and actual yields ranged from an under-vstimate of over 200 percent
to an overestimate of approximately 50 percent. 1In a recent World
Bank conducted review of seven reservoir operation tables for medium
irrigation projects (S8AR 3260-IN), for which Binnies tahles were
used, it was revealed that in a significant number of cases the
run-off was significaztly less than that predicted irom the Binnies
relationship. There could ke many reasons for the variation in the
yteld between the design and actual and for ity erratic nature.
Inciuding the unreliability ot raintall data representing  the
catchment area, (pacecurate yield measurements at the reservoir site,
the computation of yield without reference to rainfall intensity and
antecedent precipitation conditions, and uot properly accounting for
the topography and soils.

Until recently, the irrigation water requirecments for the pro-
posed service area of the MISs were compated by the ID based on tne
cropping pattern provided by the District Apriculture Otficer (AG).
The water requirements were not computed based on the evapor-
transpiration needs of the plants in accordance with the clima-
tological factors in the area, but on a pre-determined duty of a
fixed flow per 100 hectares. Recently, this procedure has been
replaced (in the case of World Bank adided Medium and Major projects)
atilizing the modified Penman's methed and rhe LD has publihed a
handbook "Water Kequirements ot Grops", November 1981, that provides
the procedure to he followed to determine the monthly c¢rop water,
requirements by agproclimatic sone and by crop.

The procedure outlined by D tor determining water requirements
Is a quantum junp from the duty procedure., dowever, for fine tuning
the design and operation of aodern systems, more precise calculat-
tons are requaired,

¢« Dams and Reservoirs

The dams for the MISs are being designed aeing technical cir-
culars issucd by the GOMP/ID.  for dawes less than 13 meters height
no stabvility analysis is vndertaken.  The soil samples of *he found-
ation and borrow arca are sappused to bhe tested in the Circle level
so1l laboratorivs, hut due to the heavy workload from major projects
very few, 15 any, 501l samples are tested.

The free hoard of the dams are based on empirical standards,
Fov dams over 12 meters high, the tree board is cgtablished by the
estimated wave height computed on the basis of the f{etch of the
lake. For those Jams between oix and 12 meters, the tree board is
et at 1,5 metera,
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The maximum peak flood discharge is estimated either by
Dicken's formula Q = 1400 a3/4 for flush floods, 13 mm per hour for
24 hours for prolonged flouds, or from the highest known flood
levels. The formula does not take into account the variations from
site to site in topography, soils, vegetative cover, antecedent pre-
cipitation conditions, length of chhannel,  etc, The high flood
levels are ascertained at two or three sitoes on 2 stream by visual
observations and by taking cross and iongitudinal sections. The
flood discharge is then estimated for these sections and 25 percent
extra is added. The gieater of the above results is taken as the
maximum flood discharge.

The flood moderation of the reservoir duc to the storage
between the FRL and MWL is taken into consideration and Captain
Garret'z Tables are used for 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 watcershed is estimated using empi-
rical formulas and normally has been computed at an average rate of
238 cubic meters per square ki of catchmeat area tor a period of 50
vears. The dead storage level und the level of the sluice is fixed
at the location which will store (he gi1lt deposit for 50 years,
assuming 100 percent trap ctiiciency ana that the silt is all
deposited in the lower portion of the reservoir.  No accounting 1is
made for the fact rthat siit production 1n relation to volume of run-
off is several times greater in the low vaintall zoues than in the
higher =zones, and that it is a function 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 weters are used for tdeatification of gchemes.
Detailed topugraphical maps are then prepared by actual field survey
with contonr intervals ot one or two meters  and  are  used  for
appraisal and layout of @he MISs. For the location ot the main
canals, digstributarices and minors, strip levelling 15 cone. While
satistfactory for identifying the general location and boundarics of
the MIS, these surveys are not sufticient iv accurate to properly
locate the distributaries, minors, water courses and fleld chan-
nels. Use of such raps tor design purposes olten Jeads to layou:s
that are not cost otfective and can resuit in irrigable areas being
excluded from the avarlable water suppliey,

At the present time, there are ao detarbed soil surveys, soil
testing, or groundwater surveys mide lor (ne planning of the MISa
As such, the determination of the area to be irrigated, type of
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on-farm irrigation methods and depth of water application are based
on assumptions or from visual indicators.

4. Distribution and Drainage Systems

On the three MIS studies and on MISs in general in the Narmada
Basin, the main canals and distribution gystems are laid out based
on survey of India wmaps supplemented by strip survevs. lingated
public outlets Serving approximateiy 40 hectare chaks are provided
both from the main canal as well as lrom the distributaries and
minors, Except for the head regulators, no other regulating or
measuring structures are provided. The H.P. Irrigation Act provides
that the waterccurses and field chanuels below the public outlets
are to be constructed by the tarmers. (See Attachment 5 for the
features of the three MISs st 1lied).

The outlet duty is computed on the basig ot monthly field irri-
gation requirements to be dclivered to the lield in a base period of
20 days assuming 24 hours irrigation per day. Field losses are
taken as 20 percent of the field requicrement.  From the outlet duty,
the capacities of the fysteme ave worked out assuming a conveyance
loss of 2,44 m3/sec/million wé (8 cusecs per msft), Fifteen
percent extra capacity provision is made for future expansion or to
provide for any change that niy be required due to change of crop-
ping pattern. The above val 1oy are used for all sites regardlesgs of
the soilas found in the commad arva.

For the actual conditions in the MISs visited, it was apparent that
the loss assumption led ro overly optimistic estimates of water that
would be available for crop production. As a result, the actual
cropped area has heen ag low as 25 percenr of  the designed area
(Attachment 11-6). More importantly, due to the unreliability of
supplies the farmers cuan oot take the rigk of converting to
intensive irrigated agricultural practices and purchase of costly
inputs with the result that cven in the small arcas that do receive
irrigation, production remains low.

In the three projects visited, the water was released for irri-
gation starting in 19506, 1963 and 1969, yet wmoat of the service
dreas have no watercourses or field chanuels below the outlet and
farmers have ro rely on field-to-ficld irrigation. The responsi -
bility for plannine and construction ot the reyuired watercourses
and field channels below the outlet (serving up to 40 ha each) has
been left to the farmers. Without means ror the farmers to c¢stab-
lish proper orvanizations and obtain technical and financial asgist-
ance, the watercourses and field channels wore not constructed.
What chdannels were present had non-uniformed cross sections and
slopes and had no division or other control structures. In addi-
tion, there were very few fields vthat were level or properly pre-
pared to take advantage of the irrigation water, Although there are
no records available to determine the delivery, application and


http:agricltur.1l

Ir -7

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 inappropriate discharge capacities at the
outlet. In many of the service areas visited low discharge into the
basin in the order of 10 liters/sec required considerable time to
fill a normal size basin leading to non-uniform application and high
percolation losses. In addition, thure has been no systematic plan
for a surface drainage network or groundwater development program to
balance recharge in the MISs. This can cventually lead to water-
logging and salinity problems.

Thus the vital lionks of conveying and applying lirrigation water
to the farmer fields for which the entire project was conceived,
planned and conscructed remain wissing, resulting in under and non-
utilization of irrigation potencial created and low production. On
the above mentioned projeucts, an average of Rs. 2,500 per ha were
spent on the system Jdown to the 40 ha outlets.

In summary, the minor irrigation systems in Madhya Pradesh are
currently designed trom the head down. After the location of a
suitable reservoir site, the main canals are located based on che
land that can be commanded by a contour canal, then distributaries
are laid out at a gpecific Interval or down ridge lines from which
minors are laid out, from which outlets are located. It is then up
to the farmer to determine the land that can be irrigated and to lay
out individual watercourses 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 caual
gizing to meet demand tor developing crupping putterns.

5. Construction and Operation

Construction and operation of the water distribution system
down to the public outlet is carried out by the ID. Construction is
generally done by local couatractors. In cusvs where no reasonable
bids are received, the ID does the construction departmentally using
local labor. Quality control is limited (500 Chapter I, Section
Budb). Water sllocation and tolation are governed by the M.P. Irri-
gation Act ot 1931 and [erigation Kules ot 1975, The Act is quite
detarled and desls with the tunctions and powers of canal officers,
construction and matatenance procedures, laad acquistition, and all
manners of ruley, provisions, penalties, etc. concerned with the use
and conservation of drrigation water by individuals and organi-
zationa,
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Unlike norchern India, where water rights go with the land or
are compulsory for paddy, as in Andhra Pradesh and Tamil Nadu, irri-
gation is optional within the cowmand and is sanctioned by the ID
based on applications made by farmers for seasonal as well as annual
crops. The Act provides for long-term agreements in the case of
paddy as in the Chhatisgarh area. However, every farmer within the
command of an irrigatiou project has to pay an irrigation cess of
Rs. 12.50/ha irrespective of whether he uscs water for irrigation or
not. In actual practice, water is neither dllocated nor rotated in
the MIS and farmers are free to take water as they choose when the
canals are running. This has lead to considerable water wastage and
unequal distribution with the tail tarmer suffering the most.

D. Summary ot Performance Study

The study of rthe three existing MISs has revealed that the
hydrology, basic dam aund spillway design and distribution system
plans and designs require  luprovement, They have been designed
without taking sufficient account of basic planning standards,
present and possible tuture cropping patterns, scientific crop
wdater requircement computations, and realistic conveyance losges and
field efficiencies. In addition, the system of canal operation and
maintenance and farmer nesds have not been dealt with sufficiently
during the preparation of the project documenty. Detailed topo~
graphy, soils, and groundwater surveys have not been made and taken
into consideration.

In all the three MISs studied, shortage of water to irrigdte
the designed command area 15 a common problem. Agsumptions of crop
water requirements and water losses have both resulted in an over-~
estimation of the 1irrigation potential. This. together with low
planned irrigation intensities, has resul od in a canal system being
laid out and constructed wver a much larger area than what can
effectively be scrved, As 1 result, distribution of water to
farmers has been both inequitable and unreliable.,

Deficiencies commonly sween in the existing MISe include:

1. Inaccurate determination of watershed yleld and expected
peak discharges for spillway design,

2. Excessive channel seepage loss due to o lining being pro-
vided where channels pass through soils with high in-
Eiltration rates and due to poor maintenance,

3. Deteriocration and loss of chaunel capacity by siltation,
erosion, weed yrowth and general lack of matutenance,

4. Absence ot control structures to maintain design  flow
levely,

5. No provision ftor regulation or measurement of flows at off=-
~takes from distributaries, minors or outlety,



6. Improper alignment ot canals and incorrect position of out-
lets due to lack of detailed sotls and topographic surveys,

7. Supply to an excessively large area ‘ron a single outlet
without watercourses and tield channels o- on~farm control
structures,

8. Inadequate density of delivery systen,

9. Lack of organization of cultivators in the command area.

10. Heavy operation losses due to absence of gated outlets and
water control structures,

l1. Inadequate number ot bridges, culverts, rocads, and entry
facilities ror village domestic uses,

12. Inadequate road aceess tor canal inspection operation and
maintenance,

13. Absence otf tield drainage network,

14. Absence of communication facilities for conveying the irri-
gation demands,

15. Absence ot delivery schedules,

16. Absence of suitable organization atuned to the needs of the
cultivation at the tarm level, and

17. Inadequate delivery at the tarm gates (small stream size)
resulting in long irrigation period, non-uniform distri-
bution and high deep percolation losses.

