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I N D  W 

UNITED STATES INTERNATIONAL DEVELOPMENT COOPERATION AGENCY 

AGENCY FOR INTERNATIONAL DEVELOPMENT 
W A S H I N G T O N  D C 2 0 ' 1 7 3  

PF.0 JBCT AUTHORIZATION 

~ a h a r a s h t ' r a  I r r i g a t i o n  
Technology & ~ a n a  ement 
P ro jec t  No. 386-0 f 81 
A. I . D .  Loan No. 386-T-232 

1. Pursuant t o  Sect ion 103 of the Foreign Assistance Act of 
1961, as amended, I hereby author ize  the  Mnharashtra I r r i g a t i o n  
Technology and Ilanagement: Pro e c t  f o r  India  ( the  "cooperating d Country") involving planned o l i g a t i o n s  o f  no t  t o  exceed 
Forty Four Mil l ion United S t a t e s  Dollars  ($44,000,000) i n  
Loan funds and Three Mil l ion  United S t a t e s  Dollars  ($3,000,000) 
i n  Grant funds over a one year  e r i o d  from da te  of au thor i -  P za t ion ,  subjec t  t o  the a v a i l a b i  i t y  of funds i n  accordance 
with t h e  A . I . D .  OYB/allotment process,  t o  he lp  i n  f inancing 
fore ign  exchange and l o c a l  currency c o s t s  f o r  t h e  p ro jec t  
commencing Apr i l  1 ,  1982. 

2. The p ro jec t  is intended t o  inprove t h e  e f f i c i e n c y  of  
su r face  i r r i g a t i o n  i n  t h e  S t a t e  of  Mararashtra by t h e  design 
and construct  ion of approximately 13 new prototype medium 
i r r i g a t i o n  s y s t e m  (MIPS) t h a t  w i l l  be used t o  t e s t  and 
demonstrate innovations i n  design, cons t ruc t ion  and operat ion 
of i r r i g a t i o n  systems involving f a r m e r l i r r i g a t o r s  more 
actively i n  the  process.  Grant funds will f inance t r a i n i n g  
and technica l  a s s i s t ance  i n  appropr ia te  t echn ica l  a reas  as 
we11 a s  stud.ies r e l a t e d  t o  the  p r o j e c t  and a r e s iden t  p r o j e c t  
coordinator .  Loan funds w i l l  f inance por t ions  of t h e  con- 
s t r u c t i o n  cos ts  of  t h e  MIPS, and the Cooperating Country w i l l  
, f inance the remainder of such cos t s .  

3.  The Projec t  Agreement which may be nego t i a t ed  and 
executed by the  o f f i c e r  t o  whom such au thor i ty  is  delegated 
i n  accordance with A . I . D .  regula t ions  and Delegations o f  
Authority s h a l l  be sub jec t  t o  the following e s s e n t i a l  terms, 
covenants and major condi t ions,  together  with such o the r  
terms and conditions a s  A. I . D .  may deem appropr ia te .  



4. a. I n t e r e s t  Rate and Terms of Repayment - 
The Cooperating Country s h a l l  repay the  ~ o a n  t o  A.  I.D. 

i n  U.S. d o l l a r s  wi th in  f o r t y  (40) years  from t h e  da te  of 
f i r s t  disbursement of the  Loan, including a grace period of  
not  t o  exceed t e n  (10) years.  The Cooperating Cocntxy s h a l l  
pay t o  A. I . D .  i n  U. S. d o l l a r s  i n t e r e s t  from t h e  da te  of f i r s t  
disbursement of the  Loan a t  the  r a t e  of (a)  two ercent  (2%) E pe r  annwn during the f i r s t  t e n  (10) years ,  and ( ) t h r e e  

ercent  (3%) per  annum t h e r e a f t e r ,  on the  outs tanding die- 
Eursed balance of  the  Loan and on any due and unpaid I n t e r e s t  
accrued thereon.  

b. Source and Origin of  Goods and Services  

Goods and se rv ices ,  except f o r  ocean shipping,  
f inanced by A. I.D. under the  p r o j e c t  s h a l l  have t h e i r  source 
and o r i g i n  i n  the Cooperating Country o r  ( i n  t h e  case of  
Grant funds) the  United S t a t e s  o r  ( i n  the  caRe of Loan funds) 
i n  countr ies  included i n  A . I . D .  Geographic Code 941, except 
as  A . I . D .  may otherwise agree i n  wr i t ing .  Except as  A.I.D. 
may otherwise agree i n  w r i t i n  , ocean shipping financed by 
A . I . D .  under the  p r o j e c t  s h a l  f be financed only on f l a g  
vesse ls  of the .  United S t a t e s  o r  t h e  Cooperating Country. 

c .  Covenants 

1. The Cooperating Country agrees t o  make ava i l ab le  
s u f f i c i e n t  funds, through t h e  I r r i g a t i o n  and Agr icul ture  
Departments o r  such o t h e r  departments of t h e  Government: of 
l laharashtra as  may be appropr ia te ,  when needed, t o  complete 
a l l  aspec ts  of the  p ro jec t  i n  accordance with t h e  budget 
and schedule as  agreed by the  P a r t i e s .  

2.  The Cooperating Country agrees t o  e s t a b l i s h  a 
s p e c i a l  u n i t  wi th in  the  I r r i g a t i o n  Department of  the  
Government of Maharashtra and t o  s t a f f  such u n i t  t o  
coordinate and a s s i s t  i n  managing and monitoring a l l  
p r o j e c t  a c t i v i t i e s .  

3 .  The Cooperating Country agrees t o  e s t a b l i s h  an 
adequate number of  pos i t ions  and t o  post  experienced, 
q u a l i f i e d  s t a f f  t o  those pos i t ions  at t h e  f i e l d  l e v e l ,  t o  
implement a l l  p r o j e c t  a c t i v i t i e s  s a t i s f a c t o r i l y  and i n  
accordance with t h e  p r o j e c t  schedules and budgets e s t ab l i shed  
f o r  approved subproject  MIPS. 



4 .  The Cooperating Country agrees t o  support  the  p o t o t y p e  
concept being advanced under t h i s  p r o j e c t  through t h e  use 
of demonstration chaks, t echn ica l  co l labora t ion  and s p e c i a l  
s t u d i e s ,  and agrees t o  u t i l i z e  the  technological  innovations 
and f indings  a r i s i n g  out of the  p r o j e c t  t o  improve new and 
e x i s t i n g  i r r i g a t i o n  f a c i l - i t i e s  throughout t h e  s t a t e  
wherever f e a s i b l e .  

Signature 

Clearances : Date Initial 

~ ~ / ~ s i a :  g ~ ~ i s a :  hp : 4 / 2 0 / 8 2  
Ext 28092 



COUNTRY : 

P R O J E C T  T I T L E :  

P R O J E C T  NUEIBER: 

FY 8 2  CP REFEREKCE: 

APPROPRIATION CATEGORY: 

INTENDED FY 1982 OBLIGATION:  

Ind i n  

Maharasht r a  I r r i g a t i o n  Technology 
and I.ianiigement 

Main Volume (amended v e r s i o n ) ,  p. 278 

A g r i c u l t u r e ,  Rura l  Development and 
Nut r:i t ior? 

!y l?  , 000,000 
' l i*nrt~ ol' I , ~ J I I I :  / IU yi*lirH; 10 ycaru 

jlrrrc-cB pcr lod;  24 p c r  cllinum f i r s t  
10 y w r u ;  3% p e r  unnum t h e r e a f t e r  

$47,000,000 
($44,000,000 Loan and 

$ 3,000,000 Gran t )  

This is t o  a d v i s e  t h a t  A.I .D.  i n t e n d s  t o  o b l i g a t e  $47,000,000 ($44,000,000 
I 

l o a n  and $3,000,000 g r a n t )  f o r  t h e  Maharashtra  I r r i g a t i o n  Technology 
and Management P r o j e c t .  Th i s  r e p r e s e n t s  a n  i n c r e a s e  of $4,000,000 l o a n  
and $2,500,000 g r a n t  from t h e  a u t h o r i z e d  FY 82 l i f e - o f - p r o j e c t  fund ing  
l e v e l s  shown i n  t h e  FY 82 CP.  

During p r e p a r a t i o n  of t h e  p r o j e c t ,  r e f i n e d  c o s t  e s t i m a t e s  were developed 
f o r  t h e  t h i r t e e n  p r o t o t y p e  i r r i g a t i o n  p r o j e c t s  which a r e  t o  be c o n s t r u c t e d  
i n  t h e  major d i s t r i c t s  and a g r o - c l i m a t i c  zones  of t h e  S t a t e  of Maharashtra.  
These w i l l  i n c o r p o r a t e  t h e  Lt~novi~tLons i n  i r r l g z ~ t i o n  d e s i g n  which art  
t h e  c s s c n t i n l  clerncnts o l  t h i s  p r o j c c t .  Ilndcr t h c  r c r v i ~ c d  e s t i m o t e a ,  
$44  nill lion i n  l o a n  t1111ds w i l l  be r c q u i r c d  t o  provldc  such s u p p o r t  f o r  
Lhc i n i t  t i ll  f 1vc years  of pr[~.)cact c ~ c t ' t v l  t  icra. 

Grant  f i n a n c i n g  h a s  been i n c r e a s e d  from $500,000 t o  $3,000,000 i n  o r d e r  
t o  expand t h e  t r a i n i n g  component of t h e  p r o j e c t  t o  i n c l u d e  f i e l d  l e v e l  
t e c h n i c i a n s  i n  i r r i g a t i o n  system p lann ing ,  d e s i g n  i ~ n d  c o n s t r u c t i o n ,  and 
in  waLcr Inanilgcoclnt and system o p c r i ~ t i o n .  T l ~ c  g r u n t  w i l l  a l s o  f i n a n c e  
s p e c i a l  s t u d i e s  oE kcy problcms co~isLralnl .ng t h e  c f f i c l c n t  use  of i r r i -  
gil t ion systems. F i n a l l y ,  g r a n t  funds w i l l  Rupport: r c s l d c n t  p r o j e c t  
coorcli n;l t ion t o  maximize tec11n.t c a l  collaborci  t l  on and t h c  t r a n s f e r  of 
tecimology on a day-to-day b a s i s .  

ANNEX: A c t i v i t y  Data Shee t  



Purpose: To improve e f f i c i e n c y  of s u r f a c e  i r v i g a t t o n  i n  -- 
Uaharash t ra .  

AGENCY F;IH INTERPJATIONAL DEVELOPMENT 
PROGRAM: I9DtA ACTIVITY DATA SHEET CP 81.0. lb -01 

Background: Host of  Mallarashtra i s  a r i d  an4 ,I  r o ~ r g h t  prone. --- 
Even In v e t  r e g i o n s  r a l n f a l l  orcl!rs ~ i l l y  d~rrim:! t l ~ r c c  o r  f o u r  
months of t h e  year .  Increased  i r r i g a t  [on c f  f i-irl111:y t o  espand 
water  a v a i l a b i I t t y  is  one of Maharash t ra ' s  Ill,:!rest priorities. 

3:1l1arasiitra l r r l ~ a t f o n  

P r o j e c t  Description: The p r o j e c t  K I L L  s u p p > r t  plal lntng.  con- - 
s t r u c t l o n ,  o p e r a t t o n  and m.-nagemrni of thlr tm.11 ncu p r o t o t y p e  
i r r i g a t i o n  systems.  Short- term t ra in tng ,  of t ~ . d ~ n l r l a n s  involved 
i n  d e s i g n .  c o n s t r u c t t o n  and o p e r a t t m  of m~. l i tw i r t  t e a t i n n  
sys tems  i n  U a h a r a s h t r a  and s t u d i e c  of key prol*lems c o n s t r a i n i n g  
o p t i m a l  u s e  of i r r i g a t i o n  v i l l  a l s o  be fur,ded. 

The loan  v i l l  h e l p  f i n a n c e  conctr.l,:?:o? c o s t s  i n c ~ r r r e d  f n r  t h e  
I 3  p r o t o t y p e  systems d u r i n g  t h e  fi:c-year l i f e - o f - p r o j e c t .  The 
most a p p r o p r i a t e  U.S. and I n d i a n  irrigation technology v i l l  be 
d r a m  on i n  t h e  d e s i g n  and o p e r a t i o n  of t h e s e  pro to types .  The 
s ~ r c c e s s f u l  a s p e c t s  of t h e  p r o t o t y ? t s  w i l l  E-114.: tht- d e s i g n  
o f  new sys tems ,  b o t h  p h y s i c a l  s t r u c t u r e s  and m ~ n a g c r l a l  systems. 

FUNDlFiG SPUnCE A,:rlclll tu re ,  Rlrral 

The g r a n t  w i l l  c o v e r  e n g i n e e r i n g ,  t r a i n i n g ,  s t u d i e s  and research .  

-. 
PROPOSED OBLIGATION 1111 ~ h u u s a d s  ofdolhaJ 

R e l a t i o n  of P r o j e c t  t o  A.I.D. C o u n : ~  S t r a : ~ : :  The p r o j e c t  
c o n t r i b u t e s  t o  r e d u c i n g  t h e  p r o p o r t i o n  of  t h e  poor among t h e  

Tcch~lnlogy and Mana~cnent  
I Ih..:c l o p n r n t  and N u t r i t i o n  

r u r a l  p o p u l a t i o n  and s u s t a i n i n g  grouch of a ; r i ~ . u l t t ~ r a l  produc- 
t i o n .  Improved e f f i c i e n c y  of  i r r i g a t i o n  w i l l  t n c r v a s e  foodgra in  
~ r ~ d u c t t o n .  expand r u r a l  employment. tqprove  ~ t t i l i z a t i o n  of 
i i a t u r a l  r e s o u r c e s  and improve sraal l  f a m e r  inl-omes. I t  is f u l l y  
c o n s i s t e n t  w i t h  t h e  Country Devel2raenr S t r a t y y  S ta tement .  

NUWSFR 386-043 1 
G R A N T  n L O - ~ J ~  

~ d Z ~ s * ~ ~ ~ U  Loan LICEOF 
- S 3,000 Grant  1 PROJECT IAuth.1 $47,006 

B e n e f i c i a r i e s :  Immediate b e n e f i c i a r i e s  r l l l  hrl l a n d l e s s  and 
marg ina l  l a b o r e r s  employed a s  a  r t s S t  of t h e  p r o j e c t .  Employ- 
ment w i l l  i n c r e a s e  104,000 work-years d u r i n q  c n n s t r ~ ~ c t i o n ,  and 
32,900 additional w r k - y e a r s  annu;l l lp because  of i n c r e a s e s  I n  
a g r i c u l t u r a l  p roduct ion .  Primary b e n e f i c i a r i r s  w i l l  he 20,900 
f a d l t e s .  roughly  120.000 people.  i n  t h e  p r o t o t y p e  ~nedium irri- 
g a t i o n  p r o j e c t  (HIP) c o a m n d  a r e a s .  rouqhLy h a l f  of whom a r e  
poor. U l t i r u t e  b e n e f i c i a r i e s  w l l l  be 250.r)c10 CamllLes-- 
1,500.000 people-- l iving i n  s u r f a c e  t r r i g a t l o n  sys tem command 
a r e a s  i n  U a h a r a s h t r a ,  and 750,000 addltlas.11 familfcs--4,500,000 
people-in a r e a s  where s u r f a c e  i r r i g a t i o n  i s  f c a s i h l e .  
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llosL Country and Other Donors: The h o s t  count ry  w i l l  p rov ide  -- -. 
$48.2 m t l l i o n  e q u i v a l e n t  i n  l o c a l  cur rency  over  t h e  l i f e - o f -  
p r o j e c t .  T o t a l  p r o j e c t  c o s t  d u r i n g  t h i s  per iod  is  $95.2 mtL- 
Lion. P r o j e c t e d  i r r i g a t i o n  s e c t o r  e x p e n d i t u r e s  i n  Haharashcra  
f o r  1980-85 a r e  $1.500 m i l l i o n .  The only  o t h e r  d m o r  i n  t h e  
S t a t e ' s  i r r i g a t i o n  s e c t o r  i s  t h e  World Bank. R.Q l o e n s  t o t a l -  
i n g  $280 m t l l t o n  s u p p o r t  c o n s t r u c t i o n  and improvewnt  of  t e n  
major [exceeding  10.000 h e c t a r e s )  p r o j e c t s .  

Major Outputs  

j 

ESTIMA'IED FINAL 
CiBLICATlON 
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P r o t o t y p e  HIPS c o n s t r u c t e d ,  t e s t i n g  
i n n o v a t i o n s  

Emrra-- I ED COMPLETION DATE 
OF PROJzCT 
FY 8 7 

Government of Haharash t ra  ( C W )  o f f i c e r s  
t r a i n e d  i n  I n d i a  i n  land development,  
c o n j u n c t i v e  water  u s e  

COH o f f i c e r s  t r a i n e d  i n  t h e  U.S. i n  
g r o u n d v a t e r  development. d r a i n a g e  
e n g i n e e r i n g ,  a g r i c u l t u r a l  w a t e r  
management, e y s t e n s  a n a l y s i s  

A l l  Years 

13 

S t u d i e s  completed;  r e s u l t s  used  t o  r e f i n  
s u b p r o j e c t  c r i t e r i a  

A. 1.D.-Financed I n p u t s  

UIP c o n s t r u c t i o n  
S t u d i e s  
T r a i n i n g  
LiaLson/Coordination . 
O t h e r  

L i f e  of P r o j e c t  
( S  thousands) 



111. P r o j e c t  Ra t iona le  and D e s c r i p t i o n  

A. Summary P r o j e c t  D e s c r i p t i o n  

The p ro j ' ec t  wi 11 improve t he  e f f i c i e n c y  o f  su r f ace  i r r i g a t i o n  
i n  Maharashtra. I r r i g a t i o n  systems w i l l  be designed t o  accommodate 
more c l o s e l y  t h e  needs o f  farmers and t h e i r  crops; t h e  p o t e n t i a l  o f  
i n d i v i d u a l  sys tems w i  11 be more f u l  l y  e x p l o i t e d ;  g r e a t e r  emphasis 
w i l l  be p laced on the  e q u i t a b l e  d i s t r i b u t i o n  of water  among a l l  p a r t i -  
c i p a t i n g  farmers w i t h i n  an i r r i g a t i o n  system; t h e  a v a i l a b l e  water  
w i  11 be more e f f i c i e n t l y  used, r e s u l t i n g  i n  g r e a t e r  q u a n t i t i e s  of 
crops be ing produced. Thus o v e r a l l  a g r i c u l t u r a l  p roduc t i on  and r u r a l  
inconws w i  11 be in~provccl. 

Th i s  w i l l  be done through s p e c i a l i z e d  t r a i n i n g  o f  technicans, 
engin.eers , economists and agronomists i nvo l ved  i n  t he  design, con- 
s t r u c t i o n  and ope ra t i on  o f  medium i r r i g a t i o n  systems i n  Maharashtra 
and by app l y i ng  what has been lea rned  i n  t he  p lanning,  cons t ruc t i on ,  
opera t ion  and management of t h i r t e e n  new p ro to t ype  i r r i g a t i o n  systems. 
Some h i g h l y  spec ia l i zed  t r a i n i n g  w i l l  be done i n  t he  Un i t ed  S ta tes ,  
bu t  most w i l l  be done i n  I n d i a  w i t h  a  focus on system d iagnos is  
improvement and moni t o r i  nq. A1 so, spec ia l  s t ud ies  wi 11 be undertaken 
t o  examine c e r t a i n  key problems c o n s t r a i n i n g  t he  opt imal  use o f  irri- 
g a t i o n  f d c i l  i t i c s ,  CIII~I thew f i n d i n g s ,  too,  w i l l  be appl i c t l  and 
tes ted  on t he  t h i r t e e n  p ro to types .  

The Water Management Synthes is  I 1  P r o j e c t  w i l l  be used t o  
p rov ide  i n t e n s i v e  t r a i n i n g  f o r  key i n d i v i d u a l s  i n  t h e  Un i t ed  S ta tes  
and f o r  s t r u c t u r e d  f i e l d  t o u r s  o f  s i m i l a r  p r o j e c t s  underway elsewhere 
i n  Asia.  For  example, v i s i t s  w i  11 be arranged t o  t h e  P h i l i p p i n e s  and 
t o  S r i  Lanka t o  observe how farmer  involvenient i s  be ing encouraged 
and expanded; t r i p s  t o  Egypt w i l l  pe rm i t  observa t ion  o f  how research 
f i n d i n g s  can sys tema t i ca l l y  be app l i ed ;  t r i p s  elsewhere w i l l  demon- 
s t r a t e  va r ious  niethods of  under tak ing  on farm development and wate r  
management. A1 1  such t r i p s  wi 11 p rov i de  exposure t o  f u n c t i o n i n g  
n~echanisnis f o r  t he  t r a n s f e r  o f  i r r i g a t i o n  technology and thus t o  
exaniples of how such t r a n s f e r  m igh t  be in t roduced  and broadened i n  
I n d i a .  

The bes t  o f  11.5. and I n d i a n  i r r i g a t i o n  technology w i l l  be 
drawn on t he  design and ope ra t i on  o f  these p ro to t ype  p r o j e c t s .  The 
111~s i successful  protot.ypcls w i  11 be used t o  r e f i n e  technolo!jy and t o  
serve as demonstrat ion n~odc ls  t o  qu ide  i n  t he  design o f  new systems, 
bo th  w i t h  respec t  t o  phys i ca l  s t r u c t u r e s  as w e l l  as managerial  
sys tel i~s . 



The oh,jcctivr! i s  to  mdke irrigation water available to a l l  
potential users within a conmand area, when and where i t  i s  needed, 
in sufficient quantit ies;  t o  t i e  i t s  control more closely to crop 
needs, and t o  coordinate irrigation mare closely with the other in- 
puts rcrlui red by f;lr.lwrs For optill~al crop production and marketing. 

'The i~bsencct o f  J wl iab le  sourcc! of' water a t  the f ie ld i s  
the principal constraint t o  higher crop yiclds as well as to multi- 
ple cropping in Mahdrashtra. 

M~haras htra has developed medium and major surface irrigation 
projects which have i t 1 1  i t0r.iga Lcd potxn1.i i l l  ol'  ovcro  I ,000,000 hectares. [-low- 
cvcrB, Lhcsc: ptw,jccl.s I l ;~vt -  pcr-l'o~ntccl wc'l 'I h c  low I,ltcir1 po l ;en t . id  i.n terms of 
water conveyance efficiencies,  irrigation intensi t ies  and crop yields. 
An important reason for this  i s  that the three major comp,onents of a 
functioning irrigation system --  the headworks, the dis t r ibutar ies ,  
a n d  tho on-far111 devclol~lllcnt -- h v c  of ter~ hccn treated as separate 
enti t i e s ,  t o  be designed and managed with l i t t l e  or no relationship 
t o  each other. The prototype approach being followed t h r o u g h  t h i s  
project, with i t s  focus on the productive end of the system, will 
for the f i r s t  time 1 ink a1 l  three components into a n  integrated whole 
the purpose of which i s  to serve a l l  farmers, down t o  the l a s t  one a t  
t a i l  end of the system. 

A grant of $3 niillion will ful ly  finance training, both in 
India and in the United States,  in planning, design, construction and 
operation of i r r igat ion networks, water management in irrigated agri - 
culture, and water resources systenls analysis and management. In 
acldi t ion, special studies of key problenis relating to  irrigation 
efficiencies wi 11 be grant financed. The studies will be of actual 
prohl enls on real i  r r i  ga tion systems. Thei r  findings wl 1 be documented 
in technical reports prcpared for and di s t r i  buted to i rrigation and 
agricultural special i s  ts throughout India and in shorter,  less  tech- 
nical summaries prepared for and distributed to policy makers. This 
will he done through Covernllient of Maharashtra channels and through 
thc!  Ccntral Water Conln~issiori to other s ta tes  throughout India. A 
resident project coordinator wi 11 he1 p t o  arrange the training and 
stirdies, and will p l a n  and arrange short term technical assistance. 

An AID loan of $44 mil 1 ion will finance two-thirds of e l igible  
construction costs incurred during the five year l i f e  of the project, 
rouqhly half of total  costs incurred during that period. 



B.  Clbject ives o f  the  P r o j e c t  

1. Goal, Purpose, .-- - Outputs 

Th i s  l)ro.jl*c I I cull t * i  l ~ r  tvc, I owtlr'tl-, I l l r l  Mia,* ,  im' I; t ~ t ~ t l  t t w  
f;ovc!r~r~~~~i!r~ l. ' s qoc1 I o f i I I C ~ ~ I : ,  t IIO food ~)r 'o( I l~( :  1 tun (lnd i rlcredsi  ny t he  
e ~ ~ t p l o y ~ i ~ c n t  and i n c o l ~ ~ c s  o f  t he  r u r a l  poor.  

% 

The purpose o f  t h e  p r o j e c t  i s  t o  improve t h e  e f f i c i e n c y  o f  
su r face  i r r i g a t i o n  i n  Maharashtra, bo th  on e x i s t i n g  i r r i g a t i o n  systems 
as w e l l  as on those y e t  t o  be designed and const ructed.  Such improve- 
ment wi 11 make poss i  h l  e  increased i r r i g a t e d  c rop  y i e l d s  and i n t e n s i f i  - 
f i c a t i o n  o f  croppincl o f  l and  w i t h i n  i r r i g a t i o n  system command areas. 
To achieve t h i s  w i l l  r e q u i r e  b u i l d i n g  up the? hurtian and i n s t i t u t i o n a l  
c a p a c i t i e s  o f  Maharashtra ' s  i r r i g a t i o n  and a g r i c u l t u r a l  e s t a b l i s h -  
ments, and a r e o r i e n t a t i o n  away f rom s imp ly  eng ineer ing  concerns and 
toward t he  p r o d u c t i v i t y  o f  water  and t h e  pr imacy o f  t h e  farmer and 
h i s  needs. 

The ou tpu ts  o f  t h e  p r o j e c t  t h a t  w i l l  l ead  t o  improved 
e f f i c i e n c y  o f  su r face  i r r i g a t i o n  a re  as f o l  lows: 

( 1 .  ' r r ~ i n i  llcj o f  ~wr.sonncl  i n  (1 v l l r i c t y  o f  spec ia l  i z a d  
d i s c i p l i n c ! ~  t o  i l~~provc!  t h e i r  c o n t r i b u t i o n s  t o  t h e  design, const ruc-  
t i o n  and ope ra t i on  o f  these systems; 

b. spec ia l  s t ud ies  o f  key problems and a p p l i c a t i o n  o f  
t h e i r  f i n d i n g s  t o  the  p r o j e c t ' s  p ro to t ype  s y s t e m ;  

c.  srlpporf: f o r  c o l  l a b o r a t i o n  het.wwn IJ. S. and I n d i a n  irr i- 
! jc l t ion specialists; t l ~ t d  

d. support  f o r  c o r ~ s t r u c t i o n  o f  t h i r t e e n  ttlediutn i r r i g a t i o n  
p r o j e c t s  i n  each o f  t h e  va r ious  ag ro - c l ima t i c  zones o f  Maharashtra, 
t o  serve as p ro to types  t o  t e s t  and demonstrate innova t ions  i n  t he  
design, cons t ruc t i on ,  ope ra t i on  and maintenance o f  su r face  i r r i g a -  
t i  on sys tems. 

The subpro jec t  MIPS c o n s t i t u t e  f i e l d  s i t e s  f o r  re f inement ,  
appl i c a t  i a n  and demonstrat ion o f  t h e  techno1 oy i c a l  i nnova t ions  t o  be 
in t roduced  and developed under t h i s  p r o j e c t .  Understanding and 
dcccl~tancc! o f  i ~ t~p rovc t l  t m h n o l  ogy bay a 1  arqc cadrc! o f  techn ica l  
pcrsonrwl who h i ~ v c  I)(wI d i  rr!c t . ly  i nvo l  v c ~ l  i n  i t s  t level oprttent i s  
c s s c n t i a l  t o  success f~ r l ,  susta ined technoloqy t r a n s f e r  i n  su r face  
i r r i q a t i o n  ~ r o j e c t s .  Wi th  on(? o r  ttlorc subpro jec ts  i n  each o f  t h e  
f o u r  yeoqraphical  reg ions o f  t he  Mahamshtra I r r i q a t i o n  Department, 
n m t  f i e l d  personnel i n  t h a t  department and i n  t he  A g r i c u l t u r e  Depart- 



r~ien t and t h e i r  superv isors  w i  11 become f a m i l  i a r  w i t h  t he  improved 
technology and techniques f o r  i t s  i n t r o d u c t i o n  through design and 
ope ra t i on  c r i t e r i a .  

Workshops i n  t h e  des ign of chaks and wate r  management 
s t u d i e s  t o  be f inanced under t h e  p r o j e c t  w i l l  beg in  s h o r t l y  a f t e r  
o b l i g a t i o n  o f  the  p r o j e c t .  ExisS:ing MIPs i n  Maharashtra w i l l  be used 
f o r  denlonstrat ion purposes. The a c t i v i t i e s  w i l l  be t a rge ted  t o  
personnel o f  the  GOM who w i l l  be asslgned t o  f i e l d  es tab l i shment  
o f f i c e s  a t  each o f  t he  p ro to t ype  MIPs, i n c l u d i n g  bo th  i r r i g a t i o n  
department personnel as we1 1  as A g r i c u l t u r e  Extens ion O f f i c e r s  who 
a re  respons ib le  f o r  d i r e c t  farmer con tac ts .  The f i e l d  workshops w i l l  
focus no t  o n l y  on optinium l a y o u t  c f  watercourses. b u t  a1 so, and more 
impo r tan t l y ,  on how t o  engage t h e  p a r t i c i p a t i o n  o f  t h e  p rospec t i ve  
b e n e f i c i a r i e s  i n  t h i s  process. I t  i s  essen t i a l  t h a t  farmers be 
s a t i s f i e d  w i t h  t he  l o c a t i o n  o f  water  o u t l e t s ,  and t h a t  they  have a 
sense o f  p r o p r i e t o r s h i p  over  t h e  system. Th i s  r e q u i r e s  t h e i r  a c t i v e  
p a r t i c i p a t i o n  f rom the  o u t s e t  i n  t he  design, c o n s t r u c t i o n  and opera- 
t i o n  o f  t h e  system. The core a c t i v i t y  o f  t he  workshops w l l l  i n v o l v e  
on-the-ground examinat ions o f  e x i s t i n g  systems. T h i s  w l l l  he l p  t o  
h i g h l i g h t  mistakes made i n  t he  past ,  and how they  a f f e c t  e f f i c i e n c i e s  
i n  t h e  opera t ion  o f  i r r i g a t i o n  systems. 

These workshops and s tud ies  w i l l  be i n i t i a t e d  i n  t h e  
f i r s t  p r o j e c t  year .  A f t e r  t h e  f i r s t  batch o f  t h r e e  p ro to t ype  MIPs 
has been approved and c o n s t r u c t i o n  i n i t i a t e d ,  p a r t i c i p a n t s  i n  t he  
workshops w i l l  be assigncd t o  t h e  f i e l d  es tab l i shment  t o  app ly  what 
they  have learned t o  thc new MIPs. Th is  new cadre w i l l  i n c l u d e  an 
i n t e r d i s c i p l i n a r y  r i x  of s k i  11 s  i n c l u d i n g  farmer e ~ t e n s i o n  and irri- 
gated technology. A t  l e a s t  one demonst ra t ion chak w i l l  be designed, 
cons t ruc ted  and operated i n  each p ro to type ,  as soon as p o s s i b l e  a f t e r  
c o n s t r u c t i o n  has begun. The f i e l d  estab l ishment  personnel ,  i n  con- 
su l  t a t i o n  w i t h  t h e i r  pa ren t  A g r i c u l t u r e  and I r r i g a t i o n  Departments, 
CWC and U S A I D ,  w i l l  i d c n t i f - y  p o t e n t i a l  denlonstrat ion chaks i n  areas 
where water  can be de l  i v c r e d  as soon as t he  r e s e r v o i r  and niain channel 
i s  ope ra t i ona l .  They w i l l  i n v o l v e  t h e  p rospec t i ve  b e n e f i c i a r i e s  i n  
t h e  i n i t i a l  des ign o f  t he  chak, i n  t h e  estab l ishment  o f  farmers '  
o rgan i za t i ons  f o r  t he  ope ra t i on  and niaintenancc o f  t h e  chaks and w i l l  
work o u t  t h e  b e n e f i c i a r i e s  ' c o n t r i b u t i o n  t o  c o ~ s t r u c t i o n  and ope ra t i on  
o f  t h e  chak. Con t r i bu t i ons  can be i n  t h e  form o f  c o n s t r u c t i o n  l a b o r  
and/or water  charges. 

When t he  demonstrat ion chak has been s e t  up, o rgan i za t i ons  
e s t a b l  i shed and c o n t r i b u t i o n s  i d e n t i f i e d ,  and when water  d e l i v e r y  
begins,  t he  f i e l d  estab l ishment  personnel w i l l  remain a t  s i t e  t o  
assure cont inued e f f i c i e n t  opera t ion ,  t o  work o u t  any unforeseen 
d i f f i c u l  t i c s ,  and t o  encouraqc t he  den~ons t r t i t i on  o f  t he  chak t o  a l l  
o t h e r  p rospec t i ve  benc.f ic iar ic!s w i t h i n  t he  M I P  corrlr~iand area, 



Addi t i o n a  
has been lea rned  no t  
exper ience gained i n  

I chaks w i l l  be designed s i n ~ i l a r l y ,  app 
o n l y  i n  t h e  i n i t i a l  workshops b u t  a l s o  
s e t t i n g  up t h e  demonstrat ion chaks. 

l y i n g  what 
w i t h  t he  

Th i s  process w i l l  be repeated i n  each of the  t h i r t e e n  p ro -  
t o t ype  MIPs. 

2. End o f  P r o j e c t  Sta_t_u~~ 

A t  t h e  complet ion of t h i s  f i v e  yea r  p r o j e c t ,  s u b s t a n t i a l  
p o r t i o n  o f  t h e  p ro fess iona l  s t a f f  of t h e  I r r i g a t i o n  and A g r i c u l t u r e  
Departments f the  Government o f  Maharashtra wi 11 have p a r t i c i p a t e d  i n  
t he  development and a p p l i c a t i o n  o f  new concepts o f  p lann ing,  design, 
c o n s t r u c t i o n  and ope ra t i on  o f  su r face  i r r i g h ~ i o n  systems. The c e n t r a l  
element of t h e  new approach w i l l  be t h e  end-user, t h e  farmer,  and h i s  
needs, and t h e  i ~ ~ ~ p o r t ~ i n c e  o f  i n v o l v i n g  h i n ~  a c t i v e  r y  a t  every  s tage o f  
1:hc bui  l d i n g  process, fro111 i n i t i a l  p lann i r lq  through c o n s t r u c t i o n  t o  
ope ra t i on  and n ~ ~ ~ i n t t m n c c .  Stucl ics of nm,ior co r l s t r a i n t s  t o  e f f i c i e n t  
use o f  i r r i g a t i o n  i r ~ f r , ~ s t r u c t u r e ,  fro111 t cchn i ca l  des ign aspects t o  
o r ! yn i  / i l  I- i on and Illilrillrj(wn 1. o f  wa t c r  usev*s , wi 11 have been conlpl e ted,  
and t h e i r  f i n d i n g s  i nco rpo ra ted  i n t o  t h e  GOM's c r i  t e r i a  and procedures 
f o r  b u i l d i n g  and ope ra t i ng  su r face  i r r i g a t i o n  systems. 

I n  o rde r  t o  conso l i da te  and s t rengthen these new concepts, 
t h i r t e e n  p ro to t ype  niedi um i r r i g a t i o n  s y s t e m  wi 11 have been planned 
and designed under t he  p r o j e c t ,  and c o n s t r u c t i o n  i n i t i a t e d ,  app l y i ng  
what has been learned.  Farulers w i l l  be a c t i v e l y  i n v o l v e d  i n  t h e  p lan-  
n ing,  design, and c o n s t r u c t i o n  o f  each o f  t he  t h i r t e e n  systems, and 
i n  t he  ope ra t i on  and maintenance of demonstrat ion chaks ( i n d i v i d u a l  
i r r i g a t i o n  s e r v i c e  areas)completed d u r i n g  t he  LOP. These demonstra- 
t i o n  chaks w i l l  show po l  i c y  milkers, t echn i c i ans  and farmers how r e a l  
MIPs can work -- e f f i c i e n t l y ,  e q u j t a b l y ,  w i t h  farmers assuming major  
p o r t i o n s  o f  r e s p o n s i b i l i t y  f o r  t h e  e n t i r e  process. The demonst ra t ion 
chaks, t h e  f i r s t  o f  which w i l l  be ope ra t i ona l  a f t e r  t h e  t h i r d  year ,  
w i l l  he lp  t o  t e s t ,  p e r f e c t  and spread and concept, n o t  o n l y  through- 
o u t  t he  r e s t  of t h e  t h i r t e e n  p ro to t ypes  as a d d i t i o n a l  chaks become 
ope ra t i ona l  , bu t  a1 so throuqhout  o t h e r  planned and e x i  s t i n q  i r r i g a t  
t i o n  systems i n  Maharashtra and elsewhere i n  India as well, 

Conslt~uc:l.i OH 0 1  1t10 t h l r t e c n  p ro l o l ypes ,  us ing  i r ~ ~ p r o v e d  
designs and o r i e n t e d  towards t h e  needs o f  t h e  users, w i l l  be we1 1  
along. Each of the  t h i r t e e n  systems w i l l  r e q u i r e  a  minimum o f  
seven years  from the  beginn ing o f  c o n s t r u c t i o n  t o  complet ion,  so 
g iven  a f i v e  yea r  l i f e  of p r o j e c t ,  none w i l l  be f u l l y  ope ra t i ona l  by 



t he  P r o j e c t  Assi  s tance Complet ion Date ( P A C D ) ~ .  However, as men- 
t i o n e d  above, a l l  denionstrat ion chaks w i l l  be f u l l y  f unc t i on i ng .  On 
t h e  bas is  o f  an in -dep th  e v a l u a t i o n  t o  be undertaken a f t e r  t h e  t h i r d  
year  o f  p r o j e c t  implementat ion,  AID, t h e  Government o f  I n d i a  and t h e  
Government o f  Maharashtra wi 11 determine whether t o  prepare a  f o l  low- 
on p r o j e c t  t o  complete c o n s t r u c t i o n  and begin  f u l l  ope ra t i on  o f  t h e  
t h i  r t e e n  p ro to t ype  systemszl  rrowever, c l ose  c o l l  abora- 
t i o n  between U.S. and I n d i a n  i r r i g a t i o n  and water  management specia ' l -  
i s t s  wi 11 have l e d  t o  the  development o f  new techno log ica l  innova- 
t i o n s  i n  i r r i g a t i o n  system des ign and ope ra t i on  d u r i n g  t he  f l r s t  f 'he  
years ,  and these w i  11- have been-appl led.  t o  the  t h i r t e e n  subpro jec t  
MIPs ; 
been 
dures 

USA1 D 
e x a m  

i t  i s  expected t h a t  many o f  these new developments w l l l  have 
ncorporated as p a r t  o f  t he  GOM's s ta tew ide  p o l i c i e s  and proce- 
f o r  su r face  i r r i g a t i o n  p r o j e c t s  as we1 1.  

"Cross f e r t i  1  i z a t i o n "  between t h e  s t a t e s  b e n e f i t t i n g  f r om  
I s  i r r i g a t i o n  p o r t f o l i o  w i  11 be a c t i v e l y  encouraged.  or- 
l e y  personnel  from Governments of Gu ja ra t  and Rajasthan may be 

c a l l e d  upon t o  he lp  undertake t r a i n i n g  courses i n  Maharashtra, F i e l d  
t r i p s  between these s t a t e s  w i l l  be f i nanced  under t h e  p r o j e c t  t o  
pe rm i t  t h e  r espec t i ve  s t a tes  t o  l e a r n  from each o t h e r  and t o  f a c i l i -  
t a t e  shar ing  ideas. 

3. B e n e f i c i a r i e s  .- 

Most farmers who \ v i  11 b e n e f i t  f rom i r r i g a t i o n  i n  Maharashtra 
a re  i nc l uded  i n  A ID 'S  smal l  ,farmer t a r g e t  group. Average fa rm s i z e  
s ta tewide i s  3.7 hectares,  b u t  43 percen t  o f  a1 1  farms a re  below 2 
hectares and 72 percen t  a re  below 5 hectares.  Farm s i zes  va ry  by agro- 
eco log i ca l  reg ion ,  rang ing  from 2.6 hec ta res  i n  t h e  h i ghe r  r a i n f a l l  
zones t o  f rom 4.4 hectares t o  5.7 hectares i n  t h e  s c a r c i t y  t o  modera le  
zones. For t h r e e  e x i s t i n g  MIPs examined, average farm s i z e  ranged 
from 1.42 hectares t o  2.80 hectares w i t h  82.5 percent  below 4 hectares.  
P a r t i c u l a r l y  impor tan t  t o  t h i s  t a r g e t  group i s  t h e  r e l i a b i l i t y  o f  t h e  
i r r i g a t i o n  system and assoc ia ted  wate r  management and i r r i g a t i o n  a g r i -  
c u l t u r e  technology. I t  i s  t h e  smal l  farmer  who s u f f e r s  most f rom un- 

l / ~ h e n  t h e  t h i r t e e n  p ro to types  have been completed, an addl  t i o n a l  
87,OOO hectares o f  c rop land wi 11 be under i r r i g a t i o n ,  i n c r e a s l  ng 
annual ne t  farm inconie by Rs.300 m i l l  i o n  ($33 m i l l i o n )  and annual 
food g r a i n  p roduc t i on  by 260,000 tons  o r  more p l u s  vegetables and 
o t h e r  cash crops no t  grown under r a i  nfed condi t i o n s .  A d d i t i o n a l  
empl oyn~erit o p p o r t u n i t i e s  wi 1  1 be c rea ted .  A g r i c u l  t u r a l  employment 
w i l l  be increased by 32,000 work years  annua l l y .  Cons t ruc t ion  w l l l  
p rov i de  an a d d i t i o n a l  104,000 work years  o f  employment d u r i n g  t h e  
l i f e  o f  t he  p r o j e c t .  These est imates a re  based on averages develcped 
by t he  Nat iona l  Comnission on A g r i c u l t u r e ,  New De lh i .  I r r i g a t e d  a g r i -  
c u l t u r e  generates,  on the  average, 51 work days of  employment p e r  
hec ta re  per  year .  



r e l i a b l e  i r r i g a t i o n  water  supp l ies ,  because he has l i t t l e  o r  no 
f i n a n c i a l  margin o f  s a f e t y  aga ins t  c rop  f a i l u r e .  

For a f o u r  hec ta re  farm i n  low t o  moderate r a i n f a l l  areas 
i r r i g a t i o n  and assoc ia ted  a g r i c u l t u r a l  p r a c t i c e s  under t he  p r o j e c t  
wi 11 r a i s e  n e t  annual farm income f rom the  range o f  Rs.2400 - 3501) 
($267 - $390), t he  approximate pove r t y  l e v e l  f o r  a f a m i l y  o f  f i ve - / ,  
t o  Rs. 12,000 - 15,000 (81330 - $1670). Conjur ic t ive developr~~ent  o f  
groundwater, emphasi zed by t h i s  p r o j e c t ,  can inc rease  these incomes 
another Rs.4,000 - 6,000 ($440 - $670). A farmer w i t h  o n l y  two 
hectares can increase h i s  income f rom Rs.1270 ($140) t o  Rs.8600 ($950). 
See F inanc ia l  Ana lys is ,  Sec t ion  I V . R . l .  

C. Ra t iona le  

1. I r r i g a t i o n  E f f i c i e n c y  i n  I n d i a  

P r o v i s i o n  o f  adequatc water  f o r  a y r i c u l  t u r e  i s  compl i c a t e d  
by I n d i a ' s  c l ima te  and geography. Average r a i n f a l l  o f  about 1200 m i l l i -  
meters (47 inches) i s  above t he  g l oba l  average, b u t  t h i s  average h ides 
a h i g h l y  seasonal, e r r a t i c  add geog raph i ca l l y  concent ra ted r a i n f a l l  
pa t t e rn .  Most r a i n f a l l  occurs  d u r i n g  t h e  southwest monsoon i n  June t o  
September, and o n l y  h a l f  o f  t h e  c n t r y  a c t u a l l y  rece ives  1000 m i l l i -  Y meters o f  r a i n  o r  more on average . The consequences of e r r a t i c  
r a i n f a l l  were d r a m a t i c a l l y  demonstrated i n  1979, when a severe drought  
r e s u l t e d  i n  a 17% f a l l  i n  annual f oodg ra i n  p roduc t i on  (from 132 m i l l i o n  
m e t r i c  tons i n  1978-79 t o  109 m i l l i o n  M i n  1979-80). 

As a r e s u l t  o f  t h i s  r a i n f a l l  p a t t e r n ,  i r r i g a t i o n  has b n D p r a c t i c e d  i n  I n d i a  a lmost  s i nce  t he  beginn ing o f  recorded h i s t o r y  . 
Z l ~ h e  World Bank has drawn t h e  pove r t y  1 i n e  a t  pe r  cap i  t a  income o f  
Rs.600 ($67) pe r  year .  See IBRD s t a f f  app ra i sa l  r e p o r t  f o r  Maharashtra 
I r r i g a t i o n  I 1  p r o j e c t ,  September 13, 1979, Sec t i on  6.06. Under t h i s  
c r i t e r i o n ,  w e l l  over  50 percen t  o f  t he  fami fami l  i e s  i n  Maharashtra a re  
be1 ow t h e  p v e r t y  1 i ne. 

L / ~ a r ~  S. Posz, Bodh Raj and Dean F. Peterson, "Water Resource Develop- 
ment i n  I n d i a " ,  U.S. Embassy, New De lh i  , January 1980. Th i s  r e p o r t  i s  
i nc luded  as Annex A i n  Jack K e l l e r  e t  a l ,  USAID/India, " I r r i g a t i o n  
Development Opt ions and Investment S t r a t e g i e s  f o r  t h e  1980s1', Water 
Management Synthesis Spec ia l  Report  No. 4,  August 1981. 

1'1nformation i n  t h i s  paragraph i s  drawn f rom the  1 2 t h  La1 Bahadur 
Shas t r i  Memorial Lecture,  g i ven  by M r .  G .V .K .  Rao, Member P lanning 
Commission, February 1, 1980, page 2-4. 



The Moghal s  are be1 ieved t o  have constructed some i r r i g a t i o n  channels 
dur ing t h e i r  re ign.  The B r i t i s h  a lso  undertook the construction o f  
i r r i g a t i o n  f a c i l i t i e s  i n  I n d i a  dur ing  the 19th Century. I n  the  year 
1800, approximately 800,000 hectares are bel ieved t o  have been under 
i r r i g a t i o n  i n  Ind ia .  This  f i g u r e  increased t o  over 13 m i l l i o n  hect- 
ares by 1300. A t  the t ime o f  independence i n  1947, 19.4 m i l l i o n  
hectares here urider canal and we l l  i r r i g a t i o n  systems. By 1980 t h i s  
f i g u r e  had increased t o  57 m i l l i o n  hectares, The S i x t h  F ive  Year Plan 
f o r  the per iod  1980-1985 c a l l s  f o r  the  b r i ng ing  o f  an add i t i ona l  14 
m i l l  i on  hectares o f  crop l and  under i r r i g a t l o n .  Thus the  t o t a l  
cropped area under i r r i g a t i o n  systems w i l l  he almost 73 m i l l i o n  hect- 
ares by the end o f  1985. An add i t i ona l  40 m i l l i o n  hectares o f  crop 
land i s  s u f f i c i e n t l y  ncar sources o f  surface and groundwater f o r  irri- 
gat ion  p ro jec ts  t o  be t e c h n i c a l l y  feas ib le .  Thus, u l t i m a t e l y  113 
m i l  l i o n  hectares o f  crop land i s  p o t e n t i a l l y  i r r i g a b l e  as compared 
w i t h  Ind ia  I s  present c u l t i v a b l e  area of 140 m i l l  I on  hectares. 

The Government o f  I n d i a  (GOI) c l  a s s i f i e s  i r r i g a t i o n  i n -  
f r a s t r u c t u r e  by the s ize  o f  t h e  area covered o r  "commanded", and by 
source (sur face water o r  groundwater). Surface i rri ga t i on  p ro jec ts  
commanding over 10,000 hectares (ha) are "major" ; pro jec ts  from 
2-1 0,000 hectares are "medi um" , and p ro jec ts  be1 ow 2,000 hectares 
are "minor". Groundwater i r r i g a t i o n  i s  a1 so c l a s s i f i e d  as "minor", 
s ince the area conlmanded by dugwells o r  tubewel ls !'s genera l l y  on ly  
a few hectares. The breakdown o f  "created i r r i g a t l o n  p o t e n t i a l  ''Y by 
typa o f  i r r i g a t i o n  i n f r a s t r u c t u r e  i s  as f o l l o w s : ~  

Table 1 I r r i g a t i o n  Potent ia l  
(Gross M i l  1  i o n  Hectares) 

All Figures CLpTulative Except 6th Plan 
Tota l  

P e r i o d  
Major & Minor I r r i g a t i o n  Irri- 
Medium Ground Surface Tota l  g a t i o n  

Pre-Pl an ( 1950-51 ) 9.70 6.50 6.40 
End o f  2nd Plan (1 960-61) 14.33 8.30 6.45 
End o f  4 t h  Plan (1973-74) 20.70 16.50 7.00 
1979-80 26.60 22.00 8.00 
Target ( 6 t h  Plan) ( 5 . 7 4 )  ( 7 . 0 0 ) ( 1 . 0 0 )  
U l t imate  Feasible 58.50 40.00 15.00 

+"A tcrnl uscd i n  1ndi.l t n  denote the area w i t h i n  the conn~and areas o f  
e x i s t i n g  i r r i g a t i o n  systems and thus havl ng theo re t i ca l  access t o  
i r r i g a t i o n  water. 

k / ~ o s z .  Raj and Peterson, Op. c i  t. ,p. 11 , and GO1 P l  anning Commission 
S i x t h  Five Year Plan 1980-1985, Chapter 10. 



The il~ipov'f.dtice o f  i r r i g a t i o n  t o  I n d i a  ' s  a g r i c u l t u r a l  p ro -  
duc t i on  i s  illustrated hy the  f a c t  t h a t  w h i l e  o n l y  37 m i l l i o n  hec t -  
arcs ,  o r  l e s s  than J third of' the  t o t a l  o f  127 w i l l i o n  hectares,  o f  
crop land  devoted t o  food g r a i n s  a re  i r r i g a t e d ,  t he  i r r i g a t e d  area 
produces 63 m l l l i o n  tons o r  h a l f  o f  t h e  t o t a l  g r a i n  p roduc t i on  i n  
I n d i a  each yea r .  Average y i e l d  on i r r i g a t e d  l and  i n  I n d i a  i s  1.7 
tons per  hectare,  as compared t o  0.7 tons  pe r  hectare f o r  r a i n f e d  
crops. However, even t h i s  f i g u r e  o f  1.7 tons pe r  hec ta re  i s  f a r  
below what i t  cou ld  be. Exper ience w i t h  i r r i g a t e d  a g r i c u l t u r e  i n  
o t h e r  c o u n t r i e s  as w e l l  as on many i n d i v i d u a l  farmers '  f i e l d s  i n  I n d i a  
suggests t h a t  y i e l d  l e v e l s  can e a s i l y  approach f o u r  t o  f i d e  tons p e r  
hectare,  i .e., a lmost t r i p l e  p resen t  i r r i g a t e d  y i e l d s .  

T h i s  gap between ac tua l  y i e l d s  and p o t e n t i a l  y i e l d s  under 
i r r i g a t i o n  h i g h l i g h t s  both t h e  problems and t he  promise o f  i r r i g a t i o n  
i n  I n d i a .  E f f i c i e n t l y  u t i l i z e d ,  i r r i g a t i o n  water can make a much 
g rea te r  c o n t r i b u t i o n  t o  a g r i c u l t u r a l  growth i n  I n d i a  than i t  has i n  
the  pas t .  The c h a l l e n r ~ e  i s  how t o  i nc rease  t h e  e f f i c i e n c i e s  o f  t h e  
c x i  s t i n g  systems and how t o  des ign and develop new systorns such t h a t  
lhcy take f u l  l c r  i ~ d v , i r l t ~ ~ g c  o f '  t he  techn i  c a l  pot;ct i t ial p rov ided  by 
c o n t r o l  l e d  wa te r  suppl ies .  

Th i s  problem o f  low i r r i g a t i o n  e f f i c i e n c i e s  may be broken 
down i n t o  two broad se ts  of i n t e r r e l a t e d  problems. 

The f i r s t  s e t  o f  problems r e l a t e s  t o  t h e  use o f  water  as an 
i n p u t  i n  combinat ion w i t h  o t h e r  i n p u t s  t o  achieve h i gh  y i e l d s .  These 
problems became much more acute w i t h  t h e  i n t r o d u c t i o n  o f  h i g h - y i e l d i n g  
foodgra in  v a r i e t i e s  (l1YVs) i n  t h e  mid-1960s, s i nce  these v a r i e t i e s  
g e n e r a l l y  r e q u i r e  bo th  h i ghe r  l e v e l s  and more p r e c i s e l y  t imed app l i ca -  
t i o n s  o f  water  and f e r t i l i z e r  t o  reach  t h e i r  f u l l  p o t e n t i a l .  Th i s  
pu t s  a heav ie r  burden on the  i n p u t  supp ly  system i n  general  and irri- 
g a t i o n  i n  p a r t i c u l a r  and requ i r es  development o f  a  new s e t  o f  manage- 
ment s k i l l s  by  bo th  t he  farmer and t h e  i r r i g a t i o n  system. 

The second s e t  o f  problems r e l a t e s  t o  t h e  ope ra t i on  o f  t h e  
i r r i g a t i o n  system' i t s e l f ,  e s p e c i a l l y  f o r  su r face  i r r i g a t i o n  systems, 
L i k e  canal i r r i g a t i o n  i n  most p a r t s  o f  t h e  wor ld ,  u n d e r - u t i l i z a t i o n  
i s  a common f e a t u r e  o f  I nd i an  su r f ace  i r r i g a t i o n  systems. A t  p resen t  
I n d i a  has i r r i g a t i o n  systems cover ing  about 57 m i l  1  i o n  hectares o f  
"created i r r i g a t i o n  p o t e n t i a l " .  

However, t he  area a c t u a l l y  I r r i g a t e d  by e x i s t i  ng i r r l g a -  
t i o n  systems i s  p r e s e n t l y  s u b s t a n t i a l l y  l e s s  than t h e i r  design poten- 
t i a l .  There a re  severa l  reasons f o r  t h e  s h o r t f a l l .  According t o  
t he  i r r i g a t i o n  s t r a t e g y  paper prepared by USAID,  the  problems can be 



a t t r i b u t e d  t o  l a c k  o f  t he  f o l l o w i n g y :  

1 )  e f f i c i e n t  and e c f e c t i v e  f ac  
f rom the  p r o j e c t  canals  ( o r  pumps) t o  t he  
design o f  t he  main system) ; 

il ,i t i e s  t o  d i s t r i b u t e  water  
farm y i e l d s  ( 1  .e. adequate 

2 )  e f f i c i e n t  means t o  d i s t r i b u t e  water  t o  t he  p l a n t s  grow- 
i n g  i n  t h e  f i e l d s  ( I  .e. adequate on-farm water  conveyance facilities); 
and 

3 )  e f f e c t i v e  management o f  t he  t o t a l  i r r i g a t i o n  system 
between the  p l a n t s  and t h e  water  supply.  

These problems a re  mani fested I n  excess ive losses due t o  
leakage from canals,  i n s u f f i c i e n t  c o n t r o l  o f  wa te r  l e v e l s  and f lows  
i n  water channels , inadequate maintenance o f  channel s and c o n t r o l  
s t r uc tu res ,  a p p l i c a t i o n  o f  more water than i s  needed f o r  crops on one 
f i e l d ,  r e s u l t i n g  i n  shortages f o r  o the rs  ( e s p e c i a l l y  " t a i l e n d e r s " )  , 
reduced demand f o r  wa te r  due t o  un re l  i a b i l i t y  o f  water  d e l i v e r y  and 
absence o f  s u f f i c i e n t  i n c e n t i v e s  f o r  farmers t o  i n c u r  t h e  added cos ts  
and r i s k s  o f  growing a d d i t i o n a l  crops. A l though t h e r e  i s  r e l a t i v e l y  
l i t t l e  hard data a v a i l a b l e  on i r r i g a t i o n  e f f i c i e n c i e s ,  t h e  AID irri- 
g a t i o n  s t r a t e g y  team (which v i s i t e d  14 i r r i g a t i o n  p r o j e c t s  i n  I n d i a )  
concluded t h a t  

. . , u t i  1  i z a t i o n  o f  t h e  t h e o r e t i c a l  i r r i g a t i o n  p o t e n t i a l  o f  
t he  p r o j e c t s  we v i s i t e d  ranged f rom a  l ow  o f  about 10% up 
t o  1002. P r i v a t e  w e l l s  were e f f e c t i v e l y  u t i l i z e d ,  bu t  
t o o  many o f  t h e  major  and me ium p r o j e c t s  seemed t o  f a l l  d i n  t h e  501 u t i l i z a t i o n  range-/. 

The Governtllent o f  I n d i a  and severa l  o f  t h e  s t a t e  govern- 
ments a re  becoming i n c r e a s i n g l y  a p p r e c i a t i v e  o f  t h e  importance o f  
improv ing t h e  e f f i c i e n c y  o f  e x i s t i n g  i r r i g a t i o n  systems. The S i x t h  
F i v e  Year plan/ f o r  t he  years  1980-1985 a l l o c a t e s  $13 b i l l i o n  o r  
rough ly  15% o f  P lan expendi tures t o  i r r i g a t i o n  and f l o o d  c o n t r o l .  

y ~ a c k  Kel l e r  e t  a1 , o p . c i t . ,  p .v i .  See a l s o  Robert  Wade, "Performance 
o f  I r r i g a t i o n  ~ r o j e c t s "  , ~ c o n o m i c  and Pol i t i c a l  Weekly (EPW) , January 
17, 1976 and Robert Wade a ~ d  Robert Chambers, "Planaging t he  Main 
System: Canal I r r i g a t i o n ' s  B1 i n d  Spot", - EPW, Review o f  A g r i c u l t u r e ,  
September 1 980. 

~ ~ 0 1  11'1 anning C o ~ ~ l t ~ ~ l s s i o n ,  Op. C l t .  , Chapter 10. 



The Plan p laces major en~phasis oti improv ing the  use o f  i r r i g a t i o n  
systems through b e t t e r  ope ra t i on  o f  e x i s t i n g  systems, i n t e g r a t e d  o r  
" con junc t i ve "  use of  su r face  and groundwater t o  improve water u t l l i z a -  
t i o n  i n  su r face  i r r i g a t i o n  and t h e  adop t ion  o f  r o t a t i o n a l  d i s t r i b u t i o n  
o f  water. The Plan a l s o  s t resses  improved e f f i c i e n c y  i n  water  manage- 
ment through s t reng then ing  of  Command Area Development (CAD) organiza-  
t i o n s  and a u t h o r i t i e s ,  and i n t e g r a t i o n  o f  t he  f u n c t i o n s  o f  canal  
management a u t h o r i t i e s  w i t h  those o f  CAD author1 t i e s .  Res t ruc tu r i ng  
management procedures should enable farmers and o the rs  i n  command, 
catcnment and watershed areas t o  p a r t i c i p a t e  f u l l y  i n  t h e  management 
o f  t he  water  and so i  1 resources i n  t h e  area. 

The Plan discusses i n  some d e t a i l  t h e  Government's disapb 
pointment i n  the  lagg ing  u t i l i z a t i o n  o f  t h e  i r r i g a t i o n  p o t e n t i a l  
a l ready  created.  Th is  i s  s a i d  t o  be due t o  de lays i n  c o n s t r u c t i o n  of 
f i e l d  channels and water  courses, l and  l e v e l i n g  and l and  shaping, and 
l a c k  o f  r e l i a b l e  supp l ies  o f  water  t o  farmers due t o  improper design 
and use, l ead ing  t o  water l ogg ing  and s a l i n i t y .  Because o f  such 
problenls farmers have o f t en  been r e l u c t a n t  t o  adopt improved c ropp ing  
p r a c t i c e s  such as the use o f  h i g h  y i e l d i n g  v a r i e t i e s ,  f e r t i l i z e r ,  
p e s t i c i d e ,  e t c .  

The main p o i n t  made i n  t he  S i x t h  F i v e  Year P lan  d iscuss ion  
o f  i r r i g a t i o n  e f f i c i e n c y  i s  t h a t  t h e r e  must be b e n e f i c i a l  i n t e r a c t i o n  
between t he  i r r i g a t i o n  a u t h o r i t i e s  and t he  farmers whom t h e y  were 
es tab l i shed  t o  bene f i t .  To be e f f e c t i v e ,  the  i n t e r a c t i o n  must be 
cont inuous. The Plan proposes t o  cover  approx imate ly  one m i l l  i o n  
hectares f o r  on-farm development works i n  l and  l e v e l i n g  and shaping. 
F i e l d  channels t o  move water f rom the  e x i s t i n g  p u b l i c  o u t l e t s  t o  
i n d i v i d u a l  farmers '  f i e l d s  a re  t o  be cons t ruc ted  cove r i ng  an area o f  
approx imate ly  f o u r  m i l l i o n  hectares.  I n  a d d i t i o n ,  m o d e r n l t ~ t i o n  of 
the  i r r i g a t i o n  system i n c l u d i n g  improvement of dra inage arrangements, 
development of c o n j u n c t i v e  use wherever f e a s i b l e ,  i n t e g r a t i c n  w i t h  
c t h e r  sec to ra l  development programs such as r u r a l  roads i s  a l s o  Cu be 
undertaken. 

2.  A I D  Ass is tance S t ra tegy  

I n d i a  accounts f o r  r ough l y  h a l f  o f  a l l  t he  poor  and ntal- 
nour ished people i n  A .  I .D .  - a s s i s t e d  develop ing coun t r i es .  Imprcv ing 
the  e f f i c i e n c y  o f  I n d i a ' s  i r r i g a t i o n  f a c i l  i t j e s  w i l l  have major  and 
fa r - reach ing  impact upon t he  l i v e l i h o o d  and we i f a re  o f  t n i s  popula- 
t i o n ,  and i t  represents  one of t he  most impor tan t  o p p o r t u n i t i e s  t h e  
Un i ted  S ta tes  has t o  b r i n g  i t s  es tab l i shed  e x p e r t i s e  t o  bear on a 
major  c o n s t r a i n t  t o  development. 



The cen t ra l  problem o f  I nd ian  surface i r r i g a t i o n  i s  t h a t  
the bene f i t s  i n  terms o f  crop p r o d u c t i o ~ i  have not  been commensurate 
w i t h  the costs incurred f o r  system construct ion.  While these problems 
r e l a t e  t o  some extent  t o  inadequate farmer access t o  seed, f e r t i l i z e r ,  
extension advice e tc .  , the h igh  y i e l d s  o f t e n  achieved w i t h  p r i v a t e l y -  
cont ro l  1 ed groundwater i r r i g a t i o n  suggest t h a t  the main problems 
associated w i t h  surface i r r i g a t i o n  re1 a te  s p e c i f i c a l l y  t o  water supply. 
Farmers are u n l i k e l y  t o  accept the r i s k s  involved i n  s h i f t i n g  t o  
improved v a r i e t i e s ,  higher-value crops and higher cropping i n t e n s i t i e s  
permi t ted by i r r i g a t i o n  i f  there are  major u n c e r t a i n i t i e s  about the 
t in ie l  iness and adequacy o f  the requi red water suppl ies. Consequently 
the pr imary con t r i bu t i on  t o  h igher  re tu rns  t o  surface i r r i g a t i o n  must 
come from improved e f f i c i e n c y  i n  d e l i v e r i n g  water from the water source 
t o  the farmer's f i e l d .  This requi res h igher  design standards f o r  the  
main system, extension o f  more adequate water conveyance and drainage 
f a c i l i t i e s  down t o  the  farmer 's  f i e l d ,  and improved management o f  the  
ove ra l l  system. Given the very l a r g e  numbers o f  farmers invo lved i n  
surface i r r i g a t i o n  systems i n  Ind ia ,  the  water supply cannot be f i n e -  
tuned t o  the extent  o f  p rov id ing  water t o  each farmer on demand, bu t  
the r o t a t i o n a l  water supply systems used i n  p a r t s  o f  nor thern Ind ian  
provide a  feas ib le  and cost  e f f e c t i v e  a1 te rna t ive .  

The Government o f  I n d i a ' s  Centra l  Water Commission (CWC) 
has c o r r e c t l y  diagnosed the problems o f  1  ow i r r i g a t i o n  e f f i  c iencles,  
and has establ  i shed general gui del ines  f o r  rev ised c:esign standards, 
construct ion o f  f i e l d  channels down the e i g h t  hectare l e v e l ,  and 
enhanced support f o r  crop product ion through the  e i tabl ishment  o f  
Command Area Development A u t h o r i t i e s  (CADA) . However, b r i ng ing  about 
the reforms requ i red  on major, medium and minor surface i r r i g a t i o n  
p ro jec ts  covering 35 m i l l i o n  hectares and perhaps 17 m i l l i o n  f a r m s w  
i n  widely vary ing ecological ,  soclocul t u r a l  and admin is t ra t i ve  
condi t ions faces a  number of cons t ra in ts .  I n  add i t i on  t o  shortages 
o f  f i n a n c i a l  resources, the most important cons t ra in ts  are inadequate 
in format ion on problems i n  s p e c i f i c  systems, lack  of f a m i l i a r i t y  w i t h  
a1 1  o f  the re levant  technical  a1 te rna t i ves  ( p a r t i c u l a r l y  f o r  cost-  
e f f e c t i v e  water de l i ve ry  a t  the lower end of the i r r i g a t i o n  system), 
a  weak t r a d i t i o n  of co l l abo ra t i on  among organizat ions and d i s c i p l i n e s  
i n  deal i ng w i t h  i r r i g a t i o n  system problems, and inadequate develop- 
ment o f  management s k i l l s  a t  a l l  l eve l s .  

A I D ' S  s t ra t cgy  f o r  improving the e f f i c i ency  o f  surface 
i r r i q a t i o n  i s  t o  a s s i q l .  thr! CnI and selected qov~rnnwnts i n  over- 

w ~ h e  a l l - I n d i a  average farm s ize  i s  2.0 hectares, compared t o  
3 .7  hectares f o r  ~ a h a r a s h t r a .  See Table 7.3, ~ a s i c  s t a t i s t i c s  
Relat ing t o  the Ind ian  Economy, Volume 2, October, 1981 ; Centre 
f o r  Moni tor ing Ind ian  Economy, Bombay. 



coming these cons t ra in ts  by prov id ing  an appropriate mix o f  support 
f o r  technical  co l  labora t ion ,  s tudies,  t r a i n i n g  and construct ion.  
This e f f o r t  w i l l  draw heav i ly  on U.S. technical  exper t i se  t o  
strengthen the capaci ty  of na t iona l  and s ta te - l eve l  i n s t i t u t i o n s  t o  
deal e f f e c t i v e l y  w i t h  the complex problems o f  water management i n  
surface i r r i g a t i o n  systems. The U.S. has a  st rong comparative 
advantage i n  p rov id ing  t h i s  type o f  support. Largely  dur ing the  
f i r s t  t h i r d  o f  t h i s  century, U.S. land grant  u n i v e r s i t i e s  and 
associated US Department o f  Agr icu l  Lure l abo ra to r i es  i n i t i a t e d  r e -  
search 1  i n k i n g  the e f f o r t s  o f  i r r i g a t f  on engineers and agronomists 
and p lac ing  the r e s u l t s  i n t o  prac t ice .  Economists and o ther  soc ia l  
s c i e n t i s t s  became involved, because the socio-economic environment 
s t rong ly  condi t ions the funct ion1 ng o f  i r r i g a t i o n  techno1 ogy. Over 
the years these u n i v e r s i t i e s  have t r a i n e d  hundreds o f  i n t e r n a t i o n a l  
students and have advised i n  most i r r i g a t e d  areas o f  the world. 
A1 though many o ther  countr ies have developed capabi l  S t ies  i n  t h i s  
area, the land-grant u n i v e r s i t i e s  i n  the  Uni ted States and USDA 
together represent the 1  argest and most advanced mu1 t i d i  s c i p l  i n a r y  
resource i n  t h i s  f i e l d .  USAID/Indiats e f f o r t s  i n  Maharashtra, as 
we l l  as i n  the o ther  s ta tes  covered i n  the  Miss ion 's  i r r i g a t i o n  
p o r t f o l i o ,  w i l l  be s u b s t a n t i a l l y  augmented through the use of  the  
Water Management Synthesis 11 p ro jec t .  

I nd ia  has 1  i kewi se pioneered research and developed and 
prac t iced innovat ive  technology i n  the f i e l d  o f  i r r i g a t i o n .  For 
example, the r o t a t i o n a l  d i s t r i b u t i o n  o f  i r r i g a t i o n  water by tu rns  
among the various farmers served by an o u t l e t ,  development o f  crop 
water requirements, and l a rge  channel and 1  i n i  ng design and construc- 
t i o n  techniques are a l l  I nd ian  con t r i bu t i ons  t o  the a r t  o f  i r r i g a -  
t i on .  However, I n d i a  has y e t  t o  develop a cadre o f  s p e c i a l i s t s  t o  
manage the i n t e g r a t i o n  o f  the engineering and agronomic aspects o f  
i r r i g a t e d  a g r i c u l t u r e .  The GOI's p re l lm inary  estimates are t h a t  as 
many as 50,000 profess ionals may requ i re  some type o f  in-country  o r  
overseas r e t r a i n i n g  t o  meet the requirements o f  improved water 
management. The design and implementation o f  appropriate t r a i n i n g  
programs on t h i s  scale w i l l  c l e a r l y  demand a  h igh  l e v e l  o f  techn ica l  
and f i nanci a1 inputs  . 

Techno1 ogy t r a n s f e r  and i n s t i t u t i o n a l  development can 
on ly  be e f fec t i ve  i n  t h i s  sub-sector i f  innovat ions are devised, de- 
monstrated and appl ied i n  the context  o f  t o t a l  surface i r r i g a t i o n  
systems i n  va ry i  nq ecological  and sociocul t w a l  se t t ings .  Consequently 
A I D  w i  11 f inance the n~odern iza t i  on and cons t ruc t ion  o f  model systems 
i n  a  l i m i t e d  number of s tates.  Although t r a i n i n g  and studies w i l l  apply 
t o  a1 1  types o f  surface i r r i g a t i o n ,  1  i m i  t ed  A I D  resources d i c t a t e  t h a t  



f i nanc i r lg  f o r  c o n s t r u c t i o n  be 1 i m i  t e d  t o  mediuni and minor p r o j e c t s .  
These p r o j e c t s  a l s o  p rov i de  t h e  advantage o f  a s h o r t e r  construction 
p e r i o d  (3-5 years f o r  minor  and medium p r o j e c t s  versus 8-10 years  f o r  
major p r o j e c t s ) .  

Th i s  s t r a t e g y  represen ts  an e v o l u t i o n  f rom the  o r i g i n a l  
i r r i g a t i o n  s t r a tegy  ndoptcd by USAID when thc  Tndla program resumed 
i n  197fl. AID 'S p o r t f o l  i o  l n i  t i a l  l y  l nc l udod  f i n a n c i a l  suppor t  o n l y  
f o r  t he  Gu ja ra t  Medium Irrigation P r o j e c t  and s u b s t a n t i a l  fund ing  f o r  
groundwater development th rough  a $58 m i l l i o n  l oan  t o  t h e  Rural  
E l e c t r i f i c a t i o n  Corporat ion (REC) and a $100 m i l l i o n  l oan  f o r  t h e  
/ \ g r i  c u l  t u r a l  Refinance and Development Corporat ion (ARDC) . Exper ience 
w i t h  t he  appra isa l  o f  t h e  Gu ja ra t  p r o j e c t  l e d  USAID i n  t h e  FY 1980 
Rajasthan Medium I r r i g a t i o n  p r o j e c t  t o  emphasize suppor t  f o r  GO1 and 
Government o f  Rajasthan i n t e r e s t  i n  improv ing economic and t echn i ca l  
design standards,  extending t h e  system c l o s e r  t o  t h e  i n d i v i d u a l  fa rm 
and c a r r y i n g  o u t  s t ud ies  on va r i ous  system problems. T h i s  emphasis 
was r e i n f o r c e d  by t h e  f i n d i n g s  o f  t h e  team o f  U.S. i r r i g a t i o n  spec ia l -  
i s t s  which v i s i t e d  I n d i a  i n  November 1980 t o  assess va r i ous  ass is tance  
poss i  b i  1 i ti es. T h e i r  r e p o r t ,  " I r r i g  i o n  Development Opt ions and 77 Investment S t ra teg ies  f o r  t h e  1 9 8 0 ' s / " ,  c o n f i  rmed t h e  importance of 
improved system design and management a t  a l l  l e v e l s  o f  su r face  irri- 
ga t i on  p r o j e c t s .  T h e i r  rev iew a l s o  p rov ided  t h e  framework f o r  exten- 
s i v e  d iscuss ions  w i t h  GO1 and s t a t e  government o f f i c i a l s  on t h e  areas 
i n  which AID cou ld  c o n t r i b u t e  most e f f e c t i v e l y .  These d iscuss ions  
were t he  bas is  f o r  the  des ign o f  t h e  Maharashtra I r r i g a t i o n  Technology 
and Management p r o j e c t ,  and t he  proposals  f o r  t h e  FY 1983 Water Manage- 
ment and Tra in ing ,  Rajasthan Command Area Development (CAD), and 
Madhya Pradesh Minor  I r r i g a t i o n  P ro j ec t s .  

For t he  p e r i o d  FY 1984 and beyond, con t inued  suppor t  f o r  
water management s tud ies ,  demonstrat ions and t r a i n i n g  a t  t h e  c e n t r a l  
and S t a t e  l e v e l s  w i l l  be complemented by long- term ass is tance  t o  a 
l i m i t e d  number o f  s t a t e s  t o  e s t a b l i s h  "model systems" and b u i l d  up 
t he  o v e r a l l  capabi 1 i t i e s  o f  t h e i r  I r r i g a t i o n  Departments and r e l a t e d  
agencies. Wi th  more e f f i c i e n t  model systems i n  p l ace  and ope ra t i ng  
under d i ve r se  cond i t i ons ,  and i r r i g a t i o n  i n s t i t u t i o n s  w i t h  enhanced 
t echn i ca l  and management capab i l  i t i e s ,  USAID would expect  t h a t  I n d i a  
cou ld  be reaping t he  ga ins  o f  g r e a t e r  i r r i g a t i o n  e f f i c i e n c i e s  on a 
broad sca le  by t he  end o f  t he  1980's. 

3. A g r i c u l t u r e  and I r r i g a t i o n  i n  Maharashtra 

Ag r i cu l  tu r f?  i n  Maharashtra i s  sub jected t o  wlde v a r i a t i o n  



i n  annual r a i n f a l l  throughout t he  s t a t e  and, more impo r tan t l y ,  uneven 
d i s t r i b u t i o n  du r i ng  the  year .  Annual r a i  n f a l  1 va r i es  f rom about 
1750 mm (70 i n . )  on the  eas te rn  p l a teau  t o  500 mm (20 i n . )  i n  t he  
cen t ra l  drought prone reg ion  and t o  more than 4,000 mn (160 i n . )  west 
o f  the  Sahyadri range a long the  western coast.  The monsoon r a i n s ,  
which supply 90-95 percent  o f  t he  annual p r e c i p i t a t i o n ,  n e a r l y  a l l  
fa1  1 between June and October ( k h a r i f  season). Because o f  t he  uneven 
annual d i s t r i b u t i o n  of r a i n f a l l  , a1 1 of t he  u n i r r i g a t e d  a g r i c u l t u r a l  
l and  s u f f e r s  from severe water s c a r c i t y  du r i ng  the  r a b i  (November t o  
February) and summer (March t o  May) seasons. 

Maharashtra has about 18.3 m i l l i o n  hectares o f  l and  a v a i l -  
ab le  f o r  cropping (ne t  cropped a r e a ) E / .  O f  t h i s ,  t he  foodgra ins sor -  
ghum, r i c e ,  wheat and pu lses occupy 6.4, 1.5, 1.1 and 2.8 m i l l i o n  
hectares respec t i ve l y ,  a t o t a l  o f  11.8 m i l l i o n  hectares which produces 
about 9.3 mi 11 i o n  tons. Cotton, groundnut and sugarcane t oge the r  
cover n e a r l y  3.5 m i l l i o n  hectares. A wide v a r i e t y  o f  minor  crops, 
i n c l u d i n g  o i l seeds ,  j u t e ,  condiments, spices, vegetables and potatoes 
supplement t r a d i t i o n a l  farming preferences. Maharashtra accounts f o r  
the f o l  lowing p ropo r t i on  o f  the  c o u n t r y ' s  t o t a l  p roduc t ion  o f  var ious 
crops: sorghum 43.1%; co t t on  16.3%; sugarcane 14.9%; m i l l e t  11.6%; 
groundnut 9.9%; r i c e  4.4%; wheat 3.9%; and gram 2.6%. 

Near ly  84 percent  o f  t h e  geographical  area o f  t h e  s t a t e  i s  
covered by v e r t i s o l s ,  more commonly r e f e r r e d  t o  as b lack  c o t t o n  s o i l s  
(see Volume I I Chapter 6, A g r i c u l t u r e ) .  These s o i l s  range f rom very  
deep t o  shal low and con ta in  h i g h  amounts o f  expanding c l a y .  V e r t i s o l s  
e x h i b i t  s h r i n k  and swe l l  c h a r a c t e r i s t i c s ,  low permeabil i t i e s  and h igh  
water ho ld ing  capac i t i es  which o f t e n  cause poor s t a b i l i t y  and drainage 
problems. Special  management cons idera t ions  a re  impor tan t  i n  design- 
i ng t i  11 age, engineer ing, dra inage and crop water  requirements.  

I n  many areas, t he  l and  i s  l e f t  fa1 low du r i ng  t h e  r a i n y  
season due t o  t i l l a g e  d i f f i c u l t i e s  o r  f l ood ing .  I n  some cases i t  i s  
l e f t  f a l l o w  i n  an at tempt t o  conserve s o i l  mo is tu re  reserves accumu- 
l a t e d  d u r i n g  t he  r a i n y  season f o r  use du r i ng  t he  r a b i  season. S o i l  
management 1 i m i  t a t i o n s  , inhe ren t  r a i  n f a l l  pa t t e rns  and 1 aggi ng devel-  
opment o f  i r r i g a t i o n  account f o r  the  low cropping i n t e n s i t y  i n  Maha- 
r ash t ra  (107 percen t )  

Even i n c l u d i n g  i r r i g a t e d  crops, average y i e l d s  o f  food- 
 rains i n  Maharashtra a re  l e s s  than  0.8 tons pe r  hectare.  

W V e t  Cropped Area" means ac tua l  l and  area cropped a t  l e a s t  once 
per  year .  Gross cropped area r e f e r s  t o  t he  area cropped each year .  
One hectare p l an ted  tw i ce  i n  a yea r  would represent  a n e t  cropped 
area of one hectare and a gross cropped area of two hectares. 



Improved v a r i e t i e s ,  p a r t i c u l a r l y  of sorghum, wheat and r i c e ,  can 
produce b e t t e r  y i e l d s  under proper management, bu t  o f ten  are 1 i m i  t ed  
by inadequate water. F e r t i l i z e r s  and o ther  inputs  are normal ly used 
on ly  on cash crops ( c o t t m ,  sugarcane and groundnut) and HYVs o f  food- 
gra ins.  Nearly h a l f  of the approximately 380,000 tons o f  f e r t i l i z e r  
consumed i n  Maharashtra annual ly  i s  used f o r  i r r i g a t e d  crops. 

I n  1981 Maharashts.a began improving and reorganiz ing i t s  
extension serv ice w i t h  the as3istance o f  a World Bank p r o j e c t  t o t a l -  
i n g  $33.3 m i l l i o n .  I t  i s  being res t ruc tu red  t o  f o l l o w  the T ra in ing  
and V i s i t  system already adopted i n  several o ther  Indian states,  
emphasizing increased spec ia l i zed  s t a f f i n g ,  systematic farmer contacts 
and 1 i nkage w i t h  research i n s t i t u t i o n s  f o r  t r a i n i n g  and technological  
t rans fer .  Farmers w i l l  be g iven help and advice on proven farming 
prac t ices  and techniques best su i ted  t o  t h e i r  s p e c i f i c  condi t ions.  
The res t ruc tu r i ng  i s  planned f o r  c l e t i o n  i n  th ree  years and w i l l  
cover a1 1 d i s t r i c t s  i n  Maharashtr 3.9 . USAID/Indials Water Manage- 
ment and Tra in ing  Pro jec t ,  scheduled f o r  o b l i g a t i o n  i n  l a t e  FY 82 o r  
e a r l y  FY 83, w i l l  prov ide spec ia l i zed  t r b i n i n g  i n  water use extension. 
Personnel of the T&V system w i l l  be t r a i n e d  i n  water use prac t ices  
and i n  the organ iza t ion  o f  farmers under t h i s  companion p ro jec t ,  and 
w i l l  begin t o  apply what they have learned i n i t i a l l y  on the t h i r t e e n  
prototypes. 

Only about 2 .3  n l i l l i o n  hectares o r  11 percent of Maha- 
rash t ra ' s  gross cropped area o f  20 m i l l i o n  hectares has access t o  
i rri g a t i  on f a c i  1 i t i e s  compared t o  about 31 percent f o r  I nd ia  o v e r a l l .  
Approximately ha1 ;' o f  the present i r r i g a t e d  area i s  served by wel ls ,  
near ly  a l l  o f  them small dug we l l s  ove r l y i ng  hard rock, serv ing one 
t o  two hectares each. U l t imate  i r r i g a t i o n  p o t e n t i a l  f o r  Maharashtra 
has been est imated a t  7.06 m i l l i o n  hectares, i nc lud ing  1.8 m i l l i o n  
hectares from groundwater. Increased i r r i g a t i o n  e f f i c i e n c i e s  , the  
p r i n c i p a l  o b j e c t i v e  o f  t h i s  p r o j e c t ,  could r a i s e  t h i s  t o  as h igh as 
8.9 m i  11 i o n  hectares. 

I r r i g a t i o n  i s  needed throughout the e n t i r e  s tate,  even i n  
areas t h a t  are n o t  drought prone becau,.e v i r t u a l l y  a1 1 o f  the r a i n  
occurs dur ing the June - September monsoon per iod.  Major p ro jec ts  
are conf ined p r i m a r i l y  t o  the l a r g e r  r i v e r  basins. Medium and minor 
i r r i g a t i o n  i s  d i  rec ted  toward smal l e r  and general l y  h igher  water- 
sheds . 
- -- ---. -.- ---- -- 
j g ~ a h a r a s h t r a  Agr icu l  t u r a l  Extension Pro jec t ,  World Bank S t a f f  

Appraisal Report 3299-IN. See discussion i n  Vol. 2, Chapter 6, 
~ g r i c u l  tu re .  