The following scctions of this Chapter present the planning and
design criteria developed jointly by Gul, GOMP, and USAID to remove
the above identified constraints to provide efticient and effective
irrigation project planning, design, construccion, operation, and
mairtenance.

E. Proposed Planning and Design Crateria Under this Project
L Water Supply

The weakness in the empirical forwalag in procedures currently
used to estimate watershed yield are well documented and recognized
by tie hydrologists and ecngincecs ot the COMP.  The State is taking
posit.ve action to improve the runott data available throughout the
State, which an turn will improve the wa.ershed sleid nredictions.
The State has installed 128 paunv iy statlo o throughout M.P. and the
World Bank is helping tinauce, with two ot it projects, the instal-
lation of an addirional 319 pauzineg statioas througnoat the State.
The inatallation of tnese 4479 Stations  ond uprrading  of curreac
statrons will provide a sound basts tor thproving  tio hydrologice
predictions tor dams and reservoirs Delny Constructed taroupnoul the
State. A3 such, o assictauce trom JSALD s required in this area.
However, 1t should be noted that becaune of the time required to
mnstall and obtain aatticient data or prediction purpoies  the
installation of these Stations will nave o ltie cllect o inproving
the run-off prediction tov tne MIS. Lo o constructed under this
projects  As such, two pacaliel wets o o tivilies are propoused 1n
determining the watershed vield of the individual 185,
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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 isg
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 wuses daily and hourly rainfall and evapo-
transpiration to calculate daily soil moisture and run-off have been
developed. These and other couceptual models give vastly improved
yield predictions as compared to the use of empirical formulas.,
With the wuse 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, surtace evaporation
from existing nponds and rescervoirs, etc. can be mathematically
analyzed. It is proposed, it found necessary after study- ing the
above two models, to develop an improved forecasting model for small
water sheds witn existing Indian tecinnnlogical rosou -eg along with
the assistance of short-term U.S. technical assistance. A team will
be constituted under the directorate of hydrometeorology consisting
of hydrologists trom M.P., assisted by Indian and U.S. technicians
to identify rupresentative MI[S watersheds for data collection and
calibration of such a model for prediction of water- shed yields.
The selected watersheds will have to have long term accurate
rainfall and stream gauging stations to be cftectively used 1in
calibrating the model.  As part of the model development activity
in-country training will be provided for hydrologists and engineers
on the development and operation of the model, so that they will be
in a position to provide moditications :and matntenance of the model
over the pursuing years. The cost of the technical assistance both
local and U.S., of training, and the procurement of a micro~computer
will be covered under the grant compouent of this project.,

During the initial stages of the project while the above
mentioned model is being developed, the hydrology ot the proposed
MISs will be developed using the best available data. On those MISs
where there are actual stream tlow records ropof! o 'ationshipg will
be established with the pauging stations available in the proposed
watersheds or nearby watersheds and correllated with available rain-
fall data in adjacent watorsheds where  tanks  with appropriate
records.  In tne cased that eaaging statious or tank data is not
available in the proposed watersheds or nearby watersheds, then the
RBinnies or Stranee's tanles will have to bhe utilized for the initial
designs.  The projects desipgas will be adjusted where possible after
the results of the wodel develapment are made available.

To provide improved meterology data and operation data tor the
MISs, climatological stations will be eatablished within the command
area of cach MIS, The station will 1nelude selt-recording rain
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location and value of benchmarks within the area surveyed, cadestsl
boundaries, all permanent structures in the area, visibly unculti-
vable and uncommanded areas, and alignment of main canals with the
FSL indicated at appropriate places. '

Considering the availability ot all village maps at the scale
of 1:4000 and that 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

(1) Spot levels (approx.) 6 per ha 8-10 per ha
(2) Contours interval 20 c¢m 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 counstructing the irrigation and drainage
network from the last survey number to the reservoir outlet. This
procedure will reduce the duplicative cffort now used where both the
1? and AD survey the CCA. In addition, it will ensure that suffi-
cirent information is available to properly locate the lower end of
the distribution system and have the outlet properly located.

5. Planning Procedures

The current design procedure followed in laying out the irri-
gation distribution system starts at the dam and works down to the
public outlet. Under this project, the irrigation system will be
designed starting wich the farmers' tield and move upward through
the system to the reservo.es outlet. A detailed cropping pattern
will be developed by the Al, using the detailed soil surveys. On
the initial »ISs to be dosiyned under tinis projuct compesite monthly
wiater requirements vill be developed using the ID handbook "Water
Requirements of Crops'.  The ID will make tentative watercourse lay-
nuts nsing tepographic maps and villape ownership maps followed by
tentative lavouts ot the minors, distributaries and malng based on
the detarled topoprapnic ami soul maps.  Prior to the finalization
ot plans, the ID and AL personnel will mect with the tarmers in each
cormand and review with them the tentative plans and layouts of the
watercourses, fileld channels and turnout locations. Possible tech-
nical alternitives for the alignment of the system will be presented
to the farmers.  Based on these discussions the final plans will be
prepared for location and size of the system,
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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 govermment or other institutional financing
but normally, the farmers are not able Lo avail themselves of these
financing facilities due to the following reasons:

- Defective land title,

- Illegal occupancy of land,

- Holders of land allocated under the ceiling act,
- Overdues more than the specitied limit, or

- Reluctancy to apply for loans.

To assure that the neccssary land development takes place, the
GOMP will provide technical and financial assistance to the farmers.
As discussed in Chapter I, the AD will concentrate additional staff,
after proper training, in the project areas to help the Ffarmers
understand the potential benetits 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 distributiop system, the
AD personnel will work with the farmers (Sce Chapter IIJ/ Section D2)
to provide information of the benefits of land developinent, 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 desirability of establishing a special
loan fund as has been done for the major projects.

7. Watercourses and Field Channels

Watercouracs are defined as those chanoels Lhat transport water
from the 40 ha outlee (control point where current D respousibility
ends) to the eight ha turvout. From the cight ha turnout to the
farm gate, the channels are referred to as field channels. In this
project, the 1D will be responsible lor the planning, design and
construction of the watersourses and field channels to serve each
holding or to the point that serves two ha., whichever is larger, at
project cost. This expeaditure, less than ten prreent of total pro-
ject cost, is a vital key to the utilization of rhe other 90 percent
of the required cxpenditure.  The field channels shall be designed
so as to provide a minimum working head ot 15 cm over the highest
field to be irrigated within the CCA and consequently, the water
level requirenents in waterzourses wminors and distributaries shall
be worked out acceounting for tie operational head losseg and working
head requirements as one moves up the system from the field level,

§. Canals

a. Description and Criteria

The canal system consists . a treelike branching system of main
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G. Water Allocation and Rotation

It is proposed tro allocate wateir in proportion to the size of
each holding with an upper limit and to apply a rotational water
supply (RWS) and where feasible a dewand or modified demand system.
To accomplish this, the M.P. lrrigation Act of 1931 and Irrigation
Rules of 1975 will have to be modified. The ID will apppoint a
special study team to recommend necessary changes. In the RWS
system, farmers on the same watvrcourse or under the same outlet
follow a fixed roster of turans when they can take water. The turn is
fixed at a gpecific hour and day ot the wek with water being avail-
able weekly, bi-wcekly or wonthly depenling on the time of year.,
The RWS of irrigation has been practiced {rom before the turn of the
century on canals of Punjab, Haryana and Western Uttar Pradesh,
where canal lrrigation was developed within the legal framework of
the Nortn India Canal and Draanaype Act, 1877, The: Act defined the
rotational procedures in detail and prescribed penalties for tarmers
who took water out of turn., However, attempts to introduce it else-
where in the new commands have wmer with viaryiag degrecs of success
even in wheat areas.  Analysis of this variation and its causes has
not been made. One of the reasons may be that f the higiher yield-
Ing varieties do nol get water at certain critical periods, yields
fall oft dramatically. In vcontrast, the varieties which were
prevalent in north wost Iadia when rotat:onal irrigation was insti-
rutionalized could withstand a wide range ot variation in water
supply without much etfect on productivity.

Under the M.P. Medium Project (DA Cr-1108-1IN), a study is pro-
poscd on four management aredas cach naving about 400 ha. located in
different agro-climatic zones. Kotational water supply (RWS) would
be applicd, buli retairi wale 5f water by the ID to waler user asso-
ciation testod, and the eottectiveaess ol the operation will he
studiod. lu addition, cwoslar <talies are to be carried out on the
USAID assisted wmodimn trrigation projects 1o Mahara-hitra applyiny
the Shejapalt water rotatioasl systen, e results of both these
stodies will be avairlable prior to the completion of the first MIS
and can be used to doevelop a policy on the hest KWS to be applied to
the MISs.

Y. Qﬂ“‘“LiP”“iUﬂ,14&“[2“1”““

Durtng the anitasl vears ot operation ol cach indivedual M1,
the ID will boorospoacihie tar the operation ad matntenance ot the
system., Av catliacd an Chapter HLL, section b, the 1D in callah-
oration with the AD will asad U the farme o i Orantelnge Lacnso lve,
to take over the opetalion gnd adiolenaace ol the systen, starting

at the ochaw dovel, vk e the darkiers have been orpantsed  oand are
able Lo succewatully cperale o thhbats the systen Jrom the head
ol ominor, Chey o woundd then beoorcaniseed o g aistrebatary basis oand

perbaps eventuallv on g o canal basis. Huch o as Lo be learned o
OrvanlzZing tormers e varions soctal oand cconomic regtons of the
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country. Many studics arc under process in India to attempt to
answer the question on how best to organize farmers to operate and
maintain these small irrigation systems. Studies are underway by
the Indian Institute of Management in Bangalore, various studies are
being supported by the Ford Foundation, studies are proposed to be
carried out on the USAID supported Maharashtra LT&M project aand
studies are being carriced out under World Bank projects. Under this
project, workshops will be held by the AD to assimilate the
information being gathered from the various studies. To accomplish
this, the ID will appoint a committee to identify and analyze the
studies that would provide useful intormation for the organization
of farmers under the MIS. A report will be prepared by the end of
the second year of this project to be used as a guide in carrying
out workshops of the 1D and AD perscnnel responsible for organizing
farmers in each of the MISs.
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Attachment [}-2
BINNIES PERCENTAGES (adjusted)