With t h ree  growing seasons, t he  cropping i n t e n s i t y  cou ld  
t h e o r e t i c a l l y  be 300 percent  i f  water were a v a i l a b l e ,  Much o f  the  
c u l t u r a b l e  l and  i s  l e f t  f a l l o w  du r i ng  the monsoon because o f  d i f f i -  
c u l t i e s  o f  c u l t i v a t i o n  o r  r i s k  o f  crop f a i l u r e .  I r r i g a t i o n  prov ides 
almost t h e  sb le  o p p o r t u n i t y  t o  p rov ide  f o r  mu1 t i p l e  cropping. Y ie l ds  
under i r r i g a t i o n  now range f rom 2 t o  2.5 t imes those f o r  r a i n fed .  
With g rea te r  use o f  improved a g r i  cu l  t u r a l  techno1 ogy , t h i s  cou ld  
e a s i l y  be doubled again, t o  f i v e  t imes the  y i e l d s  f o r  r a i n f e d  crops. 
Four proposed subpro jects  analyzed show t h a t  average n e t  farm incomes 
pe r  hectare i n  command areas w i l l  be increased by i r r i g a t i o n  from 
2.5 t o  5.5 f o l d .  F u l l  con junc t i ve  development o f  groundwater cou ld  
f u r t h e r  increase n e t  incomes by 25 t o  60 percent .  

Dur ing the  pas t  t h ree  decades about 1.06, m i  11 i o n  hectares 
o f  new i r r i g a t e d  p o t e n t i a l  have been added i n  Maharashtra a t  a  c o s t  of 
Rs.8.3 b i l l  i o n  ($922 m i l  1  i o n  a t  ~ s . 9 / $ 1 )  through p u b l i c  development 
o f  major and minor i r r i g a t i o n  w i t h  20 major  and 11 1 medium p r o j e c t s  
f u l l y  completed o r  under p a r t i a l  se rv i ce  u p  t o  .June? 30, 1980. Mnha- 
r s n s h t r n  cur*rcnl.ly has  4 9  rnqjor, 125 mc:d i urn ;rnd 439 m i.nors pr*o,jccts under  
c .ons  t r u c  L i  on ,  which w i l 'I tldd upprox imu t.u ly r rnot l~cr~ 1 .B mil l i o n  hcc tnrlcs. 
l*;::l. irn;~I.t!d (x~:; l ,  I~ I I I I I~  I I! I t  i H I ~ H .  18 - 5  h i  'I I i o r 1  ($2 .O b i  11 i,on) wi th  
Ns. :!. U 1) i I I i OII ( !I::$ I 0  III i I I i OII 1 V o r *  m i d  i tun 1) tm, j~w I A  . W I ~ I  S i x t h  lJlun Lar- 
g c t s  It: ; .  I 3  b i  l 1 ion (I1 .:{ bi  l l i on) 1.0 t.t~c:;e u c t  i v i  Li.cs of which R s .  2 
b i l l i o n  ($220 m i l l i o n )  i s  planned f o r  medium p r o j e c t s .  T h i s  inves tment  
would add a f u r t h c r  600,000 h e c t a r e s  t o  t h c  i r r i g a t i o n  p o t e n t i a l .  

I n  1974-75 Maharashtra adopted reg iona l  p lann ing  a t  t he  
d i s t r i c t  l e v e l ,  p l a c i n g  a subs tan t i a l  share o f  t h e  s t a t e ' s  resources, 
i n c l u d i n g  f i nanc ing  o f  medium i r r i g a t i o n  schemes, under t h e  purv iew 
o f  D i s t r i c t  P lanning and Development Counci 1  s. F i n a l  dec i s i on  regard- 
i n g  the a l l o c a t i o n  o f  funds i s  reserved Lo t he  s t a t e .  The tendency 
has been t o  s t a r t  too  many new schemes, r e s u l t i n g  i n  inadequate fund- 
i n g  t o  complete p r o j e c t s  on t ime. Under t h i s  p r o j e c t ,  Maharashtra 
wi 11 reserve the  requ i red  fund ing  t o  complete a1 1 qua1 i f y i n g  sub- 
p r o j e c t s .  An impor tan t  b e n e f i t  o f  t h e  p r o j e c t  w i l l  be t o  i n s u l a t e  
the  annual funding o f  subpro jects  f rom budgetary compet i t ion,  thus 
i n s u r i n g  f i nanc ing  f o r  t h e i r  t i m e l y  complet ion. Th i s  w i l l  enable 
p r o j e c t  b e n e f i t s  t o  begin accru ing  on t ime, and thus r e a l  i r a t i o n  o f  
acceptable economic r a t e s  o f  r e t u r n .  

The o n l y  o t h e r  donor p resen t l y  i n v o l v e d  i n  la rge-sca le  
i r r i g a t e d  a g r i c u l t u r e  i n  Maharashtra i s  the  World Bank, which has 
two a c t i v e  loans t o t a l l i n g  $280 m i l l i o n .  These f i nance  p r i m a r i l y  the  
cons t ruc t i on  o f  major  i r r i g a t i o n  p r o j e c t s ,  and t he  modern izat ion o f  
e x i s t i n g  major p r o j e c t s .  



The In te rna t i ona l  Fund f o r  A g r i c u l t u r a l  Development i s  
co l l abo ra t i ng  w i t h  the World Bank by support ing one major p ro jec t ,  
i .e:, Bhim I r r i g a t i o n  Pro jec t ,  w i t h i n  the framework o f  the Bank's 
p r o j e c t .  IFAD i s  p rov id ing  a loan o f  $50 m i l l i o n  f o r  t h i s  a c t i v i t y .  
Implementation i s  handled through the Bank. Bank and IFAD-financed 
schemes w i  11 r e s u l t  i n  h r i  ng i  ng 620,000 hectares under i r r i g a t i o n  
I I I ~ ~ O I I ~ ! , ~ I  1 1 ' - I  I ( i r l t q  I I I ~  i I I ~ !  H I I I M A )  . 

The Bank's p ro jec ts  focus p r i m a r i l y  on the  cons t ruc t ion  
o f  major i r r i g a t i o n  s t ruc tures  and f a c i l i t i e s ,  cons t ruc t ion  o r  
modernization o f  roads *in the  command areas o f  the major irrigation 
pro jec ts  being f inanced, p rov i  s ion  o f  bui  1 dings, vehic les and equip- 
ment. Financing i s  a1 so provided f o r  strengthening o f  command area 
development a u t h o r i t i e s  i n  p r o j e c t  areas. The t r a i n i n g  and special  
s tudies planned under the  A I D  p ro jec t ,  a1 though d i rec ted  p r i m a r i l y  
toward the t h i r t e e n  medium i r r i g a t i o n  p ro jec ts  t o  be undertaken as 
prototypes, w i l l  very l i k e l y  have bene f i c i a l  impact upon the Bank!s 
projecLs as we l l ,  thereby f u r t h e r  enhancing the  disseminat ion and 
use o f  pro jec j*  technologj- i n  Maharashtra. 

The Bank i s  a lso prov id ing  f i n a n c i a l  support under i t s  
Maharashtra I r r i g a t i o n  Pro jec ts  f o r  the Water and Land Management 
I n s t i t u t e  located near Aurangabad. USAID regards t h i s  I n s t i t u t e  as 
an important f i r s t  step i n  developing a t r a i n i n g  program concerned 
w i t h  water management. However, i t s  cur ren t  focus i s  on t r a i n i n g  o f  
I r r i g a t i o n  Department o f f i c i a l  s  who are more concerned w i t h  the  p lan-  
ning, design and cons t ruc t ion  o f  the i r r i g a t i o n  system above the 
p u b l i c  o u t l e t  ra the r  than w i t h  water management i n  i t s  s t r i c t  sense. 
The I n s t i t u t e  has requested AID assistance t o  improve i t s  capaci ty  
t o  t r a i n  technicians and extension personnel i n  on-farm water manage- 
ment. Substant ia l  strengthening o f  i t s  water management capab i l i -  
t i e s  i s  being considered under the  proposed Water Management and 
f r a i n i n g  Project .  USAID plans, under the proposed p ro jec t ,  t o  send 
s t a f f  members from the I r r i g a t i o n  and Agr i cu l t u re  Departments t o  the 
I n s t i t u t e .  See Section I I I .D.1. b. below, 

USAID/India has worked c lose l y  w i t h  the Bank throughout 
the preparat ion o f  t h i s  p r o j e c t ,  and both donors in tend t o  cont inue 
c lose  re la t i onsh ips  throughout the  1 ives  o f  our respect ive  i r r i g a -  
t i o n  e f f o r t s  t o  assure maximum poss ib le  impart,  spread and use o f  
newly developed o r  i ntroduced technology. For example, USAID has 
requested the services o f  D r .  G i  1  b e r t  Corey o f  the World Bank's 
New Del h i  o f f i c e  t o  help prepare the Water Management and T ra in ing  
P ro jec t .  



5. Inipl i ca t i ons  f o r  P ro jec t  Design 

Given the AID s t ra tegy  discussed i n  Sect ion I I I .C.2, the 
status o f  a g r i c u l t u r e  and i r r i g a t i o n  i n  Maharashtra and the  World 
Bank involvement there,  i t  i s  c l e a r  t h a t  medium i r r i g a t i o n  i n  Maha- 
rasht ra  provides a major oppor tun i ty  f o r  improvements i n  surface 
i r r i g a t i o n  e f f i c i e n c y .  Crop y i e l d s  under i r r i g a t i o n  are  low by 
Indian standards. MaharaShtra i s  p a r t i c u l a r l y  dependent on surface 
i r r i g a t i o n  and has developed l ess  than 40% o f  i t s  i r r i g a t i o n  p o t e n t i a l ,  
as compared w i t h  the a l l - I n d i a  average o f  s l i g h t l y  over 50%. AID'S 
t h i r t e e n  prototypes w i l l  serve as l abo ra to r i es  t o  help the  Government 
of Maharashtra develop the i n s t i t u t i o n a l  capacity,  design and construc- 
t i o n  standards, moni tor ing procedures, and the necessary o r i e n t a t i o n  
emphasizing the end-users requ i red  t o  increase the e f f i c i e n c y  of i t s  
i r r i g a t i o n  f a c i l i t i e s .  This w i l l  serve t o  i n f l uence  the design of approx. 
150 medium i r r i g a t i o n  p ro jec ts  c u r r e n t l y  under development i n  Maha- 
rashtra,  as we l l  as the numerous major and minor i r r i g a t i o n  schemes 
planned o r  under construct ion.  Thfs p r o j e c t  a lso  provides an oppor- 
t u n i t y  t o  work w i t h  the Water and Land Management I n s t i t u t e  which i s  
the f i r s t  such s ta te - l eve l  i n s t i t u t e  i n  I n d i a  (and a poss ib le  p ro to-  
type fo r  o ther  i n s t i t u t e s  t o  be supported under the proposed Water 
Management and Tra in ing  p r o j e c t ) .  

As noted above, the A I D  s t ra tegy  supports Ind ian  e f f o r t s  
t o  improve i r r i g a t i o n  e f f i c i e n c i e s  through b e t t e r  design of the main 
system, f u l l e r  development o f  the lower end of the system, improved 
system managevent, and more comprehensive support f o r  h igh -y ie ld  
crop productit,l.!. With respect t o  the  main system, t h i s  p r o j e c t  
emphasizes the use o f  improved economic c r i t e r i a ,  t ime ly  completion, 
the app l i ca t i on  o f  h igher  technical  design standards, and canal l i n -  
i n g  on var ious so i  1s based on economic c r i t e r i a  (see c r i t e r i a  1-9 i n  
Sect ion I I I .D .2  below). I n  a d d i t i o n  t o  in -count ry  and U.S. t r a i n i n g ,  
approximately ten  specia l  s tudies w i  11 be supported. For example, 
hydro logical  c l  imatologi ca l  s tudies,  i nves t i ga t i ons  o f  seepage loss  
ra tes  a t  var ious l e v e l s  o f  the system and studies o f  the economics o f  
var ious cons t ruc t ion  and design a1 t e r n a t i  ves w i  11 be undertaken. 

With respect t o  the  lower end o f  the system, the I r r i g a -  
t i o n  Department w i l l  take r e s p o n s i b i l i t y  f o r  extension o f  the system 
o f  f i e l d  channels down t o  the i n d i v i d u a l  farm as we l l  as cons t ruc t ion  
of a complete drainage system (see c r i t e r i a  8-10). The p r o j e c t  w i l l  
p lace p a r t i c u l a r  emphasis on con junc t ive  use o f  groundwater ( c r i t e r i o n  
11). As mentioned e a r l i e r ,  the a v a i l a b i l i t y  o f  water i n  surface irr i- 
gat ion  systcms can be subs ta7 t l l  l y  augmented w i t h  groundwater. Con- 
j u n c t i v e  use can increase the cropping i n t e n s i t y  on a rhedium i r r i g a -  
t i o n  p r o j e c t ' s  command area by up t o  30% annually, wh i l e  a t  the same 



I;iw bal  irnci r ~ j  Lhc i lvcr i lyc annual recharge a11d p reven t ing  s i g n i  f i c a n t  
water1 oggi ng p rob l  erns . The use o f  groundwater can pe rm i t  t he  growing 
o f  perennia l  s  and ho t  weather cash crops. Therefore,  t he re  i s  a  
d i  r e c t  benef'i t especi a1 l y  i n  terms o f  farmers ' household cash incomes. 
The use o f  groundwater increases t h e  r e l i a b i l i t y  o f  the  i r r i g a t i o n  
system because groundwater i s  u s u a l l y  a v a i l a b l e  even when sur face  
water i s  i n  s h o r t  supply,  The con junc t i ve  use o f  these two sources 
o f  water depends on t he  na tu re  o f  t he  a q u i f e r  i n  much o f  Maharashtra. 
Each we1 1  produc ing groundwater f o r  i r r i g a t i o n  can y i e l d  on the  average 
enough f o r  o n l y  one o r  two hectares, i n  c o n t r a s t  t o  w e l l s  i n  t he  deep 
a l l uv i um i n  the  ganget ic  p l a i n s ,  t he  Punjab and elsewhere, which can 
p rov ide  up t o  100 t imes as much. T!x; each we1 1  canllonly be a  r e l a -  
t i v e l y  small u n i t ,  supplementing o n l y  one o r  two farmers '  requirements. 
Because o f  t h i s ,  groundwater pumps and we1 1s u s u a l l y  a re  bes t  obtained, 
owned and operated p r i v a t e l y ,  by i n d i v i d u a l  farmers, i n  c o n t r a s t  t o  
sur face systems which have h i s t o r i c a l l y  been p u b l i c l y  f inanced and 
administered. Expanding the  e x p l o i t a t i o n  o f  groundwater thus requ i res  
extens ive educat ion as t o  i t s  b e n e f i t s  and 1  i m i t a t i o n s  , improved 
market ing and a v a i l a b i l i t y  o f  a p p r o p r i a t e l y  designed and s i zed  equip- 
ment, ready access t o  c r e d i t  , spare p a r t s ,  maintenance f a c i  1  i t i e s  and 
a  s u i t a b l e  source o f  energy f o r  pumps. The I r r i g a t i o n  Department w i l l  
support  t he  expansion o f  con junc t i ve  use through groundwater u t i  1  i z a -  
t i o n  and balance s tud ies .  

Regarding o v e r a l l  system management, t he  system techn i ca l  
standards a r e  designed t o  p rov ide  t he  phys ica l  c a p a b i l i t y  f o r  f u l l  
es tab l ishment  o f  r o t a t i o n a l  water  supply.  The I r r i g a t i o n  Department 
w i l l  e s t a b l i s h  a  r o t a t i o n a l  water  d i s t r i b u t i o n  system on a l l  p r o j e c t s ,  
and w i l l  c a r e f u l l y  mon i to r  progress ( c r i t e r i o n  12) .  Specia l  water 
management s tud ies  w i l l  a s s i s t  t he  I r r i g a t i o n  Department i n  i d e n t i f y -  
i n g  problems and assessing a1 t e r n a t i  ves, T r a i n i n g  i n  management issue: 
r e l a t e d  t o  r o t a t i o n a l  water supply  w i l l  be h e a v i l y  stressed. Diag- 
n o s t i c  analyses techniques w i l l  be app l i ed  i n i t i a l l y  on e x i s t i n g  MIPS, 
and subsequently on each o f  t h e  t h i r t e e n  p ro to types  us1 ng t h e  resources 
o f  t he  Water Management Synthesis I1 P r o j e c t .  Th i s  approach, us ing  
Colorado S ta te  U n i v e r s i t y  and Cornel 1 U n i v e r s i t y  t o  conduct spec ia l i zed  
s tud ies  o f  ac tua l  systems and r e a l  c o n s t r a i n t s  t o  e f f e c t i v e  ope ra t i on  
and management, w i l l  he lp  d e f i n e  t h e  most app rop r i a te  ways t o  organize 
farmers. 

Regarding the  problem o f  low u t i l i z a t i o n  o f  i r r i g a t i o n ,  t he  
p r e f e r r e d  approach of  t he  Government of I n d i a  f o r  major  l r r i g a t l o n  
projects ,as discussct l  above, has been t he  estab l ishment  of Command 
Area Development Author1 t i e s  (CADA) . To date, however, CADAs have n o t  
been considered f o r  medium i r r i g a t i o n  p r o j e c t s .  We understand t h a t  a  
proposal  i s  c u r r e n t l y  under rev iew t o  e s t a b l i s h  CADAs on t h e  t h i r t e e n  
medium pro to types  being f inanced under t h i s  p r o j e c t .  Even i f  t h i s  i s  



n o t  approved, however, most o f  the  e s s e n t i a l  elements addressed by 
CADAs i n  major  i r r i g a t i o n  p r o j e c t s  a re  a l ready  be ing prov ided i n  
o t h e r  ways i n  t he  proposed subpro ject  p ro to type  MIPs. For example, 
CAD gene ra l l y  focuses on b r i n g i n g  i r r i g a t i o n  from the  p u b l i c  o u t l e t  
serv ing 40 t o  e i g h t  hectare b locks down t o  i n d i v i d u a l  farmgates, 
and on coord ina t ing  a l l  o t h e r  i npu t s  and serv lces  necessary f o r  
opt imal crop product ion.  T r a i n i n g  support  w i  1  I be s u b s t a n t i a l l y  
broadened and w i l l  be extended t o  i nc l ude  addl  t i o n a l  agencies, p a r t i  - 
cu l  a r l y  the Ag r i cu l  t u r a l  Department. The commitment by the  Govern- 
ment o f  Maharashtra t o  c o n s t r u c t  channels a l l  t h e  way t o  farmers' 
f i e l d s  w i t h  p u b l i c  f i n a n c i n g  w i l l  i n su re  t h a t  channels are a c t u a l l y  
i n  p lace when neededE/ .  A p a r a l l e l  dec i s i on  t o  i n i t i a t e  l and  
development o f  i n d i v i d u a l  farm f i e l d s  w i t h i n  t h r e e  months o f  begin- 
n i ng  of cons t ruc t i on  o f  f i n a l  elements o f  t he  d i s t r i b u t i o n  system 
w i l l  acce le ra te  an impor tan t  p a r t  o f  t h e  system package which has 
p rev ious l y  lagged f o r  years .  I n - se rv i ce  t r a i n i n g  i n  t h e  l a y o u t  and 
design o f  t he  lower  p o r t i o n s  o f  t he  d i s t r i b u t i o n  system us ing  I m -  
proved standards w i l l  be i n i t i a t e d  and these fea tu res  w i l l  be sub- 
j e c t e d  t o  fo rma l i zed  q u a l i t y  c o n t r o l  procedures. D e t a i l e d  s o i l  
surveys w i l l  be requ i red  f o r  subpro jects ,  and programs f o r  improving 
t h e i r  use i n  i r r i g a t i o n  designs and a g r i c u l t u r a l  p roduc t ion  w i l l  be 
developed and extended. Water1 ogging w l l l  be moni tored and cor rec -  
t i  ve and p reven t i  ve measures taken where needed. Improved techno- 
1 ogy f o r  cons t ruc t i ng ,  ma in ta i n i ng  and opera t ing  watercourses and 
f i e l d  channels i n c l u d i n g  u t i l i z a t i o n  o f  farmer o rgan iza t ions  w l l l  
be developed us ing  f i e l d  l e v e l  s tud ies  on e x i s t i n g  and new sub- 

' p r o j e c t s .  These i n i t i a t i v e s ,  toge ther  w i t h  improved coo rd ina t i on  
w i t h  t he  A g r i c u l t u r a l  Department and f u l l  implementat ion o f  t he  
T r a i n i n g  and V i s i t  Extens ion System, p rov ide  adequately f o r  the  
f unc t i ons  norma l l y  assigned t o  CADAs. 

D. P r o j e c t  Elements 

1. Nature and Scope o f  Elements t o  be Financed- 

a. Cons t ruc t ion  

The P r o j e c t  w i l l  f inance cos ts  i n c u r r e d  over  t h e  nex t  
f i v e  years i n  t he  c o n s t r u c t i o n  o f  t h i r t e e n  p ro to t ype  MIPs i n  Maha- 
rash t ra .  Completion o f  these MIPs w i l l  n o t  be a t t a i n e d  u n t i l  a f t e r  
t he  scheduled t e r m i n a t i o n  o f  t h e  p r o j e c t .  See Implementat ion Plan, 
Sect ion V I  .D. Two- th i rds o f  cons t ruc t j on  cos ts  i ncu r red  du r l ng  t he  
l i f e  o f  t he  p r o j e c t  w i l l  be f inanced under t h e  $44 m i l l i o n  P r o j e c t  
Loan, P a r t i c i p a t i n g  subpro jec ts  w i l l  be nominated by GOM, Costs 
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e l i g i b l e  f o r  f inanc ing  w i l l  i nc lude cons t ruc t ion  o f  headworks and 
con t ro l  works, canals, d i s t r i b u t a r i e s ,  watercourses and f i e l d  channels 
t o  car ry  water t o  i nd i v idua l  farmggtes. Also e l i g i b l e  are drainage 
works, roads and communication systems necessary f o r  subproject  con- 
s t r u c t i o n  and operat ion, c i v i l  works fo r  reset t lement  o f  rese rvo i r  
oustees and such o ther  p u b l i c  physical  works as may be requ i red  t o  
make the subproject system o f  water storage and conveyance t o  farm 
f i e l d s  operate e f f i c i e n t l y  and e f f e c t i v e l y .  

The l eve l  and form o f  farmer p a r t i c i p a t i o n  i n  and con- 
t r i b u t i o n  t o  i r r i g a t i o n  systen~ const ruc t ion  and operat ion w i l l  be 
determined through the a p p l i c a t i o n  o f  d iagnost ic  ana lys is  a t  the chak 
l e v e l .  The GOM w i l l  arrange t o  prov ide f inanc ing  f o r  on-farm develop- 
ment costs, mainly i n  order  t o  f a c i l i t a t e  t ime ly  construct ion.  How- 
ever, i t  i s  expected t h a t  the farmers themselves w i l l  u l t i m a t e l y  pay 
f o r  much o r  a l l  o f  t h i s  work, e i t h e r  through c o n t r i b u t i o n  of l abo r  
o r  repayment o f  c r e d i t  extended by the  s ta te .  

Another cost  which w i l l  be e l i g i b l e  f o r  AID-financing 
w i l l  be f i e l d  establishment costs. These were no t  e l i g i b l e  i n  the 
o r i g i n a l  Gujarat and Rajasthan p ro jec ts ,  but  the Mission has sub- 
sequently made them e l i g i b l e  on the  Rajasthan p ro jec t .  I n  order  t o  
manage, supervise and monitor t he  planning, design and cons t ruc t ion  . 
of ,3 medium i r r i g a t i o n  p ro jec t ,  t he  I r r i g a t i o n  and A g r i c u l t u r e  Depart- 
menn se t  up f i e l d  of f ices a t  each M I P  p r o j e c t  s i t e  conta in ing  
engineers, draftsmen and o ther  p e r t i n e n t  technical  s t a f f .  These f i e l d  
of f ices e x i s t  throughout the cons t ruc t ion  phase o f  the  M I P  and are 
then disbanded upon completion. The Government o f  Maharashtra has 
procedures under which i t  sanct ions and posts s t a f f  f o r  these f i e l d  
s i t es .  I l isLor*icil  1,y hucl~:ct. w d  HIA l'L'i ng cons t . ru in t s  r esu l t ;  i n  a 
p l c c  ol '  cons t ruc t .  i or1 rc:yu i r i n g  T i  l.'l,ccn t o  twcn ty ycclrs For completj.on 
01' LI mod i urn i rlri gill. i a r ~  pr*o,jcc t.. I o r d c r  i.c m i  nimi x o  c o s t  e a c o l a t i o n s  
J u c  t o  .inl. 'Iation and t o  cnahlc nccrwal ol' pr*o,jccL b e n e f i t s  a s  e a r l y  as 
p o s s i b l e ,  AII) b e l i c v c s ,  and t;hc I r r t i g a t i o n  Uepalltmcnt a g r e e s ,  t h a t  t h e  
c o n s t r u c t i o n  schedulc  can and shou ld  bc shor tcncd t o  f i v e  y e a r s .  The 
p r i n c i p a l  cons t ra in t :  t o  ;~ch icv i .ng  t h i s  uocc1crat;ed schedu le  i s  t h e  
l a c k  of' f ' i c ld  s t a f f ' .  'I'hc bcncl ' i t s  from an adcquate  s t r e n g t h  o f  s t a f f  
w i l l  h c  si .gni . i icant. .  'i'l~c: impact o f  t h i s  aclclcd cxpcnsc wj.1.l be t o  
r x  i sc ovcrn' l  'I c o s t s  which a r s i -  e l i g i b l e  f o r  All,-l.'i n m c i  ng by about  
f i f t e e n  percent.  However, the bene f i t s  w i l l  he s i g n i f i c a n t .  Con- 
s t r u c t i o n  w i l l  he accelcratcd f o u r f o l d ,  and on-si  t e  superv is ion w i l l  
g r e a t l y  improve cons t ruc t ion  q u a l i t y .  The i n a b i l i t y  t o  ge t  s u f f i -  
c i e n t  f i e l d  s t a f f  has been the p r i n c i p a l  cons t ra in t  t o  progress I n  
both the Gujarat  and Rajasthan M I P  p ro jec ts .  



Once a  subpro jec t  has been approved, payments f o r  such 
subpro jec ts  made a f t e r  the  beg inn ing  o f  I n d i a n  F i s c a l  Year 1982 
( Ap r i  1  1  , 1982) w i  1  1  be e l  i y i  b l  e  f o r  reimbursement, Subpro jects  
t h a t  a re  AID-f inanced i n  any p a r t  w i l l  be completed accord ing t o  
agreed c r i t e r i a .  

The t h i r t e e n  p ro to types  and t h e i r  demonstrat ion chaks 
w i l l  serve as f i e l d  s i t e s  f o r  t h e  re f inement ,  a p p l i c a t i o n  and demon- 
s t r a t i  on of techno1 og i  c a l  i nnova t i ons  t o  be in t roduced  and developed 
on th ree  e x i s t i n g  MIPS. They w i l l  be undertaken i n  a1 1  s i x  admin- 
i s t r a t i v e  reg ions  o f  t h e  S t a t e  o f  Maharashtra, and i n  a l l  f i v e  
c i r c l e s  ( a d m i n i s t r a t i v e  zones) o f  t h e  I r r i g a t i o n  Department. A t  
l e a s t  one w i l l  be i n  each o f  t h e  impor tan t  a g r o c l i m a t i c  xones i n  t h e  
s t a t e ,  except  f o r  h i gh  r a i n f a l l  areas. Among t he  t h i r t e e n ,  a l l  ma jo r  
topographica l  , s o i  1  and r a i n f a l l  pa t t e rns ,  e s p e c i a l l y  droughtprone 
areas, w i l l  be covered; as w e l l  as a l l  ma jo r  t r i b a l  and e t h n i c  groups. 
Technica l  personnel  from each o f  t h e  a d m i n i s t r a t i v e  zones w i l l  be 
d i r e c t l y  invo lved ,  through t r a i n i n g ,  and, more impo r tan t l y ,  through 
d i r e c t  p a r t i c i p a t i o n  i n  c o l l a b o r a t i n g  w i t h  I nd i an  and U.S. s p e c i a l i s t s  
prov ided through t he  p r o j e c t .  'i hus , t h e  p o t e n t i a l  bene f i  t s  of t h e  
p r o j e c t  w i l l  spread f a r  beyond t h e  t h i r t e e n  p ro to t ype  systems t o  a l l  
i r r i g a t i o n  a c t i v i t i e s  i n  the  s t a t e .  

b. T r a i n i n g  

The p r o j e c t  w i l l  g r an t - f i nance  100 percent  of t h e  cos t s  
o f  i n - coun t r y  and UCS. t r a i n i n g  i n c l u d i n g  i n t e r n a t i o n a l  t r a v e l  and 
o f f s h o r e  t r a i n i n g  cos ts  such as c o n s u l t i n g  ass is tance  and impor ted 
equipment. T r a i n i n g  planned can be ca tegor i zed  rough ly  as f o l l o w s :  

i . In -coun t ry ,  i n - s e r v i c e  t r a i n i n g :  

Shor t  courses, workshops and seminars w i l l  be p ro -  
v ided f o r  p r o j e c t  design o f f i c e r s  and f o r  f i e l d  t echn i c i ans  i n  l a n d  
development i n c l  ud ing watercourse and f i e l d  channel des ign and, such 
f i e l d s  as i n  con junc t i ve  water  use. ( a )  Wi th  respec t  t o  l a n d  develop- 
ment, approx imate ly  4 5  o f f i c e r s  f rom t h e  S o i l  Conservat ion U n i t  o f  t h e  
A g r i c u l t u r a l  Department wi 11 be t r a i n e d  a t  t h e  Water and Land Management 
I n s t i t u t e  and t h e  two s o i l  conserva t ion  cen te r s  i n  Maharashtra w i t h  
c o n s u l t i n g  ass is tance  as needed. ( b )  T r a i n i n g  i n  con junc t i ve  wa te r  
use w i l l  be p rov ided  f o r  approx imate ly  30 mid - leve l  I r r i g a t i o n  Depart-  
ment o f f i c e r s  a t  t h e  I r r i g a t i o n  Department 's S t a f f  T r a i n i n g  I n s t i t u t e  
a t  Nasi k .  The t r a i n i n g  w i l l  be undertaken by o f f i c e r s  who w i l l  have 
p a r t i c i p a t e d  i n  shor t - te rm U.S. t r a i n i n g  i n  t h e  same d i  s c i p l  i nes  
(descr ibed  below). I n  add i t i on ,  workshops w i l l  be se t  up i n  con junc-  
t i o n  w i t h  ,the f i e l d  s t ud ies  i n  o r d e r  t o  d isseminate t h e i r  f i n d i n g s  
on improved technology. These workshops w i l l  be f o r  t h e  b e n e f i t  o f  



both  A g r i c u l t u r e  Department and I r r i g a t i o n  Departrrlent o f f i c e r s .  Sub- 
s t a n t i a l l y  more t r a i n i n g  w i l l  be p rov ided  n o t  o n l y  f o r  personnel o f  
Maharashtra b u t  a l s o  f o r  o t h e r  s t a t e s  and t h e  cen te r  under t he  Water 
Mana ement and T r a i n i n g  P r o j e c t  and through Water Management 
~ y n t t e s i s  11. 

ii. Shor t - term U.S. t r a i n i n g :  

Shor t - tc r r i i  t r a i n i n g  o f  techn ic ians ,  engineers,  eco- 
nomi s t s  and agronortii s t s  r espons ib l e  f o r  I n v e s t i g a t l o n ,  design, con- 
s t r u c t i o n ,  eva lua t i on  and ope ra t i on  o f  i r r i g a t i o n  systems w i l l  be 
provided, Approximately 30 A g r i c u l t u r a l  and I r r i g a t i o n  Department 
personnel may be sent  t o  t he  Un i t ed  S ta tes  f o r  s h o r t  courses i n  such 
f i e l d s  as con junc t i ve  groundwater development, dra inage eng.!neerl ng 
and a g r i c u l t u r a l  water  management. These a re  f i e l d s  i n  which U.S. 
techno1 ogy i s  advanced, and t r a i n i n g  courses read i  l y  ava i  1  ab le .  

iii . Long-term U.S. t r a i n i n g :  

Th i  s component inc ludes  $1.04 m i l  1  i o n  f o r  twe lve  
months o f  h i g h l y  s p e c i a l i z e d  t r a i n i n g  I n  t he  Un i t ed  S ta tes  f o r  30 
s p e c i a l i s t s  i n  water  resource systems a n a l y s i s  and management, s imula- 
t i o n  model i ng , i n f o r m a t i o n  systems and wate r  resource econorni cs f o r  
t h e  Narmada R i ve r  Bas in  Development Program. The Nannada i s  I n d i a ' s  
1  a rges t  westward-f lowing r i v e r  and because o f  long-s tanding d i  s- 
putes between t h e  r i p a r i a n  s ta tes ,  i t  remains r e l i t i v e l y  undeveloped, 
These d ispu tes  have now been reso lved,  thereby opening t h e  way f o r  
development. The i n d i v i d u a l s  t o  be t r a i n e d  a r e  assigned t o  t h e  
Narmada Contro l  A u t h o r i t y ,  a  newly es tab l i shed  e n t i t y  respons i  b l e  f o r  
coo rd i na t i ng  devel opnient. T h i r t y  major  p r o j e c t s  i n  i r r i g a t i o n ,  f l ood  
c o n t r o l  and power genera t ion  a re  planned. These under tak ings w i l l  
i r r i g a t e  f i v e  m i l  1  i o n  hectares i n  Gu ja ra t  and Madhya Pradesh, generate 
3,000 MW o f  power f o r  these two s t a t e s  as w e l l  as f o r  Rajasthan and 
Maharashtra, and moderate t he  w ide l y  f l u c t u a t i n g  water  f l o w  a t  t h e  
r i v e r ' s  lower  end, the reby  c o n t r o l  1  i n g  f l o o d i n g  i n  Gujarat .  The 
World Bank i s  p l ann ing  t o  suppor t  t h i s  major  e f f o r t ,  t h e  
t o t a l  cos t  of which i s  es t imated  a t  over  two b i l l i o n  d o l l a r s .  

Dur ing  t he  pas t  e igh teen  ~nonths,  GO1 o f f i c i a l s  have 
t l  i l , c : ~ r ~ ; w t l  c l t ; s i  !; l . , ~ t i c ~  i r l  clcvc*l oping systemr, c i \ l ) i ~ l ) i  1  i t y  I'or. Normtln w i t h  
USATD. The c o n c ~ p t  o f  I 1 . S .  ass is tance  was endorsed by t he  Indo-US 
J o i n t  Subco~ll~i i ission on A g r i c u l t u r e  i n  September, 1980, and was i n -  
c luded i n  t h e  PID f o r  t h e  Maharashtra Medium I r r i g a t i o n  P r o j e c t  i n  
January, 1981 . 

T h i s  t r a i n i n g  i s  proposed t o  be supported under t h e  
Maharashtra I r r i g a t i o n  Technology and Management p r o j e c t  i n s tead  o f  



under the Water Manacjenlent and T r a i n i n q  pro, ject  o r  t he  Madhya Pradesh 
Minor  I r r i g a t i o n  p r o j e c t  f o r  t he  f o l  l ow ing  rt!,lsons. The more p r a c t i -  
c a l  one i s  t h a t  t i m i n g  i s  u rgen t ,  P lanning o f  i n d i v i d u a l  p r o j e c t s  by 
the  f o u r  p a r t i c i p a t f n q  s t a t e s  i s  underway, and t he  Namada Cont ro l  
A u t h o r i t y  needs t o  b r i n g  a l l  t oge the r  as i n t e g r a l  components of one 
major  system. F i sca l  year  1982 fund ing  i s  t h e r e f o r e  impo r tan t  t o  
b r i n g  systems ana l ys i s  c a p a b i l i t y  i n t o  f u l l  ope ra t i on  i n  t h e  A u t h o r i t y .  

The a c t i v i t y  i s  f u l l y  cons i s t en t  w i t h  USAID's i rr i -  
g a t i o n  s t r a t e g y ,  and cou ld  t h e r e f o r e  be funded under a lmost  any p a r t  
o f  t he  m i s s i o n ' s  i r r i g a t i o n  p o r t f o l i o .  I t  i s  i n  AID 's  i n t e r e s t s  t o  
c o n t r i b u t e  t o  t h i s  impor tan t  e f f o r t  a t  t h e  very  heglnn ing,  and thus 
t o  become i nvo l ved  a t  the  o u t s e t .  A t  a r e l a t i v e l y  modest cos t ,  A I D  
can support  and p a r t i c i p a t e  i n  technology development and t r a n s f e r  
t h a t  w i l l  have a  profound impact on an immense i r r i g a t i o n  i n ' f r as t r uc -  
t u r e  program. 

As d iscussed i n  Sec t ion  I I I .C .Z . ,  AID does n o t  
i n t e n d  t o  p rov ide  d i r e c t  suppor t  f o r  major  I r r i g a t i o n  p r o j e c t s  p e r  se 
because our  leverage i s  grezte i -  w i t h  t h e  snial l e r  medium and minor  
p r o j e c t s ,  and t he  p o t e n t i a l  f o r  improvement i s  g rea t ,  However, t h i s  
t r a i n i n g  represents  a  unique o p p o r t u n i t y  t o  e x e r t  a  ve ry  b e n e f i c i a l  
and i n f l u e n t i a l  impact on t h e  des ign o f  t h e  l a r g e s t  p r o j e c t  i n  I n d i a  
and one o f  t he  l a r g e s t  c u r r e n t l y  planned i n  t h e  wor ld.  The systems 
a n a l y s i s  and design c a p a b i l i t i e s  which w i l l  be app l l ed  t o  Narmada 
w i l l  c o n t r i b u t e  t o  i t s  be ing soundly designed i n  t h e  f i r s t  ins tance.  
These s k i l l s  w i l l  then be t r a n s f e r a b l e  t o  a l l  o t h e r  p r o j e c t s  under- 
taken i n  I n d i a  from hencefor th ,  regard less  of s i ze ,  We have an un- 
precedented oppo r t un i t y  t o  i n f l u e n c e  t h e  technology o f  t h i s  p r o j e c t ,  
and t h e r e f o r e  b e l i e v e  we should  respond p o s i t i v e l y  t o  t h e  GOI's 
request f o r  ass is tance.  

c .  Spec ia l  Stud ies 

A number o f  s p e c i f i c  problem areas have become apparent 
du r i ng  t h e  implementat ion o f  e x i s t i n g  i r r i g a t i o n  p r o j e c t s  i n  AID 's  
p o r t f o l  i o ,  and i n  d iscuss ions  w i t h  i r r i g a t i o n  o f f i c i a l s  o f  t h e  Govern- 
ment and of var ious s ta tes .  Consequently, t he  p r o j e c t  w i l l  f i nance  
spec ia l  s t ud ies  d i r e c t e d  t o  these problem areas. Examples of t he  
types o f  concerns which may be addressed i nc l ude :  

1 .  Det.cr111inat10n o f  seepaqe l o s s  r a t e s  f o r  design. 
2 ,  Aq r i cu l  t u r a l  water  managenlent. 
3.  Groundwater u t l l  i z a t l o n  and balance s tud ies .  
4. U t i l i z a t i o n  o f  iCAR/ICRISAT k h a r i f  c ropping 

techniques on MIPS. 



5. Reason f o r  apparent low u t i l l z a t l o n  o f  kha r i f  poten- 
t i a l  and I t s  improvement. 

6. Hydro1 o g i c a l l c l  imato log ica l  s tudies on selected sub- 
p ro jec ts .  

7. Labor u t i l i z a t i o n  and economic p r i ces  and costs f o r  
M I P  construct ion.  

8. Economic ana lys is  o f  technological  a1 te rna t i ves  i n  
M I P  design, construct4on and operation. 

9. Improved use o f  s o i l  surveys i n  M I P  planning and 
a g r i c u l t u r a l  product ion under i r r i g a t l o n .  

10. Socio-economi c base1 i ne surveys. 

I n  add i t ion ,  the demonstration chak i n  each M I P  w i l l  
be the subject  of a special  study beginning w i t h  basel ine surveys, 
cont inuing through moni t o r i n g  o f  the design and cons t ruc t ion  process, 
and culminat ing w i t h  an eva lua t ion  of the impact of the func t i on ing  
i r r i g a t i o n  system upon farmer income and product1 v i  t y .  The ex ten t  and 
nature o f  farmer involvement throughout the b u i l d l n g  and operat ion o f  
the chak w i l l  be of speclal  i n t e r e s t  throughout lmplementation o f  the 
p ro jec t .  

The various recommendations r e s u l t i n g  from these s tud ies  
w i l l  be tested 6n a p i l o t  basis  on th ree  e x i s t i n g  M I P S .  I t  i s  a n t i c i -  
pated t h a t  the i n i t i a l  recommendations could begin t o  be tes ted  dur ing 
the second year o f  the p r o j e c t  and cont lnue t o  be evaluated and re., 
f ined throughout the remaining p r o j e c t  period. Based on r e s u l t s  of 
the p i l o t  s tudies,  the most promising approaches w i l l  be implemented 
on q u a l i f y i n g  p ro jec ts  dur ing the remaining per iod  o f  the  p r o j e c t  
agreement. 

d. Resident Pro jec t  Coordinator 

A substant ia l  j o i n t  e f f o r t  i n  development and t r a n s f e r  
o f  i r r i g a t i o n  and water management technology w i  11 be undertaken w i t h  
t h i s  p ro jec t .  On the U.S. side, a l a rge  number o f  i n d i v i d u a l  ac t ions  
i n  implementing t r a i n i n g  and co l l abo ra t i on  w i l l  be required, It i s  
important t h a t  these e f fo r t s  draw on the best ava l l ab le  resources and 
t h a t  they be ca r r i ed  out I n  t ime ly ,  bus lness l l ke  fashion. To i nsure  
t h l q  w i l l  r ~ q u l r e  t iw I n v r s t ~ ~ ~ e n t  o f  a consldcroblc nlriount of s t a f f  
work I d e n t i f y i n g  resources, maklng arrangements f o r  acqu i r ing  them 
and organiz ing l o g i s t i c s .  Responsible s t a f f  must be f u l l y  aware of 
ava i l ab le  resources, must have a so l  i d  technological  understanding of 
the program and must have t ime dedicated t o  the tasks, i .e. n o t  be 
d i ve r tab le  t o  o t h w  r e s p o n s i b i l i t i e s .  Ne i ther  MaharashtraIID, CWC, 
nor  USAID's s t a f f i n g  cons t ra in ts  w i  11 permi t  meeting these s t a f f  
requirements w i t h  cur ren t  regu la r  s t a f f .  



These coord ina t ive  services w i  11 there fore  be rocured 'i w i t h  A. I .D.  grant  f inancing,  u t i l i z i n g  the serv ices of a fu t  y- 
q u a l i f i e d  U.S. i n s t i t u t i o n ,  poss ib l y  through a T i t l e  XI1 arrangement. 
The U.S. i n s t i t u t i o n  w i l l  p rov lde two years residence i n  I n d i a  f o r  
one o r  two representat ives who w i l l  be f u l l y  q u a l i f i e d  i n  water manage- 
ment and i r r i g a t i o n  technology. S i m i l a r  coord ina t ive  res ident  serc' 
v ices w i l l  a lso  be requi red under the Water Management and T ra in lng  
and Madhya Pradesh Minor I r r i g a t i o n  Prb jec ts .  It I s  an t i c i pa ted  t h a t  
the same i n s t i t u t i o n a l  arrangement w i l l  be developed t o  cover a l l  
three pro jec ts ;  thus, dur ing the  f i v e  year  l i f e  o f  t h i s  p ro jec t ,  the  
res ident  coord inators w i t  1  serve an average o f  40 percent of h i s  o r  
t h e i r  t ime on t h i s  p ro jec t .  The share would be l a r g e r  dur ing  t h e  
f i r s t  p a r t  o f  the  p r o j e c t  because o f  the  concentrat ion of t r a l n i n g  
needs, and planning needs f o r  Implementing specia l  f i e l d  s tudles 
during t h a t  p o r t i o n  of t he  p r o j e c t  l l f e .  

The coordinators w i l l  be f u l l y  responsib le f o r  the  
q u a l i t y  of the serv ices provided. D e t a i l s  i n  each case w i l l  be worked 
out  d i r e c t l y  w i t h  G O M I I D  and the  concerned U.S. and i n t e r n a t i o n a l  
personnel and i n s t i t u t i o n s  i n  l i a i s o n  w i t h  USAID and CWC. The coor- 
d inators w i l l  be expected t o  remain f u l l y  cognizant o f  progress, a c t l -  
v i t i e s  and problems w i t h  the  t r a i n i n g  and techn ica l  assistance compo- 
nents of the p ro jec t .  They w i l l  mainta in l i a i s o n  w i t h  USAID and w i t h  
the Water and Land Management I n s t i t u t e  a t  Aurangabad and o the r  I n s t i -  
t u t e s  strengthened under the  Water Management and T ra in ing  P ro jec t  
whenever appropr iate f o r  technical  assistance and f o r  assistance i n  
moni tor ing and eval u a t i  on. Supervision o f  t h e  coordi nators w l l  1 n o t  
be by USAID o r  USAID s t a f f  b u t  d l r e c t l y  by CWC and GOM/ID as s e t  f o r t h  
i n  i t s  agreement w i t h  G O I / A I D .  

2 .  Summary o f  C r i t e r l a  and Condlt ions f o r  Subprojects 

Ind i v idua l  subprojects (MIPS) w i l l  be designed by the  Irri- 
gat ion  and A g r i c u l t u r a l  Departments o f  the  Government o f  Maharashtra. 
The Central Water Cormission (CWC) w i  11 appraise subprojects nominated 
by the State Governmmt f o r  compliance w i t h  p r o j e c t  c r i t e r i a .  

The c r i t e r i a  and cond i t ions  which are planned t o  be app l ied  
t o  each subproject are: 

(1  ) an economic r a t e  o f  r e t u r n  o f  12 percent o r  more, o r  
10 percent o r  more i n  t r i b a l  o r  drought prone areas: (2 )  a l l  standard 
engineering design and cos t  es t imat ing  c r l  t e r l a  of CWC and GOMIID 
must be met; ( 3 )  cons t ruc t ion  o f  major wcrks and conveyance systems 
must be completed w i t h i n  f i v e  years a f t e r  i n i t l a t i o n ;  f l e l d  channels 
must be completed w i t h i n  the s i x t h  year; 1  and development on l n d i v l d u a l  
f i e l d  must be completed no t  l a t e r  than the  seventh year; (4)  water 



supply design must be based on a t  l e a s t  a twenty-year rese rvo i r  
operat ions study, w i t h  water requirements ca lcu la ted  by f o r t n i g h t l y  
est imates o f  evapotranspi rat ion and a water de l i ve ry  budget based on 
best estimates o f  seepage and o ther  conveyance losses; (5) conveyance 
channels must be adequately designed and regulated t o  permi t  f u l l  
d e l i v e r y  t o  a l l  o u t l e t s  when the  main system i s  operat ing wi th  f lows 
a t  50 percent of f u l l  capaci ty ;  a1 1 canals must be adequately pro- 
tec ted  by cross drainage s t ruc tu res  and escapes w i t h  gated con t ro l s  
a t  d i v i s i ons  and branch po in t s  and must be provided w i t h  gates and 
measuring devices so t h a t  f l o w  can be f u l l y  c o n t r o l l e d  and measured 
i n  a l l  reaches a t  a l l  times; (6)  main and branch canals are t o  be 
s e l e c t i v e l y  1 i ned based on economic c r i t e r i a ;  ( 7 )  d e l i v e r y  systems 
must be capable of d e l i v e r i n g  streams o f  approximately 28 l i t e r s  per  
second (one cusec) t o  gated o u t l e t s  derving areas of approximately 
e i g h t  hectares on a r o t a t l o n a l  basis;  (8) f u l l y  i n teg ra ted  surveys 
and designs must be undertaken f o r  watercourses and f i e l d  channels, 
minors and d i s t r i b u t a r i e s  w i t h  a t  l e a s t  0.15 m serv ice  head ava i l ab le  
a t  out1 e t s  t o  watercourses, f i e l d  serv ice channel s and commanded 
f i e l d s ;  watercourses and f i e l d  channels w i t h  d i v i s i o n  boxes must be 
inc luded where streams are d i v ided  and w i t h  check s t ruc tu re  and gated 
o u t l e t s  t o  f i e l d s  and branches; (9) there must be monitored q u a l i t y  
con t ro l  o f  watercourse and f i e l d  channel design and construct ion;  
( 1  0) complete surface drainage system must be planned and constructed; 
(1  1 ) plans f o r  promoting con junc t ive  use o f  groundwater must be devel- 
oped, i nc lud ing  prepara t ion  o f  c r e d i t  packages; (12) r o t a t i o n a l  water 
d i s t r i b u t i o n  (She jpa l i )  system must be establ ished on a1 1 p ro jec ts ;  
(1  3) completion o f  deta i  l e d  so i  1 survey and land capabi li ty c l a s s l f i  - 
ca t i on  must be no t  l a t e r  than two years a f t e r  i n i t i a t i o n  o f  construc- 
t i o n ;  (14) qua1 i f i e d  personnel must be made ava i l ab le  by Government 
o f  Maharashtra t o  undertake a1 1 planning design, and supervisory 
a c t i v i t i e s ;  (15) p rov is ions  must be made f o r  an admin i s t ra t i ve  e n t i t y  
and adequate s t a f f  t o  coordinate and a s s i s t  i n  ca r r y ing  ou t  the specia l  
s tudies and t r a i n i n g  a c t i v i t i e s ;  (16) a demonstration chak must be 
planned s h o r t l y  a f t e r  approval o f  each prototype..MIP f o r  operat ion 
as soon as water i s  ava i lab le ;  and (17) farmer involvement must be 
enqaged t o  the  maximum ex ten t  feas ib le .  



I V .  Summary Pro jec t  Analyses 

A. Economic Analysis 

Under t h i s  p r o j e c t  an Appraisal Commi t t e e  w i l l  be formed 
w i t h i n  the  Central  Water Commission o f  the M i n i s t r y  o f  I r r i g a t i o n ,  
New Del h i .  Among o ther  th ings,  the Appraisal Committee w i l l  review 
each proposed subproject p ro to type MIP f o r  economic v i a b i l i t y ,  us ing 
a n a l y t i c a l  procedures se t  f o r t h  i n  t he  Economic Analysis (Volume 11, 
Chapter I ) ,  I n  order t o  be approved f o r  f inanc ing  under t h i s  p ro jec t ,  
each proposed M I P  must y i e l d  an economic i n t e r n a l  r a t e  o f  r e t u r n  o f  
12 percent o r  more, except i n  the  case o f  MIPs i n  t r i b a l  o r  drought 
prone areas, where the standard has been reduced t o  10 percent, Ac- 
cord ingly ,  A I D  i s  assured t h a t  o n l y  economically v i a b l e  MIP proposals 
w i l l  be approved f o r  f inancing,  AID w l l l  p a r t i c i p a t e  i n  the CWC 
appraisal  process, and thus w i l l  be able t o  mbni t o r  the  a p p l i c a t i o n  
o f  these economic c r i t e r i a .  

Construct ion costs average between Rs .18,000 and Rs. 20,000 
per  hectare, i . e. , between $2000 and $2200 per  hectare. Operation 
and maintenance costs w i l l  average Rs.100 t o  Rs.200 ($11 t o  $22) per  
hectare per  year  thereaf te r .  With an average farm s i z e  o f  3.7 hect- 
ares, and average fam i l y  s i ze  o f  5.7, i n i t i a l  costs work b u t  t o  about 
$1400 per cap i ta .  This  f i g u r e  inc ludes no t  on l y  those costs f inanced 
by A I D ,  bu t  a l so  those covered by the  I r r i g a t i o n  and Agr i cu l t u re  
Departments o f  the Government o f  Maharashtra. These costs are higher, 
and the EIRR lower, than they might  otherwise be because o f  the  exten- 
s i ve  r a t h e r  than i n tens l ve  nature o f  the MIPs. They are designed t o  
maximize the number o f  bene f i c i a r i es  ra the r  than t o  e x p l o i t  f B l l y  the  
product ive p o t e n t i a l  o f  a smal ler  command area. Even so, each newly 
i r r i g a t e d  hectare w i  11 y i e l d  between two and three add i t i ona l  tons o f  
foodgrains each year; depending upon the  types of crops grown, t h i s  
w i l l  range i n  value from $500 t o  $1,000 per  hectare, every year.  
With proper maintenance, t h i s  incremental product ion should cont inue 
i n d e f i n i t e l y ;  many i r r i g a t i o n  systems i n  I n d i a  are we l l  over 100 years 
o l d  and s t i l l  func t ion ing .  Therefore I t  i s  c l e a r  t h a t  surface irri- 
gat ion  pro jec ts ,  i nc lud ing  those designed t o  be extensive ra the r  than 
in tens ive ,  a re  h i g h l y  economic. 

Furthermore, the techno1 og i  ca l  and manageri a1 innovat ions 
which w i l l  be developed and in t roduced under t h i s  p r o j e c t  w i l l  be 
appl ied n o t  o n l y  t o  the  t h i r t e e n  prototypes, but  a lso  t o  a l l  o ther  
i r r i g a t i o n  systems throughout the s ta te .  Therefore the  gains i n  pro- 
duct ion a t t r i b u t a b l e  t o  t h i s .  p r o j e c t  w l l l  extend f a r  beyond the  
t h i r t e e n  subproject MIPs t o  a l l  sur face i r r i g a t i o n  systems i n  Maha- 
rashtra.  



B. F i  nanci a1 Anal y s l  s 

1. F inanc ia l  E f fec t  on P r o j e c t  Pa r t i c i pan ts  

The p r i n c i p a l  p a r t i c i p a n t s  w i t h  which t h i s  analys is  i s  
concerned are the  small farm operators w i t h i n  an MIP conand area. 
Operated proper ly ,  an M I P  w i l l  increase the  re1 i a b i l l t y  o f  t he  water 
suppl ied f o r  crop i r r i g a t i o n ,  and thus reduce the  r i s k s  inherent  I n  
farming. I n  addl t l o n ,  f u l l  u t l  l l z a t l o n  o f  Increased a v a i l a b i l i t y  of 
water w i l l  r a i s e  both the  expenditures and Incomes accruing t o  the  
farmer. The cornparati ve statements presented below compare the  in -  
comes and expenditures o f  a t y p l c a l  two hectare farmer w i t h  and w l th -  
ou t  i r r i g a t i o n ;  the  crops hypo the t i ca l l y  shown are t y p l c a l  of the 
types and mixes grown by small farmers I n  Maharashtra, and the  p r i c e s  
and o ther  var iab les  are based on 1981 data. Income and expend1 t u r e  
f igures f o r  a farm fami ly  w i thout  I r r i g a t i o n  assume a cropping l n -  
tens i  t y  o f  100 percent.  This  i s  overstated son~ewhat. Figures f o r  a 
farm fami ly  w l t h  i r r i g a t i o n  assume a cropping i n t e n s i t y  o f  160 per-  
cent; t h i s  i s  below the  cu r ren t  na t i ona l  average f o r  i r r i g a t e d  a g r i -  
c u l t u r e  (170 percent) .  Taken together,  the use of these and 
"wi thout"  cropping i n t e n s i t i e s  causes the  c a l c u l a t i o n  of net addi- 
t i o n a l  farm income t o  be conservat ive. 

Table 2 Comparisons o f  Income & Expenditures f o r  
a Two Hectare Farm Family w i t h  and wi t h -  
ou t  I r r i g a t i o n  (area i n  hectares; output  
i n q u i n t a l s  ; i ncome/expendi t u r e  i n  rupees) 

I, Income 

Crop 
Without I r r i g a t i o n  Without I r r i q a t i o n  

Area Output G. 1ncom& Area Output G. 1 n c o m m  
Rs. . 

Khar i f :  Sorghum 0.5 3 435 
M i l l e t  . 0.5 2 255 
Foddcr 0.5 100 1000 0.2 
Paddy 1 .O 

Ra b i  : Wheat 0.5 3 350 1 .0 
Fodder 0.5 

Perenni a1 : Sugarcane 

-- .-.- 

E11nc l  udes value of byproducts. 



Expend1 t u r e  

Seed 
F e r t i  1 i z e r  

Water Wrges Others 

111. Net Income 

Without I r r i g a t i o n  Without I r r i g a t i o n  
Area Output GJncome Area output  GJncome 

Without I r r i g a t i o n  1270 
With I r r i g a t i o n  

The analys is  suggests t h a t  a two hectare farmer, by increas ing  h i s  
cropping i n t e n s i t y  o n l y  60 percent and adding some cash crops t o  h i s  
annual mix o f  p lan t ings ,  can increase h i s  ne t  income almost seven 
f o l d ,  from Rs.1270 ($141) t o  Rs.8600 ($960). Considering t h a t  t h i s  
increase i s  conservat ive, and t h a t  i t  i s  accompanied by improvement 
i n  the  r e l i a b i l i t y  o f  water suppl ies and thus a reduct ion i n  h i s  
r i s k s ,  i t  i s  c l e a r  t h a t  the  i n t roduc t i on  o f  sur face i r r i g a t i o n  i s  
h i g h l y  bene f i c i a l  t o  small farmers. I n  add i t ion ,  a s i g n i f i c a n t  por- 
t i o n  of the  c u r r e n t l y  unemployed r u r a l  l abo r  f o rce  can be employed 
due t o  increased a g r i c u l t u r a l  p roduct i  on. 

2. Financi a1 E f f e c t  on Implementing Agencx 

The I r r i g a t i o n  Department o f  the Government o f  Maharashtra 
receives an a l l o c a t i o n  o f  funds annual ly  under the Five Year Plan of 
the Government o f  I n d i a  f o r  the  cons t ruc t ion  o f  i r r i g a t i o n  f a c i l i t i e s .  
As a mat ter  of p o l i c y  c a p i t a l  costs are no t  recovered from users; 
however, Maharashtra does seek t o  recover annual recu r r i ng  costs f o r  
opera t i  on and maintenance through water charges. A t  present these 
charges are s u f f i c i e n t  t o  cover O&M costs. Water charges are re-  
viewed regu la r l y  and adjusted when necessary. The most recent r i s e  
i n  charges was i n  1980. Maharashtra's water charges are  considered 
t o  be some o f  the h ighest  i n  Ind ia .  A I D  supports the  p o l i c y  o f  
covering recur ren t  costs through user charges. The charges are  s e t  
f o r  each crop on the basis  o f  i t s  value and i t s  r e l a t i v e  demand f o r  
water. The se t  o f  water charges i n  e f f e c t  as o f  January, 1982 i s  
as  fo l lows:  

w ~ n c l u d e s  costs o f  labor ,  land revenue and i n t e r e s t .  



Table-, 3 

Water Rates Char ed on f low I r r i g a t i o n  Schemes - 
n h j o r ,  ~ e f i i ~ i n o r  I r r l g a t l o n )  Works 

Name o f  Crop o f  Season Water Rates per Hectare Per Acre 
Rs. 7 

1. Sugar Cane and Plantains 750.00 3 3 

2. Other Perennial s 500.0(1 2 2 

3. Khar l f  Seasonal Crops 50.00 2 

4. Rabl Seasonal Crops 75.00 3 .  

5. Hot Weather Seasonal s 150.00 7 

6, Hybrid Commercial Crops : 50.00 2 

Khar i f  Crops 

7. Hybrid Seed and Foundation Crops: 

Khar i f  Season 

8. Hot Weather Cotton (Water supply from 
March 1s t )  400.00 

3. Hot Weather Groundnut 
10. llot Wcathcr Paddy 
3.1. Pre-seasonal watering 

12. Post Seasonal Watering t o  Khar i f  
Crops i n  Rabi Season 

13. Post Seasonal Watering t o  Rabi Crops 
on Hot Weather Season 25.00 1 



Using the cropping pa t te rn  f o r  Karwappa Na l la ,  a t y p i c a l  MIP i n  Maha- 
rashtra,  USAID ca lcu la ted  t h a t  on the  average an i r r i g a t e d  hectare 
w i l l  y i e l d  water charges o f  Rs.217.50 ($24) per  year  a t  cur ren t  crop- 
ping i n t e n s i t i e s .  This  f i g u r e  w i l l  o f  course r i s e  as cropping i n -  
t e n s i t i e s  r i s e .  

Table 4 

Ca lcu la t i on  o f  Average Water Charge 
Per Hectare f o r  Karwappa N a l l a  MIP 

Cropping Pat te rn  
Composite Revenue 

Crops X Area -- Water Charges ha, Per ha 
Rs. Rs . 

Sugarcane 9 
Other Perennials 1 
Chi 11 l e s  10 
T u m e r i  c 5 
Paddy (Kharif) 4 5 
Sorghum 5 
Gram (Rabi) 2 5 
Sorghum (Rabi ) 15 
wheat - 20 
Tota l  Cropping 

I n t e n s i t y :  - 135 

7 5 15.00 
Average Charge 

per  hectare: 217.50 

The costs of operat ion and maintenance have been running between Rs.50 
($5.50) and Rs.100 ($11 ) per  hectare per  year;  there fore  water charges 
c u r r e n t l y  are adequate t o  cover these expenses. USAID and GOM/ID w i l l  
moni tor  O&M costs and w i l l  rev iew p e r i o d i c a l l y  whether water charges 
should be adjusted. 

C.  Socl a1 Soundness Analyses 

The Governments of bo th  I n d i a  and Maharashtra are i nc reas ing l y  
concerned about low ra tes  of u t i  1 i z a t i o n  o f  i r r i g a t i o n  systems, and 
they are look ing  more and more c l o s e l y  a t  the  soc ia l  f a c t o r s  involved. 
This  i s  a s i g n i f i c a n t  departure from t r a d i t i o n a l  p rac t ices ,  which have 
been t o  focus almost exc lus i ve l y  on engineering and design, p r i m a r i l y  
o f  the upper end of i r r i g a t i o n  systems where the technical  aspects -- 
e.q. design of rese rvo i r  and dam and main canals -- are more 
i n te res t i ng .  

Some o f  the soc ia l  f a c t o r s  t o  be addressed dur ing  implementa- 
t i o n  o f  t h i s  p r o j e c t  are discussed b r i e f l y  below. We be l ieve  t h a t  



growing appreciat ion o f  the importance o f  these f a c t o r s  w i l l  lead t o  
the1 r being examined n o t  o n l y  f o r  the prototypes undertaken under 
t h i s  p ro jec t ,  b u t  a l so  fo r  a l l  o ther  i r r i g a t i o n  e f f o r t s .  

I. Benef ic ia ry  P a r t i c i p a t i o n  

Farmers have genera l l y  no t  been consulted before o r  dur ing 
construct ion o f  surface i r r i g a t i o n  p r o j e c t s  i n  Ind ia .  Nor have they 
had t o  commit personal resources t o  t h e i r  systems. Rather, they have 
p a r t i c i p a t e d  on l y  as users, and o n l y  a f t e r  i r r i g a t i o n  water has begun 
t o  f low. This  p a t t e r n  i s  hard t o  change, bu t  there  i s  growing recog* 
n i t i o n  i n  I n d i a  t h a t  farmer p a r t i c i p a t i o n  i s  c r u c i a l  t o  the  e f f i c i e n t  
use of i r r i g a t i o n  systems. Therefore, farmer pa r t i c i pa t i . on  i s  an 
important element o f  the p ro jec t ,  bo th  i n  terms of specia l  studdes 
and i n  terms of t e s t i n g  and demonstrating various methods t o  encourage 
p a r t i c i p a t i o n ,  and organizat ional  pa t te rns  t o  s t r u c t u r e  it. 

Workshops i n  the design o f  chaks and water management 
s:udies t o  be f inanced under the p r o j e c t  w i l l  begin s h o r t l y  a f t e r  o b l i -  
ga t ion  o f  the p ro jec t .  Ex i s t i ng ,  f dnc t i on ing  MIPs i n  Maharashtra w i l l  
be used f o r  study purposes. The a c t i v i t i e s  w i l l  be t a r  eted t o  
personnel o f  the GOM who w i t  1  be assigned t o  f i e l d  es ta  1 l ishment  o f f i ces  
a t  each of the  prototype MIPs, i n c l u d i n g  both I r r i g a t i o n  Department 
personnel as w e l l  as Ag r i cu i t u re  Extension O f f i c e r s  who are responsib le 
fo r  d i r e c t  farmer contacts. The f i e l d  workshops w i l l  focus n o t  on l y  
on optimum layou t  o f  watercourses, bu t  also, and more important ly ,  on 
how t o  engage the  p a r t i c i p a t i o n  o f  t he  prospect ive bene f i c i a r i es  i n  
t h i s  process. I t  i s  essent ia l  t h a t  farmers be s a t i s f i e d  w i t h  the  loca-  
t i o n  of water o u t l e t s ,  and t h a t  they have a sense o f  p rop r ie to rsh ip  
over the  system. This requ i res  t h e i r  a c t i v e  p a r t i c i p a t i o n  from the  
outset  i n  the design, cons t ruc t ion  and operat ion o f  the system. The 
core a c t i v i t y  of the  workshops w i  11 i nvo l ve  on-the-ground examinations 
of e x i s t i n g  systems. This  w i l l  he lp t o  h i g h l i g h t  mistakes made i n  the  
past, and how they a f fec t  e f f i c i e n c i e s  i n  the operat ion o f  i r r i g a t i o n  
sys terns. 

These workshops and s tud les  w i l l  be I n i t i a t e d  i n  t he  
f i r s t  p r o j e c t  year.  A f t e r  the  f i r s t  batch o f  th ree  prototype MIPs 
has been approved and cons t ruc t ion  i n i t i a t e d ,  p a r t i c i p a n t s  i n  t h e  
workshops w i l l  be assigned t o  the  f i e l d  establ ishment t o  apply what 
they have learned to' the new MIPs. Th i s  new cadre w i l l  i nc lude an 
i n t e r d i s c i p l i n a r y  m i x  o f  sk i  11s i nc lud ing  farmer extension and irri- 
gated technology. A t  l e a s t  one demonstration chak w i l l  be designed, 
constructed and operated i n  each prototype,  as soon as poss ib le  a f t e r  
cons t ruc t ion  has begun. The f i e l d  establ ishment personnel, i n  con- 
s u l t a t i o n  w i t h  t h e i r  parent A g r i c u l t u r e  and I r r i g a t i o n  Departments, 
CWC and USAID, w i l l  i d e n t i f y  p o t e n t i a l  demonstration chaks i n  areas 



where water can be del i ve red  as soon as the  r e s e r v o i r  and ma1 n oanal 
i s  operat ional ,  They w i  11 i nvo l ve  the prospect ive bene f i c i a r i es  I n  
the i n i t i a l  design o f  the chak, i n  the  e s t a b h h m e n t  of farmers' 
organizat ions f o r  the operat ion and maintenance o f  the chaks and w i l l  
work ou t  the b e n e f i c i a r i e s '  c o n t r i b u t i o n  t o  cons t ruc t ion  and operat ion 
o f  the chak, Contr ibut ions can be i n  the form of l abo r  and/or water 
charges. 

When the demonstration chak has been se t  up, organizat ions 
es tab l  ished and con t r i bu t i ons  i d e n t i f i e d ,  and when water del  i v e r y  
begins, the f i e l d  establ  ishment personnel w i l l  remain a t  s i t e  t o  assure 
continued e f f i c i e n t  operat ion, t o  work out  any unforeseen d i f f i c u l t i e s ,  
and t o  encourage the  demonstration o f  the  chak t o  a1 1  o the r  prospect ive 
bene f i c i a r i es  w i t h i n  the M I P  command area. 

Add i t iona l  chaks w i l l  be designed s i m i l a r l y ,  applying what 
has been learned no t  on l y  i n  the  i n i t i a l  workshops bu t  a l so  wi th the 
experience gained i n  s e t t i n g  up the demonstration chaks. 

This process w i l l  be repeated i n  each of the t h i r t e e n  pro- 
to type M I P S .  

The longer term aspect o f  p a r t i c i p a t i o n  - operat ion and 
maintenance - w i l l  be the t o p i c  o f  a  specia l  study o f  p i l o t  farmer 
water use organizat ion.  This  study w i l l  r e s u l t  i n  recommendations t o  
the Government o f  Maharashtra on which models o f  farmer organizat ions 
have the greatest  p o t e n t i a l  f o r  e f f e c t i v e l y  harnessing the t a l e n t s  
and energies o f  bene f i c i a ry  farmers f o r  op t im iz ing  the  use of i r r i g a -  
t i o n  systems. The s tudy 's  f ind ings w i l l  l i kew ise  be appl ied t o  the 
demonstration chaks, r e f i n e d  as experience i s  gained, and spread as 
add i t i ona l  chaks become operat ional .  

2 .  Bene f i t  D i s t r i b u t i o n  

There are many factors which in f luence the  d i s t r i b u t i o n  o f  
i r r i g a t i o n  bene f i t s  t o  farmers w i t h i n  the command area o f  a  MIP.  For 
example, the s i z e  and l o c a t i o n  of i n d i v i d u a l  farms, the conveyance 
losses sustained by the system enroute t o  each farm, the behavior and 
in f luence of o ther  users, espec ia l l y  those "upstream", o r  c lose r  t o  . 
the  water source, and water a l l o c a t i o n  p rac t i ces  are  a l l  important  
var iables,  a f fec t i ng  the a v a i l a b i l i t y  o f  water t o  i n d i v i d u a l  farms. 
These factors w i l l  be addressed i n  several ways. F i r s t ,  each system 
w i l l  be constructed t o  b r i n g  water d i r e c t l y  t o  each farm ra the r  than 
leav ing  d i s t r i b u t i o n  a t  the " t a i l  end" t o  whatever ad hoc arrangements 
can be worked out ,  as has been past p rac t ice .  This i s  expected p a r t i -  
c u l a r l y  t o  help the i n t e r e s t s  o f  small farmers f o r  whom the  burden of 
un re l i ab le  water supply i s  the greatest .  Extension services i n  a l l  



d i  s t r i c t s  i n  Maharashtra are being reorganized under the  T ra in ing  and 
V i s i t  system w i t h  World Bank assistance, This  w i l l  be accomplished 
throughout the s ta te ,  i nc lud ing  the 13 prototypes, we l l  before they 
become operat ional ,  The T&V system i s  an e f f e c t i v e  veh ic le  f o r  mot l -  
va t ing  farmers and f o r  t rans fe r r i ng  technological  messages f o r  crop 
product ion. An appraisal team f o r  the  World Bank-financed Maha* 
rash t ra  I r r i g a t i o n  I I p r o j e c t  assessed the  avai l a b i l  i ty  and d i s t r i  bu- 
t i o n  mechanisms f o r  a g r i c u l t u r a l  inputs.  They were found t o  be s a t i s -  
factory.  Therefore, inputs  a re  no t  expected t o  be a c o n s t r a i n t  f o r  
t h i s  p ro jec t .  

3. Water A1 l o c a t i o n  Prac t ices  

The re1 i a b i l  i ty o f  i r r i g a t i o n  systems and water a l l o c a t i o n  
p rac t i ces  d i r e c t l y  in f luence whether a farmer obta ins water a t  t he  
t ime and i n  the  quan t i t y  requ i red  t o  achieve the  q rea te r  y i e l d s  fo r  
which he has invested. A farmer w i l l  understandably be r e l u c t a n t  t o  
purchase expensive HYV seeds, f e r t i l i z e r ,  pes t ic ides ,  etc., if he i s  
no t  conf ident  t h a t  i r r i g a t i o n  water w i l l  be ava i l ab le  when needed. 
A study of the Shejpal i system o f  water a l l o c a t i o n  used i n  Maharashtra 
w i l l  be f inanced as p a r t  o f  the  p r o j e c t  t o  understand how water a l l o -  
ca t i on  fac to rs  i n t e r a c t  t o  a f f e c t  the  response o f  farmers t o  the 
a v a i l a b i l i t y  o f  water. The study w i l l  he lp shape decis ions on whether 
iniprovenients i n  t he  d l  s t r i  bu t i on  system could more equ i tab l y  d is -  
t r i b u t e  benef i ts  among i r r i g a t o r s .  For example, e l  i g l  b i  li t y  requ i re -  
ments f o r  water app l ica t ions ,  which are p a r t  o f  a complex system used 
t o  sanct ion crops f o r  i r r i g a t i o n ,  would be one aspect o f  the study. 
The block system which guarantees water suppl ies t o  perennia l  crops 
f o r  a f i x e d  per iod  (genera l l y  6-12 years) t o  an area would a1 so be 
studied. Since the  block and area basis  system permi ts  a small group 
o f  farmers t o  pre-empt a l a r g e  share o f  water and benef i ts,  the  study 
w i l l  address a1 t e r n a t i v e  methods o f  a1 l o c a t i n g  water. 

4. Employment ---..-- Ef fects -. 

A g r i c u l t u r a l  employment w i  11 increase by 32,000 work years 
annual ly through the  need f o r  increased farm labo r  f o r  i r r i g a t e d  
ag r i cu l t u re .  Landless laborers,  who c o n s t i t u t e  30 percent o f  the 
male r u r a l  labor  fo rce  and 56 percent o f  the female l abo r  fo rce  i n  
Maharashtra, w i l l  d i r e c t l y  b e n e f i t  from const ruc t ion  of the  i r r i g a -  
t i o n  system. A t o t a l  o f  approximat'ely 104,000 person y e a r s l o f  con- 
s t r u c t i o n  en~plo.yment w i l l  be created dur ing the l i f e  o f  the  p ro jec t .  
The GOM i s  committed t o  1 abor- in tensi  ve cons t ruc t ion  techniques o f  
which one essent ia l  element s ince 1974 has been the  Employment Guar- 
antee Scheme. This  pro ram creates product ive employment f o r  the  
r u r a l  poor who cannot o 9. herwise f i n d  work. 



5. M I P  E f fec ts  on T r i b a l s  and Scheduled Castes 

Scheduled Castes and Scheduled Tr ibes c o n s t i t u t e  about one- 
e igh th  o f  the  Maharashtra populat ion. Special  p rov i  s ions have beon 
made t o  (1 )  i d e n t i t y  Scheduled Castes and Tr ibes  w i t h i n  the comnand 
area o f  the subprojects dur ing i n i t i a l  basel ine surveys and assess 
the  impact o f  i r r i g a t i o n  on these groups and ( 2 )  reduce the  economic 
r a t e  o f  r e t u r n  c r i t e r i o n  from 12 t o  10 percent on subprojects t h a t  
inc lude a t  l e a s t  50 percent Scheduled Castes o r  Tr ibes. This  w i l l  
assure t h a t  bene f i t s  o f  i r r i g a t i o n  a r e  provided as we l l  t o  these mino- 
r i  t l e s  even. though they are genera l l y  loca ted  on l ess  product ive  and 
l e s s  accessi b l e  land. 

6. E f f e c t s  on Women 

I n  Ind ia ,  women do most o f  t he  tasks i n  a g r i c u l t u r e  (e.g., 
sowing, t ransp lan t ing ,  weeding and harvest ing)  and i n  r e l a t e d  occupa- 
t i o n s  such as animal husbandry, pou l t r y ,  f i s h e r i e s  , processing o f  
food products, post-harvest operat ions and storage o f  foods. Almost 
h a l f  o f  a l l  a g r i c u l t u r a l  laborers  i n  Maharashtra are women. Thus, 
one immediate e f f e c t  of MIPS on women w i l l  be the increased oppor- 
t u n i  ty f o r  employment. Approximately h a l f  o f  the add i t i ona l  women 
employed are expected t o  be from landless households. For r e s e t t l e -  
ment, arrangements w i  11 be explored f o r  implementing the S i x t h  Five- 
Year Plan recommendation t o  g i ve  j o i n t  t i t l e s  t o  the  husband and w i f e  
i n  the t r a n s f e r  o f  lands and housesites. This  w i l l  con t r i bu te  t o  
improving the  economic s ta tus  o f  women by reducing t h e i r  dependence 
upon t h e i  r husbands. 

7. Reservoir  Displacement and Land Acquisi  ton  

The resett lement o f  d isp laced people f o r  the  AID-financed 
subprojects w i l l  take place under the  p rov i s ion  o f  the comprehensive 
l e g i s l a t i o n  enacted i n  1976, the  "Maharashtra Resettlement o f  Pro jec ts  
Displaced Persons Act".  No data i s  ava i l ab le  t o  assess how e f f e c t i v e -  
l y  t h i s  a c t  has been implemented; however, a USAID appraisal  team f o r  
Maharashtra found during in formal  discussions w i t h  r e s e t t l e d  farmers 
t h a t  they were genera l l y  s a t i s f i e d  w i t h  the  prov is ions  o f  the  act .  
USAID w i l l  moni tor  on a s e l e c t i v e  basis  the  adequacy o f  reset t lement  
arrangements. Selected v i  1 lages designated f o r  reset t lement  w i l l  be 
included as p a r t  of the basel ine studies. This  w i l l  prov ide the 
means t o  assess how d i f f e ren t  categor ies o f  people are a f fec ted  by 
resett lement.  

The GOM rea l  izes t h a t  "p e t s  o f  p rospe r i t y  " e x i s t  where 
i r r i g a t i o n  f a c i l i t i e s  are provided" !@ . The ob jec t i ve  o f  a s o c i a l l y -  

U ~ a h a r a s h t r a  Sta te  I r r i g a t i o n  Commission repo r t ,  Resolut ion No. 
MRC. 1063-1 (5), 30 June 1961. 



sound i r r i g a t i o n  system i s  t o  see t h a t  p r o s p e r i t y  I s  as un i fo rmly  
d i s t r i b u t e d  as poss ib le  among a1 1 bene f i c i a ry  farmers, This  p r o j e c t  
w i l l  improve the e f f i c i e n c y  o f  i r r i g a t i o n  systems, i nc lud ing  the 
spread of benef i ts  and t h e i r  opt imal and equ i tab le  use by a l l  
benef ic ia r ies .  

D. Technical Analysis 

Design Innovat ions f o r  Prototype MIPs 

MIPs proposed as prototype subprojects under t h i s  p r o j e c t  
w i l l  be designed f o l l o w i n g  norms and c r i t e r i a  mutua l ly  developed by 
the I r r i g a t i o n  Depar tmat  of the  Government o f  Maharashtra, the 
Central Water Commission and A I D .  B r i e f l y ,  these new requirements 
w i l l  inc lude the  fo l l ow ing :  

a. Water Supply: Reservoirs w i l l  be designed o n d h e  basis  
of 75 percent r e l i a b i l  i t y  i n  heavy d  normal r a i n f a l l  areas, and # 50 percent i n  water s c a r c i t y  areas . The accuracy of water supply 
estimates w i l l  be enhanced through the i n s t a l l a t i o n  of more stream 
gauging s ta t ions .  

b. Water Budgets: Except i n  h igh  r a i n f a l l  zones, water 
suppl ies i n  MIPs are no t  usua l l y  a l l oca ted  t o  ho t  weather seasonal 
crops nor  t o  perennials.  Reservoir  storage w i l l  be designed fo r  
rab i  and hot weather a l l o c a t i o n s  w l t h  a  p rov i s ion  t o  meet about 
20 percent Khar i f  demand. I r r i g a t i o n  requirements a t  the main canal 
w i l l  be computed us ing the modi f ied Penman formula f o r  water requl re-  
ments accounting f o r  losses i n  canal system, watercourses and f i e l d  
channcls based on s o i l  cha rac te r i s t l cs  and t lme o f  operat ion. Real- 
i s t i c  estlmates of conveyance and operat ion losses i nc lud ing  f i e l d  
app l i ca t i on  e f f i c i e n c i e s  w i  11 be assumed. 

c. Dams and Reservoirs: Design standards developed by 
the CWC and formal ized as Ind ian  standards, w i l l  be used fo r  the  
design o f  dams, sp i l lways  and s i z i n g  o f  r e s e r v o i r  capac i t ies  tak ing  
i n t o  account the  s i l t  deposi t ion.  The watershed treatment program 
being undertaken by the Department o f  A g r i c u l t u r e  w i l l  be extended 
t o  a l l  the subproject t o  insure  con t ro l  and regu la te  f low o f  s i l t  
i n t o  the reservo i rs .  Monthly rese rvo i r  operat ion studies w i l l  be 
prepared f o r  each subprojects using n o t  l ess  than 20 years of 
h i s t o r i c a l  in fo rmat ion  I n  order t o  ascer ta in  n v a l l a b l l i t y  o f  water 
f o r  ti e  proposed cropplnq pat te rn .  

w ~ h i s  mans t h a t  the system would be able t o  meet f u l l  o r  near ly  
f u l l  water requirements (60% o r  g reater )  f o r  the design cropping 
pa t te rn  three out  o f  f ou r  years and two out  o f  f o u r  years 
respect ive ly ,  



d, Canals, D i s t r l  bu tar ies ,  Minors: I r r i g a t i o n  d i s t r i  bug 
t i o n  network w 7 l l  be designed and operated so t h a t  water can be 
de l ivered equ i tab l y  a t  any p o i n t  w i t h i n  the d i s t r i b u t i o n  system w i t h  
minimal waste. Embankments w i  11 be p rope r l y  compacted, The d i  s t r i  bu- 
t i o n  system w i l l  be designed t o  del  l v e r  a  stream o f  no t  l ess  than one 
cusec (28.3 l i t r e s / s e c )  on a  r o t a t i o n a l  basis t o  gated o u t l e t s  each 
serv ing approximately 8 hectares. Canal 1  l n l n g  and s t ruc tures ,  
especial  l y  i n  expansive so i  1  s, w i  11 be protected us ing technology 
developed a t  the  Ind ian  I n s t i t u t e  o f  Technology, Bombay. 

e. Watercourses, F i e l d  Channel , Land Develo ment: GOMIID 
a t  present uses topographic maps prepared by the --'%- Survey o  I n d i a  which 
are no t  s u f f i c i e n t l y  accurate f o r  loca t lng /p lann ing  o u t l e t  l oca t i ons  
and layouts fo r  watercourses, f i e l d  channels and f o r  computing ear th-  
work requirements fo r  land l e v e l i n g ,  The subprojects w i l l  use maps 
t o  the scale o f  1/1,250 w i t h  C I  o f  15 cm v e r t i c a l  to le rance o f  15 cm 
between FSL and land t o  be con t ro l  l e d  and f o r  the l ayou t  purpose. 
For land development, i nc lud ing  l ayou t  o f  f i e l d  channels - 15 meter 
g r i d  i n t e r v a l  w i l l  be used. The same basic surveys and v e r t l c a l  
con t ro l  w i l l  be used f o r  l o c a t i o n  o f  minors and o u t l e t s .  

f. Water A1 1  ocat ion  and Rotat ion: I n  Maharashtra , water 
a l l o c a t i o n  and r o t a t i o n  i s  governed by the I r r i g a t i o n  Act o f  1976. 
The ac t  i s  qu i  t c  d e t a i l e d  and s p e l l s  out  the responsi b i l  i t i e s  of 
funct ionar ies associated w i t h  water a1 1  ocat ion, maintenance of f i e1  d  
channels, water ra tes ,  p rov i  s ions and penal t i e s ,  use o f  l r r i g a t i o n  
water by i nd i v idua ls  and organizat ions.  The system of water a l l oca -  
t i o n  i n  Maharashtra through formal r o t a t i o n s  i s  c a l l e d  "Shejpal i". 
Based on the  demand fo r  water and sanctioned app l ica t ions ,  a  r o t a t i o n  
i s  f i xed  f o r  the  running o f  d i s t r i b u t a r i e s ,  minors and o u t l e t s  assum- 
i n g  average l oss  r a t e  between d i s t r i b u t a r y  head t o  farm gate. This  
provides the basis fo r  i n d i v i d u a l  t imings on f i e l d  channels. Under 
the "Shejpal i" system, i f  the i r r i g a t i o n  supply i s  in te r rup ted ,  the  
i n d i v i d u a l  i r r i g a t o r s  do n o t  miss t h e i r  tu rn ;  i t  i s  on l y  delayed. 
The e x i s t i n g  system of water a l l o c a t i o n  and r o t a t i o n  w i l l  be prac- 
t i c e d  i n  the subprojects. Meanwhile, s tudies w i l l  be conducted on 
the e x i s t i n g  system of water a l l o c a t i o n  and r o t a t i o n  and improvements 
t r i e d  on p i  l o t  basis t o  fac i  1  i t a t e  recommendations. 