Annual Binnie's  Corresponding Differ-  Annual Binnie’s Corresponding” piffer-  Annual  Binnje's Correspond- Differ-
rain percent-  yield per sq. ence for rainfall percent- yielc per sq. ence for rainfall percent- ing yield ence for
fali ages mile in 0.1 inch ges mile in 0.1 inch ages per sq. 0.1 inch
million cubic million cudic mile in
feet feet million
e B o _ Cubic feet
|1 T A 7Y - —— 30 27 15.218 70730 50 444 51.575 0.173
1A 8 2.045 N.042 31 g 7NU1es 0.135 51 45.0 53.317 0.174
12 g 2.509 0.046 32 29 21.8493 0.139 52 45.56 55.100 0.178
13 10 3.0%0 0.051 33 20 23.300 0.144 53 46.2 56.886 0.179
H 1A 9.578 0.0556 34 2 24.485 0.149 54 45.8 58.708 0.182
g R - U - 0.060 RERE Ve TR0 T 0.753 55 47.3 £0.438 0.183
15 i3 4.328 0.CC5 25 32 Z27.600 0.158 56 47.0 62.318 0.188
17 14 5.832 0.n07¢ 37 34 29.226 0.163 57 48.4 54.09?2 0.177
12 15 G.273 0.074 g 35 20.895 0.167 58 49.0 66.026 0.193
1a HS 7.28563 0.07% 39 36 32.618 0.1 59 48.5 67.349 0.182
79 17 I 2 10 B 0.084 a0 37 34,324 0.177 60 50.0 69.696 0.185
2l 18 8.782 (.088 41 37.¢  36.100 0.172 61 50.5 71.564 0.187
22 19 G711 0.093 42 38,7 37.7130 0.166 62 51.0 73.458 0.189
Z3 20 10,237 0.09¢ 3 26, ¢ 36,159 0.170 63 51.5 73.374 0.192
o] 21 1.798 0.102 44 40.3  41.198 0.174 64 52.0 77.316 0.194
25 22 12.778 0.107 45 a1.0  42.863 0.167 65 52.5 79.278 0.196
26 23 18.886 0.1 46 41.7 4.568 0.170 66 53.0 81.266 0.199
e7 24 15.054 0.116 47 42.4  36.297 0.178 67 53.5 83.274 0.204
? 25 16.262 0.12% 48 43.1  48.863 0.177 68 54.0 85.308 0.203
29 26 17.617 0.126 49 43.7  49.746 0.168 65 54.5 87.364 0.206

Example: What is the annual yield from a catchment of 27.3 square miles, if it @eans annual rainfall is 45.5 inches.
By table yield from 1 square miles 42.863 + {.17 x 6) = 43,883 million cubic feet, and the yield from 27.3 square
niles will be + 42,833 x 27.3 = 1,198,806 million cubic feet.



Attachment I1I-3

STRANGE'S TABLE

Rain Yie.d@ Rainfall Yield

fall** Good Average Bad Good  Average  Bad
(1) (2) (3) (4) (5) (6) (7) (8)
1 N.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 n.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  24.7.5 16.490
10 0.999 0.749 0.499 40 314.848  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 42,953 32.199 21.466
15 3.276 2.457 1.638 45 45.058 339,753 22.529
16 3.903 2.927 1.951 46 47,342 35.500 23,671
17 4.581 3.435 2,290 47 £9.572 37.179 24,786
18 5.353 4.014 2,676 48 51.854 35.890 25,927
19 6.135 4.601 3.067 49 54.186 40.639 27.093
20 6.970 5.227 3.485 50 56.6806 h2. 514 28.343
21 7.855 5.891 3.927 51 59.123 44,342 29.561
22 8.842 H.631 40421 52 bl.bll 46.208 30.805
23 9.832 7.374 4.916 53 b4 151 - PN 32,075
24 10.873 8. 154 H5.430 b 6b.8606 50.14Y 33.433
25 11,964 4.973 9.982 ) 69,510 APURE I 54,755
26 .3.168 9.876 b Hes 56 72,005 54,1593 36,102
27 14,7364 10.773 7.182 57 74,951 56,2173 37.475
28 15.612 11.709 7.806 58 77,8873 D8 A1 38.941
29 lb.911 12.683 B.453 5y S0 734 60,550 40.367
30 18.13730 13.747 9.165 60 63.035 Hhlo 126 41.817

@ in million Cubic¢ feet per square mile ol the catchment arca

**% monsoon ratnfall-inches



Attachment II-4

ESTIMATED AND ACTUAL WATERSHED YIELDS

Year Design Actual Variation
(MCUM) (MCUM) (%)

Dhuwadhar (Mandla District, Agro-climatic 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 10.8C - 34,31
76-177 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 = Aproclimatic Zoie No. 5(b)

7L-72 8.81 7.66 - 13.03
72-73 L.94 4,07 +209.00
73-74 16.27 18.64 + 14.57
74-75 2011 1.74 + 17.41
75-76 5.06 4,23 - 16.40
76-77 15.61 19.85 + 27.15
77-78 5.53 h.74 - 14.35
78-79 155 34,88 +239.60
79-89 5,717 7.94 + 37.50

80-81 4,58 5.25 + 14,71




Attachment I[I-5

SALIENT FEATURES OF MISs STUDIED

l. 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 -
€. Water measurement - - -
f. Escapes - 2 -
8. Density of canal system 14 27 i6
(m/ha)
9. Length of water courses - 23 -
(km)
10, Outlet duty (ha/cusec) 32 40 49
Il Type of dam zonal homogenous zonal
12. Top width {(m) 4,27 3.66 3.66
13. Slide slopes U/S 21 2:1 2:1
D/8 2:1 RED 2:1
14, Maximum height () 19.3 18.08 17.4
15, Free board (m) 1.8 1.5 1.8
16, Number ot days in which
the spillway has tunctioned
Year 1968 - 11 -
1969 - 38 -
1970 ‘ - 22 NA
1971 - 2 NA
1972 - 2 -
1973 22 46 NA
1974 18 - -
1975 39 - -
1976 - - 26
1977 43 3l -
1978 3l 27 49
19749 - - NA
1980 50 - -

1981 25 - 55



Attachment II-6

DESIGNED AND ACLUAL CROPPED AREA

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

Designed Actual

Cropping pattern Crupping paltern.

Kharif: Nil. (Average of five years from
1975-76 to 1979-80)

Rabi: 1658 ha. (ord.wheat) Kharif: 100 ha,
Rabi 302 ha.
Perennial; 6 ha.
Total: 408 ha.

Dhuwadhar (Mandla District - Agroclimatic Zone No.?2)

Designed Actual
Cropping pattern Cropping pattern
Kharif: 1190 ha. (Average of five years from
Rabi: 202 ha, 1976-77 to 1980-81)
Kharit: 1085 ha.
Total: 1392 ha. Rabi: 305 ha.

YVﬂLﬁu.

Dhukrikheda (Hoshangabad District Agroclimatic zone No.3

Designed Actual

Cropping pattern Cropping pattern

Fharit: Nit, (Average of five years from
1976-7/ to 1980-81)

Rabi: 2672 ha. (ord.wheat) Kharit: Ni].
Ord. Wheat: 393 ha.
Hyv. wheat: 511 ha.
Pulses: 180 ha.
Gram: 595 ha.
Other Crops: 18 ha.

Total: 1A97 ha.



Attachment [1-7

MADHYA PRADESH MINOR I1RRIGATION SCHEME

A. Maximum Efficiencies to be used in Project Planning
until infiltration test results are available.

Kharif Crops* Rabi Crops¥*
Loss Efficiency Loss Efficiency
% %
l. Conveyance ftrom dam to
8 ha. Government outlet 10%%* 90 10 90
2. Operational losses LS 85 10 90
3. Field channel losses 10 90 L0 90
4. Field application
losses 20 Bk 20 80
Overall Efficiency 55 58

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

Rates

l. iand preparation (paddy) 150 mm

2. Transplant (paddy) 125 mm

3. Pre-Sowing tO0 wm forv kharif plantings,
60-65mm for follow~up rabi
planting

4. Percolation 2-4 wm/day (paddy)

% assumes hasin ircigation

** o assumes losses of 3 cngecs/M sq. ft. (50 percont of length

tined)

Rk g field appitcation efficiency ot 85 per-cent could be obtailned
where hish-yielding rice varietiee are 2rown in well-levelled
paddy fields.


http:perce,.nt

Attachment~II-8

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 sutficiently accurate
to give a reasonable hydraulic conductivity when applied to
field problems.

The test pit can be of three different shapes: (1) a
circular test pit of diameter, a (2) a square test pit with
side dimensions of a, and (3) a rectangular test pit with side
dimensions a by 2a,

The test should be conducted in only textural classi~
fication such as a cobbly, course gravelly or loamy sand. A
backhoe, power auger, or hand tools can he used tec excavate
down to the test zone. The test pit is then carefully
excavated to the desired shape and depth by hand. Larger sizes
can be used, but the larger the pit, the more water required,
Small cavities left when cobbles are removed or a few small
cobbles sticking out into the test Pit or in the 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, silt
loams and very tine sands tend to slough into the pit when
saturated. For these conditions, the pit should be filled with
a clean (washed) fine gravel before water is applied.

b) Procedure - After the test pit has been excavated and, if
required, backfilled with tine gravel, it is filled to a pre-
determined depth with ciean water. All water entering the pit
should be filtered to remove the suspended silts and clays,
The depth of water in the hole can be maintained by using by~
pass hoses and a large carburctor for the finer regulation to
keep the water depth reasonably constant. The carburetor can
be installed by placing it in a pertorated tincan located in
the middle of the test pit. This test normally takes only a
short time to run, so the watoer depth in the pit can be main-
tained by hand if a carburetor is not available. A clear
plastic cover gshould be placed over the pit to keep material
from blowing in.



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

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 dimensionsn dimensions

D/a a a4 . a a . 2a

l. 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 computation sheet is shown on figure 1.
Sufficient time must elapse after filling the test pit and
before taking measurements Lo permit  establishment  of a
relatively steady state ot tlow. A comparison of values of C
obtained by an clectric anoloy study with K vaiues determined
analytically showed the anoloy values to be about 30 percent

lower at 4 ratio of D/a = 3 and about 0 percent lower at a
ratio of D/a = 10 than the analylical study. Whenever pussible,

the test pit method should be checked against some other method
ot determining hydraulic conductivity,



FIGURE - 1

‘Location

Observers Date

Texture of text zone 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
N800 N810 L0 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
03830 0840 10 4,20 8.36 0.416 43.4
084cC 0850 10 8,36 12.51 0.415 43,2

Calculations: K = 1440 Q
CabD

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

From Drainage Manual, U.S. Bureau of Reclamation, 1978,
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nutrient tons each year. The AD has developed a systematic plan and
program for providing soil testing scervices. At prescnt, the State
has 25 soil testing laboratorice, one each in 25 of the 45 districts
in the State (see Attacnment 111-6), Each soil testing laboratory
has the capacity of testing 8OO0 soil samples per year, It is also
proposed by the AD to have a central control soil testing laboratory
At the State level. The central laboratory will spot-check the
accuracy of analyses being done at the various testing centers,
provide dissemination of information, and provide training to the
district wunits. Althousrh the ostimated cost of establighing the
central laboratory has »seen included in the project budgets its
feasibility will have to be determined jointly by GOMP and USAID
before expenditures are authorized,

To provide adequate «oi] testing facilitiecs for the MISs within
the Narmada Basin being tunded under this project, one addit.onal
soil testing unit will he established at Kharpone. The cost of
required imported laboratory equipment will be provided under the
grant funding component ot this project and the locally procured
laboratory vcquipment will be cligible ior reimbursement under the
loan portion of this preject. The sanction and positioning of the
staff of these units and the setting up of the laboratory should
adequately serve the noeds of the MISs proposcd under the project.