Moni tor ing o f  compliance w i t h  these c r i t e r i a  w i l l  be a  
specia l  concern of the GOM mon i to r ing  team es tab l ished f o r  the  p r o j e c t ,  
and w i l l  a lso be reviewed c a r e f u l l y  by USAID. I t i s  expected t h a t  a: 
procedural manual f o r  mon i to r ing  both the technical  and organizat ional  
aspects o f  the  p r o j e c t  w i l l  be developed w i t h  assistance provided 
through the Water Management Synthesis I 1  Pro jec t .  



2. Studies and Technical Co l labora t ion  

The r e s u l t s  o f  the s tud ies  t o  be undertaken on water losses, 
water management, hydro-cl imatology , farm organi zat ions, improved u t i -  
1 i z a t i o n  o f  s o i l  surveys, a1 t e r n a t i v e  water a1 l o c a t i o n  techniques, 
groundwater u t i l i z a t i o n ,  e tc , ,  as se t  f o r t h  i n  Volume I 1  Chapter 4, 
w i l l  be used t o  improve and r e f i n e  p r o j e c t  design and management c r i -  
t e r i a .  These w i l l  lead t o  improved i r r i g a t i o n  network design i nc lud -  
i n g  prec ise requiren~ents f o r  1 i n i n g ,  more re1 i a b l e  p lanning and design 
data, development o f  improved cropping pat te rns ,  establishment o f  
water users organi zat ions, development o f  groundwater, improved water 
a1 1 ocat ion procedures, e tc .  These improvements w i  11 r e s u l t  i n  e f f i  - 
c i e n t  u t i  1 i za t ion  and management o f  water dur ing the  p r o j e c t  construc- 
t i o n  and operat ion period. The outcome o f  the studies w i l l  n o t  o n l y  
b e n e f i t  i r r i g a t i o n  throughout the  s t a t e  but  a lso w i l l  be app l icab le  
t o  s i m i l a r  agro-c l imat ic  zones i n  o ther  s tates.  

E. Admin is t ra t i ve  Analys is  

C i v i l  engineering, e s p e c i a l l y  cons t ruc t ion  and hydraul i c  
engineering, i s  we l l  developed i n  Ind ia .  The Central  Water Comnisslon 
(CWC) a t  the  National l e v e l  i s  equipped w i t h  over 1,000 h i g h l y  knowl- 
edgeable and experienced engineers. I t  sets design and cons t ruc t ion  
standards and reviews design o f  a l l  i r r i g a t i o n  p ro jec ts  exceeding 
2,000 hectares i n  area. The GOM/ID has about 9,000 engineers (2,760 
graduate and pos t  graduate) who are  h i g h l y  competent i n  t he  design 
and cons t ruc t ion  o f  i r r i g a t i o n  i n f r a s t r u c t u r e .  The s t a t e  a l so  has a 
Central  Design Organizat ion (CDO) es tab l ished i n  1957 t o  guide i n  the 
design o f  dams, canals and o ther  complex works r e q u i r i n g  specia l  
design. Maharashtra Engineering Research I n s t i t u t e  (MERI) located a t  
Nasi k possesses capabi 1 i t i e s  i n  hydrodynamics, s o i l  mechanics, ma te r i a l  
t e s t i n g  , computer programming and env i  ronmental engineering research. 
I n  add i t i on  GOM/ID has developed a manual f o r  q u a l i t y  con t ro l  on 
major engineering works, canal s t ruc tu res  and canal 1 i n 1  ng . 

Six  S o i l  Conservation D iv i s ions  (30 subdiv is ions)  under the 
con t ro l  of t he  Department o f  A g r i c u l t u r e  assigned f o r  land develop- 
ment works i n  medium and minor i r r i g a t i o n  works have a capaci ty  o f  
developing 48,000 hectares o f  land area per  year. S o i l  Conservation 
technic ians are diploma graduates and some o f  them have s i x  month i n -  
house general so i  1 conservat ion t r a i n i n g .  

The Maharashtra Ground Water Survey and Development Agency 
(MGWSDA) headquartered a t  Pune i s  responsib le f o r  development and 
u t i l i z a t i o n  o f  the groundwater p o t e n t i a l  i n  the s t a t e  and i s  ade- 
quate ly  s t a f f e d  wi t h  profess ionals.  Qua1 i t y  con t ro l  o f  cons t ruc t ion  
i s  a major concern and w i l l  rece ive  c a r e f u l  a t t e n t i o n  under t h i s  



pro jec t .  Subproject proposals w i l l  he reviewed and approved by CWC 
f o r  soundness and completeness o f  design, A f t e r  such approval, a 
specia l  mon i to r ing  c e l l  w i l l  be es tab l ished by CWC. This  c e l l  w i l l ,  
w i t h  the GOM I r r i g a t i o n  Department, undertake in-depth on-s i te  
q u a r t e r l y  reviews o f  progress and on q u a l i t y  o f  work. USAID 
w i  11 p a r t i c i  pate i n  these reviews. S i m i  1 a r  moni t o r i n g  systems have 
been se t  up f o r  both the  Gujarat  and Rajasthan pro jec ts ,  and because 
of the experience gained on those p ro jec ts ,  cons t ruc t ion  qua1 i ty i s  
care fu l  l y  exami ned, Where inadequate work i s  found, the  CWC issues 
d i  r e c t i  ves fo r  c o r r e c t i v e  act ion.  This  process has s i g n i f i c a n t l y  
improved const ruc t ion  both i n  Gujarat  and Rajasthan, and we are con- 
f i d e n t  t h a t  i t  w i  11 serve t o  main ta in  s a t i s f a c t o r y  cons t ruc t ion  
q u a l i t y  i n  Maharashtra as we l l ,  

F. Envf ronmental Analysis 

Environmental issues were i d e n t i f i e d  by a USAID Scoping 
Comrni t t e e  and documented i n  a Scoping Statement t h a t  was approved by 
AID/Washington. The Scoping Statement, which i d e n t i f i e s  issues 
needing f u r t h e r  ana lys is  as we l l  as those t h a t  do not,  i s  cons is ten t  
w i t h  the new environmental regu la t ions  which requ i re  environmental 
assessments o f  a l l  sur face i r r i g a t i o n  p ro jec ts ,  The conclusions 
reached on each o f  the Issues I d e n t i f i e d  fo r  study are summarized 
be1 ow: 

i . Land Capabil i ty and Use o f  V e r t i  so l  s. The p r o j e c t  design 
team noted t h a t  there  could be a s i g n i f i c a n t  impact on land use and 
cropping pat te rns  on v e r t i  so l  s because o f  t h e i r  speci a1 physical  
cha rac te r i s t i cs  (expansion when wet and shrinkage. when dry). 
Farmers avoid c u l t i v a t i n g  a k h a r i f  crop dur ing  the monsoon because 
t i l l a g e  i s  d i f f i c u l t ,  temporary f l ood ing  reduces crop y ie lds ,  and 
because farmers be1 ieve t h a t  s u f f i c i e n t  moisture reserves would no t  
be ava i l ab le  f o r  the r a b i  season. However, the team a l so  noted t h a t  
assured i r r i g a t i o n  under con t ro l  l e d  cond i t ions  such :as those con- 
templated f o r  the  p r o j e c t  w i l l  encourage farmers t o  p l a n t  h igh  value 
r a b i  crops such as wheat maximizing i r r i g a t i o n  p o t e n t i a l  w i t h  m in i -  
mal adverse impact on s o i l  condi t ions.  The design proposed f o r  the  
prototype medium i r r i g a t i o n  systems i n  Maharashtra w i  11 a1 so inc lude 
prov is ions  f o r  k h a r i f  crops. I r r i g a t i o n  dur ing the k h a r i f  season 
w i l l  be of importance p a r t i c u l a r l y  dur ing  per iods o f  low o r  no 
r a i n f a l l .  Accordingly measures w i l l  be in t roduced t o  encourage 
farmers t o  p l a n t  k h a r i f  crops. While the  cons t ra in t s  of temporary 
f looding due t o  excessive monsoon r a i n s  may s t i l l  occur, t h i s  
p r o j e c t  i s  no t  expected t o  exacerbate t h l s  s i t u a t i o n .  Instead, 
f lood cont ro l  i s  expected as a r e s u l t  o f  the cons t ruc t ion  o f  dams 
t o  m i  t i g a t e  monsoon f lood ing .  



ii a Water Logging S a l i n i t y  A1 ka l  i n l t y .  As an i n t e g r a l  compo- 
nent o f  t he  design o f  i n d i v i d u a l  subprojects, there  w i l l  be surface 
drainage f a c i  1 f t i e s  t o  remove excess i r r i g a t i o n  water from farmers ' 
f i e l d s .  A number of measures such as design c r i t e r f a ,  water logging 
surveys o f  medium i r r i g a t i o n  pro jec ts ,  and AID-financed t r a i n i n g  i n  
the  U.S. o f  drainage engineers w i l l  be incorporated t o  m i t i g a t e  the 
incidence and impact of water logging, s a l i n i t y ,  and a1 ka l  i n l t y  o f  
medium i r r i g a t i o n  p ro jec ts  i n  the  Maharashtra program. 

ii i , Conjunct ive Use o f  Groundwater. The p r o j e c t  proposes 
the introduct ' lon o f  qroundwater i r r i a a t i o n  i n  S U ~ D ~ O $ ~ A  ccmmand 
areas f o r  several reasons. Ch ie f  among them i s  the  added p o t e n t i a l  
t h a t  can be r e a l i z e d  from i r r l g a t i o n  sources w i t h i n  comnand areas 
o f  surface i r r i g a t i o n  systems, Groundwater l e v e l s  i n  such areas 
are  augmented by the deep pe rco la t i on  process t raceable t o  reser-  
vo i rs ,  canals, and i r r i g a t e d  f i e l d s .  The use o f  conjunct ive water 
w i l l  a1 so a i d  i n  m i  t i g a t i n g  any unant ic ipa ted  water logging problems, 
I n  in t roduc ing  t h i s  method o f  complementary i r r i g a t i o n ,  care w i l l  
be taken t o  mainta in optimum water t ab le  balances thwugh  studies 
t h a t  are requi red as a p a r t  o f  the  p lanning process o f  conjunct ive 
i r r i g a t i o n .  

i v .  Water Losses and Canal Operations. Of specla l  concern 
i n  the i r r i s a t i o n  systems proposed i s  the  ~ r 0 b k m  of canal seapaae 
losses and a1 t e r n a t j v e  measures t o  con t ro l '  them i n  the  i n t e r e s t  i f  
a t t a i n i n g  economic and environmental ob jec t ives .  Canal 1 i n i n g  i s  
general l y  acknowledged as an acceptable techn ica l  s o l u t i o n  i n  reduc- 
i n g  seepage loss  ra tes  which i n  t u r n  can m i t i g a t e  the problem of 
water1 ogging . However, 1 i n i n g  canals i n  v e r t i  so l  s o i l s  poses a 
separate problem i n  mainta in ing canal shape over t ime. I n  l i g h t  o f  
these problems, r a t h e r  than l i n e  a l l  canals, f i e l d  t e s t s  wS11 be 
made t o  determine seepage loss  ra tes  a t  s t r a t e g i c  po in t s  along the  
canal d i s t r i b u t i o n  system. Data c o l l e c t e d  w i l l  serve as the basis 
f o r  deciding where i n  the  system 1 i n i n g  i s  technical  l y ,  economical ly, 
and environmental ly feast b le.  

Based on the analyses o f  these issues and the  recom- 
mended measures f o r  n ~ i  n imiz ing  t h e i r  impact on the  environment, t he  
p r o j e c t  i s  concluded not  t o  have a s i g n i f i c a n t  adverse impact on 
the envi ronment . 

C. - A x i c u l  -.----. t u r e  Analysis - 
The State of Maharashtra comprises a geographical area o f  

30,770,000 ha. The s t a t e  l i e s  w i t h i n  the semi-ar id t r o p i c s  and i s  
subjected t o  monsoonal ra ins .  Annual r a i n f a l l  var ies  from 500-4,000 
mm across the state,  and i t  l a r g e l y  occurs w i t h i n  a 60 - 90 day 



per lod  ( J u l y  - September), The uneven d l s t r l b u t l o n  o f  r a i n f a l l  
r e s u l t s  I n  water s c a r c i t y  dur ing  the dry  season and water run-off  
and eros ion dur ing the r a l n y  season, The major r l v e r  systems dra in -  
i n g  the s t a t e  are the Krishna, Godavarl and Tapt i .  

Ve r t i so l s  o r  black co t ton  s o i l s  cover approximately 84 per- 
cent o f  Maharashtra and have a s l g n l f i c e n t  Impact I n  I r r i g a t e d  crop 
product ion. Because o f  the h igh  content  o f  expansive c lay ,  v e r t i -  
so ls  o f t e n  crack when d ry  and swel l  when wet. Hlgh water hold ing 
capac i t ies  and low i n f l l t r a t l o n  ra tes  are t y p l c a l  o f  these s o i l s .  
Sol1 eros ion and water logglng can be problems under c e r t a l n  con- 
d i t i o n s  bu t  can a lso be avoided by Incorpora t ing  appropr iate techno- 
l ogy  i n t o  i r r i g a t i o n  and crop product lon prac t ices .  More lmportant- 
ly, v e r t i s o l s  are po ten t l a l  l y  h l g h l y  product ive and prov lde  a means 
t o  increase cropping l n tens f  t l e s  especlal  l y  under I r r i g a t i o n .  

The c u l t i v a b l e  area of Maharashtra I s  about 20 m l l l l o n  ha 
o f  which about 18.3 m ha i s  a c t u a l l y  cropped. The p r i n c i p a l  food- 
gra ins are sorghum, r i c e ,  wheat and pulses. The important cash 
crops are  cot ton,  groundnut and sugarcane. To meet the  Increasing 
demand f o r  foodgralns, e f f o r t s  are belng d i rec ted  t o  increasing the  
cropping i n t e n s i t y  and the product lon output  per  u n i t  o f  land, The 
d l s t l n c t  wet and d ry  seasons and the undependable monsoon r a l n s  
Impose major l l m i t a t l o n s ,  the  availability o f  i r r i g a t i o n  I s  an Im-  
por tan t  key t o  improvlng a g r l c u l t u r e  I n  Maharashtra. 

O f  s ign i f i cance f o r  the  AID-financed subprojects i s  the 
T ra in ing  and V i s i t  system (T&V), in t roduced I n  Maharashtra I n  1981 
w i t h  World Bank assistance. T&V provldes systematic farmer contacts 
and a veh ic le  f o r  t rans fe r r i ng  technological  messages developed by 
research i n s t i t u t i o n s .  State-wide Implementation o f  the  T&V system 
i s  planned over a 3-year pe r lod  and w l l l  cover a l l  d i s t r i c t s  I n  Maha- 
rashtra.  This  p lan  has been dfscussed w i t h  the  World Bank and w i t h  
the GOM t o  assure t h a t  T&V w i l l  be I n  p lace i n  the A I D  subproject  
areas. The T&V system has the  capabi 1 I t y  t o  in t roduce sub jec t  
mat ter  specia l  i s t s  t ra ined  i n  water management i n t o  i r r i g a t e d  farm- 
i n g  areas. USAID/India ' s  Water Management and Tra i  n lng  Pro jec t ,  
scheduled fo r  o b l i g a t i o n  i n  l a t e  FY 82 o r  e a r l y  FY 83, w i l l  prov ide 
spec ia l i zed  t r a i n i n g  i n  water use extension. Personnel o f  the T&V 
system w i l l  be t ra ined  i n  water use prac t ices  and i n  t he  organiza- 
t i o n  of farmers under t h i s  companlon p ro jec t ,  and w i l l  begin t o  apply 
what they have learned i n i t i a l l y  on the  t h i r t e e n  prototypes. 

The GOM Agr i cu l t u re  Department (AD) i s  responsible f o r  a g r i -  
c u l t u r a l  services covering techn ica l  extension ( i nc lud ing  the  T&V 
system) ; planning, moni tor lng and d i s t r i b u t i o n  o f  I npu t  requirements; 
and so i  1 conservat ion/ land development works. A t  the l o c a l  l e v e l ,  



these services operate through the  l o c a l  d i s t r i c t  and block l e v e l  
governments. Farmer contacts a re  c a r r i e d  ou t  by V i  1 lage Extension 
Workers (Gram Sevak) who are responsib le t o  the  A g r i c u l t u r a l  Exten- 
s ion Worker through the b lock and d i s t r i c t  counci 1 s. F e r t i l i z e r s ,  
pes t ic ides  and seed requirements are planned i n  advance o f  each 
growing season by a specia l  d i s t r i c t  committee i n  cooperat ion w i t h  
AD o f f i c i a l s .  D i s t r i b u t i o n  o f  these i npu ts  i s  done through a com- 
b ina t i on  o f  p r i v a t e  and pub l i c  channels. 

Short, medium and long-term loans are made ava i l ab le  t o  
farmers through cooperat ive c r e d i t  soc ie t i es  and commercial banks. 
The amount o f  lending on a per u n i t  land basis  i s  roughly 2-3 t imes 
higher f o r  i r r i g a t e d  crops (canal i r r i g a t i o n )  than f o r  n o n - i r r l -  
gated. Market ing i s progress1 ve and we1 1 organ! zed throughout t he  
s ta te .  The marketing system i s  regu la ted  by the Maharashtra Agr i -  
c u l t u r a l  Produce Marketing Act  o f  1963 which provides a mechanism 
t o  es tab l i sh  market committees. Market comni t t e e s  serve v i  11 age 
o r  block u n i t s  and are represented by growers, t raders,  l o c a l  and 
s t a t e  government au tho r i t i es .  The Market ing Act  provides funds 
f o r  new market o u t l e t s  i n  areas where crop product ion increases 
ar ise.  



V .  Cost Estimate and F i  nancia l  Plan ; D i  sbursement Procedures 

A. Summary Cost Estimate and Financia l  Plan 

The t o t a l  cos t  t o  complete a1 1 t h i r t e e n  prototype subproject 
M I P S  i s  estimated a t  $191,6 m i l l  ion, incur red  over a ten  year  per iod,  
AID's p r o j e c t  i s  planned t o  cover on ly  the i n i  t i a l  f i v e  years of con- 
s t ruc t i on ,  when the p rov i s ion  o f  t r a i n i n g  and specia l  s tudies and the  
technical  c o l l  aborat ion between Ind ian  and U.S, i r r i g a t i o n  and water 
management s p e c i a l i s t s  w i l l  have the  greates t  Impact, $44 m i l l i o n  i n  
loan funds and $3 m i  11 i o n  i n  g rant  funds w i l l  be provided, See Table 
5. A f t e r  the t h i r d  year  o f  p r o j e c t  implementation, AID and the  
Government o f  I n d i a  w i l l  consider whether a fo l low-on p r o j e c t  t o  help 
f inance the  prototypes t o  completion would be the  best use o f  AID's 
resources. It i s  p ro jec ted  t h a t  approximately $41 m i  l l i o n  i n  f u r t h e r  
cons t ruc t ion  costs would be e l i g i b l e  f o r  A I D  f inancing;  i f  AID o r  
another donor does no t  p i c k  up these costs, they w i  11 have t o  be 
borne by the I r r i g a t i o n  Department o f  t he  Government o f  Maharashtra, 

During the f i v e  year  l i f e  o f  t h i s  p ro jec t ,  AID's loan funds 
w i l l  be matched roughly one f o r  one by the I r r i g a t i o n  Department. 
ID  funds w i l l  be used f o r  a one- th i rd share o f  the  e l i g i b l e  costs as 
we l l  as fo r  a l l  i n e l i g i b l e  costs such as purchase of land and con- 
s t r u c t i o n  equipments. I n  add i t i on  t o  the  ID  cont r ibu t ions , .  the  Agr i -  
c u l t u r e  Department o f  t he  Government o f  Maharashtra w i l l  budget f o r  
a1 1 on-farm development works. These begin t o  accrue dur ing the 
t h i r d  p r o j e c t  year  and cont inue u n t i l  the  tenth,  t o t a l i n g  a pro jec ted  
$18.4 m i l l i o n .  See Table 6. 

I n  add i t i on  t o  these i n i t i a l  c a p i t a l  costs, operat ion and 
maintenance costs w i  11 be i ncurred averaging about Rs. 100 ($1 1 ) per  
i r r i g a t e d  hectare. These w i l l  be budgeted f o r  by the  I r r i g a t i o n  
Department; however, the Government o f  Maharashtra i ntends t o  re -  
cover operat ion and maintenance costs from the bene f i c i a ry  farmers 
i n  the form o f  water use charges. A t  present these average an 
estimated Rs.217.50 ($24) per  hectare per  crop. See d e t a i l s  i n  
F inancia l  Analysis,  Sect ion 1 V . B .  Water charges are reviewed 
regu la r l y  and were most r e c e n t l y  ra ised i n  1980. The procedure f o r  
s e t t i n g  ra tes ,  and the p a t t e r n  of r a t e  adjustments over the past  
decade have been discussed w i t h  the  Government of Maharashtra and 
the Central Water Commission, along w i t h  the p o l i c y  o f  f u l l y  re -  
covering operat ion and maintenance costs from the  users. AID con- 
curs w i t h  t h i s  p o l i c y  and foresees no d i f f l c u l  t y  i n  i t s  continued 
achievement. 
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B. Projection of Expenditures by F lsca l  Year 

Three subproject MIPs are  scheduled t o  begln cons t ruc t lon  
dur lng the f i r s t  year o f  p r o j e c t  implementatlon. F ive more w l l l  be 
s ta r ted  dur ing the second year, and the f i n a l  f i v e  w l l l  begln the 
t h i r d  year,  Costs durlng the f i r s t  several years o f  M I P  construc- 
t i o n  are the heaviest because o f  the l a rge  costs Involved w l t h  the  
headworks and main canals; costs are Incur red  lrlore s lowly  as the 
cons t ruc t ion  reaches the d l  s t r l  bu tar les ,  minors, watercourses and 
land development works, a l l  o f  which are widely  scat tered and re -  
1 a t i v e l y  minor undertakings. Table 6 below p ro jec ts  expenditures 
f o r  the  cons t ruc t ion  o f  a l l  t h i r t e e n  subproject MIPs through the 
f i v e  year l i f e  o f  the A I D  p r o j e c t  and beyond t o  f u l l  completion i n  
the ten th  year. The f i gu res  shown i n  parentheses i n  Column ( 2 )  f o r  
years 1987, 1988 and 1989 are costs t h a t  would be e l i g i b l e  f o r  A I D  
f inanc ing  i n  the event a fo l low-on loan i s  approved. If a fo l l ow-  
on p r o j e c t  i s  n o t  obl igated,  these sums w i l l  have t o  be added t o  
those i n  the corresponding rows I n  Column ( 5 )  t o  a r r i v e  a t  the 
t o t a l  GOM/ID budget requirement t o  complete the MIPs, 

C. De ta l l s  o f  Grant Budget 

Because o f  the importance o f  the  development and appl i c a t l o n  
o f  new technology fo r  i r r i g a t i o n ,  specia l  a t t e n t i o n  has been d l r e c t -  
ed t o  the  needs f o r  t r a i n i n g ,  specia l  s tudies and techn ica l  c o l l a -  
borat ion.  Table 7 below o u t l i n e s  the costs p ro jec ted  f o r  these 
c r i t i c a l  components. 

J.  Disbursement Procedures 

1. Loan Funds 

A l l  o f  the A I D  loan funds w i l l  be used t o  f inance l o c a l  
currency costs of cons t ruc t ion  on the t h i r t e e n  prototype MIPs. 
Financing w i l l  be on a f i x e d  amount reimbursement basis  f o r  d i s -  
c re te  cons t ruc t ion  components. I n  each subproject M I P  , agreement 
w i l l  be reached dur ing the  appraisal  o f  rev ised designs by CWC on 
the amount t o  be reimbursed f o r  the headworks, main canals, d i s -  
t r i b u t a r i e s ,  minors, watercourses and f i e l d  channels, drainage 
works and roads necessary f o r  p r o j e c t  operat ions, As progress 
toward completion i s  made on the  headworks, pa r t1  a1 reimbursement 
can be made on the basis o f  percentage o f  completion. For canals, 
d i s t r i b u t a r i e s ,  etc. ,  reimbursement w i l l  be made on the  basis o f  
conipleted k i l on~e te rs .  

Certa in cons t ruc t ion  costs, e.g., reset t lement  o f  
persons l i v i n g  I n  t h e  rese rvo i r  area, establishment costs o f  Irri- 



Table 6 
PRELIMINARY 

PROJECT EXPENDITURES BY F I S C A L  YEAR 
( I n  '000 o f  $) 

I la\.U I n,  A .  U .  ,,,,. o f  Mahara 
Year, Loan .Grant 'Total-_ GOMI I 

(1 ( 2 )  1 ( 3 )  ( 4 )  ( 5 )  (6 )  
D GOM/AD.- 

slsuns i n  parentheses represent expenditures which w i  11 be e l  i g i  b l e  f o r  A I D -  
f inancing bu t  which w i l l  be i n  excess o f  the $44 m i l l  i o n  proposed. Such 
expenditures may be covered w i t h  a fol low-on p ro jec t .  I f  n o t  f inanced 
by A I D  o r  another donor, they would have t o  be added t o  the  p a r a l l e g  f i g u r e s  
i n  column 5, and thus picked up by the  GOM/ID. Tota ls  I n  column 8 would 
remain the same. 

h/ Includes $44,110 i n  expenditures t h a t  could be financed by A I D  I f  a fol low-on 
p r o j e c t  i s  approved. I f  no t  approved, t h i s  sum w i  11 have t o  be added t o  
column 5. 



Table 7 

- 55 - 

Detai ls o f  Grant Budget 
\ 

MAHARASHTRA IRRIGATION TECHNOLOGY AND WNAGEMEM PROJECT 
COLLABORATIVE SPECIAL STUDIES AND LOCAL AND U-S. TRAINING-ESTIMATED COSTS 

! 
Internat ional  Costs ($1 

I. DIRECT WHARASHTRA ACTIVITIES - 
A. Special Studies & Proqrams & 

~- - - -  - - - - - -  .-. 
Local Costs Indian Pa i- U S .  Par t i c i -  

Rupees $ Equiv. c i  pan t s  - pants Equipment Total ( 8 )  5'1 

- - 
Training 

Seepage Loss Studies 530,000 
Agricul tural  Water Canagement 
Studies 1,812,000 

Groundwater U t i l  i z a t i  on & 
Water Balance Studies 371,000 

U t i  l i z a t i o n  of Improved Khar i f  
Water Management Technology 582,300 

U t i l i z a t i o n  of Khari f Potential 300,000 
Hydro1 ogical , Climatologi cal and 

Reservoi r Operation Studies 183,000 
Improved U t i l i za t i on  o f  Soi l  
Surveys 631,000 

Socio-Economic Baseline Studies 250,000 
Economic Analysis o f  Labor Use i n  
Construction 8 Optimization o f  
Subprojects 643,000 

Al ternat ive Water Allocation Stu- 
d i  es 

Sub-Total 

In-Country Training Proqrams 
T r  

Technicians 392,000 
Training i n  Conjunctive Use o f  

~roun&ater 107 600 11 955 -- 
33mim- 3mE 571 ,am 

24 595 
Total o f  Maharashtra MIP 

11; NARMADA SYSTEMS ANALYSIS --- -- 1 s01Os1O0 30,000 -- * -- 1,040,100 
I1 I. LIAISON & COORDINATION 745,000 82,780 -- 271,000 15,000 368,780 
I V .  CONTINGENCIES 932,400 103 595 -- 103 595 

GRAND TOTAL 7,635,300 -miGm -lsS8lS3tKl - -* %xidim 
11 Indian Nationals sent t o  U.S. f o r  Training. - 
2/ Short-term consultants. - 



ga t ion  Department personnel assigned a t  s i t e ,  etc. ,  w i l l  be re-  
imbursed on an actual  cos t  basis .  

Upon s a t i s f a c t i o n  t h a t  a c e r t a i n  cons t ruc t ion  component 
has been completed o r  a c e r t a i n  percentage o f  completion achieved 
according t o  agreed plans, USAID w i l l  i n i  t i a t e  reimbursement pro-  
cedures. Th is  involves t r a n s f e r r i n g  the do1 l a r  equ iva len t  o f  67 
percent o f  the agreed u n i t  cos t  f i gu res  f o r  completed i tens i n t o  the  
New York account o f  the Reserve Bank o f  I nd ia .  

2 ,  Grant Funds 

A I D  grand funds w i l l  be used f o r  d i r e c t  f inanc ing  o f  
f o re ign  exchange costs associated w i t h  t r a i n i n g  i n  the United States; 
expa t r i a te  technical  ass1 stance and coord ina t ion  ; specia l  equl pwent 
requ'tred f o r  s tudies,  and f o r  f i nanc ing  , through the  Government of 
I nd ia ,  f o r  c e r t a i n  l o c a l  currency costs f o r  t r a i n i n g ,  coord ina t ion  
and the conducting of specia l  studies. These l a t t e r  a c t i v l t l e s  are  
a l l  expected t o  be expenditures incur red  by the GOM beyond and i n  
add i t i on  t o  approved i tems i n  the  s t a t e ' s  i r r i g a t i o n  o r  ag r i cu l  t u r e  
budgets. To prov ide f o r  l o c a l  currency expenses, USAID w i l l  
t r a n s f e r  the do1 l a r  equ iva len t  o f  planned costs f o r  each a c t i v i t y  
i n t o  the New York account o f  t he  Reserve Bank o f  Ind ia ,  and w i l l  
advise the Department o f  Economic A f f a i r s  o f  the  M i n i s t r y  o f  Finance, 
New Del h i ,  when t h i s  has been done. DEA w i l l  then arrange t o  have 
the rupee amount c red i ted  t o  Maharashtra' s  cu r ren t  general budget, 
fo r  the account of the I r r i g a t i o n  Department. 

To f a c i l i t a t e  implementation o f  the t r a i n i n g ,  coordina- 
t i o n  and special  s tud ies  t o  be done i n  Ind ia ,  upon completion o f  
conditions precedent, an advance o f  grant  funds w i l l  be provided i n  
the equivalent  of  the i n 1  t l a l  three months pro jec ted  expenditures. 
This  i s  estimated t o  be approximately Rs.600,000. Each three months 
the rea f te r ,  the Government o f  Maharashtra w i l l  r e p o r t  t o  USAID on 
actual  expenditures f o r  the  previous quar te r  and est imated requi re-  
ments f o r  the ensuing, quar te r .  On t h i s  bas is  USAID w i l l  l i q u i d a t e  
the  previous advance and w i l l  advance s u f f i c i e n t  funds f o r  the  nex t  
quar ter .  



V I  . Implementation Plan 

A. GOI/GOM Admin is t ra t i ve  Arrangements 

1. Planning and Budgeting 

The I r r i g a t i o n  Department o f  the State o f  Maharashtra 
develops and proposes an o v e r a l l  p lan  f o r  surface i r r i g a t i o n  de- 
vel opment i n  the  state,long-range i n  F ive  Year Plans and annual ly  
f o r  each budget year.  The s t a t e ' s  Medium I r r i g a t i o n  Program i s  a 
p a r t  o f  t h i  s o v e r a l l  plan. I r r i g a t i o n  Department proposals are 
reviewed by the State Planning Department, and a f i n a l  program i s  
submitted t o  the GO1 Planning Commission f o r  approval. A f t e r  ap- 
proval o f  the o v e r a l l  program, i n c l u d i n g  the i d e n t i f i c a t i o n  o f  
spec i f i c  p ro jec ts ,  by the Planning Commission, the Sta te  I r r l g a -  
t i o n  Department proceeds w i t h  de ta i  l e d  p r o j e c t  development. 

Under the  GOM1s decentral  i zed  p l  anni ng program a Planning 
and Development Council o f  o f f i c i a l  members headed by a M i n i s t e r  
decides the development p r i o r i t i e s  f o r  each o f  the 26 d l s t r i c t s  tak-  
i n g  i n t o  account 1 ocal considerat ions.  The s t a t e  government a1 l o -  
cates funds t o  prov ide employment o f  unemployed persons through 
pub l i c  works under the Sta te 's  Employment Guarantee Scheme (EGS). 
EGS funds may be u t i  1 i zed  t o  pay f o r  1 abor on MIPS.  

2. Subproject Design and Implementation 

M I P  designs are developed under the superv is ion of 
regional  Chief  Engineers w i t h  c e r t a i n  exceptions. For example, 
special  features such as dams over 27.5 m high must be r e f e r r e d  t o  
a cen t ra l  design sect ion. F e a s i b i l i t y  repor ts  fo r  subprojects w i l l  
be prepared based on these designs by a specia l  P ro jec t  Preparat ion 
Ce l l  (IDIPPC) s e t  up under the Chief  Engineer, Pro jec ts ,  a t  the  
s t a t e  l e v e l  f o r  the A I D  f inanced p ro jec ts .  Cropping pat terns,  
expected y i e l d s  and cost  o f  product ion and inputs  f o r  use i n  b e n e f i t  
cost  ana lys is  a re  spec i f i ed  by the  D i r e c t o r  o f  the Agr i cu l t u re  . 
Department. These cropping pa t te rns  w i l l  be used i n  economic 
evaluat ion o f  prospect ive subprojects; however, bene f i t s  w i  11 be 
ca lcu la ted  as described i n  Volume I1  Chapter 1 para.c, "Procedures 
and C r i t e r i a  f o r  Subproject Analyses and Approval". A f t e r  sub- 
p r o j e c t  sanct ion, the requi red engineering d i v i s i ons  and sub- 
d i v i s i ons  are estahl lshad by the I D  a t  the  subproject s i t e  t o  
f i n a l  l z e  designs and supervise cons t ruc t ion .  For some qua1 i f y i n g  
subprojects, cons t ruc t ion  rmy have a1 ready been s t a r t e d  under the  
normal procedure of approval and sanct ion. The S o i l  Conservation 
D i v i s i o n  of GOMIAD i s  responsible fo r  designing and cons t ruc t ing  
f i e l d  channels below 8 ha. o u t l e t s  t o  farmers f i e l d s .  The AD i s  



a1 so responsible fo r  p rov i  d l  ng 1 and development services on i ndi  v i  d- 
ual  farms and coordinated ag r i cu l  t u r a l  serv ices.  

3. Subproject Apprai sa l  and Approval 

The Central  Water Commission (CWC) under the GO1 M i n i s t r y  
o f  I r r i g a t i o n  i s  responsible f o r  technical  appraisal  and approval o f  
a l l  surface i r r i g a t i o n  schemes serv ing 2,000 ha. o r  more p r i o r  t o  
submission f o r  M i n i s t r y  o f  Finance and Planning Commission sanct ion 
f o r  fundfng. Accordingly, the CWC Appraisal Committee w i l l  be 
responsible f o r  apprais ing subprojects under t h i s  p r o j e c t  and f o r  
c e r t i f y i n g  t h e i r  compliance w i t h  p r o j e c t  c r i t e r i a  as s e t  f o r t h  i n  
the Pro jec t  Paper and Loan Agreement. See Sect ion I11 .D .2 .  above. 
Appraisals w i l l  be done c o l l a b o r a t i v e l y  w l  t h  the  GOM and summaries 
o f  subproject appraisals  w i l l  be forwarded t o  USAID. USAID w i l l  
p a r t i c i p a t e  i n  the appraisal  o f  selected subprojects, Upon appro- 
va l  by the Appraisal Commi t t ee ,  costs incur red  on the subprojects 
w i l l  be e l i g i b l e  f o r  f inancing,  

4 .  Water A l l o c a t i o n  and Management 

General principles f o r  a1 l o c a t i n g  water among farmers are  
s e t  f o r t h  i n  the Maharashtra I r r i g a t i o n  Act of 1976. These prov ide 
t h a t  i r r i g a t o r s  des i r i ng  water serv ice  must make app l ica t ions  i n  
advance. App l ica t ions  are received and approved by the Executive o r  
Deputy Engineer i n  charge and schedules f o r  d e l i v e r y  are establ ished 
and posted. On qua1 i f y i n g  subprojects r o t a t  
( s h e j p a l i )  w i l l  be establ ished (see Vol. 11, 
and a program t o  accelerate groundwater deve 
men ted, 

B. A I D  Imp1 ementation Arrangements 

1. A I D  Admin is t ra t i ve  Arrangements 

l ona l  water serv ice  
Chapter 4 ,  Sec.B.2 

lopment w i l l  be imp 

USAID/New Del h i  has designated a P ro jec t  O f f i ce r  who w i l l  
be responsible f o r  coord inat ing p r o j e c t  analyses and formulat ion and 
w i l l  handle a l l  face ts  o f  p r o j e c t  implementation. I n  addi t ion,  an 
FSN engineer w i l l  be assigned t o  the p r o j e c t  on a f u l l t i m e  basis.  A 
USAID Pro jec t  Conmi t t e e  w i  11 support these o f f i ce rs .  USAID's 
Con t ro l l e r  w i ?  1  make a l l  p r o j e c t  disbursements i n  accordance w i t h  
standard AID ps~ocedures regarding f i xed  reimbursement f o r  loan- 
funded const ruc t ion  and regarding d i r e c t  f i nanc ing  f o r  grant-funded 
studies and t r a i n i n g .  



2, Progress Report ing 

CWC/AC w i  11 prepare and submit the f o l  lowlng progress 
repor ts :  (a )  Pro jec t  Implementatlon Reports w i  11 be prepared annual ly  
a f t e r  a review w l t h  GOM o f f l c l a l s .  They w l l l  Inc lude s ta tus  o f  sub- 
p ro jec ts  under plannlng, Implementation and operat ion and pro jec t ions  
f o r  the  ensuing year and the remalnlng l i f e  o f  the p ro jec t ,  g l v l n g  
p a r t i c u l a r  a t t e n t l o n  t o  management and f l nanc ia l  considerat ions. (b) 
Reports w i l l  be submitted f o l l o w l n g  v i s i s t s  t o  D lv l s lona l  O f f i ces  
and/or f i e l d  s i t e s  f o r  each subproject  on the fo l l ow lng  schedule: (1 )  
Preparat ion Report every s i x  months; (2)  Implement&tlon Report two 
times dur lng the cons t ruc t ion  season; (3 )  Operation Report annual l y  
a f t e r  completion of implementatton. Reports w l l l  comment on 
scheduled a c t l v i t l e s ,  assess performance and f l a g  present and poten- 
t i a l  problem areas, 

C. Pre l iminary Calendar o f  P ro jec t  Events 

A p r l l  1982: GO1 and USAID s ign  P ro jec t  Agreement, USAID 
Issues P ro jec t  Implementatlon L e t t e r  No. 1,  I n i t l a t t o n  o f  cont rac t -  
i n g  procedures fo r  res ident  p r o j e c t  coordinator.  

May 1982: Condl t l o n s  Precedent met , 

June 1982: Study chak designated on an ex !s t lng  MIP.  
GOM I r r i g a t i o n  and Agr i cu l t u re  Departments f i n a l  l t e  rev ised design 
o f  f i r s t  subproject M I P  as a model. Contract signed f o r  res ldent  
p r o j e c t  coordi nator .  

J u l y  1982: CWC and USAID review model subproject and pre- 
pare appraisal  repor t .  Long term U.S. t r a l n l n g  i n  water resources 
systems analys is  and management commences. 

August 1982: GOM f i n a l  l zes  rev l s lons  o f  addt lonal  two sub- 
p r o j e c t  M I P  designs. 

September 1982: Resldent coord inator  a r r i ves .  CWC approves 
f i r s t  subproject M I P .  

October 1982: Resident coord inator ,  w i t h  asslstance of CWC, 
GOM/ID, GOM/AD and USAID, prepares workplan fo r  a l l  p r o j e c t  t r a i n -  
i n g  and f i n a l i z e s  scopes of work fo r  specia l  studies. Construct ion 
of f i r s  t subproject commences 5 n accordance w i t h  rev ised p l  ans. 
CWC and USAID review two add i t i ona l  subproject MIPS and prepare 
appraisal  repor ts .  



November 1982: Resident coord inator  i n1  t i  ates cont rac t1  ng 
act ions f o r  a l l  special  s tudies.  CWC approves two add l t i ona l  sub- 
p r o j e c t  MIPs. Short-term, in -count ry  t r a i n i n g  courses commence, 
F i r s t  batch o f  shor t  term U.S. t r a i n i n g  commences. 

December 1982: Construct ion o f  add i t i ona l  two subprojects 
commences i n  accordance w i  t h  rev1 sed p l  ans . 

January 1983: Speci a1 s tud ies  commence. 

Spring 1983: GOM f i n a l i z e s  rev ised designs f o r  f i v e  addi- 
t i o n a l  subproject MIPs. 

Sumner: 1983: CWC approves rev ised designs ; const ruc t ion  
commences i n  accordance w i t h  rev ised designs. 

Fa1 1 1983: F i r s t  annual evaluat ion.  

Spring 1984: GOM f i n a l i z e s  rev ised plans f o r  f i n a l  f l v e  
subproject MIPs. Demonstration chaks s t a r t e d  on i n i t i a l  th ree  
prototype MIPs. 

Sumner 1984: CWC approves rev! sed designs ; const ruc t ion  
commences i n  accordance w l  t h  r e v i  sed designs . 

Fa1 1 1984: Second annual evaluat ion. 

Spring 1985 : In-depth eval ua t i on  t o  determine necessi ty  
f o r  fo l low-on p ro jec t .  Demonstration chaks s t a r t e d  on second batch 
of f i v e  prototype MIPs; i n i t i a l  th ree  operat ional .  

F a l l  1986: Annual eva lua t ion .  Demonstration chaks s t a r t e d  
on f i n a l  batch o f  f i v e  prototype MIPs; second f i v e  operat ional  

A p r i l  1987: P ro jec t  assistance completioa. 

Summer 1987: F ina l  f l v e  demonstration chaks operat ional  ; 
EOPS evaluat ion.  



D. PROJECT IMPLEMENTATION SCHEDULE 

F i r s t  t h r e e  MIPs I 
I - Major I r r i g  . Works C o n s t r u c t i o n j  1 : 
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VII, Moni tor ing and Evaluat ion 

A, Cloni t o r i  n g  

1, Thinqs t h a t  could go Wrong 

a. Delay i n  ob ta in ing  q u a l i f i e d  long-term res ident  co- 
o rd ina to r  f o r  the p ro jec t .  

USAID s t a f f  w i l l  be i n  frequent contact  w i t h  AID/W 
u n t i  1 qua1 i f i e d  i n s t i t u t i o n  and personnel have been i d e n t i f i e d  and 
procured f o r  t h i s  important funct ion.  Approximately one work week 
i s  expected t o  be requ i red  u n t i l  a r r i v a l  o f  the coord ina tor 's  
res ident  s t a f f ,  

b. Delays i n  p repara t ion  o f  subproject  MIP plans o r  re -  
vised plans ; delays i n  appraisal  and approval o f  these plans by CWC. 
Three subproject M I P S  are planned f o r  approval dur ing the f i r s t  
p r o j e c t  year. USAID i r r i g a t i o n  s t a f f  p lan  t o  work c l o s e l y  wi th  
GOM/ID and CWC throughout t h i s  per iod  t o  assure t h a t  the design- 
appral sal  -approval process i s  working s a t i s f a c t o r i l y .  The apprai-  
sa l  model developed f o r  Rajasthan w i l l  be provided t o  the GOM f o r  
use as a sample and guide i n  prepar ing the  f i r s t  p r o j e c t  repor t .  
Re la t i ve l y  i n tens i ve  mon i to r ing  i s  planned f o r  t he  f i r s t  yeaP f o r  
t h i s  item; i t  i s  expected t h a t  moni tor ing requirements w i l l  d im in ish  
once two o r  three subprojects have made it through the  approval 
process. Approximately two work months o f  USAID/ARD t ime w i l l  be 
devoted t o  t h i s  a c t i v i t y  dur ing  the f i r s t  year. 

c .  Delays i n  sanct ioning and acqu i r ing  adequate s t a f f  t o  
implement the p r o j e c t .  

This has proved t o  be n serious problem on both the 
Gujarat  and Rajasthan M I P  p ro jec ts ,  and i t  w i l l  be addressed i n  the  
p r o j e c t  agreement as a covenant. USAID/ARD s t a f f  w i l l  con t i nua l l y  
fol low-up on t h i s  mat te r  i n  conjunct ion w i t h  v i s i t s  t o  Maharashtra 
on subproject M I P  preparat ions and approval. 

d. Delays i n  f i n a l i z i n g  t ra in ' ing  plans, i d e n t i f y i n g  
appropr iate i n s t i t u t i o n s  t o  conduct the  t r a i n i n g ,  designat ion of 
su i t ab le  candidates t o  ,be t ra ined;  delays i n  f i n a l i z i n g  scopes o f  
work f o r  specia l  s tudies,  delays i n  completing arrangements t o  have 
the studies done, e . g . ,  cont rac t ing .  

F ina l  i z a t i o n  o f  plans and preparat ions f o r  t r a i n i n g  
and specia l  s tudies w i l l  be the  p r i n c i p a l  r e s p o n s i b i l i t y  of the  
res ident  coordinators. Assuming h i s  o r  h e r / t h e i r  t ime ly  a r r i v a l ,  



t h i s  should not  be n problem, al though USAID w i l l  c o n t i n u a l l y  
monitor t h i s  i tem w i t h  CWC and GOM/ID, An t i c i pa t i ng  a r r i v a l  o f  the 
res ident  coord inator  no l a t e r  than September, 1982, USAID w i l l  have 
t o  spend approximately one work month on these items; i f  the  co- 
o r d i n a t o r ' s  a r r i v a l  i s  delayed u n t i l  January, 1983, an addl t i o n a l  
two work months w i l l  be requ i red  dur ing the l a s t  quar te r  o f  CY 1982, 
f o r  a t o t a l  of three work months dur ing the f i r s t  p r o j e c t  year. 

e. Inadequate I r r i g a t i o n  Department budgets t o  cont inue 
o r  complete M I P  cons t ruc t lon  on time. USAID s t a f f  w i l l  review on a 
continuous basis the adequacy o f  GOM budgets t o  complete the p ro jec t .  
This  w i l l  be done i n  conjunct ion w i t h *  the CWC i n  New Delh i  , dur ing 
f i e l d  v i s i t s  t o  Maharashtra, and i n  the review of reimbursement 
vouchers. Approximately one work month w i l l  be devoted t o  t h i s  i t em 
dur ing the f i r s t  p r o j e c t  year. 

f. Poor qual i ty construct ion;  inadequate superv is ion and 
adherence t o  spec i f i ca t ions ,  l ack  o f  cons t ruc t lon  mater ia ls .  

USAIDIARD i r r i g a t i o n  s t a f f  w i l l  v i s l t  each of  the f i r s t  
three M I P  s i t e s  a t  l m s t  once d u r i n  the f i r s t  p r o j e c t  year, and more 
of ten i f  necessary. I n  c o n s u l t a t i o  4 w i t h  the GO1 and GOM, i t  w i l l  
be determined whether qual i t y  con t ro l  workshops are  needed. If so, 
they w i l l  be establ ished t o  t r a i n  the  f i e l d  technlc ians involved 
and w i l l  be funded under the  grant .  Each f i e l d  v i s i  t i s  expected 
t o  take a minimum o f  one week, i nc lud ing  t r a v e l  time. Assumiwj 
r e t u r n  v i s i t s  w i l l  be requ i red  t o  two o f  the  three, a t o t a l  o f  f i v e  
work weeks of the p r o j e c t  o f f i c e r ' s  t ime w i l l  be required, p lus  one 
add i t i ona l  work week fo r  the  p r o j e c t  o f f i c e r ' s  supervisor.  An 
add i t i ona l  f i v e  subproject MIPs are scheduled f o r  approval the 
second p r o j e c t  year.  Thus e i g h t  s i t e s  w i l l  requ i re  a t  l e a s t  one 
v i s i t  each dur ing the second p r o j e c t  year, w i t h  perhaps f o u r  requ i r -  
i n g  repeat v i s i t s .  Therefore, a t o t a l  o f  twelve t o  f i f t e e n  work 
weeks o f  ARD t ime w i l l  l i k e l y  be devoted t o  f i e l d  v i s i t s  dur ing the 
second p r o j e c t  year.  

The f i n a l  f i v e  subproject MIPs w i l l  be approved and 
s t a r t e d  the t h i r d  year, thereby adding f i v e  rrlore s i t e s  t o  be 
v i s i t e d  then. 

g. In~tlcquatc t r a i n 1  ng ; t rans fe r  o f  p a r t i c i p a n t s  who 
have completed pro ject - f inanced t r a i n i n g  from p r o j e c t  a c t i v i t i e s  t o  
other ,  unre lated assignments. 

USAID s t a f f  w i l l  moni tor  in-country  t r a i n i n g  through 
se lec t i ve  v i s i t s ;  the USAID p r o j e c t  o f f i c e r  may s i t  i n  one some o f  



thc  sessions and workshops, and USAID  s t a f f  w i l l  probably p a r t i -  
c i pa te  i n  some as tcchn lca l  resources. This  has been the a t t e r n  B i n  t r a l n i n g  courses held I n  Gujarat  and elsewhere. A t o t a  o f  f o u r  
work weeks o f  USAID/ARD t ime i s  expected t o  be requi red f o r  t h i s  
i tem dur ing the  f i r s t  p r o j e c t  year,  

USAID s t a f f  w i l l  a1 so c l o s e l y  monl t o r  the  assignment 
and t r a n s f e r  pa t te rns  o f  p r o j e c t  counterparts,  t o  assure t h a t  maxi- 
mum feas ib le  benef l  t i s  accrued from the  t r a i n i n g  f o r  the p ro jec t ,  
Thi s  I tem w i  11 be discussed as appropr iate w i t h  CWC and the GOM i f  
i t  becomes a problem. No s i g n i f i c a n t  add i t i ona l  t ime i s  an t i c i pa ted  
t o  be requi red f o r  t h i s  i tem now, 

h. Unsat is fac tory  s tudies;  inadequate app l i ca t i on  o f  
knowledge ga l  ned from the  studies t o  the  planning, cons t ruc t ion  o r  
operat ion o f  M I P S .  

USAID w i l l  review each study dur ing i t s  implementation 
and upon completion; USAID w i l l  a lso  f o l l o w  through on any recom- 
mendations a r i s i n g  from the studies.  Approximately one and one ha l f  
work week w i l l  be devoted t o  each study, About ten such studies 
w i l l  be undertaken dur ing  the p ro jec t ,  w i t h  a l l  begun the f i r s t  year  
and completed the t h l r d ;  t he re fo re  roughly f i v e  work weeks w i l l  be 
requi red f o r  review and follow-up dur ing  each o f  the  f i r s t  th ree  
p r o j e c t  years. 

i . Inadequate budget coordi na t i on  between the I r r i g a t i o n  
and Aqr icu l  t u r e  Departments, r e s u l t i n g  I n  delays i n  undertaking land 
preparat ion works below the M I P  p u b l i c  o u t l e t s  and on farmers' 
f i e l d s .  

This  problem has been an t i c i pa ted  by the Government o f  
Maharashtra, and i t  w i l l  be addressed i n  the  P ro jec t  Agreement as a 
covenant. It w i l l  no t  a r i s e  u n t i l  most of the major works are  
completed, three t o  fou r  years hence. USAID w i l l  moni tor  t he  GOM 
and GO1 budget process t o  assure t h a t  adequate prov is ions  are  made 
beforehand. 

2. Schedule of Moni t o r i n g  Act ions by USAID S ta f f  

A p r i l  - June, 1902 

Fol low up on res ident  coord ina tor  One work week 
Review condi t ions precedent One work day 
Monitor subproject plans Four work weeks 
Monitor preparat ions f o r  t r a i n -  

i n g  and studies Two work weeks 



Ju ly  - Septcmbor 1982 

Monitor operat ion o f  res ident  
coordi nn t o r  

Monitor irr~tl p a r t i c i p a t e  I n  f i r s t  
subproject appraisal  

Monitor preparat ions f o r  t r a i n -  
l n g  and studies 

V i s i t  f i r s t  subproject MIP 

October - December 1982 

Monitor operat ion o f  res ident  
coord inator  

Monitor and p a r t i c i p a t e  i n  
second and t h i r d  subproject 
appraisal  s  

Moni t o r  imp1 ementation o f  t r a i n -  
i n g  and studies 

V i s i t  two subproject  MIPs 

January - March 1983 

Monitor operat ion o f  res ident  
coordi na to r  

Monitor appraisal  o f  f i  ve MIPs 
Monitor t r a i n i n g  and s tud ies  
V i s i t  GOMIID and AD 

A p r i l  - June 1983 

Moni t o r  operat ion o f  r e s l  dent 
coord l  na to r  

Monl t o r  t r a i n i n g  and studies 
V i s i t  three MIPs 

J u l y  - September 1983 

Monitor opevat ion o f  res ident  
coordi na tor  

Monitor t r a i n i n g  and studies 
V i s i t  one M I P  
Conduct f i  r s t  annual eva lua t ion  

Two work dayr 

b u r  work weekfi 

Three work weeks 
Ons work week 

Two work dayr 

Three work weeks 

Four work weeka 
Two work weeks 

Two work days 
Four work weeks 
Three work weeks 
One work week 

Two work days 
One work week 
Three work weeks 

Two work days 
One work week 
One work week 
One work week 



October - December 1983 

Monl t o r  operat ion o f  r e s l  dent 
coord ina tor  

Monl t o r  t r a i n i n g  and studies:  
rev1 ew compl e ted  programs 

V i s i t  f o u r  MIPs 

January - June 1984 

Monitor operat ion o f  res ident  
coord i  na t o r  

Monitor appraisal  o f  f i v e  MIPs 
Monitor t r a i n i n g  and s tud ies  
V i s i t  t en  MIPs 

J u l y  - December 1984 

Monltor operat ion o f  res ident  
coord i  na tor  

Moni t o r  t r a i n i n g  and s tud ies  
V i s i t  t e n  MIPs 

Two work days 

Two work weeks 
Four work weeks 

One work week 
Three work weeks 
Two work weeks 
Ten work weeks 

One work week 
One work week 
Ten work weeks 

Conduct second annual eva lua t ion  One work week 

January - December 1985 

Moni tor  res iden t  coord inator  Two work weeks 
V i s i t  twenty MIPS Twenty work weeks 
Conduct in-depth eval ua t i on  S i x  work weeks 

January - December 1986 

Moni tor  res iden t  coord ina tor  Two work weeks 
V i s i t  twenty MIPS Twenty work weeks 
Conduct eval u a t i  on One work week 

Januar.~ - June 1987 

Moni t o r  res ident  coord ina tor  One work week 
V i s i  t ten  M I P S  Ten work weeks 
Conduct f i n a l  eva lua t ion  Two work weeks 



3.  USAID S t a f f i n g  Imp1 l c a t i o ~  

The minimum USAID s t a f f  t ime requ i red  dur ing the l i f e  o f  
t h i s  p ro jec t ,  assuming no unforeseen d i f f i c u l t i e s  such as the delayed 
a r r i v a l  of the  res ident  coord inator ,  as o u t l i n e d  i n  the  preceding 
sect ion, i s  as fo l lows:  

F isca l  Year Work weeks o f  
(U.S.  ) s t a f f  requl  red  

USAID has obtained approvdl for ,  and i s  r e c r u i t i n g ,  an 
FSN i r r i g a t i o n  engineer who w i l l  be assigned f u l l t i m e  t o  t h i s  
p r o j e c t  t o  a s s i s t  the p r o j e c t  o f f i c e r .  

Day-to-day imp1 ementati on o f  the grant  funded compo- 
nents of the p ro jec t ,  i .e., specia l  s tudies,  t r a i n i n g  and technical  
assistance, w i l l  be the  f u l l t i m e  r e s p o n s i b i l i t y  o f  the  res ident  co- 
o rd ina tor .  I n  addl t i o n ,  mon i to r ing  assistance w i  11 be requested 
under the Water Management Synthesis I I Pro jec t .  Therefore, USAID's 
involvement i n  these func t ions  i s  expected t o  be minimal, and 1 im i ted  
t o  pe r iod i c  monitor ing. Accordingly  the  p r o j e c t  can be adequately 
monitored w i t h i n  approved s t a f f i n g  leve ls .  

B. Evaluat ion 

1. Regular Eva1 uat ions  

The GOM, CWC and USAID w i l l  conduct regu la r  evaluat ions 
a t  annual o r  more frequent i n t e r v a l s  fo l low ing commencement o f  the 
Pro jec t .  These evaluat ions w i  11 cover progress and q u a l i t y  o f  
physical  cons t ruc t ion ,  ex ten t  o f  farmer involvement, progress o f  
t r a i n i n g  and specia l  studies, i nc lud ing  the1 r use upon completfon 
and t h e i r  d i  sserni na t i on  e l  sewhere, expend1 t u r e  accrual s  , e tc .  The 
resources o f  the  Water Management and T ra in ing  and the Water Manags- 
ment Synthesis I 1  Pro jec ts  w i l l  be drawn on as appropr iate.  

2. , Basel i ne Surveys 

De ta i l ed  socio-economic base1 i n e  surveys f o r  se lected 
subprojects w i l l  be conducted by the  GOM, e i t h e r  d i r e c t l y  o r  w i t h  



cont rac t  assistance. A I D  w i l l  p rov ide  grant  f inanc ing  o f  these 
studies as p a r t  o f  the p ro jec t .  P a r t i c u l a r  a t t e n t i o n  w i l l  be pa id  
t o  assessing the s i t u a t i o n  i n  the  market town o r  towns serv ing the  
command areas o f  subprojects, This  w i l l  inc lude an assessment o f  
the  o f f - s i t e  employment generatfng e f f e c t s  o f  i r r i g a t i o n  development 
as we l l  as the  adequacy o f  i n p u t  systems. Basel ine data w i l l  be 
used i n  the mid-pro ject  eva lua t ion  and f o r  pos t -p ro jec t  evaluat ions.  

3. In-Depth Evaluat ion 

An in-depth eva lua t ion  i s  scheduled f o r  the end o f  the  
t h i r d  p r o j e c t  year t o  assess the need fo r  a fo l low-on pro jec t .  I t  
w i  11 examine the r e s u l t s  o f  the  specia l  s tudies;  e f fec t iveness  o f  
t r a i n i n g ,  and progress thus fa r  i n  planning, designing and construc- 
t i o n  o f  physical  works. An assessment w i l l  be made o f  the impact 
of the p r o j e c t  upon the i r r i g a t i o n  sec tor  i n  Maharashtra, both 
actual  and p o t e n t i a l  ; specia l  a t t e n t i o n  w i l l  be d i rec ted  t o  whether 
f u r t h e r  A I D  assistance would be needed t o  consol i d a t e  and i n s t i t u -  
t i o n a l  i z e  these technological  gal  ns, and t o  assure t h e i r  spread 
throughout Maharashtra. 



V I I I. Condit ions and Covenants 

A. Condit ions 

No specia l  condi t i o n s  precedent t o  d i  sbursement are proposed. 

B. Covenants 

1. The Cooperating Country agrees t o  prov ide s u f f i c i e n t  funds, 
through the I r r i g a t i o n  and Agr i cu l t u re  Departments o r  such o ther  
departments o f  the Government o f  Maharashtra as may be appropriate, 
when needed, t o  implement a l l  aspects of the  P ro jec t  i n  accordance 
w i t h  the p r o j e c t  budget and schedule as agreed by the  par t ies ;  

2. The Cooperating Country agrees t o  prov ide f o r  s u f f i c i e n t  
resources i n  the  Seventh Five Year Plan f o r  the  per iod  1985 t o  1990 
t o  complete a l l  subproject  MIPs i n  t ime ly  fashion, Such resources 
w i l l  be made ava i l ab le  as needed t o  both the I r r i g a t i o n  and Agr i -  
c u l t u r e  Departments o f  t he  Government o f  Maharas h t r a  i n  accordance 
w i t h  the i l l u s t r a t i v e  budgets and as agreed by the pa r t i es ,  

3 ,  The Cooperating Country agrees t o  e s t a b l i s h  a specia l  
u n i t  w i t h i n  the I r r i g a t i o n  Department o f  the Government of Maha- 
rasht ra  and t o  s t a f f  such u n i t  t o  coordinate and a s s i s t  i n  managing 
and moni tor ing a1 1 projcc: a c t i v i t i e s .  

4. The Cooperating Country agrees t o  e s t a b l i s h  an adequate 
number of pos i t i ons  and t o  pos t  experienced, q u a l i f i e d  s t a f f  t o  
those pos i t i ons  a t  the f i e l d  l eve l ,  t o  implement a l l  p r o j e c t  a c t i -  
v i  t i e s  s a t i s f a c t o r i  l y  and i n  accordance w i t h  the p r o j e c t  schedules 
and budgets establ ished f o r  approved subproject  MIPs. 

5. The Cooperating Country agrees t o  support the  prototype 
concept being advanced under t h i s  p r o j e c t  through the use o f  
demonstration chaks , techn ica l  co l  1 aborat ion and specia l  studies, 
and agrees t o  u t i l  i z e  the  technological  innovat ions and f i nd ings  
a r i s i n g  ou t  o f  the p r o j e c t  t o  improve new and e x i s t i n g  i r r i g a t i o n  
fac i  li t i e s  throughout the s t a t e  wherever feas ib le .  
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ANNEX A.1 

NOTES ON P I D  ISSUES 

(STATE 057860, March 7, 1981 ; STATE 163457, June 21 , 1980) 

From STATE 057860 

1. The p ro jec t  paper should provide deta i led information and analysis 
i n d i  cat ing and j u s t i f y i n g  u n i t  costs and economic benef i ts  expected from 
i r r i g a t i o n  schemes. The physical aspects of expected p ro jec t  accompl lsh-  
ments should be c losely examined so t ha t  we have confidence t h a t  the 
targets se t  out  i n  the PP are feas ib le  and obtainable. A f i r m  comnitmeht 
by the Government o f  Maharashtra (GOM) t o  meet design targets through 
cap i ta l  investments o f  i t s  own w i l l  be necessary. For example, i f  i t  i s  
estimated tha t  the pro jec t  w i l l  f inance 100,000 hectares i n  i r r i g a t e d  
comnand area a t  cer ta in  standards -- w i th  the associated production, income 
and employment gains -- the PP should provide the ana ly t i ca l  assurance tha t  
planned finance and management w l l l  achieve the desl red resu l ts .  Ifl costs 
escalate o r  the prescribed qua l i t y  on port ions o f  intended schemes i s  harder 
t o  obtain than estimated, h!ll the GO1 o r  GOM guarantee i n  the loan agreement 
t o  meet the s h o r t f a l l  o r  have a l te rna t i ve  schemes w i th  adequate economic 
return? 

Uni t Costs , Economi c Benefi ts : 

Construction costs are cal cul ated t o  average between Rs .15,000 t o  
Rs. 18,00O/ha ($1 700-$2000/ha). Operation and maintenance costs w i l l  
average Rs. 100-Rs .200/ha ($1 1-$22/ha) per year thereaf ter .  Using an 
average farm s ize o f  3.7 hectares, and an average fami ly s ize o f  5.7, 
i n i t i a l  costs work out  t o  about $1480 per capita. I n  terms o f  economic 
benef i ts ,  each newly i r r i g a t e d  hectare w i l l  y i e l d  between two and three 
addi t ional  tons o f  foodgrains each year, ranging i n  value from $500 t o  
$1 000. Added agr i  cul tu ra l  employment w i l l  r i s e  by 32,000 person years 
annually and construction w i l l  increase employment by 104,000 person 
years during pro jec t  construction. The annual net  farm income i n  the 
command area o f  subprojects w l l l  increase by Rs.300 m ($32 m). See 
economic analysis I n  Volume I!, Chapter 1 f o r  deta i led information, 
analysis and j u s t i f i c a t i o n  of the costs and benefi ts. 

Physical Aspects : 

When completed, the th i r teen  MIPS  w i ?  1 command an area of 87,000 ha. 
I r r i g a t i o n  requirements a t  the main canal w i l l  be computed using the 
modified Penman formula f o r  crop requirements. G O M I I D  has had many 
years of successful experience i n  design and construct ing dams and 
spi l lways , and the GOI/CWC has developed excel l e n t  design standards. 
GOM/ID has a program f o r  measuring s i l t  accumu1ations i n  ex is t ing  
reservoirs, and s i l t  samples are rout ine ly  taken a t  stream gauging 
s tat lons. Computer f ac l l  I t i e s  are ava i l  able t o  cal cut ate fo r tn igh t l y  



i r r i g a t i o n  requirements . Improvement o f  the  ef fect iveness o f  d e l i -  
very systems w i t h i n  the l i m i t s  o f  economic f e a s i b i l i t y  i s  a major 
ob jec t i ve  o f  t h i s  p ro jec t .  The d i s t r i b u t i o n  system on the  AID-  
Financed subprojects w i l l  be designed t o  d e l i v e r  a stream o f  n o t  
less than 28 ? i t e r s / s e c  (one cusec) on a r o t a t i o n a l  basis  t o  gated 
o u t l e t s  serv ing  about 25 hae Where constructed i n  expansive s o i l s ,  
canal s t ruc tures  i n c l  udlng l i n i n g  w i  11 be protected and channels 
s t a b i l  l zed  by rep1 acement o f  surrounding s o l  1 w l  t h  cohesive non- 
swe l l ing  s o i l s .  None o f  these design aspects i s  beyond the techn i -  
ca l  c a p a b i l i t i e s  o f  the  GO1 o r  GOM. Rather, they represent m?flne- 
ments and modi f i ca t ions  t o  an a l ready e f f e c t i v e  and func t i ona l  design 
and cons t ruc t ion  c a p a b i l i t y .  These and o ther  features o f  the  design 
standards f o r  the  AID-financed subprojects a re  described and analyzed 
i n  Volume 11 P Chapter 4 ,  Technical Analysis,  Sect ion B.2,a-e. 

Maharash t r a  ' s  Comni tment t o  P ro jec t :  

See p r o j e c t  budget and pro jec ted  expenditure tables,  Sect ion V o f  
main tex t .  The f igures  shown f o r  t he  GOM were discussed w i t h  and 
agreed by the  GOM. The GOM's commitment t o  planned ta rge ts  through 
c a p i t a l  investments o f  i t s  own has a l so  been establ ished by Covenants 
i and 2 o f  Sect ion V I I I  o f  main tex t .  These covenants es tab l i sh  t h a t  
(1  ) the  Cooperating Country w i l l  prov ide s u f f i c i e n t  funds t o  implement 
a l l  aspects o f  t he  p r o j e c t  w i t h i n  the  PACD and i n  accordance w i t h  the  
agreed p r o j e c t  budget and schedule, and (2)  the  Cooperating Country 
w i l l  p rov ide s u f f i c i e n t  resources i n  the  Seventh Five-Year Pdan t o  
complete a l l  subproject  MIPS i n  t ime ly  fashion. 

Agreement t o  Meet S h o r t f a l l s :  

The p r o j e c t  agreement w i l l  conta in such a guarantee ("Cooperating 
Country Resources f o r  the  Pro jec t " ) .  

2. The PP should conta in a comprehensive I n s t i t u t i o n a l  analys is  w i t h  
emphasis on the  implementation, moni tor ing and general operat ion capabi- 
l i t i e s  o f  the  GOM. One ob jec t i ve  o f  AID i n  t h i s  sec tor  i s  t o  promote and 
encourage b e t t e r  downstream i r r i g a t i o n  management and operat ion, i n c l u d i n g  
b e t t e r  treatment o f  data a t  the scale o f  each scheme (e.g., y i e l d  measure- 
ment, r e l a t i o n s h i p  o f  canal and groundwater use, and p rov i s ion  through the  
normal s t a t e  apparatus o f  CAD-type serv ices) .  To achieve t h i s ,  USAID/GOM 
should consider the p o s s i b i l i t y  o f  es tab l i sh ing  an annual a u d i t  o f  crop 
y ie lds ,  water d e l i v e r i e s  and i n p u t  d e l i v e r i e s  f o r  each scheme. The PP 
should show how y i e l d ,  water and i n p u t  data f o r  each scheme w i l l  move 
through the a g r i c u l t u r a l  and engineering adml n i  s t r a t i v e  h ie rarch ies  and 
a f fec t  decis ion making. 

I n s t i  t u t i o n a l  Analysis : 

The GOM i s  w e l l  staffed and equipped t o  plan, design and cons t ruc t  
the major dams and canal works requ i red  under the proposed p ro jec t ;  
however, based on experience i n  o the r  s tates,  programs f o r  improving 



design and qua1 i t y  cont ro l  o f  cons t ruc t ion  o f  minor works and on 
some canal s t ruc tures  may be needed, and are planned under the 
pro jec t .  See Admin is t ra t i ve  Analysis, Volume 11, Chapter 3, and 
Implementation Plan, Sect ion V I  o f  main t e x t .  

How Y ie l  d, Water and Input  Data A f f e c t  Decisi  on-making: 

One o f  the specia l  s tudies t o  be undertaken under t h i s  p r o j e c t  w i l l  
be done on three e x i s t i n g  MIPs. This study, t he  Ay r i cu l  t u r a l  Water 
Management Study, w i  11 es tab l i sh  re la t i onsh ips  between inputs,  water 
d e l i v e r i e s  and crop y ie lds .  The r e s u l t i n g  in fo rmat ion  w i l l  be used 
i n  improving the management procedures t o  be used on the t h i r t e e n  
prototype MIPs t o  be i n i t i a t e d  under t h i s  p ro jec t .  

3. Please d i r e c t  a t t e n t i o n  t o  the  groundwater problem and t o  assumptions 
concerning farmers investments and management capaci ty  f o r  water  pumping. 
Spec i f i ca l l y ,  i t  would be h e l p f u l  t o  i n d i c a t e  how design spec l f i ca t l ons  
w i l l  t r e a t  combined ground and canal water use and avoid problems o f  w e l l  
abandonment, s a l i n i z a t i o n  and uncont ro l led  water table.  

Groundwater: 

Conjunctive use o f  groundwater i s  an important  f a c t o r  i n  expanding 
the  a v a i l a b i l i t y  o f  water, espec ia l l y  i n  extensive systems where i n -  
s u f f i c i e n t  surface water i s  ava i l ab le  fo r  maximum cropping I n t e n s i -  
t i e s .  Groundwater provides a valuable supplemental source o f  water, 
espec ia l l y  f o r  perennial  o r  h o t  weather cash crops. F u l l  we l l  develop- 
ment w i t h i n  subproject  command areas w i l l  he lp  t o  e l im ina te  p o t e n t i a l  
water logging hazards. Many we l l s  already e x i s t  i n  the t h i r t e e n  pro- 
posed subproject areas. Surface water q u a l i t y  ( s a l i n i t y )  i n  Maharashtra 
i s  general ly  very good. Special s tudies t o  develop and f a c i l i t a t e  
conjunct ive groundwater use w i l l  be p a r t  of the  p ro jec t .  See Volume 11, 
Chapter 4, Technical Analysis,  Sect ion B. h. f o r '  discussion o f  ground- 
water. 

4. The mat ter  o f  q u a l i t y  cont ro l  i n  t he  cons t ruc t ion  o f  works should a l s o  
be addressed. The APAC was concerned t h a t  the system f o r  ensuring q u a l i t y  
o f  c i v i l  works constructed under the  Rajasthan loan, and l i k e l y  here, i s  
no t  y e t  proved. We are  aware t h a t  MIPs i n  I n d i a  assume a very low l e v e l  o f  
A I D  inspect ion  before disbursement. I n  t h i s  context,  the  conclusion o f  
the  APAC was t h a t  t he  need f o r  d e t a i l e d  USAID moni to r ing  here may be 
considerably less than i n  o ther  countr ies.  What the  Mission should be 
s t r i v i n g  for i s  the  design o f  a QTE process UNQTE t o  accomplish mutual 
object ives.  USAID would then on ly  monitor the process and spot  check 
actual  imp1 ementation resu l  t s  t o  assure adequate progress and t o  support 
f ine- tuning as appropriate. The PP should s e t  f o r t h  i n  d e t a i l  the m n i t o r -  
i n g  plan. 



Construct ion Qua1 l t y  Control  : 

Q u a l i t y  con t ro l  of M I P  cons t ruc t lon  I s  a major concern and w l l l  
rece l  ve ca re fu l  a t t e n t i o n  under t h i s  p ro jec t .  The qua1 I ty contra; 
c e l l  a l r e t d y  es tab l ished by the  GOM I r r i g a t i o n  Department w i l l  be 
expanded t o  review techn ica l  standards and t o  moni tor  con t r u c t l o n  
qua181ty on s l t e  on a continuous basis. USAID w l l l  ~ a r t l c  7 Pate i n  
t h i s  appraisal  process t o  assure t h a t  adequate qua11t.v ~ o n t r o l  
I s  app l ied  a t  a1 1 l e v e l s  of cons t ruc t lon  and t o  m m ~ n e n d  m ~ e d i a l  
ac t l on  where necessary. See summary Admln ls t ra t l ve  Analysis,  
Volume I, Section IV .E . ,  and Volume 11, Chapter 3, Pa r t  A, 
Sect ion 1 and 2 as we l l  as the  Technical Analysls,  Volume 11. 
Chapter 4, Sect ion B.1. 

Moni t o r i n g  Plan: 

Re la t i ve l y  in tens ive  USAID monl t o r i n g  I s  planned f o r  t h e  l n l  t l a l  year  
o f  the  CWC appralsal ,  approval and on-s i te  process f o r  subprojects. 
USAID w i l l  v i s i t  each o f  t h e  f i r s t  three MIP s i t e s  a t  l e a s t  once 
dur ing  the  f i r s t  p r o j e c t  year  and more o f t e n  I f  problems ar lse.  As 
the  CWC and GOM mon i to r ing  becomes rou t in ized,  USAID'S Involvement 
w l l  1  d in in lsh .  In-coun try t r a i n i n g  w i  11 be man1 to red  through selec- 
t i v e  v i s i t s .  Sect ion V1I.A.  o f  t he  main t e x t  (Volume I) describes 
the  monl t o r i n g  plan. 

5. The APAC was concerned w i t h  t h e  poss ib le  overburdening o f  t he  GOM 
w l t h  t h i s  p r o j e c t  on top  o f  large-scale, World Bank supported I r r i g a t i o n  
pro jec ts ,  as w e l l  as w i t h  the  poss ib le  i n c l i n a t i o n  o f  the  GOM t o  conceive 
and manage MIPs more i n  the  Bank's than AID'S s t y l e  (e. g. ,  perhaps w i t h  

concern f o r  downstream operat ions, m o n i t o ~ i n g  by scheme, and techno- 
tr 'ansfer) . 
Posslbi  li ty o f  Overburdening GOM: Po ten t i a l  t o  Concentrate on 
Upper r a t h e r  than Lower t n d  o f  System: 

The GOM I s  Increas ing ly  aware o f  the importance o f  operat ions a t  the  
bottom end o f  MIPs; so i s  t h e  World Bank. USAID has es tab l ished very 
c lose and cooperat ive re la t l onsh lps  w i t h  the  Bank's I r r i g a t l o n  s t a f f .  
The p r o j e c t ' s  l a rge  t r a l n i n g  component I s  designed t o  strengthen the  
GOM's capaci ty  t o  implement i r r i g a t i o n  p ro jec ts  ; t h e  GOM, the Bank and 
AID are aware o f  and s e n s i t i v e  t o  the possibf l i t y  o f  overload. 

A concern r e l a t e d  t o  t h a t  o f  para 4 above I s  how the Mission w l l l  6. 
deploy i t s  l i m i t e d  human resources' t o  handle e f f e c t i v e l y  drty t o  day 
implementation of AID-style i r r i g a t i o n  pro jec ts  i n  three s ta tes  s imul ta-  
neously, and whether t h l s  can be done w i thout  the  a d d i t l o n  o f  d l r e c t - h l r e  
personnel dur ing  the  l i v e s  o f  these pro jec ts .  

A res ident  coord inat ion capaci ty  i s  Introduced as an I n t e g r a l  p a r t  
o f  t h i s  p ro jec t .  It has been discussed w l  t h  t he  GOM and the  CWC, 



both o f  which support the concept. See main t e x t  Sect ion I1I.D. 
2.d. We w i l l  explore expanding t h i s  capaci ty  t o  cover a l l  AID- 
f inanced i r r i g a t l o n  a c t i v i t i e s .  

7. The Mission might consider more technical  assistance than i s  pro- 
posed i n  the  PID i f  greater  operat ional  improvements, as suggested 
above, o r  o ther  management development seem des i rab le  and would be 
acceptable t o  the GOM. We are  n o t  repeat no t  advocating a large-scale 
TA program which would he unacceptable t o  ourselves o r  t he  GOI. 
Concur w i t h  the Mission t h a t  TA should be grant  funded, a1 though 
l e v e l / a v a i l a b i l i t y  o f  Grant funds are expected t o  remain constrained. 

Level o f  Technical Assi stance: 

Mission has agreed, and p r o j e c t  i s  proposed w i t h  subs tant ia l  i n -  
crease i n  the  TA component. 

From STATE 163457 

8. To the  maximum ex tent  poss ib le  a t  the t ime the PP i s  prepared, 
lesson: learned i n  terms o f  engineering , adminis t rat ion,  water manage- 
ment, and henef i ts  i n  the Gujarat  and Rajasthan p r o j e c t  should be 
analyzed and included i n  PP f o r  the  present proposal. PP should a lso  
discuss how experience r e s u l t i n g  from actual  implementation o f  MIPs 
i n  one s t a t e  w i l l  be taken i n t o  account, and conclusions considered 
and app l ied  i n  MIPs i n i t i a t e d  i n  o ther  s tates.  Are there  o ther  
organizat ions besides CWC t h a t  w i l l  ensure t h a t  t h i s  happens? 

The p r o j e c t  has been designed w i t h  the experiences o f  Raja- 
sthan and Gujarat  i n  mind. The Technical Assistance Compo- 
nent has been s t ruc tured p r e c i s e l y  t o  address the  problems 
of design, farmer p a r t i c i p a t i o n ,  water a1 l oca t i on ,  con- 
s t r u c t i o n  q u a l i t y ,  ra tes  o f  u t i l i z a t i o n ,  e t c .  t h a t  have been 
confronted i n  the e a r l i e r  p ro jec ts .  CWC and the  GOM have 
been a c t i v e l y  invo lved i n  t h i s  process, and are keenly aware 
o f  t he  shortcomings and d i f f i c u l t i e s  t h i s  p r o j e c t  i s  designed 
t o  tack le ,  Moreover, t he  experimental nature o f  t h i s  p r o j e c t  
i s  meant t o  prov ide the  bas is  f o r  apply ing what i s  learned i n  
the design and operat ion o f  the  prototypes and i n  t he  specia l  
s tudies t o  a l l  o ther  surface i r r i g a t i o n  a c t i v i t i e s ,  both 
e x i s t i n g  and planned. "Cross f e r t i l  i z a t i o n "  between the  
s ta tes  b e n e f i t t i n g  from USAIDts i r r i g a t i o n  p o r t f o l i o  w i l l  be 
a c t i v e l y  encouraged. For example, personnel from t h e  Govern- 
ments of Gujarat  and Rajasthan may be c a l l e d  upon t o  help 
undertake t r a i n i n g  courses i n  Maharashtra, F i e l d  t r i p s  be- 
tween these s ta tes  w i l l  be f inanced under the p r o j e c t  t o  
permi t  the respect ive s ta tes  t o  l e a r n  from each o the r  and t o  
f a c i l i t a t e  sharing ideas. 



9. PP should make special  e f f o r t  t o  c l a r i f y  managerlal and admin- 
i s t r a t i v e  arrangements f o r  p ro jec t .  I n  p a r t i c u l a r ,  need t o  know 
what organizat ions w i l l  be involved i n  the p ro jec t ,  prec ise respon- 
s i b i l i t i e s  o f  each, c a p a b i l i t y  o f  each t o  assume assigned funct ions,  
and re la t i onsh ips  and coord ina t ion  among them. 

CWC sets design and cons t ruc t ion  standards and reviews 
design o f  a l l  i r r i g a t i o n  p r o j e c t s  exceeding 2,000 ha i n  
area. The GOM/ID cen t ra l  design organ iza t ion  provides guide- 
l i n e s  and technical  advice i n  t he  design o f  dams, canals 
and o ther  complex works r e q u i r i n g  specia l  design. The 
Maharashtra Engineering Research I n s t i t u t e  possessess capa- 
b i l  i t i e s  i n  hydrodynamics, so i  1 mechanics, mater ia l  t es t i ng ,  
computer prograntmi ng and envi  ronmental engineering research 
The GOM A g r i c u l t u r a l  Department has r e s p o n s i b i l i t y  fo r  land 
development works f o r  medium and minor i r r i g a t i o n  works. 
The Maharashtra Groundwater Survey Agency i s  responsible 
f o r  development and u t i l  l z a t f  on o f  t he  groundwater p o t e n t i a l  
i n  the  s3ate. CWC w i l l  review and approve the  AID-financed 
subprojects f o r  t h e i r  design compati b i  1 i ty and the GOM/ID 
w i t h  the help of the o ther  agencies described e a r l i e r ,  w i l l  
design , const ruc t  and/or supervise construct ion.  See 
Volume 11, Chapter 3, Admin is t ra t i ve  Analysis,  f o r  a f u l l  
desc r ip t i on  o f  these arrangements. 

10. I n  general, APAC stressed importance o f  determining t h a t  t a r g e t  
benef ic iar ies w i l l ,  i n  f ac t ,  be i n  a p o s i t i o n  t o  b e n e f i t  from the  
MIPs. This  requi res ca re fu l  look  a t  a l l  a n c i l l a r y  inputs  and 
aspects o f  MIPs, i n c l  uding access t o  a g r i c u l t u r a l  inputs,  c r e d i t ,  
extension, etc., t o  c o n f i  r m  t h e i r  accessi b i  1 i ty. More p a r t i c u l a r l y ,  
however, PP should e laborate on p o t e n t i a l l y  c r i t i c a l  problems o f  
on-farm water management as they might a f f e c t  water d i s t r i b u t i o n  
and use, and proposed means o f  addressing these problems dur ing 
p r o j e c t  implementation. 