Training programs will bo developed as required for the so0il
survey and testing statf and associated costs will be financed under

the grant component of the prodect

2. fgricu‘ggjﬂl_ﬁ{;gpiigq

The existing agricultural fXtension organization is the res-
ponsibility ot the Extension Wing of the AD.  The extension program
provides for one Apricultural Fxtension Oftficer (AEO) and 10 Village
Agricultural Extension Ofiierrg (VAEO) per block, regardless of the
number of farmers, the aroa vovered, or whether the land is irri-
gated or rainfed. (see Attachment I=2 of Chapter 1), In addition
to guiding the farmers .o fmproved  apriealtoed techuology, the
statt has additional responsibility for cellecting crop data and
arranging the supply of regutired inputs, [t has been observed that
the effectiveness of rhe wxbension service to provide proper guid~-
ance  to  the tarmers under this get ot responsibilities s very
Limited.

Agricultural extension services have  hoen reorganized in the
districtsy covuriny the Nermada Basin through the currently operat-
lonal Phase 11 “/”Mudhyu Pradesh Apgricultural Extension Project"
financed by the World Pank  Credit No.o  1138-1y, The  total re-
organization has beoey phased over g fives-year period trom 1980 with
a World Bank contrihation of 3979 willion to cover 30 ot the 45
districts of Madhva Pradegh. Tue other 1Y districtn were scieccted
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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 Vigh-
wavidyalaya University (JNKV) at Jabalpur produces HYV breeder and
foundation seed at selectod research stations, which 1is further
multiplied on a commercial basis on the cultivator's fields, and on
farms run by the National Sceds Corporati .. and the Madhya Pradesh
State Agro-Industries Development  Corpcration farm located at
Hoshangabad within the Narmada Basin. The Madhya Pradesh State
Sceds Certification Agency certifies the seeds before their distri-
bution to the farmers. In addition, th: recently organized State
Seeds and Farm Development Corporation w.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 avail-
ability of tertilizers to farmers on a timely basis is poor. To
help overcome this problem,  GOMP proposes to subsidize transport
and storage of fertilizers with 2 provision of Rs. 22.5 million
during the Sixth Five Year Plan. Marketing of pest control chemi-
cals is handled by the Agco-Industrios Development Corporation and a
network nf licensed private dealery. During the Sixth 2lan, GOMP
proposes to subsidice (nterest rates and storage charges on agro-
chemicals, to increase the  itock of plant protection equipment held
by the Department of Agricultur~, and to increase the distribution
of plant protection cquipuent (o farmers at a subsidized cost,

Monitoring of input supplies and distribution will be carried
out by a "Monitoring and Evaluation" unit established under Phase I
of the Agricultural Extension Project being supported by the World
Bank. The Joint bDirector (Statistics) located at cthe State head-
quarters and with the a<sistance of District Anriculture Officers
will be responsible for coordinating data collection and compilation
of records on input supplicrs and distribution.

The AD will provide AID an ovauation of the effectiveness of the
fertilizer and pesticides discribution network and farmer utili-
zation after two secasons of water delivery on the first ten MISs
completed, The report  will identily constraints, 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 credit societies, State cooperative land
development banks and commercial banks.
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The cooperative credit socicties provide short and medium-term
crop loans to farmers through primary cooperative societies at an
interest rate of 12 to 12 1/2 perceat. The cooperative credit is
organized on a three~tier basis with the M.P. State cooperative bank
at the State level; 45 central cooperative banks at the district
level and 5525 primary crodit societics with 29 million members at
the village level throughout the State. About 44 percent of farmers
are cooperative members ior 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 items 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 Coouperative Land Duvelopment Bank disburses long
and medium term loans (10-15 years) to farmers and has 45 affiliated
District Land Development Banks (DLDB) with 308 branches in the
State. Loans are advanced mainly tor dugwells, tubewells, pump~ ing
equipment, land development, farm machinary and e¢stablishment of
orchards. Lending by the land development banks increased from Rs
1.25 million in 1976-77 to Rs 11, million ‘n 1978~-79,

The commercial banks have been steadily 1acreasing their lendipg
in agriculture and now have over 1200 branches in the rural and
semi-urban arcas. They have been tinancing 204 primary agricultural
cooperative societics since 1979-80 with loans amounting to Rs 1081
million.

Besides these iastitutions, there ¢ non-agricultural credit
societies, marke'ing socleties, processing and production socleties
and multipucpose societies helping the farmer families and the
weaker section ot the society io the States.

Even with all these tacilities available to the farmers, it is
anticipated that credit tor land development activities in the pro-

ject arcas may be a constraint. On other projects beiup tinanced by
AID and the World Bank, 1t has been noted that many times credit
cannot be obtalned due to {ack of proct ot clear title to the land,
poor credit rating, or lavk ol sutiicicnt GuSOly.

The AD will appoint a committec .o tvesdlegate the credit avall-
ability and acceptability in the tirst ISy to be undertaken and
provide their report with recommendations to the GOMP and AILD,

5. Marketing

Marketing of agricultural produce is less developed in MJoP. than
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1/ World Bank Report No. 13260-IN, SAR, MP MIP, February, 1982,
Chapter II1.

2/ Commonly referred to as black cotton soils and classified as
Vertisols according to the 7th approximation system of soil classi-~

tication.

3/ Katti, R.K., E.S. Bhangale, V.V. Kulkarni, and D.G. Divashikar"
Sheer Strength Bevelopment in Expansive Black Cotton Soil Media With
or Without 1 Cohosuive Non-Swelling Soil Surcharge.  Application to
Stabililty of Canals in Cul and - Embankment<,"  Central Board of
Irvigation and Power, Technical Report No. 20 New Delhi, March,
1980).

4/ World Bark Appraisal Report of the "Madhya Pradesh Agricultural
Extension Project - Phase 11", Credit No. L138-1IN, Directorate of
Agriculture, 'adhya Pradesh, Bhopal,
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Attachment I1II 2

Existing Crops and Cropping System in Narmada Basin

Uruer Middle Lower
Narmada Basin Narmada Basin Narwmada Basin
Annual Rainfall 1524-1270 1270-890 wm 890-610 mm
Crops Cropping pattern expressed as percent of net cropped area
Rabi
Wheat 26 39 6
Barley 3 - -
Gram 10 16 2
Rabi pulses 5 8 -
Rape /Mustard 2 - -
Lingseed 7 4 1
Fodder 1 10 -
Vegetables 1 -
Sub-Total 55 77 9
Kharif
Paddy 29 2 5
Jowar (Sorghum) 4 11 24
Maize (Corn) 3 2 4
Bajra (Pearl Millet) - - 3
Minor Millet 18 1 2
Pulses 4 18
Groundnut - 1 11
Sesane 2 1 -
Cotton - l 9
Sub-"otal 61 23 76
Miacellancous Niger 3 1 -
Spicrs - 1 »
Othetr Crops - - 2
Sub-Total 3 2 2

Toctal 119 _102 87




Attachment III-3

Area Under Irrigated Crops in Narmada Basin

Season/ Upper Middle Lower
Crop Narmada Basin Narmada Basin Narmada Basin
Area Irr. Area Cr. Area Irr. Areca Cr. Area Irr. Area Cr.

(Area in 000 na.)

Rabi
Wheat 85 850 107 1189 50 62
Barley 3 100 - - - -
Gram 2 200 14 108 5 19
Linseed - - 1 100 - -
Vegetables 6 28 6 46 9 20
Fodder - - - - N 25
96 1187 128 14473 65 126
Kharif
Paddy 37 925 14 63 - -
Cotton - - 1 50 29 414
37 925 15 113 29 414
Miscellaneous
Sugarcane 2 _2 A3 14 6 6
2 2 13 14 6 6
TOTAL 135 2105 156 1570 'n0 546
Percent irrigated 6.4 9.9 18.3

Total irrigated (lrr.) area 391,000 ha.
Total Cropped (Cr.) area 4,022,000 ha,
Percent Irvivated 9,26



Attachment

III-4

Crop Yields in Narmanda Basin

(Kgs/ha.) 1979-80

Crop B3R LW M1 ¢ oM g
All India

Average 926 1082 164 14137 412 688 797 970 480
M.P.Average 406 403 112 728 250 512 230 726 425
Upper Basin

Mandla 293 273 100 429 115 395 438 905 387
Middie Basin

Jabalpur 351 213 74 185 51 132 222 472 303
Narsinghpur 337 219 99 568 200 560 434 659 509
Hoshangabad 768 3172 130 935 3490 961 655 792 432
Ra1sin 802 256 14 768 203 1168 706 1131 641
Aver, ue 577 265 127 64 2l 155 504 764 484
Lower #asin B

Khandwa 750 431 131 ab7 500) 520) 588 1236 574
Dewis 793 287 247 741 les Y6nH3 949 730 539
Khargone 667 261 152 1373 3600 348 Hh26 717, 48>
Dhar 821 242 212 L84 5(.0 435 593 86 . 357
Jnabua 55 125 211 1220 31 592 413 ta2 44
Average 717269 191 1058 343 565 626 8l 488
Valley

Aver.age 628 268 154 438 273 624 5% 786 449
B - Barley, R - Rice, L - Linsced, W-Wheat, R/M - Rape Mustard,
J-Jowar, G~ Groundnut, M - Maize, G-Gram.



Attachment III-5

SOIL SURVEY UNITS - PARTIES IN MADHYA PRADESH

S.No. Name of Soil Survev Unit and Location Year No. of Units
1. M.P. State Detailed Soil Survey

Scheme, Adhartal (Jabalpur) 1964 6%
2. Powerkheda - (Dist. Hoshangabad) 1970 6%
3. Indore 1977-78 4
4, Bilaspur 1977-78 4
5. Rewa 1977-178 4
. Nowgaon (Dist, Chhattaspur) 1977-78 4
7. Sagar 1977-78 4
8. Khandwa 1977-78 4
9. Gwalior 1979-80 4

40

*Located in Narmada Basin



Attachment I11-6

LOCATION OF SOIL TESTING LABOlRATORAIES

S.No. District Control

i. PowerKheda, Dist. Hoshangabad* AD

2. Ujjaein AD

3. Ujjain (wmobile) AD

4. Nowgaon, Dist. Chhattarpur AD

5. Nowgaon (mobile) AD

6. Morena AD

7. Bilaspur AD

8. Rewa AD

9. Bhopal AD

10. Sagar AD

| Raipur AD

12, Dhar* AD

13. Balaghat AD

14. Sehore AD

15. Rajnandgaon AD

16. Mandsaur AD-IDA Extn. Pro
17. Khandwa* AD "
18. Chhindwira AD "
19. Narsionghpur* AD "

20, Bhind (mobile) AD "

21, Satna (mobile) AD "
2. Jhabua (mobile)* AD "

23, Jabalnur* AD "
24, Indore JNKV

25. Gwalior JNKV

*/Located in Narmada Basin



Attachment III-7

M.P. AGRICULTURAL EX1ENSION PROJECT

The proposed intensive agriculture extension and research
project seeks to achieve «irly and sustained increase {n agriculture
production through the reorganisation ang strengti.ning of the
extension service of the department of Agviculture. This project
would support the recrganization by:

l. Comsclidating staff from the specital crop schemes into a
single wunified <ervice and strengthening  the linkage
between ~ziicultural research and extenzion.