On-Farm Water Management; Anci 1 l a r y  Inputs  ; On-Farm 
Deve 1 opmen t 

These a c t i v i t i e s  w i l l  be undertaken by the  GOM as p a r t  o f  
the  country c o n t r i b u t i o n  t o  the p ro jec t .  The T&V extension 
system i s  planncd f o r  i n t roduc t i on  i n  a l l  subprojects w i t h i n  
the LOP. Recently u n i v e r s i t i e s  i n  Maharashtra have begun t o  , 
focus more a t t e n t i o n  on problems o f  i r r i g a t e d  a g r i c u l t u r e  
such as crop water requirements, methods of i r r i g a t i o n ,  
drainage, etc .  The T&V system provides a veh ic le  f o r  d i s -  
seminating such research r e s u l t s .  A1 though a n c i l l a r y  i npu ts  



nrp not n port  o f  t h ~  p r o j c c t ,  t h e l r  o v n l l n b i l i t y  w i l l  be 
c lose l y  monl tored, and remedlal ac t i on  considered i f  
necessary, The T&V extension system and a n c i l l a r y  inputs  
are described i n  d e t a i l  i n  the Agr i cu l t u re  Sect ion o f  
Volume 11, Chapter 6. The Socia l  Soundness Analysis i n  
Volume 11, Chapter 2, Sect ion 0.3 addresses the problems 
o f  water d i s t r i b u t i o n  and use. The p r i n c i p a l  means o f  
addressing these problems w i l l  be a specia l  study o f  the 
Shejpal i  system f o r  water d i s t r i b u t i o n  system i n  Maha- 
rashtra.  E f f e c t i v e  and equ i tab le  on-farm water manage- 
ment i s  a cen t ra l  concern o f  t h i s  p ro jec t ,  and w i l l  be 
addressed through design and operat ion o f  demonstration 
"chaks" o r  i r r i g a t i o n  serv ice  areas o f  about 40 hectares 
each. A t  l e a s t  one demonstration chak w i l l  be establ ished 
i n  each o f  the t h i r t e e n  prototype MIPS as soon as water 
d e l i v e r y  can begin, and they w i l l  be used as l abo ra to r i es  
t o  t e s t  and demonstrate var ious water user organizat ions 
and various forms and methods o f  water management, 
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Excerpts From NEW DEtHI 19182: AID's Assistance- Strategy f o r  I n d i a  
X c t o b e r  16, 1981 

1. SUMMARY. 

This  message reviews the changes i n  AID's p o r t f o l i o  from the  resumption 
o f  A I D  i n  1978 t o  the proposed program f o r  FY 83, Major p ro jec ts  which were 
resource t rans fe rs  on l y  w i l l  have been replaced by ones where technology 
t r a n s f e r  and i n s t i t u t i o n  b u i l d i n g  i s  an i n t e g r a l  p a r t  o f  our  investment, 
S i g n i f i c a n t  e f f o r t s  t o  develop l a s t i n g  relationships between U.S. and Ind ian  
i n s t i t u t i o n s  i n  appl i e d  research and developn~ent should be underway. 
Programs t o  i n teg ra te  Development Assistance and PL 480 ~ i t l e  11 t o  improve 
development impact are planned. 

2. BACKGROUND 

AID's Development Assistance program i n  I n d i a  was resumed i n  FY 1978 
along the 1  ines recommended by a  h igh- leve l  U,S s t ra tegy  team (Lindblom 
repor t ,  June 1978). The team's recommendations assumed increases i n  U.S. 
Development Assistance l e v e l s  f o r  I n d i a  on the  order  of $100-150 m i l l i o n  
annual ly along w i t h  severe r e s t r i c t i o n s  on USDH s t a f f  l e v e l s  i n  New Del h i  
and a  l i m i t e d  r o l e  f o r  1I.S. techn ica l  assistance. The i r  recommendations 
consequently stressed the oppor tun i t ies  f o r  major resource t rans fe rs  i n  
a g r i c u l t u r e  and i n  hea l th  and f a m i l y  planning, i n  subsectors character ized 
by sound p o l i c i e s ,  es tab l ished i n s t i t u t i o n s  and ample absorpt ive capacity.  
This resu l ted  i n  an FY 1978-81 program which featured major resource 
t rans fe rs  f o r  f e r t i l i z e r  promotion, a g r i c u l t u r a l  c r e d i t ,  r u r a l  e l e c t r i f i c a -  
t i o n  and malar ia  con t ro l .  I n  a d d i t i o n  the  program inc luded (1)  investments 
i n  f o res t r y ,  i r r i g a t i o n  and health, where techno1 ogy t r a n s f e r  and i n s t i  t u t i o n  
b u i l d i n g  form an i n t e g r a l  par t ;  and ( 2 )  co l l abo ra t i ve  research i n  a g r i c u l t u r e  

I and a1 t e r n a t i v e  energy. USAID has been progressively  e l i m i n a t i n g  the pro jec ts  
I which are resource t rans fe rs  only.  A f t e r  discussions w i t h  the Admin is t ra to r  

i n  March 1981 USAID/I negot ia ted a  reduct ion o f  $50 m i l l i o n  i n  the F e r t i l i z e r  
Promotion program. FY 1982 w i l l  be the l a s t  year f o r  the  A g r i c u l t u r a l  c r e d i t  
program, This c r e d i t  p r o j e c t  provides f i n a n c i a l  resources f o r  the  develop- 
ment o f  groundwater i r r i g a t i o n ,  and appears t o  5ave a  h i g b l y  favorable and 
r e l a t i v e l y  immediate impact on product ion, employment and small farmer 
incomes, Ob l i ga t i on  o f  the balance o f  t h e  amount author ized would meet AID's 
commitment t o  a  h i g h l y  worthwhi le p r o j e c t  and would c lose ou t  the  stage of 
larqe-scale resource t rans fers .  

bu i 
i n!l 
the  
f o l  

' ~he rca f te r ,  a1 1 projects w i l l  have technology t r a n s f e r  and/or i n s t i t u t i o n  
l d i n g  as a  major focus. This  has been possib le because o f  the c lose  work- 
re la t i onsh ips  which USAID/I has establ ished over the  l a s t  few years w i t h  
GO1 and would no t  have been poss ib le  when the  program f i r s t  resumed. The 

lowing paragraphs summarize the present USAID st rategy.  



3. OBJECT1 VES 

I n d i a  accounts f o r  we l l  over ha l f  of the poor people I n  A I D -  
ass is ted countr ies,  and 80 percent o f  I n d i a ' s  poor l i v e  i n  r u r a l  
areas, Given the pressure o f  popu la t lon  on resources I n  a country  
which accommodates one-sixth o f  the  wor ld 's  populat lon on one-for- 
t i e t h  o f  i t s  land area the most urgent roqulrement i s  t o  support the  
expansion o f  I n d i a ' s  capaci ty  t o  Improve the  balance between food and 
energy on the one hand and populat ion orr the  other ,  Consequently 
AID'S sec tor  goals are expanded food suppl ies and r u r a l  employment, 
expanded energy suppl i e s  and reduced f e r t l l  I ty and morth l  I ty .  Given 
A I D ' S  comparative advantage i n  c e r t a i n  technical  f i e 1  ds and cu r ren t  
s t a f f i n g  and funding cons t ra in ts ,  we be l ieve  t h a t  A I D  can have the  
greatest  long-term impact on these sectors by concentrat ing on 
expanding I n d i a ' s  a g r i c u l t u r a l  research capacl t i e s ,  Improvlng the  
management o f  i r r i g a t i o n  systems, developing i n s t l  t u t i o n s  fo r  l o c a l  
management o f  f o r e s t  resources, support ing development of a1 t e r n a t l v e  
energy resources, and expanding and improving the  qua1 i t y  o f  r u r a l  
f am i l y  planning , n u t r i t i o n  and hea l th  services. The achievement of 
these ob jec t ives  requi res major i n s t i t u t i o n - b u i l d i n g  e f f o r t s  over an 
extended per iod,  and can draw upon U.S. exper t i se  i n  predomlnantly 
p r i v a t e  American J n s t i  t u t i ons .  Each o f  these areas i s  discussed 
more f u l l y  below. 

4. IMPROVING THE ,MANAGEMENT OF IRRIGATION SYSTEMS 

A. The Lindblom r e p o r t  concl uded t h a t  i r r i g a t i o n  development 
a1 ong w i t h  a g r i c u l t u r a l  research and education p rov l  ded the  greates t  
po ten t i a l  pay-o f f  f o r  A I D .  Subsequent USAID reviews f o r  the FY 1981, 
1982 and 1983 CDSS have confirmed t h i s  judgment. Given I n d i a ' s  mon- 
soonal r a i n f a l l  , i r r i g a t i o n  i s  essent i  a1 t o  increas ing  mu1 t i p l e  crop- 
ping. Food g r a i n  y i e l d s  under i r r i g a t i o n  are  2.5 t imes greater  than 
under r a i n f e d  cond i t ions  and can be g r e a t l y  increased per  hectare. 
Net incomes are from three t o  t e n  t imes those f o r  r a i n f e d  a g r i c u l t u r e  
where reasonably good i r r i g a t i o n  management e x i s t s .  I n d i a  plans t o  
double i t s  i r r i g a t e d  area from about 55 m i  11 i o n  hectares a t  present  t o  
107 m i l l i o n  hectares by the  year  2000. I r r i g a t i o n  absorbs h a l f  o f  
I n d i a ' s  investment f o r  a g r i c u l t u r a l  and r u r a l  development, and w i l l  
cont inue t o  do so f o r  a t  l e a s t  two decades. Annual investments i n  
i r r i g a t i o n  i nvo l ve  $4-6 b i  11 i o n  annual l y  . 

The key r o l e  o f  con t ro l  l e d  water suppl ies f o r  h igh-product iv i  ty 
ag r i cu l t u re ,  the s i z e  o f  the investment invo lved and the p o t e n t i a l  f o r  
major improvements i n  the e f f l c l e n c y  o f  the  systems make i r r i g a t i o n  a 
h i g h l y  des i rab le  area f o r  assistance. Moreover, the  avai l a b i l i t y  of 
U.S. exper t ise,  the  G O I '  s recept ivd ty  t o  technical  co l l abo ra t i on  w l t h  
the U.S. i n  t h i s  area, and i t s  i n t e r e s t  i n  developing extensive new 
i n s t i t u t i o n s  f o r  i r r i g a t i o n  management o r  t r a i n i n g  conf i rm USAID's 
b e l i e f  t h a t  I r r i g a t i o n  should be the  major sector  o f  emphasis f o r  
the U.S. Development Assistance program i n  Ind ia .  



1 1 ,  l r r l g n t l o n  I n  l nd la  I s  d lv lded dbeut equally Ratween a r m s  ssrv@d 
by we l ls  o r  groundwater nnd arme served by r i v e r s ,  cenels end rererveirs, 
o r  surface water, A I D  has  f nvsstod I n  groundwater devel spment through 
prov ld lng  a g r l c u l t u r a l  c r e d l t  for we l l s  and pumpwts,  dnd through 
f lnanc ing  r u r a l  e l e c t r l  f l c a t i o n  f a r  energlz lng umpaetr , While ruch 
p ro jec ts  o f f e r  a high pay-off through br ing lny  ! hnd undar i r r l g r t l a n  qu ick ly ,  
they do no t  provide a maJor nvonue f o r  i n s t i t u t l s n  b u l l d i n g  o r  technology 
t rans fer ,  The c r e d i t  and r u r a l  e l e c t r l f l c n t l o n  l n s t l t u t l o n o  are w e l l  
developed ( p a r t i a l l y  due t o  past USAID Involvement), and technology t rangfer 
t o  farmers newly l r r l g a t l n q  t h e i r  land I s  provlded maln ly  through tho 
extension serv ice , I n d l  a  i s  revamping I t s  extension serv ice i n  co l  1  abora- 
t l o n  w.l th  the World Bank, and we do no t  see t h i s  as a good ~ p p o r t u n l t y  f o r  
A I D  lr!wlvement. 

On the o ther  hand, sltrrfncc! l r r l q a t l a n  provides a  unique oppor tun i ty  f o r  
technology t r a n s f e r  and l n s t l  t u t l o n  b u l l  tl inq. I nd la  ha8 sxpcerlenced m a j ~ r  
problems I n  h u l l d l n g  ri!l l a b l e  systems t o  d u l l v e r  water e f f l c l o n t l y  t o  the 
end-user and I n  manaql nq the on-fnrm water usa. Moreover rosponol b i  1  f ty f o r  
p r o v l d l  ng the know1 edge find o ther  a g r l  cu l  t u r a l  services necassary t o  ob ta in  
optimum e f f i c i ency  a t  the farm has been d l f f use ,  

Whll e these de f l c l enc les  have been d l  scussed f o r  decades the f r r l g a t l o n  
Depzrtment has recen t l y  acknowledged the  need t o  change I t s  pol  I c l e s ,  The 
need f o r  improvements I n  the  management o f  v a t e r  systems I s  an Idea whose 
t ime has now come, 

Moreover, U S A I D  has developed excel l e n t  re1 a t l ons  w l  t h  the l r r l g a t l o n  
Department over the l a s t  few years*  U.S. engineering and water management 
experts are h fgh ly  respected I n  Ind la .  The GO1 has turned t o  USAID f o r  
assistance i n  expanding and lmprovlng the1 r i r r l g a t i o n  system. 

C .  USAID plans programs i n  a  1  Imi ted  number of s ta tes  whlch should serve 
as d i f f e r e n t  models f o r  e f f i c i e n t  d e l i v e r y  of water t o  the farmer. For 
instance, i n  Rajasthan, where we are f inanc ing  led lum i r r l g a t l o n  p r o j e c t s  
(MIPS) pub1 1 cly-cons t r u c t e d  channels w i  11 be extended for the 41 rs t tfmo 
beyond the 40 hectare block t o  41 hectare b l o c k ,  g r e a t l y  reduclng problems 
I n  organiz ing farmers t o  use the system. Be t te r  physlcal  design and 
improved water con t ro l  s t ruc tures  should assure more efficient and 
r e l i a b l e  operat ion. P i l o t  s tudies and t r a i n i n g  I n  the  U.S. should improve 
the  capac i ty  o f  the Rajasthan I r r i g a t i o n  Department t o  manage the  improved 
system. A complementary "Command Area Development" p r o j e c t  w i  1'1 address 
the  problems o f  coord inat ing farmer organizat ion and prov id ing  r e l a t e d  
a g r i c u l t u r a l  services. Most o f  I r r i g a t i o n ' s  problems sten1 from the design 
and management of the system i t s e l f .  Thus fo r  technology t rans fer  and 
development t o  take place, A I D  must be Involved I n  development o f  a t  l e a s t  
some actual  systems, Investments I n  the s t a t e  programs need t o  be l a r g e  
enough t o  demonstrate improvements and impact on a  s l g n l f l c a n t  scale. They 
a1 so need t o  be l a rge  enough t o  demonstrate USAID's concern and t o  ga in  an 
entree f o r  our  experts t o  discuss qua1 i t a t l v e  Improvements. W l  thout  an 
a c t i v e  par tnership advisors would no t  be acceptable and studies would 1  I k e l y  
remain on the s h e l f .  



D. Irrlproven~cnts i n  systel~ls a t  thc s t a t e  l e v e l  w i l l  be enhanced by a 
water management and t r a i n l n g  p ro jec t .  Under t h i s  p r o j e c t  USAID would 
a s s i s t  the GO1 i n  es tab l i sh ing  three water management i n s t i t u t e s  i n  
s ta tes  where USAID i s  involved i n  systems improvement. P i l o t  s tudies 
w i l l  a lso  be financed. Th is  p r o j e c t  should i n s t i t u t i o n a l i z e  the capaci ty  
t o  manage improved systems and disseminate f ind ings  throughout the  s ta te .  
Under the  p r o j e c t  USAID would a lso  a s s i s t  i n  es tab l i sh ing  a na t iona l  
water management t r a i n i n g  i n s t i t u t e  and cadre o f  water management 
s p e c i a l i s t s  which should f u r t h e r  enhance the spread o f  improved p rac t i ces  
throughout the  country. I n  t h i s  regard, i t  should be remembered t h a t  
each s t a t e  i n  I nd ia  i s  l a r g e r  than many AID-dssisted countr ies.  Therefore, 
i n s t i t u t i o n s  are  necessary a t  both s t a t e  and nat iona l  l e v e l .  

E. Respective r o l e s  o f  A I D  and World  ban^: The World  ban^ '*as been 
committ ing an average of about $400 m i l  1 i o n  per  year recen t l y  t o  surface 
i r r i g a t i o n  development I n  Ind ia ,  and w i l l  probably cont inue t o  do so. 
With I t s  1 in11 ted  f i n a n c i a l  rcsources A I D  nlust concentrate on b u i l d i n g  
model systems. A I D  i s  a1 so avoiding the l a r g e  and complex major i r r i g a -  
t i o n  schemes flnanced by the  Bank and concentrat ing on programs which w i l l  
i n c l  ude a t t e n t i o n  t o  farmer organizat ion and downstream development. I n  
t h i s  regard, AID has r e l a t i v e  advantages over t h e  World Bank per  d o l l a r  
invested i n  Lmns o f  f l e x i  b i  1 i ty, depth o f  technf c a l  resources, f i e l d  
s t a f f i n g  and access t o  U.S. technical  exper t i se  on a long-term basis.  

F. I n te rna t i ona l  Water Management Center: The concept o f  an 
In te rna t i ona l  Water Management Center was endorsed by the  GO1 a t  the 
September 1980 meeting o f  the  Indo-U.S. A g r i c u l t u r a l  Sub-cornmi ssion. 
An i n te rna t i ona l  center would complement a na t iona l  i n s t i t u t e  and s t a t e  
i n s t i t u t e s  by concentrat ing on more basic research and development, l eav ing  
t r a i n i n g  and most appl ied research t o  the na t iona l  and s t a t e  i n s t i t u t e s .  
Fur ther  progress on the development o f  an i n t e r n a t i o n a l  center  w i l l  
depend p r i m a r i l  on the  Consul tat ive Group f o r  I n te rna t i ona l  A g r i c u l t u r a l  
Research ( C G I A R  3 . I n  any case AID should s t rong ly  support the es tab l ish-  
ment o f  an In te rna t i ona l  Water Management Center i n  Ind ia .  



ANNEX 5 

NARRATIVE SUMMARY 
- 

Program Sector Goal: 

1. Increased food grain 
production. 

2. Increased addit ional year- 
round -mp l  oyment. 

3. Increased fann income. 
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MHARASHTRA IRRIGATION TECHNOLOGY AND MANAGEMENT LOGICAL MEHIIRK 

OBJECTIVELY VERIFIABLE INDICATORS 

Measures o f  Goal Achievement: 

1 . Annual food grain production i n  CCA o f  
87,000 ha from 35,000 t o  about 220,000 tons 

2. Added a g r i c l l  t u ra l  empleyment by 32,000 
person years annually and construction 
by 104,000 person years. 

3. Annual net farm i n c m  i n  CCA increased 
by Rs 300m ($33m). 

MEANS OF VERIFICATION 

Date: - 
. Baseline studies made under 

project.  

. Production s t a t i s t i c s  from 
Revenue and Agricul tural  
Departments. 

. Impact evaluation studies. 

IMPORTAM ASSUMPTIONS 

Assumptions f c r  Qcnievinq 
h a 1  Tarqets: 

1. Labor intensive agr icul ture methods 
and construction practices continue. 

2. Market, storage, and c red i t  network 
remains adequate f o r  increased 
production. 

3. Fatm-to-market roads and support 
services adequately i n  place t o  
support i r r i ga ted  fanning. 



P r o j e c t  Purpose: 

1. Impmved i r r i g a t i o n  technology 
i n  p lace  and rep l icab le .  

End-of-Project S ta tus :  

1. Systems designed t o  d e l i v e r  f u l l  flows a t  
ind iv idua l  o u t l e t s  when opera t ing  a t  50% 
capac i ty ;  fie1 d channels t o  be constructed 
t o  fanngates .  

2. Complete s u r f a c e  drainage included i n  
plans,  t o  be  constructed by S t a t e .  

3. 12% economic r a t e  o f  r e t u r n  (ERR) app l ied  
f o r  subpro jec t s ;  10% ERR f o r  t r i b a l s  and 
drought prone subproject  a reas .  

4. Water d e l i v e r y  budgets developed and used. 

5. r k t a i l e d  s o i l  surveys and land  c a o a b i l i t v  
of  CCA included a s  Dart o f  design and 
opera t iona l  c r i t e r i a .  

6. Monitoring systems f o r  q u a l i t y  con t ro l  of  
watercourses  included. 

7. Farmers a c t i v e l y  involved i n  system plan- 
ning, design,  cons t ruc t ion ,  opera t ion  
and maintenance. 

8. Area i r r i g a t e d  fmm conjunct ive u s e  o f  
groundwater increases  from 4 t o  21% of 
t h e  CCA of subprojects .  

9. GOH adopts  r e s u l t s  o f  t e s t i n g  improved 
i r r i g a t e d  cropping systems. 

1 0  GOM adopts  r e s u l t s  of improved c r i t e r i a  
f o r  watercourses  and f i e l d  channel 
design,  OW and decreasing seepage 
losses .  

1. GOM cons t ruc t ion  records 
f o r  subprojects .  

2. DAISC records 

3. Implementation plan.  

4. Final  eva lua t ion  r e s u l t s  

5. G W I D  p r o j e c t  reports .  

7. Evaluation o f  fanner  
organizat ion models; 
spec ia l  s tud ies .  

Assumptions f o r  Achieving Purpose: 

1. GOM remains c m i t t e d  t o  completing 
a l l  subpro jec t s  according t o  
agreed p r o j e c t  c r i t e r i a .  

2. C r e d i t  needs i n  subpro jec t  a r e a s  
adequate t o  support  increased  con- 
j u n c t i v e  use o f  g r o u n k t e r  and 
i r r i g a t e d  cropping prac t ices .  

3. GOM promptly a p p l i e s  r e s u l t s  and 
f ind ings  of spec ia l  s tud ies .  

4. Ag. extension system strengthened 
i n  subproject  areas .  

5. Reservoir  releases a r e  t imely  and 
re1 iable .  

6. Ag. and I r r i g a t i o n  Departments co- 
o r d i n a t e  a c t i v i t i e s  well. 

7. Ag. and i r r i g a t i o n  d e p a r t t e n t s  
t o  work wi th  fanners. 



outputs:  ( r e s u l t s )  

1. Trained pwsonnel  undertake 
design,  implementation 
a c t i v i t i e s  and spec ia l  
s tud ies .  

2. I r r i g a t i o n  systems construc- 
t i o n  ongoing. 

3. Problems i d e n t i f i e d  and solu- 
t i o n s  t e s t e d  f o r  improved 
i r r i g a t i o n  systems design 
c r i t e r i a .  

4. C o x t r u c t i o n  ongoing and 
design and cons t ruc t ion  
s p e c j f i c a t i o n s  checked f o r  
qua1 I t y  con t ro l .  

5. Socio-economic base l ine  
s tud ies .  

6. Demonstration chaks estab-  
l i s h e d  and funct ioning.  

Magnitude o f  outputs: 

1. Training:  

a .  U S .  Training: 
60 o f f i c e r s  t r a i n e d  i n  groundwater 
development, drainage engineering,  
Ag. Water Management and systems 
a n a l y s i s  

b. In-country t ra in ing :  
75 o f f i c e r s  t r a i n e d  i n  land develop 
ment and conjunct ive water  use. 

2. 100% planning & design o f  c i v i l  works, 
60% c o r i s t r ~ c t i o n  & la on-farm develop 
ment complete by PACD. 

3. 13 spec ia l  s t u d i e s  conducted and 
r e s u l t s  u t i l i z e d  i n  c l a r i f y i n g  and 
meeting subpro jec t  c r i t e r i a  by PACD. 

4. Planning and design o f  approx.13 sub- 
p r o j e c t s  sub jec ted  t o  formalized 
qua1 i t y  control  procedures. 

5. Socio-economic base1 i n e  s t u d i e s  r,l- 
p l e t e d  on approx.4 subpro jec t s  ,, 
end of y e a r  two o f  p r o j e c t .  

6. At l e a s t  one on each of 13 MIPS. p lus  
p i l o t  chak e s t a b l i s h e d  on an e x i s t -  
ing  MIP. 

. GOM/ID & AD records and 
GOM & CWC p r o j e c t  r e p o r t s  

!. Evaluation s t u d i e s  

i. Reports o f  b a s e l i n e  and 
water  management s tud ies .  

I. USAID monitoring and sur -  
v e i l  1 ance r e p o r t s  and 
records. 

5. l b n i t o r i n g  r e p o r t s  and 
evaluat ion.  

Rssmptions f o r  achieving outputs:  

1. Special  s t u d i e s  completed on time and 
generate  re1 i a b l  e data .  

2. Training programproduces necessary 
personnel t o  s t a f f  planning and con- 
s t r u c t i o n  u n i t s  on t imely  basis .  

3. GOX s t a f f  a v a i l a b l e  f o r  t r a i n i n g .  

4. G01/6OM budget s u f f i c i e n t  resources  and \ - r e l e a s e  funds on t - i e l y  bas i s .  - 
\ 

5. Adequate number c . i  new p r o j e c t s  identi;:? 
f i e d  and s e l e c t e d  a s  s u i t a b l e  t o  meet 
implementation c r i t e r i a .  



Inputs: (Activities) 

1. 67% of eligible construc- 
tion costs of MIPS (half 
of total costs) 

2. Technical assistance 
(dirtit hire & contract). 

3. Participants 

4. Special studies 

5. Training 

'roject Expenditures by Fiscal Year 

bin '000 82 83 f34 8lgSi ; , 
\ I D  loan 1,987 4,240 9,166 13,849 14,758 44,000 

\ I D  grant 1,195 767 743 

GOM 1,987 4,240 9,262 14,425 16 278 46,192 

1. GOM/CWC/AID monitoring. 

2. CWC/AC reports. 

3. Subprojects accounts. 

4. GOI/GOM audit reports 

5. GOM/GOI vouchers. 

bata: - Assumptions for achieving inputs: 

(Beginning of project status) 
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COUNTRY CHECKLIST 

ANNEX C 

L is ted  below are, f i r s t ,  s ta tu tory  c r i t e r i a  appl icable general ly 
t o  FAA funds, and then c r i t e r i a  appl icable t o  ind iv idua l  fund sources: 
Development Assistance and Economic Support Fund. 

A. General C r i  t e r l a  f o r  Country E l  i g i  b i  1 i ty 

1. FAA Sec. 113. Has pa r t i cu l a r  at ten- This pro jec t  I s  designed 
t i o n  been given those programs, projects,  t o  improve the productf- 
and a c t i v i t i e s  which tend t o  In tegrate  v i  ty and Incomes o f  the 
women i n t o  the national economies of r u ra l  poor i n  Maharashtra; 
developing countries, thus Improving both men and women w i  11 
t h e i r  status and ass is t ing the t o t a l  benef?! t equl tab ly  . 
development e f f o r t ?  

2. FAA Sec. 116. Can i t  be demonstrated 
t ha t  contemplated assistance w i l l  d i r e c t l y  
bene f i t  the nee&? I f  not, has the The ass1 s tance w i l l  d l  r e c t l y  
Department o f  State determined t ha t  t h l s  bene f i t  the needy. 
government has engaged i n  a conslstent 
pat tern o f  gross v io la t ions o f  in terna-  
t i ona l  l y  recognized human r i gh t s?  

3. FAA Sec. 481 . Has It been determined 
t ha t  the government of r e c i ~ f e n t  country 
has f a i l e d  t o  take adequate' steps t o  

- 

prevent narcot ics drugs and other con- 
trol l e d  substances (as defined by the 
Comprehensive Drug Abuse Prevention and No. 
Control Act o f  1970) produced o r  
processed, i n  whole o r  I n  part, i n  such 
country, o r  transported through such 
country, from being sold i l l e g a l l y  
w i t h i n  the j u r l s d ~ c t i o n  o f  such country 
t o  U.S. Government personnel o r  t h e i r  
dependents, o r  from enter ing the Unl ted 
States unlawful ly? 

I f a s s l s t a n c e i s  t o  
e Secretar .~ o f  State Yes. 

deiermined t ha t  i t  i s  not  c o n t k l  l e d  by 
the in ternat iona l  Cornrnuni s t  movement? 

5. FAASec. 6 2 0 c  I f a s s l s t a n c e i s  t o  + government, s t e government l l a b l e  as 
aebtor o r  uncondltlonal guarantor on any 
debt t o  a U.S. c i t i z e n  f o r  goods o r  No. 
services furnlshed o r  ordered where (a) 
such c f  t i zen  has exhausted ava i lab le  lega l  
remedies and (b) debt i s  not  denied o r  
contested by such government? 



6. FAA If assistance I s  
t o  a government, has i t  ( inc lud ing government 
agencies o r  subdivisions) taken any act ion 
which has the e f f e c t  o f  nat ional iz ing,  
expropriating, o r  otherwise seiz ing owner- No. 
ship o r  control o f  property o f  U.S. c i t i zens  
o r  e n t i t i e s  bene f i c i a l l y  owned by them wi th-  
out  taking steps t o  discharge i t s  obl iga- 
t ions toward such c i t i z e n  o r  en t i t i e s?  

7. FAA Sec. 62O(a), 62O(f) , 620D; Contlnu- 
i n g  Resolution Sec. 511, 512 and 513; ISdCA 
o f  1980 Secs. 717 and a1 

- . I s  _recipient 
country a Communist country?   ill assis- 
tance be provi  ded t o  ~ n g o l a ,  Cambodia, 
Cuba, Laos o r  Vietnam? (Food and human- 
i tar ian  ass1 stance df s t r i  buted d l  r e c t l  T No. No assistance w i l l  
t o  the people o f  Carrhodia are excepted . be provided t o  these 
W i l l  assistance be provided t o  Afghanistan countries. 
o r  Mozambique wi thout  a waiver? Are funds 
for E l  Salvador t o  be used f o r  planning 
for  compensation, o r  f o r  the purpose o f  
compensation, f o r  the conf iscat ion 
nat ional izat ion,  acquisi t l o n  o r  expro- 
p r i a t i on  o f  any agr i cu l tu ra l  o r  banking 
enterprise, o r  property o r  stock thereof? 

8. FAA Sec. 620 i I s  rec i  p len t  countyy 
i n  ----Tk any way nvo ve i n  (a) subversion o f ,  
o r  m i l l  t a r y  aggression against, the 
United States o r  any country receiv ing 
U.S. assistance, o r  (b) the planning o f  
such subversion o r  aggression? 

9. FAA Sec. 620 f(#- Has the country 
perm t t e  , o r  a ed t o  take adequate 
measures t o  prevent, the damage o r  
destruction, by mob action, o f  U.S. 
property? 

10. fy Seci 620(k) Does the program 
furn s ass stance n excess o f  $100,000,000 

A I D  I s  not  aware o f  any 
such i nvol vemen t . 

No. 

f o r  the construct ion o f  a productive-enter- No. 
prise, except f o r  productive enterprises I n  
Egypt tha t  were described i n  the Congress- 
ional  Presentation materials f o r  FY 1977, 
FY 1980 o r  FY 19811 



11. F;A Se;. 6!0(1), I f  the country has 
f a i l e  t o  n s t  t u te  the investment guaranty 
program f o r  the spec i f i c  r i s ks  o f  exproprla- 
t ion,  inconvert ib i  1 i t y  o r  conflscatlon, has Not appllcable. 
the AID Administrator w i t h i n  the past year 
cons1 dered denying assistance t o  such 
government f o r  t h i s  reason? 

12. FAA Sec. 620(m). I s  the country an 
e c o n x c a l  lv developed nat lon capable o f  
sustalnfng j t s  own defense burden and eco- 
nomic growth and, i f  so, does I t  meet any 
o f  the exceptions t o  FAA Section 620(m)? 

Not appl f cab1 e , 

13. FAA Sec. 620 o Fishermen's P r o -  
t e c t  &as ve c o_ amended, Sec. 5. No such act ions have been 
4ff country :as seized, o r  imposed any taken against U.S. f i sh i ng  
penalty o r  s b  ,:tion against, any U.S. i i c t i v i  t i e s  i n  In ternat iona l  
f l s h f  ng a c t i v l t l e s  I n  In ternat iona l  waters: waters. 

has any deduction required by the 
Fishermen Is Protect1 ve Act been Not appl lcable. 
made? 

has complete denial o f  asslstance 
beenconsideredbyAIDAdmlnistrator? Notspp' l lcable. 

14. FAA Sec. 620(a); Continuing Resolu- 
t i o n 3 X 3 T 8 .  

(a) I s  t6e government o f  the rec ip ien t  
country I n  defau l t  for  more than 6 months 
on i n te res t  o r  p r inc ipa l  o f  any A I D  loan 
t o  the country? 

(b) I s  country i n  defau l t  exceeding 
one year on i n te res t  o r  p r inc ipa l  on U.S. 
loan under program f o r  whlch App. Act 
appropriates funds? 

15. FAA Seci 6;0(sfL I f  contemplated 
asslstance s eve opment loan o r  from 
Economic Support Fund, has the Admlnls- 
t r a t o r  taken I n t o  account the percentage 
o f  the country's budget which I s  f o r  m i l i t a r y  
expendi tures , the amount of foreign exchange 
spent on m i l l  t a ry  equipment and the amount 
spent f o r  the purchase o f  sophist icated 
weapons sys tems? (An af f i rmat ive answer 
may r e f e r  t o  the record o f  the annual 
"Taking I n t o  Conslderatlon" memo: "Yes, 
as reported I n  annual repor t "  on Imp1 ementa- 
t i o n  o f  Sec. 620(s)". This repor t  I s  pre- 
pared a t  time o f  approval by the Adrnlnistra- 
t o r  o f  the Operational Year Budget and can 
be the basis for  an a f f i rmat i ve  answer during 
the f i s c a l  year unless s ign i f i can t  changes i n  
c i  rcums tances occur. ) 

No. 

No. 

Yes. Ind ia  spends a r e l a t i v e l y  
s ~ l l  amount o f  I t s  f oe i  n 
exchange on m i l i t a r y  equ p- 
monte Latast rvallrble 

9 
f igures are an estimated 
$300 m i l l i o n  m i l i t a r y  imports 
o r  4% o f  $7.5 b i l l  ion I n  t o t a l  
fore ign exchange i n  FY 80. 
Ind la  proposes t o  spend only 
16% o f  i t s  budget on defense 
I n  U.S. FY 80-81. 



16. FAA ;ec. ;20{t). Has the country severed 
diplomat c r e  a t  ons wi th  the United States? 
1f' so, have they been resumed and have new 
b i l a t e r a l  ass1 stance agreements been 
negotiated and entered i n t o  since such 
resumption? 

17. FAA Sec. ,6i,Oj_u_) ,, What i s  the payment 
s t a t u s o n e  country's U.N. obl igat ions? 
I f  the country i s  i n  arrears, were such 
arrearages taken i n t o  account by the A I D  
Administrator i n  determining the current  
A I D  Operational Year Budget? 

18. FAA Sec. 620A; Continuing Resolution 
Sec.-!??l. Has the country granted 
sanctuary from prosecution t o  any i n d l v i -  
dual o r  group which has committed an Act 
o f  in ternat iona l  terrorism? 

19. FAA Sec. 666. Does the country object, 
on basis o f  race, re l iq ion ,  nat ional  o r i s i n  
o r  sex, t o  the presence of -any o f f i c e r  o r  
employee o f  the U.S. there t o  car ry  out  
economic development program under FAA? 

20. FAA Sec. 669, 670. Has the country, 
a f ter  August 3, 19 1 1 ,  del ivered o r  received 
nuclear enrichment o r  reprocessing equip- 
ment, materials, o r  technology, wi thout  
speci f l e d  arrangements o r  safeguards? Has 
i t  detonated a nuclear device a f t e r  August 3, 
1977, although not  a "nuclear weapon State'' 
under the nonpro l i fe ra t ion t rea ty?  

B. Funding C r i t e r i a  f o r  Country E l  1 g i b i l i  ty 

1 . Development Assistance Country C r i  t e r i a  

a. FAA Sec. lO2(b)(4). Have c r i t e r i a  been 
astabljshed and taken i n t o  account t o  assess 
comnitment progress o f  country i n  e f f e c t i v e l y  
invo lv ing the oor i n  development, on such 
Indexes as: (1 ! increase i n  agr l cu l  t u r a l  
product iv i ty  through small -farm labor  
intensive a r i cu l t u re ,  (2 )  reduced i n f a n t  
mor ta l i ty ,  9 3) control  of population rowth, 
(4) equal i ty  o f  income d i s t r i bu t i on ,  95) 
reduction o f  unemployment, and (6)  increased 
1 i teracy? 

Diplomatic re la t ions have 
not  been severed. 

Ind ia  i s  not i n  arrears 
regarding i t s  U.N. 
obl igat ions.  

No. 

No. 

Based on information received 
from the State Department/ 
Embassy the answer t o  both 
of these questions i s  no. 

Yes. These c r i t e r i a  are 
based on Ind ia 's  Five Year 
Devel opment P l  an as Rev1 sed 
(1980-85) and are incor  ora- 
ted I n  the Country Deve op- 
ment Strategy Statement 

i' 
(CDSS) . 



b. FAA Sec. 104(d)( l ) .  I f  appro I r a te ,  
I s  t h l  s develoment ( f ncludlnn Sahe ! ) act1 - 
v l t y  deslgned t o  b u l l d  mo t l va~ lon  f o r  smaller 
faml l les through modl f lcat lon o f  economlc and 
soc ia l  condl t lons supportive o f  the desl r e  Yes. 
f o r  large faml l les I n  programs such as 
education I n  and out  o f  school, n u t r i t i o n ,  
disease control,  maternal and ch i  1 d heal th 
serv l  ces , agr l  cul t u r a l  production, r u ra l  
development, and assistance t o  urban poor? 

2,  Economl c Support Fund Country Crf t e r l  a 

This sectlon not  appl I cable. Assistance I s  provl  ded under 
the Development Ass1 s tance category. 



PROJECT CHECKLIST 

L i  sted below are s t a t u t o r y  c r i t e r i a  appl i cab le  genera l ly  t o  pro jec ts  
w i t h  FAA funds and p r o j e c t  c r i t e r i a  appl icable t o  i nd i v idua l  fund sources: 
Development Assistance ( w i t h  a  sub-category f o r  c r i t e r i a  appl icable on ly  
t o  loans) ; and Economic Support Fund. 

CROSS REFERENCES: I S  COUNTRY CHECKLIST UP-TO-DATE? Yes 

HAS STANDARD ITEM CHECKLIST BEEN 
REVIEWED FOR THIS PROJECT? Yes 

A. General C r i t e r i a  f o r  Pro jec t  

o r  dil be n o t i f i e d  concerning the  p ro jec t ;  
(b) i s  assistance w i t h i n  (Operatidnal Year 
Budget) country o r  i n te rna t iona l  organizat ion 
a1 loca t ion  reported t o  Congress ( o r  no t  more 
than $1 mf lF ion over t h a t  f i g u r e ) ?  

ky& (a) Formal n o t i f i c a t i o n  
have been t o  Congress1 onal Committees 

was given i n  A I D ' S  FY 1982 
Congressional Presentation. 
To the  ex tent  add i t i ona l  

P r i o r  t o  o b l i  a t i o n  
111 t h e r e b e  9 a) 

engineering, f i n a n c i a l ,  and other  plans 
necessary t o  ca r ry  out  the assistance and 
(b)  a  reasonably f i r m  est imate o f  the cost  
t o  the  U.S. o f  the assistance? 

3. FAA Sec. 611 (a) (2) .  I f  f u r t h e r  l e q l s l a -  
t i v e  ac t i on  i s  reauired w i t h i n  r e c i ~ i e n t  
country, what i s  basis f o r  reasonable e:,- 
pec ta t ion  t h a t  such ac t i on  w i l l  be comple- 
ted  i n  t ime t o  permi t  o r d e r l y  accomplish- 
ment o f  purpose o f  the  assistance? 

4. FAA Sec. 611 (b)  ; Continulna Resolut ion 
Sec S 
'%%&ce construct ion, has p r o j e c t  met 

funds are  requ i red  o r  fund- 
i n g  categories s h i f t ,  proper 
Congressional n o t i  f i  cat ions 
w i l l  be made. 

(b)  Yes. 

(a )  Yes, see Sect ion V I I  
P ro jec t  Paper, 

(b )  Yes, see Section I V  
Pro jec t  Paper . 

Not dppl i cable. 

Yes 
the  standards and c r i  t e r l a  as per  the  
P r l  n c i  p l  es and Standards f o r  P l  annlng Water 
and Related Land Resources dated Qctaher 25, 
19731 



5, FAA Sec. 611(e), I f  p r o j e c t  i s  
c a p m i s t a n c e  (e.g. , construc- 
t i o n ) ,  and a l l  1J.S. assistance f o r  i t  
w i l l  exceed $1 m i l l i o n ,  has Mission 
D i  r e c t o r  c e r t i  f l e d  and Regional 
Assis tant  Adminis t rator  taken i n t o  
considerat ion the count ry 's  c a p a b i l i t y  
e f f e c t i v e l y  t o  mainta in and u t i l i z e  
the p r o j e c t ?  

6, FAA Sec, 209, I s  p r o j e c t  suscep- 
tib'i't? t o  execut ion as p a r t  o f  
regional  o r  mu1 t i  l a t e r a l  p r o j e c t ?  I f  
so, why i s  p r o j e c t  no t  so executed? 
Informat ion and concl usion whether 
ass1 stance w i  11 encouraqe reqional  
dcvel opwn  t. prorlrli\llls . 

7. FAA Sec. COl(a).- In fo rmat ion  and 
conclusions whether p r o j e c t  w i l l  en- 
courage e f f o r t s  o f  the country  to :  
(a) increase the f l ow  o f  i n t e r n a t i o -  
nal  t rade; (b )  f o s t e r  p r i v a t e  i n i t i a -  
ti ve and competi t ion ; ( c )  encourage 
development and use o f  cooperatives, 
c r e d i t  unions, and savings and loans 
associat ions; (d )  discourage mono- 
p o l i s t i c  p rac t ices ;  ( e )  improve 
technical  e f f i c i ency  of  indus t ry ,  
a q r i c u l t u r e  and conwrce;  and ( f )  
sl;ronqthen Frcr! 1 ( ~ l ~ o r .  unions. 

8. FAA Sec. GOl(b1.  In format ion 
and conclusion on how ~ r o . i e c t  w i l l  
encourage U.S. p r i  vate t r a i e  and 
investment abroad and encourage 
p r i v a t e  U.S. p a r t i c i p a t i o n  i n  
f o re ign  assistance programs ( i n -  
c lud ing  use o f  p r i v a t e  t rade 
channels and the serv ices o f  U.S. 
p r i v a t e  en terpr ise)  . 

Yes, see Annex E o f  Pro jec t  
Paper. 

No, because mu1 ti l a t e r a l  and 
o ther  donors have s i m i l a r  
p ro jec ts  and the  GO1 requested 
AID assistance i n  t h i s  case. 
However, the  p r o j e c t  w i l l  
b e n e f i t  o ther ,  s imi l a r  p ro jec ts  
i n  Mnharashtra and e l  sewhere 
i n  f ' iv lds o f  i r r i g a t i o n  and 
iintl t lq r icu l  t u r i r l  davalap~tierit. 
Req i ona 1  devel opmen t programs 
are no t  p e r t i n e n t  t o  medium 
~ r r i g a t i o n  pro jec ts .  