2, Establishing a siugle line f command between full time
rural agriculture development officers aud extension rural
headquarters,

3. Incorporating regular inservice training as an integral
part of extension activities.

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

5. Strengthening of extension training centers.

6. Develuping regular monitoring and evaluation procedure.

7. Providing additional «tatt operaing  expenses, equipment

vehicles, training facilities, housing and office buildings
required to impiement these reforms.
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CHAPTER |V

SOCTAL SOUNDNESS ANALYSES

A. Socio-Economic Setting

1. Population Charateristics

Madhya Pradesh, with an area of 44.3 million ha, is the largest
State of India. Its population of 52.1 million (1981 Census) is

growing at a rate of about 2.5 percent per annum - a rate slightly
higher than the national average. The dverage population density 1is
about 118 persons per square kiloweter - lower than the national

average of 167. Tne pupulation is predominantly rural (84 percent),
with a high percentage of scheduled castes and tribes (33.2 percent).

In a state with such a large area, dewmographic conditions vary
from region to region. What little information is available suggests
that Narmada Basin, where this project will be located, has an annual
growth rate of population ol about three percent (higher than the
State average) and a higher proportion ol tribal and scheduled castes
(35.9 percent).

2. Agro-Economic Enviromnment and Rural Incomes

Although the averaye state-wide rarntall 1s relatively high,

there dre marked veir-to-year and tepgion-tu icEion variations. It
varies from less than 800 mn in the west and onorthwest to over 1660
mm ia the northeast and southwest. In the Narwada Basin, rainfall

ranges  from  about  A00 wmm in Koarepooe District to 1600 mm 1in
Hoshaagabad.

Given this wvariation in ratntall, Jlrrigation 1s a critical

factor influcacing cropping  nteasity,  However, the proportion of
irrigated land to net arca sowa 1s only about 1l.o percent (compared
to tne all-India averave ot 24.8 perveent  in 1979-80). In the

districts in Narmada kasin, ohe proportion varies trom 1.4 to about
14 percent.  The ceopping Intensity lor tae State as o whole 1s 113
percent, while that in the districts wucladed 1o Narmada Basia varies
from 105 to 112 percent.

Although thy  agticultural sector doasinates the Stale economy,
agpregate tooderains culpat has wrown at the rulul/ o1 1.9 percent
per danum only beiweea L9b7-6o and 1Y78-79 = a period which witnessed
rapid increase in India's toodgrain production as a ¢onsequence of

1/ Growth rates 1n this parayraph are derived rrom exponential trends

fitted through least squire regression,
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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 yiclds in the Narmada
Basin do not differ significantly 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 originating in agriculture and allied acti-
vities between 1970-71 aad 1J77-78. With 76 percent of the workers
(1981 census) being in agriculture, the percentage of rural
population living below the poverty line (US$80) is high - about 66
percent in a normal year.

3. Land Tenure and Farm Size

Before the resrganization ot 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 o»rovisions of this amended Act, a land-
owner can retain up to 7.2 ha ol pereanially irrigated land; if the

tand ig whelly rainfed, the ceoiling level 15 aSout 22 ha.

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

Size (hectares) Cumulative Percentage of
Operatioval Farms Operated Area
Less than 0.5 19.6 1.3
0.% - 1.0 32.5 4,0
1.0 - 2.0 50.6 11.4
2.0 - 3,0 H3.7? 20.0
1.0 - 4.0 71,5 28,0
4.0 - 5,0 78.0 36.1
5.0 -10.0 Y2.4 64.1]
10.0-20.0 98.4 BG4
20.0-30,0 99.5 93.4
30.6-40.0 Y9.8 96.1
40,0-50.0 99.9 97.4
50.0 and above 100.0 {00.0

However, a slight reduction in disparities seems to have
occured between 1970-71 and 1976-77 . The distributions of farms
and operated area o Narmada Basin are not vasentially different
from those ftor the State, although in tetms of  he concentration
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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 selected arcas of concern that were
identified as having the potential lor odverse environmental conse-
quences. The areas of concern were identified by a scoping committee
and documented in a Scoping Statement (Attachment V-1) that was
approved by AID/Washington (Attachment V-2). The Scoping Statement
ldentifies arecas needing further analysis as well as those that do
not. 1t is consistent with the new envivonmental regulations which
generallyv require environmental assessments of all surface irrigation
projects.

The areas identitied for further study were based on a compre-
hensive review of the three AlD financed FAs of the Gujarat and
Rajasthan Medium Irrigation and Maharashtra Irrigation Technology and
Management Projects.  The EAs for these thiree projects concluded that
en the whole they would not have any adverse impact on the environ-
ment .

In additiou to the Cujarat, Rajasthan and Maharashtra EAs, dis-
cussions with officials at the World Bink and Ford Foundation offices
in New Delhi as well as with Madhya Pradesh poveramenrs officials
aided in the tinal selection of eavirommental issues to be studied
fecr the Madhya Pradesh Minor Irrigation Scheme, These discussions
were further supplemcorea Ly observiations made during site visits by
USAID staff during the PID preparation.

The  resuits  of  the enviromweatal  assessment  have been 1n-
corporated in Chapter 1 and 11! of this Volume of the project
paper.  The section  bhelow provide o sumnasry discussions of the con--
clusions reached on each of the issues tdentified for study,

3. Conclusions

Based on the analyvses ot the issues ficted below and the recom-
mended measures ror mintaiziog their amp:ct on the cuvirvament, the
projuct will nut have a signficant adverse lwpact on the eavironmwent.

1. Land Cupabii .ty aud bue of Vertisals

There could be w0 signiiicant swpact on land use  oud -ropping
patterns on vertisnis becadse af e i Lpecial physical conuaracter-
istics when subjected (o moisture. Yariers often avoid cutbiveting

kharif crops because tillage is diftienlt CArLOE monsoon, temporary
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flooding teduces crop yields, rainfall ig uncertain, and under rain-
fed conditions the farmers beljcve that sufficient moisture reserves
would not be available for the rabi crop. However, with assured
irrigation under controlled conditions such as that contemplated
under this project, farmers will be ¢ucouraged 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-monsoon sowing. The constraints of temporary
flooding due to excessive monsoon raing will also be removed by
providing surface drainage system under the project. For a more
detailed discussion of the isgues related to vertisols, see Chapter
I1I, Section B,

2. Waterlogging, Salinity and Alkalinity

On the minor irrigation schemes presently in operation, the
potential for the development 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 normaliy not provided
with watercourses or field channels. As such there is a continuous
tlow of water at the 40 ha outlet and the farmers revert to farm to
farm irvrigation which results in significant seepage and deep per-
colation losses. In addition, as no soil surveys or detailed topo-
graphic surveys are made in the proposed project areas, the need of
drainage is not apparent to control water levels or control salinity
and alkalinity, In addition, no drainage facilities have been
provided to remove exXcesy surtace water.,

Under this AID support.d project, several measures will be taken
that will mitigate the incidence and impact of waterlogging, salinity
and clkelinity. They include detailed topopraphic surveys to be
utilized in the layout and construction of a highly controlled sur-
toce irrigation system down te the farmgate to winimize delivery
losses and to lay out a surface drainage network to remove excess
rainfall based on a five-year trequency interval. As the system will
deliver water to the tarmgate, farm to farm irrigation practices will
be eliminated thus reducing surface ponding and deep percolation
losses. In addition, detailed soil surveys and systematic soil and
water testing will be carried out on cach  project to identify
potential problem areas so that necessary action can be taken. Each
project will have a groundwater development plan to balance the
anticipated recharge from the irrigation system and the expected
rainfall in the area. It js anticipated that under a well designed
and operated system approximately 20 to 30 percent of the total
delivered surface water supplies will enter the groundwater table,



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 vrecharge by irrigating hot
weather crops or for supplementing the rabi Crop requirements.
Additional details are provided in Chapter TIII, Section D.l and
Chapter 1I, Section E.8 9 and 10.

3. Conjunctive Use of Groundwater

The project proposes the introduction of proundwater irrigation
in subproject command areas whercver favorable aquifers are avail-
able. Groundwater use will add to the cropping potential that can be
realized from irrigation sources within the command areas of sur-
face irrigation systems. Groundwater levels in such areas are
augmented by the deep percolation process traceable to reservoirs,
canals, and irrigated fields. The use of groundwater to balance the
recharge will aid in mitigating any anticipated waterlogging
problems. See Chapter 11, Section E.10 for further discussions of
the groundwater developmeat program,

4. Water Losses and Canal Operations

0f special concern in the proposed irrigation systems is the
problem of the distribution (canals) system,  seepage losser  and
alternative measures to control them in the interest of attaining
economic and environmental objectives., Canal lining is generaily
acknowledged as an acceptable tecanical solucion in reducing seepage
loss rates which [z turn can micigate the problem of waterlogging.
However, lining in wvertisols or bluck cotton soils sreas  poses a
special problew as canals rend oot to ma:atain Lheir original shape
over time. In light of these provleins, rather than line all canals,
field tests will be made to Jetermine svepage lost races along the
propuged canal aligament. The Jdata collecrod will serve as the hasis
for deciding where in the svaiem lintag is  technically, econo-
mically and eovironmentally teasible, Operation procedures can also
lead to signiticant systen witer lo.scs. To reduce these losses,
structural as well as maadpement weasure: will be undertaken. The
sy tem will be designod with positlive coanleol structures to properly
regulate flows withour significant loseos, In addition, aanagement
work=hops will be provided to dam and  canal operators Lo lmprove
their effectivencss. see Chapter 11, sccrion E.81. for a nore
detailed discussion of lining procedurcs.



Attachment V-]

SCOPING STATEMENT

ENVIRONMENTAL ASSESSMENT

MADHYA PRADESH MINOR IRRIGATION SCHEME (MISl

I. Introduction

A, Background

USAID/New Delhi prepared a PID on May 14, 1981 for this
project to be located in Madhya Pradesh State. An Environmental
Assessment (EA) is required of irrigation or water management pro-
Jects as stated in AID's caviroamental regulations 22 CFR 216.3 (3)
d.  Accordingly, a scoping statement congistent with the procedures
outlined in 22 CFR 2]6.3 (a) (4) has been prepared as provided below.

B. Scoping Process

The Scoping Statement foc Che dadhya Pradesh (M.P.) Minor
Irrigation scheme was preparoed using the Maharashtra Medium Irrigat-
ion Scoping Statement as . potat of ceference.  That st .tement was
prepared wusing the findiags of the AID financed Favironmental
Assessments of the Gujarat and Rajasthan Medium irrigation programs
as well as the conclusions preseated {uy USAID's Maharashtra Medium
[rrigation Scoping Statement. A BCoping committee constituted to
complete this effort reviewed “hese docuncnts and determined that
their findings and conclusions were relevant  in preparaing  the
statement for the M.P. project. This wis possible in the com-
mittee's judgement as medium aond minor systems are similar in their
project objectives and the technical stratepies they employ in mini-
mizing surtace water potential tor irrigation. The obscerved dif-
ferences between hoth type, of Systems relate primarily to the size
of individual medium and minor irrigation projects. i/ Therefore,
1t was in the Committeo's view (soo Attachment 1 for & list of
members) that the euviro, seatal issucs aod analytical requirements
for medium projects are essentially the same for minor systems,
Thus, the statement preseated below retlects the same basic sub-
stance as  the Maharashtra Scoping Stalewent based on (a) field
observations ot proposed aubprojecta  sites preparatury  to  PID
development; and (b) aiscussions by HSAID/Tudia otlicials

1/ Medium irrigation pProjects are currently defined as vncompassing
irrigable arcas of 2000 to 10,000 hectares, whereas minor irrigation
projects cover arcas upto 2,000 hectares.



with the officials of the dadhya Pradesh (M.P.) TIrrigation Depart-
went. As a result of these ufforty, cnvironmental consequences
having greatest potential Yor adverse impacts were identified for
further examination as listed in Section LI below. Environmental
consciuences of minor significance not requiring any further
detailed analysis or study have also been identitied and are
presented in Sectiun III below.

II. Adverse Impacts

A. Land Resources

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

These soils are very .susceptible to swelling and shrinkage
under wetting and drying and are generally quite imperme.ble and un-
stable when 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 surlace irrigation in Madhya Pradesh
suffer from waterlogging, salinity and alkalinity due to poor drain-
age. During project design, the procedures and standardg being
adopted in Madhya Pradesh and their adequacy for control of the
above will be examined in depth.

B. Water Resources

L. Conjunctive Use of Groundwater

Under prevalent geological conditions in Madhya Pradesh
groundwater recharge from monsoon rains and river discharge is small
and is substantially increased when surface irrigation is provided.
Thus, both conjunctive use and conjunctive supply have possibilities
and will have implications for waterlogging control and also for

increasing multi-scasonal land use.

2. WNater Losses
A related issue is loss of water from irrigation channels
because of seepage and operational losses. These losses may range
in the order of 40 to 60 pereent.  Impact of water losses relating
to project cconomic s, waterloggiae, sroundwater recharge and system
operation will be examined during project design.

3. Canal Operation - Instability and Erosion

Instability of canals, lined and unlined, and of small
structures in vertisol arcas may call for special engineering treat-
ment  in order to acsure cconomical  and etfective operation of
systems.,



IT1. Issues to be Eliminated from In-depth Analysiy

A. Land and Soil Resources

l. Soil Erosion in the Waturshgg

The Gujarat and Rajasthan EAs noted thut increased pressure
on the watershed could result from construction activities. Control
of human intervention and afforestation of these areas were recom-
mended mitigation measures. During PP doy elopment, discussions will
be held with Madhya Pradesh forestry oificials to drtermine whether
the same problems prevail around dam sites in Madnya Pradesh and
what corrective measures are being taken as solutions.

2. Sedimentation iu Reservoirs

Madhya Pradesh has a program ot measuring time changes of
volumes of sediment in reservoirs which will lead to better quanti-
fication of this lmpact. Reservoir desipgn in  India invariably
allows for decrease in rescrvoir capacity over time by allocation of
sediment storige space in Uhe ceservoir. Although available data
concerning this aspect ot Jdosign o1 Janms Suggest that currently used
triteria are acceptable, during the course of project d:sign the
appraisal team will examine current design criteria to gee if they
adequately teke into account sedimentation deposits.

3. Construction Activitiei

USAID pre-PID iospection nf ceveral completed MIP sites in
Madhya Pradesh revealed rthat construction areas around dams dare
being planted and landscaped successfully to control soil erosion.

4. Cropping Pattern

Madhya Pradesh otticials arc aware of the potential for the

depleticn of soll uutricuts as a resolt of increased crop diversi-
fication, accordingly, agronomists take Lhis factor into account
when considering  land capabtiiity classification for Irrigation

purposes. C(Croppinp pattern and soils capadility procedures wiil be
reviewed by the appraisal teaw and ap ppropriate project crite etria, 1f
needed, identitied.

5. Bed Cultn JJllt)'!

The Gujavat FA dyscassed the oftocts of agru-chemical use
On recession cultivation of resvevoir beds and cautioned against the
use of organic tertilizer in order to avoid cutrophilcation.



B. Water Resources

l. Streamfiow Characteristics

Instalation of a resecvoir and distribution of water to irri-
gated land changes downstream flow characteristics, While total
flow ig reduced, {lood peaks and often low flows dre moderated, The
monsoon-generated smaller rivers of Madhya Pradesh where MISs (Minor
Irrigation Systems) are normally cited have similar characterigticsg
to those of Gujarat and Rajasthan so similar modifications can be
expected. Reservoir operation studies required for each qualifying
MIS wunder the project will reveal most of the Jownstream flow
effects,

2. Floods

Reservoirs reduce flood peaks and consequent damage
levels., 1If dams fail, flood peaks are greatly increased, thus the
main consideration is dam safety. In practice, design for dam
safety is site specific. The Central Water Commission and State
officials are highly aware of the need tor safe dam design criteria
and utilize the most advanced  techniques for guarding against
failure.

3. Water Quality

The Gujarat FA identified the spectrum of considerations in
assessing the effect of M[Ps on water quality and of water quality
upon agriculture. The Rajasthan MIP stressed the need for quality
measurements ol oriver water supplies, Stundards  for irrigation
water quality are well developed and  used worldwide, Pre-PID
discussions with “adhva Pradesh officials revealed that these are
made  routinely and mounttored by satistactory laboratory analysig,
The project design team wil] oxamine water quality criteria for
Madhva Pradesh MISs anrl aake appropriate recomaendations  where
required.

4, Qigiunge

The potential for poor or inadequate dratnage will be miti-
gated by the uge of drainage criteria for MISs, The adequacy of
such ~riteria will be examined during the course of PP development
and .ecommendations made 1Y necegsary.

C. Health

l. Agro~Chemicalsg

 ———— e

Both the Rajasthan and Gujarat FAs examined the impact of
pesticides. The latter stited that the problem of pesticide conta-
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mination is '"not serious at all". This conclusion can be extra-
polated to Madhya Pradesh since pesticide use is associated with
intensity of cropping. Data for pesticide use by states is not
available; however, the following shows comparisons between the four

states:

Madhya
Maharashra Gujarat Rajasthan 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
1. Percent of

cropped area

irrigated 9.8 14,7 16.8 8

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

2. MWater-borne Discases

The effects of drrigation on incidence of water-borne
diseases such as malaria, schistosomiasis and toxicity hazard were
examined by the Gujarat and Rajasthan Edu. The Rajasthan EA com-
pared geographical incidence of water-borne discascs by district to
irrigation and concluded thar some positive relationships exist but
no rigorous statistical analysis was possible. Further, the rela-
tionship was not evideat for tvphoid, paratyphoia or other salmo-
nella infections.  With regard to walaria, peographical incidence
was higher than norma! in several districts with irrigation and high
rainfall, but was also higher ‘n three districts which have neither
irrigation nor high rainfall.

With regard to schistosomiasis ounly one outbrecak has been
reported in India in Ratnagiri District. Sustained constant wacter
levels needed tor snar. vector population is quite limited in MILS
reservoirs and canals bocaase they operate intermittently.

D. Biological Kesources

l. Figsherivs

The impact of reservoirs on mixratory river fishes on the
emphemeral rivers of the states was exnlored by the Gujarat and



Rajasthan EAs which alun reported the offsetting benefits of devel-
opment of reservoir fisheries. Madhya Pradesh MISs impound small
rivers, all depending on monsoou rain with consequent dry or minimal
Flows during most ot the year. 1lhese rivers Jdre not very productive
fisheries howcver opportunities for development of reservoir fish-
eries can be expected in Madnya Pradesh,

2. Flora

The Gujarat and Rajasthan EAs discussed the impact of devel-
opment on native flora, which will reduce as agricultural cultivation
becomes more intensive. Conceilvably, large major irrigation projects
could have a significant adverse effect on specizlized species but
this would not apply to scattered MISs with areas averaging less than
1000 hectares each. Increased water supply around reservoir area and
in irrigation commands will have a beneficial effece,

3. Fauna

A generally very positive effect on fauna, especially wild
fowl was reported by the Cujarat EA.  The Rajasthan EA pointed tc a
decrease in the population of targer predators and game animals but
attributed this primarily to increased hunting pressure which is only
very indirecty linked to MIP development. 1t will be confirmed during
the project design that the national park and six wildlife preserves
in Madhya Pradesh will not he cncroached upon by the MISs.

4. Livestock Diseages

Both Gujarat aad Rajashtan FEAs point to a possible rise in
transmission ot certain animal diseases due to grazing in waterlogged
or continuously noist areas. Waterlogping will be minimized by MIS
design in Madhya Pradesh.  See Section LI.2 above,

IV, Timing and Decision Making

A project preparation team is tentatively scheduled to conduct
project feasibility studics und appraisal during the fall of 1981 or
the first two months of 1982 for period of wix to cight weeks. As
indicated in the scopes of worx, the terms of reference will encom-
pass the environmental issues to be examined jn detail. Based on the
team's report, USAID/lndia will prepare . PP odetailing findings and
include project recommendationg. USAID/India will provide sufficient
time cor ¢ny further review and analysis prior to project approval.

V. Analysis, Methods and Staffiug

1. ﬁgthodulg&x

The project design team and scopes of work will focus on the



issues identified in Part Il of this chapter as part of overall
project appraisal efforts. In is anticipated that sufficienc data are
available with the Madhye Pradesh Irrigation Department that will
permit analysis of the environmental issues and cnable recommendations
to be made. Data collection and analysis will . € rth..- supplemented
by site visits to selected project arcas, pluaned 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 isgsues delineated above. Team members
will include: (a) an irrigition water management engineer experienced
1n groundwater and surface hydrology, water wmanagement, (b) an agrono-
mist/soil scientist, (c) an cconomist and (d) two specialists for
design of field studies. This team will be supplemented by USAID
staltf experienced in related disciplines.

3. Format

USAID envisions a concise statement ol its review of the key
environmental issues to be incorporatd in the text of the Technical
Section of the Project Paper. The statement witl present: (a) ma jor
conclusions concerning the is.ucs examined, (b) degcription of the
affected environment, (c¢) deseription of environmental consequences
and corrective measures to be taken, and {(d) a description of prcject
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
June 17, 1982

Subject: Scoping Statement for Madhya Pradesh Minor Irrigation
Scheme (MIS)

ASTA/TR/EGE (M. PHILLEY) HAS REVIEWED ANJ APPROVES SUBJECT SCOPING
STATEMENT. WRITTEN COMMENTS BEINC POUCHED 0 MISSION, IF FUNDS
PERMIT, PHILLEY WILL TRAVEL 10U COLOMEO ‘NOJULY TO REVIEW MAHAWELI
ENVIRONMENT PROJECT AND COULD EASILY STOPOVER IN NEW DELHI FOR FEW
DAYS IF MISSION CONCURS AND IS ABLE 1O COVEK PER DIEM. TIMING WOULD
LIKELY BE EARLY AUGUST. PLEASE ADVISE. HATG,

UNCLASSIFIED.
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(which ts seldom collected), water taxes and irrigation cess minus
annual O0&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 Analysis

a. General

The analysis used in this paper differs from the GOMP proce-
dures in many respects. Using ccovnomic rather than financial prices
the Economic Rate of Return (ERR) was calculated [{ar each of the
study subprojects. Only direct benefits, the cconomic value of the
incremental ("With Project"(W/P) minus '"Without Project" (WO/P) net
farm income excluding transter payments such as tixes and water
charges) after deduction of "operation and maintenauce" (0&M) costs
were included in the benefit stream. Costs included the costs of
capital investments necessary to achieve the increased income, such
as irrigation works and distribution svstem, drainage and land
development costs, regardless of whether publicly or privately
financed. Total investment cost <included capital costs of land
acquisition for reservoirs and canal rights-of-way. No deductions
were made for loss of income on these lands.

The AID analysis wutilized World Bank projected 1990 world
economic prices expressed in 1980/81 price level and "backed" to the
farm gater/. These were used by World Bank to develop crop budgets
ter different agro-climatic zones in Madhya Pradesh for analysis of
the IDA financed Madhya Pradesh Medium [rrigation Project. World
Bank crop budgets priced the opportunity cost of labor at Rs 2.1 - Rs
2.7/dav depending nnon conlitions in agro-climatic zones. For AID's
analysis, labor costs were adjusted to Rs 2.8/day. All labor,
whether farm family supplicd or hired, was included as a cost,
Similar adjustments were made to financial costs for construction.
For this purpose, the World Bank's Construction Cost Fa:tor (CCF) for
Madhya Pradesh was atilized, atter andjusting {or an unskilled labor
component ot 60 percent instead of 5% perce.t as assumed by World
Bank. The adjusted CCF was taken to bSo 74 pereent of financial
costs.  The wuse of CCF, which takes {nto account the international
prices of traded items and the oprortunity costs of unskilled labor
enables the computed ERR to properly measure the economic costs and
returng to a capital project; it also favors use of underemployed
labor 1n subproject selection.

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

1/ The World Bank, india, Staff Appraisal Report, Madhya Pradesh

[

Medium Irrigation Project, Vol. l, December 5, 1980.
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below the outlet und up to 2 hectares level were also included 1in
the capital costs. GOMP/AD and ID will develop cost information and
methodology tor estimating land development costs on individual
subprojects. Until such time as these are available and agreed to,
the costs of on Tlarm development shall be taken at Rs 2600/ha. In
this analysis, costs of land development on individual farms were
applied to 50 per cont of CCA.  Anaual O8M costs were taken to be
Rs. 50/ha; 0&M costs for land development were ostimated 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 1980/8] 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 Poriod

[t takes time to place the additional srea under irrigation and
to introduce new lrrigated apricultural teennology.  Hence, transi-~
tion estimates are needed from the "Prescat' case to the WO/P and
W/P cases. A review of developaent experieace revealed that there
were always shoctfalls in achieving designed area.  Careful examin-
ation ot the evidence indicated that in minor irrigation projects,
the area ultimacely 1ovigated could be reached in four YUATS .,

For the "With Projecd” (W/P) case, . four-year lincar areal
transition was assumed.  Stadv of the productivity of present irri-
gation compared ta projected productivity as measured by the etfect
on net W/P returas suepested o apriculitoral technolopy traasitioa
beginning at 0.5 levei.  an cight=year liacar transition period was
assumed, and (his Lransition was appiied svecessively Lo cach incre-
mental area bLrought uander irvieation. lo reduce calculations, a
combined transition obtained by wultipiving area and technology
transitiors for vcach successive dncremcnial area and  summiag for
each year was applied to W/P net return (Toble 2). Evern 1f the gub-
projuct is not burlt, some improvemest 1 productivity and possibly
shitts In croppin’ patiera can be crpected. Accordingly an eight-
year linear transition was as acd for tansition of Nt revenuae
from the "Prescat' cane to the WO/P case.

No transttiouns were assumed tor shilt in cropping patterns for
each incremental area.  Given sabproject .o project ¢ -iteria, the
transitions ave expected to be relatively Lhort and were assumed to
be subsumed in che aveal transition.

Given  prescat  GOI/GOMP taime requirements  tor mobilizing
regources, labor and waterial, tour yedars would normally be required
for ceoustruction of major works toctuding dan aud canal systen.
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Construction of communal aond 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

l. 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 [or 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 developmeut, etc.

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

f. Transitions from present to projected areas, crepping
patterns and from present to projected ievel of agricultural techno-
logy.

From this information, future benefit and cost gtreams are
calculated. Table 3, wusing Siron) as an example, illustrates
calculations of returns per composite hectare of net CCA. Table 4
shows 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 multiplyiug by PW= (I+R)™0 where
R i1s the interest or discount rate equal to the opportunity cost of
czpital, and n is the number of years after the base year2/, and

2/ In these tabulations, the base year (the year construction
begins) 1is taken as vyear zero. Expenditure made during the base
year is not discounted.
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summing over the lifetime of the subproject. Table 5 shows a format
for this analysis. Acrually, this unalysis 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 bLconomic Rute of Return, ERR, may be
calculated graphically, or by iteration until 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 Subprojects Examined

a. Sironj

Located in agro-climatic zone 5 (See attachment 1), the average
raintall in the command 15 above 927 mm per year.  The project is
planned to cover a total culturable command area of 1647 hectares
and provide anunual drrigacion facilitics tor the net CCA of 1400
hectares. The total tinoascial cost ot counstruction of che project
Is estimated at Rs. 39.455% million Giv carrent prices) or Rs .2, 325
per liecrare. The croppioy, pattern oi the zone s primarily kharif
oricated with jowar and watee as  the wain kharif crops. Other
kharif crops are cotton, pulses, wroundnul and to a lesser extent
paddy. Wheat and grams are the main rabi crops,

b. Ranipur

The Raripur tank project cenvisdges construction of an earthen
dam near village Ranipur in Betul tehsil ot Betul district across a
nallan locally known uas ftandikol to create @& storage reservolr of
9.99 m. cum. gross capacity. Tue CCA of  the project 15 1982
hectares while the net CCA 1s 1664 hectares.  The total financial
cost of construction ot the project 1s  estimated at Rs. 40,65
million or Ry 24,429/hecrare of net CUA. The command darea comes
under agro-climatic zone 4. This sone s pruimarily kharif crop-
ping area with jowar, minor millets as wein ikhartf crops and wheat
and gram as rabil crops.  The averape rawntall 1u the command area is
1100 mm to 1300 mm. AL preseat only st percent of the drea 1s
being irrigated trom weils while 94 percent arca is rainted.

¢ Richhor Gink Peoject

The Richhatr tank project (Narsiaghpur tehsil ot Narsinghpur
district) enviiases construction of an earthen dam across 4 local
nallah, a tributary of river Nirmada, intercepting catchmont area of
12.95 sq. km. to awmpound 3,963 million cun. ot water.  The cultur-
abie command area 1s Hol hectares, the vt COA bedny 575 ha. 1ipe
total financial cost ol the project 1s estimated at Ry, 16177
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millicn or Rs 28,134/ha of net CCA. The command area of the project
falls in the agro-climatic zone 3. The averiage rainfall in the
command is about 960 mm. per anaum. The cropping pattern of the
zone 18 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 earthen
dam across nallah Paniya and Basha (a tributary of river Banjar
which i3 a tributary of Narmada) and canal system for irrigation in
the tribal belt of Mandla tehsil of Mandla district. The project is
estimated to cost Rs. 24.177 million. The culturable command area
is 1266 hectares while the net CCA is 1108 hectares. The command
area of the project falls in the agro-climatic zone 2 which is a
fairly high rainfall area - the average rvainfall being 1433 mm per
annum in the command of the project. The cropping pattern of the
command 1is dominated by paddy cultivation during kharif and wheat
during rabi. Besides maize, millets, gram and pulses are also grown
in the zone. The present cropping intensity in the command is as
high as 124 percent,

3. Economic Returans for Proposed Subprojects

A base case study was made for each of the four proposed sub-
projects using the irrigated arcas and cropping patterns given by
GOMP/ID subproject Feasibility reporty, Economic rates of return
were as follows:

Invetment Coats with CCF Ultimate Net Ret. ERR
(Rs. 000) (Rs.000/Ann. ) 4

Major Land Toral

Works Devipt. _ .
Sironj 24026 1347 25373 8946 15.6
Ranipur 28882 1601 30483 7866 11.8
Sangwa 16384 1066 17450 6657 15.2
Richhai 10922 553 11475 2311 8.4

Economic rate of return (ERR) on total capital is greater than
12 percent in the case of Sirvonj and Sangwa projects. ERR for
Ranipur project, a predominantly tribal area is slightly less than

12 percent, but greater than 10 pereent, which is the minimum rate
of  return sgtipulated for AID-f{unded prujects in predominantly
tribal, schedvied caste or drought prone areas. ERR for Richhai
project is only about 8 perceat. This is & high cost pro- ject (Rs
28,930/ha of arca irrigated) and the proposed croppiug pattern does
not seem to gencrate adequace income,

Sensitivity analysis indicated that the ERR was most asensitive

of decline in crop yields and to delays in project completion. The
results were as follows:






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, 1.c. about 4 ywears atter the completion
of the dam at a cost of Rs. 0.758 nillion. The project covered GCA
of 2199 hectares, CCA 1900 ha. while the canal system was designed to
irrigate a net CCA of 1698 hectares in rabi only. The projected
cropping pattern envisaged cultivation of wheat (local) only through
irrigation. In 19R0-81 the gross cropped arsa was reported to be
2417 hectares, while the actual irrigated arca was much smaller,
about 419 hectares only., A small area averaging less than 80
hectares has been irrigated during khari.. The average area 1irri-
gated by tank was about 400 hectares only (average for the last three
years), i.e. less than 25 percent.

2. Y:onomic Evaluation

Both WO/P and W/P returns were calculated on the basis of the
area actually irrigated; returas from rainfed land were estimated.
WO/P cropping patterns were taken to be those cstimated 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 purchagir* pewer by using a combination index of labor and
wholesale price indices of 4.32. Land development costs were not
included while 0&AM costs were estimated as for new projects as out-~
"ined earlier in this chapter. The estimated ERR was as follows:

Project ERFR
Dhuwadhar 13.1
Dhukrikheda 12.06
Kunda 4.0

The poor performance of the Kunda project is attributable to 1
number of factors, of which the technical and administrative being
the most 1important. First, poor planning and design of the
irrigation system  adversely  affected  the  system's efficiency.
Conveyance losses in  the main canals varied between 11 and 25
percent. CLanal capacity was underdesigned by about 50 percent to
meet the peak water requirement.  ‘lhese were designed on the basis of
the assumption that they would run tor 2¢ hours a day during rabi
season; since farmers were unwilling to take water during the night,
the water supply requirement of 24 hours had to be met somehow in 12
hours, with the result that fuarms in the tailend had to go without
irrigation,
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Second, the practice of leaving the construction of watercourses
to farmers led to an average densi®y ot wialercourses between 4 and 12
meters per hectare, which is tar below the optimum density of 50 to
75 m/ha. Irrigation network below the main outlet has not been
constructed as yet in Kunda. Since an adequate water distribution
network is lacking tnu project 1s technicaliy incapable of supplying
water to all farmers equitably. Without idequate iavestment in land
development, the project has tnevitably railed to irrigate the
designed area. Other techical and englucering shortcomings have been
detailed in earlier ch: ters.

Finally, Kunda's poor ccononic performance is also partly due to
an 1nordinately long construction period. In this project, the
construction of the reservoir and the main canals took about 8
years. A delay of two ycars in construction is ecquivalent to a
decline in the ERR by about 2.5 poiats. Benefils were further
reduced because the actual arcva irvigated was significantly smaller
than the designed area.

D. Summary of Analysis

The assumptions made 1n this analysis have been, on the whole,
conservative. The construction period of tour years 1s believed
realistic, but could be reduced to tnree years, given sufficient
planning and uninterrunted flow of finance. he eight-year tech-
nolovy transition period combined witi the four-vear area transition
means 13 years (16 years atter construction starts) before full
returns are realized. This couid  be Consigeranly  shortened by
further improvement ot extension work such as, pilot demonstration
farms in demonstration chaks tor whica provision has been made in
this project. The ettect woula be u sianilicant improvement in the
ERR.  Projected yiclds should be attainasle pavea these additional
efforts coupled with tihe: carly lavd drevelopment program.  Escimated
benefits are conscrvative Hecanse tuil wredit bas not been taken for
income on rainfed land. The analvais, Parretore, shows that invest-
ment in minor irrigation projects proposcd ander (he projuct, if they
are properly designed and cxecuted Uy acet their Larget service
areds, can be expocted to yield coononic returas gpreater than 12
perc«at.,

The tactory responsible for the poor pertormance of the cxisting
projects tave been outlined 1o carlier sections of thig chapter,
This ex=post analveia ton I8 conscivative, ot .o mich by cholee us
by data limitations. Benetits arise frow ncreased yiclds, a change
in cropping pattern and trom increase in Lhe croupped arca.  Tae data
provided by the 1D related vntirely to the irrigated areas, and
assumptions had to be wade about how much of the area continued to
support rainfed crops. These assumptions, made aloo i regard to the
proposed subprojects, could be subject (o revicw. Furtner beneficvs
due to yroundwater development i the exintiog projects have heen
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left out of this inalysis. In the main, however, the performance of
the existing projeci: would be considerably improved if technical/
administrative aspects were adequatcly attended 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
petterns, 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 have a baseline survey conducted by a competent agency
in at least four subprojects in the Narmada Basin. Grant funds will
he provided for the bhaseline surveys.

GOMP/ID in association with AD and/or State agricultural univer-
sity shall develop crop budgets for different agro-climatic zones in
the Narmada Basin. Until this is developed, reviewed and agreed
upon, economic analyses of subprojects may hdave to use the economic
“arm budgets cvstimated in the World Bank Madhya Pradesh report.

Additional capability in vconomic analysis with professionally
trained economists will bhe established in the Project Preparation
Cell and the Apprai-al Diviwion attached to the SASC. This group
will monitor economic analyses of subprojects; compile economic in-
formation resulting from bhuscline surveys, such as farm budgets;
analyze economic implications ot information collected by water
mandagement studi.o g, Using wrant funds, AID will support costs of
field studies, including ~onsultants and six weeks training in the
UsS. in economic analvsis tor two mid-level officers responsible for
subproject developuont and oviluation.  In country training will also
be arranged by organizing workshops of two weeks for ten persons.,
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Table 1: WHOLESALE COMMODITY PRLCE INDEX AND
CONSUMER PRICE INDEX FOR AGRICULTURAL LABOR, INDIA

(Base: 1970-71 = 100)

Year Ag. Labor Index* Wholesale Price Index

1970-71 1.000 1.000
71-72 1.042 1.056
12-73 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 l.bSL 1.858
79-80 ‘ 1.875 2.176
80-81 2.130 2,573
81-82 2.333 2.805

*The index based on 1960-61 = 100 has beun converted to
1970-71 = 100.
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Table 2: LAND AND TECHNOLOGY TRANSITION

Year Area Technology Composite
1 0.25 0.5625 0.1406
2 0.50 6250 .2968
3 0.75 .0875 4687
b 1.00 <7500 .+ 6562
5 .8125 .7187
6 8750 .7813
7 <9375 .8438
8 1.0000 . 9063
9 +9532

10 <9844

1l 1.0000



Atlachment VI-3}

Table 3: JIRONJ: ECONOMIC CROP BUDGETS FOR PRINCIPAL CROPS
(IN 1990 PRUJLCTED WORLD PRICES AND EXPRESSED [N
1980-81 PRICE LEVEL)

Crop Yield Price By-Product --=-Inputy=--=-- Net Revenue
Q/ha R /Q Rs/ha Labor Other Rs/ha
Rs/na Rs/ha

Present

Paddy 10 226 176 378 520 1516
Groundnut 6 298 224 715 849
Maize 10 141 120 168 264 108
Jowar 8 156 170 168 233 1017
Cotton 3 9554 266 308 1088
Kharit pulses 269 h5 104 229 519
Other kharif 3 269 104 226 477
Cram 5 243 90 112 428 765
Paddy (irr.) 20 226 200 189 1050 328]
wheao (ivre.) 20 150 220 285 975 2060
Wo/

Paddy 11.0 226 176 3178 991 1731
Groundnut 6.5 298 224 123 990
Maize 12,0 141 120 168 279 1365
Jowar 8.5 156 170 16K 217 109]
Cotton 3.0 554 2ho 308 10688
K. pulses 3.5 269 45 04 235 647
Other kharit o 3,5 269 .04 233 604
Gram 6.0 243 90 it2 440 996
Paddy (yre.) 22,0 226 200 189 1050 3733

Wheat Cuores) 2200 150 220 185 9175 2360



Table 3 (Cont.)

Crop Yield Price By-Product ----lnputs----- Net Revenue
Q/ha Rs/Q Rs/ha Labor  Other Rs/ha
Rs/ha  Rs/ha

W/P: Canal Irrigated

Paddy a5 179 280 390 1769 4386
Cotton 1S 716 560 2337 7843
Jowar 27 156 270 210 1140 3132
Maize 32 141 200 210 1316 3186
Groundnut 15 2R 294 1372 2804
Chillies )] 837 630 14173 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 35 179 280 400 1800 4345
Wheat 27 150 405 210 1700 2545
Gram 11 243 165 146 900 1792

W/P: Rainted

Jowar 10 156 180 168 237 1335
Maize l4 141 130 168 - 279 1657
K. pulses 5 269 50 104 235 1056
Wheat 7 173 180) 140 419 832

Gram 7 243 90 112 440 1239
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Table 4: CROPPING PATTERNS AND COMPOSITE NET RETURNS: SIRONJ

Crop Net Revenue Cropped Area Composite Net
Rs/ha Percent Returns: Rs/ha
Present
Paddy 1516 0.50 8
Groundnut 849 5.45 46
Maize 1098 3.96 3
Jowar 1017 37.00 376
Cotton 1088 7.58 82
Kharif pulses 519 24.59 128
Other kharit 477 12042 59
Grawm 7165 1.20 9
Paady (irrigated) 1281 1,50 115
Wheat (irrigated) 2060 3,50 72
(104.70) (993)
W/
Paddy 1731 0.50 9
Groundnut 990 5.45 54
Maize 1305 8.96 122
Jowar 1091 37.000) 404
Cotton 10838 7.58 82
Kharif pulswes 64 24,59 159
Ottier kharif 604 12,472 75
Craomn 996 1.20 12
Paady (irrigated) 4733 .50 131
Wheat (irrigated) 2360 .50 g3

(1G4, 70)




Table 4 (Cont.)

Crop Net Revenue Cropped Arca Composite Net
Rs/ha Percent Returns: Rs/ha

W/P: cCanal Irrigated

Paddy 4386 2.0 88
Cotton 78473 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 1829 10.0 182
Fodder 6241 2.0 185
Vegetables 4960 2.0 <

W/P: Well Irrigated

Paddy 4345 2.7 661

Kharif vegetables 4850 1.4 68

Wheat 2545 3.9 99

Gram 1792 0.2 4

W/P: Rainfed

Jowar 1335 2.5 33

Majze 1657 2.5 41

Knarvif pulses 1056 28.9 206

Wheat 832 9.1 76

Gram 1239 1. 88
(184.33) (6390)

CCA 1647 ha.; FCA 1400 ha.

Ultimate Net Returns

W/P: (6390) (1400) = 8,946,000

Wo/p: (L131) (l647) = 1,862,757

3]

Present: ( 993) (1647) 1,635,471



Crop

Table 4 (Contd.)

Net Revenue

Cropped Area

Composgite Net

Rs/ha Percent Returns:Rs/ha

W/P: Canal Irrigated
Paddy 4386 2.0 88
Cntton 78473 25.0 1961
Jewar 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 83

(184.33) (6390
CCA 1647 Ha; PCA 1400 Ha,
Ultimate Net Returns

WP: (6390) (1400) = 8,946,000
WO/ (L131) (t64") = 1,867,757
Present: (943) (1647) 1,635,471
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Table 5; ANNUAL NET ECONOMIC RETURNS: SIRONJ
Year  ---Transitions=-=  ~ce=ceee-n Net Returns (Rs 000)~===mux
Composite Old Areaq -=---- W/P o~ eeee WO/P  Net Total
New lre. Presgent Total
Area

Transition

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 ) 5904 0 5904 1747 4157
8 72 6441 6441 1775 4666
9 .78 6978 6978 1803 5175
10 .84 7519 _ 7515 1831 5684
11 .91 8141 8141 1859 6282
12 .95 8499 | 8499 1863 6636
12 .98 8767 8767 1863 6904
14 1.00 8946 8946 1863 7083

con 8946 Ba46 1863 7083
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Table 6: Construction and O&M Costs (Rs 000): Sironj

Year Major Land System Land Total
Works Development 0&M 0&M 0& M

1 2162

2 72038 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* =134 7%

* Salvage value at 25 year life.
** Assured salvage value is 100 percent.,

Notes

Counstruction Costs

Construction cost estimates, 1961-82, Rs  35.455 million.
Wholesale price index LOB1-82/1980-81 = 280.5/257.3 = 1.00.
Agricultural labor index 1Y81-82/1950-8] = 2.333/2.130 = 1.095
Weighted construction iadex = (.4) (1.095%) + (.6) (1.09) = 1.092
Base year cost: (39.459)/01.092) = pi. 32,408 million,

Apply CCF: (0.74) (32.408) = Rs 24,026 miliion.

Land Deve lopmert

Rs 1300/1a o1 PCA 1400 Ha = Re 1.820 million,
Apply CCF: (0.74) (1.820) = Ks 1.347 million

System O&M
(Rs 50/Ha) (PCA) (CCF) = Rs 0,052 million

L322~O&M

[

5% ol land development cost = RKs 0.09) million