( a )  Not appl icable.  

(b)  Yes, i n  l e t t i n g  o f  c e r t a i n  
cons t ruc t ion  and technical  
assistance contracts.  

( c )  Yes, espec ia l l y  r u r a l  c r e d i t  
i n s t i t u t i o n s  and water-user 
cooperat ive commi t t ees  . 

( d )  Not a p ~ l i c a b l e .  

(e )  Yes, espec ia l l y  i r r i g a t i o n  
as 111anaqed by the Government o f  
Maharashtra 

( f )  Not appl icable.  

U.S. technical  assistance w i l l  be 
provided under t h i s  p ro jec t ;  
technical  co l l abo ra t i on  between 
U . S .  and Ind ian  p r i v a t e  i n s t i -  
t u t i o n s  w i l l  be encouraged. 



9. FAA Sec, 612(h) ;  Sec. 636(h),  
Descr ibe s teps taken t o  assure t h a t ,  'The GO1 w i l l  f i nance  33 percent  
t o  the  maximum e x t e n t  poss ib l e ,  t h e  o f  c .ons t ruc t ion  c o s t s  and I s  
coun t ry  I s  c o n t r i  b u t i n q  l o c a l  cu r renc ies  c o n t r l  b u t i n g  sufficient 
t o  meet t he  cos t  o f  con t rac tua l  and 
o the r  sc r v i ces ,  and f o r e i q n  cu r renc ies  
owned by t h e  U. S . il r e  u t i  1  i z e d  t o  nleet 
the  c o s t  o f  con t rac tua l  and o t h e r  
se rv ices ,  

10. FAA Sec. 617(d) .  Does t he  U . S .  
own excess f o r e  gn currency o f  the  
coun t ry  and, i f  sn, what arrange- 
ments have been ~ ~ ~ n r l e  f o r  i t s  
r e  1  ease? 

11. FAA Sec. 601(e).  W i l l  t h e  p r o j e c t  
u t i l i z e  compe t i t i ve  s e l e c t i o n  proce- 
dures f o r  t he  awarding of con t rac t s ,  
except where a p p l i c a b l e  procurement 
r u l e s  a1 low otherwise? 

12. Con t inu ing  Reso lu t ion  Sec. 522. I f  
ass is tance i s  f o r  the  p roduc t ion  o f  
any commodity f o r  expo r t ,  i s  t he  
commodity 1  i k e l y  t n  he i n  su rp lus  
on W O Y : ' ~ ~  m r k e t s  a t  the  t ime t he  
r e s u l  t i  nr! p roduc t i ve  capac i t y  
beccws  ope ra t i ve ,  and i s  such 
ass is tance  l i k e l y  t o  cause substan- 
t i a l  i n j u r - y  t o  U.S. producers o f  
t h e  same, s i m i l a r  o r  competing 
commodity. 

n .  Fundinq C r i t e r i a  For P r o j e c t  
1 . Development Ass is tance P r o j e c t  

C r i t e r i a  
a m c .  102(b ) ;  113: 281a. 

L x t e n t  t o  which a c t i v i t y  w i l l  (a)  

amounts o f  i o c a l  cu r renc les  f o r  
con t rac tua l  and o t h e r  se r v l ces  , 
(See i tem 10 f o r  U.S. owned 
cur renc ies  .0 

4 

The U.S. owned Rupees a re  be ing 
used f o r  va r ious  U.S. govern- 
rilcnt aqencies'  program and 
admini s t r a t i  ve suppor t  and 
these cu r renc ies  a re  expected 
t o  he liquidated over  t h e  nex t  
10 years.  

Yes. 

Not appl i cab le .  A g r i c u l t u r a l  
products  produced w i l l  be 
consunled i n  I n d i a ,  

( a )  These renresen t  t h e  e n t i r e  
e f f e c t i v e l y  i n v o l v e  t h e - ~ o o r  i n  develop- i n t e n t  of t he  p r o j e c t .  See 
ment, by extending access t o  economy a t  Sect ions 111 and V I I  of t he  
l o c a l  I c v c l ,  i n c r r ~ ~ ~ s i n c l  lnhor-intensive P r c i c c t  Paper 
p roduc t i on  drid thct IIW o f  i lpprol lr ic\ te 
technoloqy, r , p r r ( d i  nrl i rivostn~ent ou t  (b)  Water user  o rgan i za t i ons  
froni c i t i e s  t o  srllnll towns and r u r a l  wi 11 be c rea ted  an a p ro to t ype  
areas, and i n s u r i n q  wide p z r t i  c i pa -  bas is .  Cooperat ive modes may 
t i o n  o f  t h e  poor i n  t h e  bene f i t s  o f  be t r i e d .  
developnient on a susta ined bas i s  , 
usinq t h e  app rop r i a t e  U.S. i n s t i t u -  
t i o n s  ; (h) he1 p t lcvc~l  op cooperatives , 
e s p e c i a l l y  by t echn i ca l  ass is tance,  



to  i lsslst ;  ruvi l  l i ~ n t l  ~ r r h ~ l r i  poor t o  twly) 
therr~sc!l vss towortl Ix!ttc?r 'I i f c ,  ilnrl 
o therwi  se encouraqo d m o c r n t  i c  
p r i v a t e  and l o c a l  governmental i n s t i  - 
t u t i o n s ;  ( c )  support  the  se l  f-he1 p  
e f f o r t s  o f  developing coun t r ies ;  ( d )  
promote the  p a r t i c i p a t i o n  o f  women i n  
the  na t i ona l  economies o f  develop1 ng 
coun t r i es  and t he  improvement o f  
women's s ta tus ;  and ( e )  u t i l i z e  and 
encourage reg iona l  COOL . r a t i o n  by 
developing coun t r i es?  

a v a i l a b l e :  ( i n c l u d e  o n l y  app l i cab le  
paragraph which corresponds t o  source 
o f  funds used. If more than one fund 
source i s  used f o r  p r o j e c t ,  i nc l ude  
re l evan t  paragraph f o r  each fund 
source. ) 

( 1  ) [ I031  f o r  a q r i c u l  t u re ,  r u r a l  
development o r  n u t r i t i o n ;  i f  so, 
ex ten t  t o  which a c t i v i t y  i s  designed 
t o  increase p r o d u c t i v i t y  and income 
o f  r u r a l  poor. 

c. [ l o71  i s  app rop r i a te  e f f o r t  p laced 
on use o f  app rop r i a te  techno1 oqy? 

d. FAA Sec. 110(a).  Wi.ll t he  r e c i - '  
p i e n t  coun t ry  p rov ide  a t  l e a s t  252 
o f  t h e  cos ts  o f  t he  program, p r o j e c t ,  
o r  a c t i v i t y  w i t h  respec t  t o  which 
the  ass is tance i s  t o  be f u rn i shed  
( o r  has t he  l a t t e r  cos t -shar ing  
r cqu i  remcnt been waived f o r  a  
" re1 a t i v e l y  l e a s t - d e v ~ l n p e d "  
coun t ry )?  

, - .  FAA Sec. 110(b) .  W i l l  g r an t  
c a p i t a l  ass is tance be d isbursed 
f o r  p r o j e c t  over  more than 3 years? 
I f  so, has j u s t i f i c a t i o n  s a t i s -  
f a c t o r y  t o  the  Congress been made, 
and e f f o r t s  f o r  o t h e r  f i nanc ing ,  
o r  i s  t he  r e c i p i e n t  coun t ry  
" r e l a t i v e l y  l e a s t  developed"? 

( c )  Th l s  p r o j e c t  e n t l r e l y  supports 
Ind!an s e l f - h e l p  I n  a g r i c u l t u r a l  
development , 

( d )  See Socla l  Soundness Ana lys is  
i n  t he  P r o j e c t  Paper, 

( e )  Not appl i cab le ,  

The p r o j e c t  i s  s p e c i f i c a l l y  
designed t o  increase pro-  
d u c t i v i  ty o f  t h e  r u r a l  poor, 
especi a1 l y  small farmers. 

c .  Yes, espec ia l  l y  regard ing  
a g r i c u l t u r a l  i n p u t s  and 
improved water  management. 

Yes. 

Not app l i c a b  



f. FAA Sec. 281 ( b) . Descri be extent  
t o  which program recognizes the 
p a r t i c u l  a r  needs, desi res, and 
capac i t ies  o f  the people of the 
country; u t i l  i z e  the count ry 's  
i n t e l l  ectual  resources t o  encourage 
Sns t i t u t i ona l  development; and 
supports c i v i  1  education and t r a i n -  
i n g  i n  s k i l l s  requi red f o r  e f f e c t i v e  
pa r t cc ipa t i on  i n  governmental and 
pol i t i c a l  processes essent ia l  t o  
self-government. 

f A S , 1 ( I )  . I1l:ws t hc ' 1  . - .. . .- . 
ac t i  v i  t y  r j l  ve rcwsonahl c p r o ~ ~ ~ i  s c  o f  
contr ' i  b u t i  ns t o  the development of 
economic resources, o r  t o  the 
increase o r  product ive capac i t ies  
and se l f -sus ta in ing  economic growth? 

2. Development Assistance P ro jec t  
C r i t e r i a  (Loans Only) 

a. FAA Sec. 122(b), In fo rmat ion  
and conclusion on capac i ty  o f  the 
country t o  repay the loan, inc lud-  
i ng reasona b l  eness o f  repayment 
prospects. 

I). ----- rAA Scc. .-- 6%0(!l]. - - I f  i~ss is t i l t lc ( !  
i s  f o r  any productlivc en te rp r i se  
which w i l l  compete i n  the U.S. w i t h  
U . S .  enterpr ise,  i s  there an agrec- 
ment by the  r e c i p i e n t  country  t o  
prevent expor t  t o  the  U.S. o f  more 
than 20% o f  the e n t e r w i s e ' s  annual 
product ion dur ing the'  1  i f e  o f  the loan? 

3. ProJect C r i t e r i a  So le ly  f o r  
Economic Support Fund 

The p r o j e c t  addresses the need 
f o r  increased food product ion 
and w i l l  a1 so mirrlmize the 
r i s k s  o f  drought through the  
development o f  i r r i g a t i o n  
systems. I n s t i t u t i o n a l  develop- 
ment w i l l  be fos tered insofar  
as the host count ry 's  implement- 
i n g  agencies w i l l  acquire a 
strengthened capac i ty  t o  design, 
execute and mainta in an e f fec -  
t i v e  i r r i g a t i o n  system. Coop- 
era t i  ve water management act4 - 
v i t i e s  w i l l  be strengthened, 
encouraging l o c a l  , s e l f -  
qovclrn~nent e f fo r ts .  

Yes, espec ia l l y  land made more 
product ive by i r r i g a t i o n .  

I nd ia  ' s  f o r e i g n  exchange reserves 
are c u r r e n t l y  $7.0 b i l l  ion.  
This  $40 m i l l i o n  loan re -  
presents .005% of I n d i a ' s  
average y e a r l y  value o f  exports 
i n  an expanding economy. 

Not appl i cab le .  

This  Sect ion no t  appl i cab le .  
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Section 61 1 (e)  C e r t i f i c a t i o n  

MAHARASHTRA IRRIGATION TECHNOLOGY PI MANAGEMENT PROJECT 

(386-0481 ) 

This  p r o j e c t  *;;f 11 loan-f inance 67 percent of e l i g i b l e  cons t ruc t ion  

costs and Grant-f inance 100 percent o f  associated long and shor t - term 

technical  assistance? nntl coord inat ion,  t r n i  n inq and research costs o f  

t h i r t e e n  prototypt!  ltwdiullr i r r i g a t i o n  sul)pro,iects planned by the 

Government o f  Maharashtra t o  t e s t  and demonstrate ways t o  improve the  

e f f i c i e n c y  o f  i r r i g a t i o n  i n  Maharashtra. 

I, P r i s c i l l a  W .  Boughton, P r inc ipa l  O f f i c e r  o f  t h ~  Agency f o r  

I n te rna t i ona l  Development i n  Ind ia ,  do h;reby c e r t i f y  t h a t  i n  my 

judgment t he  Government o f  I n d i a  and the  Government of Maharashtra 

have both the  f i n a n c i a l  capac i ty  and the human resources t o  c a r r y  out,  

mainta in and u t i l  i z e  t h i s  p r o j e c t  e f f e c t i v e l y .  This  judgment i s  based 

upon the analyses contained i n  thc  P ro jec t  Paper, as we l l  as upon the  

successful maintenance and u t i l i z a t i o n  o f  p ro jec ts  i n  I n d i a  prev ious ly  

f inanced o r  ass i  s tc t l  Ily tlk l ln i  ted States. 



ANNEX F. DEFINITIONS 

General Terms : 

Aqu i fe r  

Conjunctive Use 

Water- bearing stratum o f  premeable rock below 
ground surface 

Combined use of surface and groundwater i n  o rder  
t o  meet crop water requirements. Not on l y  does 
the  use o f  groundwater supplement surface water 
suppl ies, bu t  a lso  i t  reduces the l i k e l i h o o d  of 
waterlogging. 

Created I r r i g a t i o n  The area w i t h i n  the command areas o f  e x i s t i n g  
Potent i  a1 i r r i g a t i o n  systems and thus having theo re t i ca l  

access t o  i r r i g a t i o n  water. 

Cropping I n t e n s i t y  Number o f  crops grown per  year  on a give? area 
o f  land, t imes 100. 

Diagnost ic Analys is  On-si te ,  mu1 t i d i s c i p l  i n a r y  examination o f  a l l  
aspects o f  an i r r i g a t i o n  system, concentrat-  
i n g  on the  product ive end and i nc lud ing  a g r i -  
c u l t u r a l  , engi neer i  ng economic, educational , 
soc ia l  and o ther  fac tors ,  t o  i d e n t i f y  and 
address the cons t ra in t s  t o  op t ima l l y  e f f i c i e n t  
operat ion. This  i s  a concept r e f i n e d  and a r t 1  - 
cu la ted  by Wayne Clyma, Max Lowdermil k and 
others, Colorado Sta te  Un ivers i ty ,  and imple- 
mented under the AID-financed Water Management 
Synthesis I and 11 Projects.  

Shejpal i 

Waterlogging 

Rotat ional  water supply based on appl i c a t i o n s  
from i n d i v i d u a l  farmers. Water i s  shared on a 
r o t a t i o n a l  basis  by a l l  farmers served by an 
o u t l e t .  The amount o f  water each farmer re-  
ceives i s  based on the  requirements o f  t he  
crops he i nd i ca ted  i n  h i s  app l i ca t i on  t h a t  he 
would be growing each season. 

Satura t ion  o f  s o i l  pores by excessive water, 
causing oxygen dep le t i on  and anerobi c condi - 
t i o n z  which can adversely a f f e c t  s o i l  f e r t i l i t y  
and p l a n t  growth. The cond i t i on  i s  usua l l y  
associated w i t h  poor drainage, heavy s o i l s  and 
h igh  water tables.  I t  can o f t e n  be m i t i ga ted  
by increas ing  use o f  groundwater through tube- 
we1 1 s o r  dugwell s. 



Water Management 

Seasons 

K h a r i f  

Hot Weather 

Ra b i  

I r r i g a t i o n  Channels 

Main Canal 

Branch Canal 

D i s t r i b u t a r y  Canal 

M i  nor  Canal 

Watercourse 

F i e l d  Channel 

I r r i g a t i o n  Areas 

The coord ina t ion  of var ious p u b l i c  and p r i v a t e  
sec tor  e n t i t i e s  such as farmers and farmer 
organizat ions , i r r i g a t i o n  and a g r i c u l t u r e  
departments, markets and c r e d i t  f a c i  1 i t i e s  t o  
provide, when and i n  the q u a n t i t y  and form 
required, a1 1 in format ion,  i npu ts  and f a c i l i -  
t i e s  necessary t o  maximize the  e f f i c i e n c y  o f  
water i n  the  product ion of crops. 

Monsoon ( r a i n y  season), June t o  October. 

Summer, March t o  May. 

Winter, Novembe r t o  February. 

Candl feeding d 
r i v e r .  

I r e c t l y  fro111 a rese rvo i r  o r  

Canal feeding d i r e c t l y  from the  main canal 
f o r  d i s t r i b u t i n g  water throughout the  comnand 
area ., 

T e r t i a r y  l e v e l  channel, t ak ing  water from 
e i t h e r  the  main canal o r  from a branch canal , 
and supply ing water t o  a minor chnal. 

Smaller canal rece i v ing  water from d i s t r i  bu- 
t a r i e s  and supplying o u t l e t s .  

I r r i g a t i o n  channel constructed t o  convey water 
f rom a canal out1 e t  serv ing approximately 
40 hectares t o  an e i g h t  hectare block o u t l e t .  

An i r r i g a t i o n  channel h u i l  t by c u l  t i v a t o r s  
below the watcrcourw t o  serve l n d i  v idual  
farni holdings. 

Block I r r i g a t i o n  U n i t  I r r i g a t i o n  serv ice  area o f  about e i g h t  hectares 
served by a s ing le  watercourse o u t l e t .  



I r r i g a t i o n  serv ice  area of about 40 hectares 
served by a s ing le  canal o u t l e t .  

Cul turable Command That p o r t i o n  o f  the  gross command area which 
Area i s  c u l t i v a b l e .  

Gross Command Area The t o t a l  area w i t h i n  the boundaries o f  an irri- . 
ga t i on  pro jec t ;  inc lud ing the  areas covered by 
roads, v i l l a g e s ,  and both c u l t i v a b l e  and un- 
c u l t i v a b l e  lands, 

Gross Cropped Area An u n o f f i c i a l  term, used loose ly  i n  Ind ia ,  
genera l ly  meaning the  t o t a l  area cropped 
dur ing the th ree cropping seasons i n  a year. 
Three hectares, each cropped twice dur ing 
the  year, would be counted as s i x  hectares 
f o r  purposes o f  t h i s  term. 

Net Cropped Area As w i t h  Gross Cropped Area, a l oose ly  used 
term i n  Ind ia ,  General ly means land cropped 
a t  l e a s t  once dur ing  a year. A g iven parcel  
o f  land cropped more than once would on ly  be 
counted once. 

I r r i g a t e d  Comnai?d The area w i t h i n  the  cu l tu rab le  command area 
Area ( I C A )  t h a t  can receive surface i r r i g a t i o n  water. 
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Map G 4 

CHAK BOUNDARY 

5-8 Ha. BLOCK 

WATER DISTRIBUTION WITHIN A CHAK 
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A, I n t r o d u c t i o n  

General : Economic v i a b i l  i t y  o f  the  P r o j e c t  was examined us ing  
t ime d f i coun ted  cash f low a n a l y s i s  o f  a  sample o f  f o u r  proposed 
s ~ ; ' ~ p r o j e c t s  and o f  one e x i s t i n g  p r o j e c t  based on h i s t o r i c a l  
i n fo rma t ion .  The f o u r  subpro jec ts ,  I letavne, Sankh, Shivna and 
Karwappa Nal 1  a, were se lec ted  as be ing  r e p r e s e n t a t i v e  o f  p r i  n- 
c i p a l  ag ro -c l ima t i c  zones (See Nap, G 3, Vol . I I ) .  Khelna was 
se lec ted  as t h e  e x i s t i n g  p r o j e c t .  S e n s i t i v i t y  due t o  v a r i a -  
t i o n s  i n  design o r  p roduc t i on  es t imates  was examined and an 
ill u s t r a t i  ve examinat ion o f  conveyance 1  osses, 1  i n i  ng and 
groundwater development was made. Economic methodology and 
c r i t e r i a  t o  be used f o r  ana lys i s  o f  new subpro jec ts  a re  summarized, 

Present GOM Procedure: Th i s  ana lys i s  d i f f e r s  from present  
b e n e f i t  c o s t  procedures used by GOM/CWC which do n o t  use 
d iscounted cash f lows.  For  these, t h e  n e t  d i r e c t  annual 
bene f i t s  a f t e r  f u l l  development taken as t o t a l  inc rease i n  n e t  
farm income a t t r i b u t a b l e  t o  i r r i g a t i o n  i s  d i v i d e d  by t h e  sum of 
t he  annual i n t e r e s t  on c a p i t a l  c o n s t r u c t i o n  investment , depre- 
c i a t i o n ,  and p r o j e c t  ope ra t i on  and maintenance (0 & M) cos ts .  
These cos ts  were c a l c u l a t e d  . f o r  t he  subpro jec ts  examined us ing  
annual i n t e r e s t  a t  10  percent ,  s t r a i g h t - l i n e  dep rec ia t i on  of 
works over  t he  subpro jec t  l i f e t i m e  ( e i t h e r  75 o r  100 yea rs )  
and 0  8 M a t  25 Rs/ha o f  CCA. Recent ly  GOI /Min is t ry  o f  Irri- 
g a t i o n  (GOIIMI) r e v i s e d  i t s  procedures t o  p rov ide  t h a t  an 
a1 lowance f o r  1  and development cos ts  (1000 - 3000 Rslha) be 
added t o  the  c a p i t a l  cos ts  and 0  & M cos ts  be increased t o  
50 Rslha p l u s  one percent  o f  t h e  c o s t  o f  t h e  headworks. l l  

P ro jec ted  w i t h  p r o j e c t  (W/P) y i e l d s  a re  est imated by D i r e c t o r  
GOMIAD who a l s o  approves p r o j e c t e d  c rop  p a t t e r n s  and determines 
y i e l d s  and e x i s t i n g  crop p a t t e r n s  t o  be used f o r  t h e  w i t h o u t  
p r o j e c t  (WOIP) case. 

Farm budgets a r e  c a l c u l a t e d  us ing  l o c a l  market p r i c e s  f o r  farm 
products, es t imated f i n a n c i a l  cos ts  o f  f e r t i  1  i z e r  and p e s t i c i d e s .  
A1 lowances f o r  va lue  o f  f i n a n c i a l  cos ts  o f  harves t ing ,  t i 1  l age  
and l a b o r  a re  taken as f i x e d  percentages o f  gross income a f t e r  
deduct ing ha rves t i ng  cos ts .  

B e n e f i t l c o s t  r a t i o s  (B/C) c a l c u l a t e d  by GOMIID f o r  t he  sample 
M I P S  us ing  the  o l d  g u i d e l i n e s  a re :  Hetavne, 1.71 ; Shivna, 
1.61; Sankh, 1.40; Karwappa N a l l a ,  1.86. 

11 Govt. o f  I n d i a ,  M i n i s t r y  of I r r i q a t i o n ,  "Working Group Report: 
Guide1 ines  f o r  P repa ra t i on  o f  D e t a i l e d  P r o j e c t  Reports of Irri- 
g a t i o n  and Mu1 t i  -Purpose P ro jec ts " ,  1980. 



Methodology used f o r  A I D  Ana lys is  

a. General : Using economic r a t h e r  than f i n a n c i a l  p r i ces ,  
Economic I n t e r n a l  Rate o f  Return (EIRR) was c a l c u l a t e d  
f o r  each o f  t h e  s tudy  subpro jec ts .  Only d i r e c t  b e n e f i t s ,  
the  economic value o f  t h e  increased ("Mi t h  P r o j e c t "  
[W/P] minus "Without  P r o j e c t "  [WOIP]  n e t  farm income 
(exc lud ing  t r a n s f e r  payments such as increased taxes and 
water charges) a f t e r  Aeduction o f  ope ra t i on  and maintenance 
cos ts  a re  i nc luded  i n  t h e  b e n e f i t  stream. Costs i nc lude  the  
c o s t  of  c a p i t a l  investments necessary t o  achieve the  
increased income such as i r r i g a t i o n  works and d i s t r i b u t i o n  
system, dra inage and l a n d  development cos ts  regard less  of 
whether p u b l i c l y  o r  p r i v a t e l y  f inanced. To ta l  investment 
cos t  inc luded c a p i t a l  cos ts  o f  land a c q u i s i t i o n  f o r  
r e s e r v o i r s  and canal r ights-of -way.  Thus, no deduct ions 
were made f o r  l o s s  o f  income on these lands. 

The A I D  a n a l y s i s  u t i l i z e d  World Bank (WB) p ro jec ted  1990 
wor ld  economic p r i c e s  f o r  farm crops indexed t o  1979 
purchasing power and "hacked" t o  the  farm g a t e . l  These 
were used by WB t o  develop crop budgets f o r  Maharashtra 
cond i t i ons  f o r  a n a l y s i s  o f  t he  IDAIIFAD composite Maha- 
r a s h t r a  I 1  l l a j o r  I r r i g a t i o n  P r o j e c t .  WB crop budgets 
p r i c e d  o p p o r t u n i t y  c o s t  o f  l a b o r  a t  Rs.2.61day and 
f i n a n c i a l  cos ts  a t  Rs.4.61day. For  A I D ' S  ana lys i s  l a b o r  
cos ts  were ad jus ted  t o  Rs.31day and Rs.51day. A l l  l abo r ,  
whether farm opera to r  o r  h i r e d ,  i s  i nc luded  as an expense. 
S i m i l a r  adjustments were made t o  f i n a n c i a l  cos ts  f o r  
construct . ion and 0 & M expenses. For t h i s  l a t t e r  purpose, 
World Bank's Cons t ruc t i on  Cost Factor  (CCF) f o r  Maharashtra 
was u t i l i z e d .  CCF works o u t  a t  75 percent  o f  f i n a n c i a l  
cos ts  assurfr ig t h a t  t raded i tems a t  i n t e r n a t i o n a l  p r i c e s  
c o n s t i t u t e  15 percent  o f  t o t a l  cos ts ;  i n t e r n a t i o n a l  p r i c e s  
o f  non-traded items, u t i l i z i n g  s k i l l e d  l a b o r  i npu ts ,  
c o n s t i t u t i n g  30 percent  o f  c o n s t r u c t i o n  cos ts  a re  80 percent  
o f  i n -coun t r y  f i n a n c i a l  cos ts  and t h a t  o p p o r t u n i t y  cos ts  of 
u n s k i l l e d  l abo r ,  c o n s t i t u t i n g  55 percent  o f  c o n s t r u c t i o n  
costs,  are 65 percent  o f  ac tua l  f i n a n c i a l  cos ts .  EIRR 
computed us ing  t h i s  procedure p r o p e r l y  measures t h e  economic 
cos ts  and r e t u r n s  t o  a  c a p i t a l  p r o j e c t  by p r i c i n g  o u t  the  
s o c i a l  we l fa re  cos ts .  I t  a l s o  favors  use o f  under-employed 
l a b o r  i n  subpro jec t  s e l e c t i o n .  

Y ie lds  and p r i c e s  assumed by World Bank appear reason- 
ab le .  Table 1  shows World Bank est imated y i e l d s  f o r  
p r i n c i p a l  crops i n  comparison t o  y i e l d s  repo r ted  f o r  
e x i s t i n g  s tudy  subpro jec ts .  Table 2  shows a  h i s t o r i c a l  

The I4orld Bank, I n d i a ,  S t a f f  Appraise1 Report.  Maharashtra I 1  P r o j e c t  
No. 2529a-IN, Vol . 1  , September 13, 1979. 



record of wheat yields in an existing MIP. If the 
investments in land leveling and other cri teria for 
subproject qualification are met, no difficulty should 
be encountered i n  reaching the W/P projected yield 
levels w i t h i n  the assumed transition period, Table 3 
compares W/P projected farm crop prices with those used 
for GOM/ID for their  analysis of  the new study zub- 
projects. Table 4 shows some recent wholesale ps2ices. 
Capital costs for construction of major works, canals, 
distri  butaries and minors were taken from the sub- 
project reports. 

Land development capital costs, including development of 
communal field channels, distributaries and drainage 
below 40 hectares (Part I )  and land level ing  and drain- 
age on individual farms ( P a r t  11) were based on estimates 
by GOMIADISC for an  average slope distribution assuming 
t h a t  lands under 0.6 percent and over 3 percent slopes 
would not be graded. Part I (fie1 d channels and drains 
below the outlet) were applied t o  100 percent of CCA, 
Part I1 costs ('land development on individual farms) 
t o  50 percent of CCA. GOMIAD and ID will develo cost 
information and methodology for estimating Part ! and 
I1 1 and development costs on individual subprojects. 
Until such time as these are available and agreed t o  by 
the Appraisal Committee, Par t  I costs may be estimated 
a t  Rs 1725/ha and Part I1 a t  Rs 2135/ha or a t  50 per- 
cent of CCA, 1068 Rs/ha or a total of '2803 Rs/hd of CCA . 
for Part I and  Part I1 costs ap?lied to total CCA. Annual 
operating and baintenance (0 & M) costs of irrigation 
works were estimated a t  50 Rs/ha plus one percent of 
headworks cost as provided by the GOI/MI guidelines. 
0 & M costs for land development were estimated at  five 
percent of cap: t a l  costs. 

For the analyses, a l l  costs and prices were expressed 
in terms of 1979 purchasing power since most data were 
available on t h a t  basis. Where sunk costs or earlier 
or 1 ater estimates were involved, these were corrected 
using all  India wholesale commodity and labor cost 
indices or an appropriate combination. Values of . 
these indices are shown i n  Table 5. 

For comparative purposes, analyses without shadow 
pricing for non-traded items ( C C F  = 1 . O )  were made 
for some of the sample subprojects. 

3/ Ibid, p. 85. - - 



b. Transi t i o n s  and Development Period: Time i s  required 
t o  place the add i t i ona l  area under i r r i g a t i o n  and t o  - 
implement new a g r i c u l t u r a l  technology. Thus, t r a n s i  - 
t i o n  est imates are needed from the "Present" case t o  
the W/P and WO/P cases. A review o f  development h i s -  
t o r y  was made o f  t r a n s i t i o n  t o  new i r r i g a t i o n  on 
e x i s t i n g  pro jec ts .  Whiie the re  were always s h o r t f a l l s  * i n  
achieving design areas ; area u l t i m a t e l y  i r r i g a t e d  
tended t o  be reached i n  three o r  four years. 
Generally the seasonal demands were s h i f t e d  heav i l y  
toward higher-water-using r a b i  over kh rif i n  compar- 
ison t o  design p ro jec t ions  (Table 7) d . 
For the "With Pro jec t "  (W/P) case, a f ive-year l i n e a r  
areal t r a n s i t i o n  was assum2d. Study o f  the p roduc t i v i t y  
o f  present i rri gat ion i n  compari son t o  pro jec ted produc- 
t i v i t y  as measured by e f f e c t  on ne t  W/P re turns suggested 
an a g r i c u l t u r a l  technology t r a n s i t i o n  beginning a t  0.5 
1 eve1 , i .e . present p r o d u c t i v i t y  i s  on ly  one-half o f  
f u l l  development p roduc t i v i t y .  An eight-year 1 inear  
t r a n s i t i o n  per iod was assumed. This t r a n s i t i o n  i s  
appl i e d  successively t o  each incremental area brought 
under i r r i g a t i o n .  To reduce ca lcu la t ions  a combined 
t r ans i  ti on obtained by mu1 ti p l  y i  ng area and techno1 ogy 
t r a n s i t i o n s  f o r  each successive incremental area and 
summing f o r  each year was appl ied t o  W/P n e t  r e tu rn  
(Table 6 ) .  Even i f  the subproject  i s  no t  b u i l t ,  some 
improvement i n  p r o d u c t i v i t y  and possi b l e  s h i f t s  i n  
cropping pa t t e rn  can be expected. An eight-year 
l i n e a r  t r a n s i t i o n  i s  assumed f o r  t r a n s i t i o n  of ne 8 / revenue from the "Present" case t o  the WO/P case.- 

No t r a n s i t i o n s  were assumed f o r  s h i f t  i n  c ropp i r~g 
pat terns f o r  each incremental area. Given subproject 
and p r o j e c t  c r i t e r i a  , the  t r a n s i t i o n s  are expected t o  
be r e l a t i v e l y  shor t  and were assumed t o  be subsumed 
i n  the areal t r a n s i t i o n .  

- 4/ For a de ta i l ed  ana lys is  o f  s h o r t f a l l  i n  development, see Technical 
Analysis, Chapter 4, Section A3. 

5/ WB "Present" ne t  re tu rns  were developed i n  about 1979; t h e i r  WO/P - 
n e t  re turns presumably r e f l e c t  1990 condi t ions.  Therefore, these 
t r a n s i t i o n s  presumably w i l l  hate e s s e n t i a l l y  taken place by the time 
the f i r s t  subprojects enter  the development per iod  i n  1987, thus 
the re  i s  an argument for  om i t t i ng  t h i s  t r a n s i t i o n  i f  WB cropping 
pat terns and estimates are used ; however, t h i s  was no t  done i n  the 
present anal y s i  s . 



Given present  GO1 requirements f o r  environmental reviews, 
t ime  f o r  mobi 1  i z i  ng resources, 1  abor and m a t e r i a l  s , GO11 
GOM o f f i c i a l s  f e l t  t h a t  f i v e  years  would normal ly  be 
requ i red  f o r  c o n s t r u c t i o n  o f  major  works. Const ruc t ion  
o f  P a r t  I l a n d  development i s  expected t o  take  t h r e e  
years,beginning two years be fore  the  end o f  cons t ruc t i on .  
P a r t  I 1  l and  development i s  scheduled t o  f o l l o w  r a p i d l y  
and assumed t o  be completed by the  end o f  t he  second year  
f o l l o w i n g  complet ion o f  c o n s t r u c t i o n .  The combination 
i s  thus assumed t o  be completed i n  f o u r  years a t  15, 35, 
25 and 25 percent  each successive year .  

Ana lys is  o f  Proposed Subprojects 

1 .  Summary o f  Procedures: The f o l l o w i n g  i n f o r m a t i o n  i s  needed 
f o r  economic ana lys i s  f o r  each subpro jec t .  

Cropping p a t t e r n s :  present ,  WO/P and W/P f o r  each 
season, both i r r i g a t e d  and r a i n f e d  crops. 

I r r i g a t e d  and r a i n f e d  areas: p resent ,  w i t h  and w i t h o u t  
p r o j e c t  f o r  each season. Areas t o  be i r r i g a t e d  should 
be based on average water supply, r a t h e r  than design 
SUPPI Y 

Farm budgets showing n e t  economic r e t u r n s  per  hectare 
f o r  each crop:  present ,  WO/P and W/P. I n  o rde r  t o  
es t imate  increased farm employment, l a b o r  was 
i nc luded  as a  separate c o s t  i n  t h e  ana lys i s  o f  some 
subpro jec ts .  World Bank values o f  n e t  r e t u r n s  as 
s t a t e d  e a r l i e r  were used except  t h a t  o p p o r t u n i t y  c o s t  
o f  l a b o r  was ad jus ted  from 2.6 Rs/Day t o  3  Rs/Day. 
Table 8 shows ad jus ted  values o f  n e t  r e t u r n s  f o r  
p r i n c i p a l  crops.  

Annual ope ra t i ng  and maintenance cos ts  f o r  t he  i r r i g a t i o n  
works, l a n d  development, pumping, e t c .  

Cap i ta l  cos ts  o f  major  works, l a n d  development and any 
o t h e r  requ i red  investments necessary t o  achieve the  
p r o j e c t e d  product ion .  

T r a n s i t i o n s  from present  t o  p r o j e c t e d  areas and cropping 
pa t te rns  and from present  t o  pro,jected l e v e l  o f  a g r i -  
cu l  t u r a l  technology . 

From t h i s  in forrnat ior l  f u t u r e  b e n e f i t  and c o s t  streams are 
computed. Table 9, us ing  Karwappa N a l l a  as an example, 
i l l u s t r a t e s  c a l c u l a t i o n  o f  r e t u r n s  p e r  composite hec tare  
o f  i r r i g a t e d  cropped area ( ICA) . blherc separate farm 1  abor 
cos ts  a re  des i red ,  separate columns are  added t o  Tables 9 
and 10. 



Table 11 shows schedule of c a p i t a l  and ope ra t i ng  cos ts .  I n  
t ime  d iscounted ana lys i s ,  p resent  wor th  (PW) o f  each annual 
cash f low e n t r y  i s  d iscounted by m u l t i p l y i n g  by PW=(l+R)'n 
where R i s  the  i n t e r e s t  o r  d i scoun t  r a t e  which f o r  economic 
a n a l y s i s  should be the  o p p o r t u n i t y  cos t  f c a p i t a l  and n  i s  g 1 t h e  number o f  years a f t e r  t he  base year,- and summing over  
t h e  l i f e t i m e  of t he  subpro jec t .  Table 12 shows a  format  f o r  
t h i s  ana lys i s .  A c t u a l l y  t h i s  ana lys i s  was run  f o r  25 years.  
T h i s  i s  made equ iva len t  t o  p r o j e c t  l i f e t i m e  by i n t r o d u c i n g  
c r e d i t  f o r  salvage value (undepreciated c a p i t a l  ) i n t o  t h e  
f i n a l  year .  I n  b e n e f i t  c o s t  (B/C) ana lys i s  BIC i s  the  r a t i o  
o f  t h e  PW o f  b e n e f i t s  ( c rop  n e t  r e t u r n s  l e s s  ope ra t i ng  and 
maintenance cos ts )  t o  PW o f  c a p i t a l  investment  cos ts .  
A l t e r n a t i v e l y  I n t e r n a l  Rate o f  Return, I R R ,  may be c a l c u l a t e d  
g r a p h i c a l l y ,  o r  by i t e r a t i o n ,  p r e f e r a b l y  us ing  a  computer, 
u n t i l  PW b e n e f i t s  equal PV o f  cos ts .  For t he  present  ana lys i s ,  
I R R  was computed us inq  a  computer a t  I nd ian  I n s t i t u t e  o f  A g r i -  
c u l t u r a l  Research S t a t i s t i c s .  

2. D e s c r i p t i o n  o f  NIPS Examined - 

Hetavne: Hetavne M I P  i s  l o c a t e d  i n  t he  very  h igh  r a i n f a l l  
n o n - l a t e r i t i c  s o i l  zone west o f  t h e  Ghats. Annual r a i n f a l l  
i s  3,050 mm (120 inches) ,  95 percent  occu r r i ng  du r ing  June - 
September. I r r i g a t i o n  w i l l  be prov ided t o  6,753 ha i r r i -  
gated command area (ICA) o u t  o f  7,456 ha o f  c u l t u r a b l e  
command area (CCA) . See eng ineer ing  Sect ion  f o r  an explana- 
t i o n  o f  ICA and CCA.  Present r a i n f e d  cropping p a t t e r n  i n -  
c ludes mos t l y  r i c e  (79  pe rcen t )  and fodder (14 percent )  w i t h  
pulses,  f i n g e r  m i l l e t  and o t h e r  food g ra ins  making up 100 
percent  cropping i n t e n s i t y .  Cropping i n t e n s i t y  w i l l  be 
increased t o  199.7 percent  on t h e  CCA by adding i r r i g a t e d  
bananas and h o r t i c u l t u r a l  crops (pe renn ia l  s) , late-season 
k h a r i f  paddy, r a b i  paddy, fodder, vegetables and pu lses ,  
and h o t  weather (March - June) groundnuts. The crop irri- 
g a t i o n  i n t e n s i t y  w i l l  be 140 percent  on the  CCI\LI. (See 
Table 1, p. 4 o f  t he  Technical  A n a l y s i s ) .  

Shivna: Shivna M I P  i s  l o c a t e d  i n  the  western mid-plateau, 
somewhat eas t  o f  the main r a i n  shadow,with an average 
annual r a i n f a l l  o f  816 rnni (32.14 i n ) ,  130 percent  o c c u r r i n g  
du r ing  the  June - September southwest monsoon. Whi le i n  
t he  "assured r a i n f a l l "  zone, Shivna serves areas o f f i c i a l l y  

6/ I n  these t a b u l a t i o n s  the  base year  ( t h e  yea r  i n  which c o n s t r u c t i o n  begins 
i s  taken as yea r  zero ( 0 ) .  Expend i tu r  made du r ing  the  base yea r  a re  n o t  S discounted, i .e. PW f o r  Year 0  = ( l +R)  -+ 1.000C = 1,0000. 

Ll Cropping and i r r i g a t i o n  i n t e n s i t y  as used i n  t h i s  sec t i on  counts 
perenn ia ls  t h r i c e  and two-seasonal crops tw ice  i n  c o n t r a s t  t o  usual 
p r a c t i c e  i n  I n d i a  which counts seasonal, two seasonal and perenn ia l  
crops o n l y  once. The i n t e n s i t y  as used here in  i s  a  c o r r e c t  index 
o f  mu1 t i p l e  c ropp ing .  See A2, Enqinecrincl, Water Supp1,y and Use 
Ana lys is .  



designated as "drought prone". R ight  and l e f t  bank canals 
prov ide i r r i g a t i o n  f o r  7,490 ha (18,500 A). An add i t i ona l  
405 ha (1,000 A) o f  1 ands adjacent  t o  the r ese rvo i r  and 
occupied by reservo i r  oustees w i l l  be served by pumps 
making an i r r i g a t e d  area of 7,895 ha i n  a cu l  t u rab le  command 
area o f  8,992 ha. Present r a i n f e d  crops inc lude k h a r i f  crops 
o f  sorghum, m i  11 e t  , pulses and groundnuts w i t h  rabi,  wheat 
and two seasonal c h i l l i e s .  Cropping i n t e n s i t y  w i l l  be i n -  
creased from 100 t o  167 percent  on the CCA w i t h  92.2 percent 
(22.0 percent  khar i  f, 70.2 percent  r a b i  ) crop i r r i g a t i o n  
i n t e n s i t y  using improved v a r i e t i e s  o f  cereal s and groundnuts 
and i ntroduc i  ng vegetables i nto the cropping pat tern .  

Sankh: Sankh M I P  i s  located near the southern ex t remi ty  of 
m a t e a u  area i n  the  r a i n f a l l  " sca rc i t y "  zone. Annual 
average r a i n f a l l  i s  about 550 mm (21.7 i n ) ,  bu t  u n l i k e  the 
o ther  three MIPs examined, on ly  35 percent f a l l s  i n  the  
normal June - August southwest monsoon period, 45 percent  
dur ing September and October and appreciable r a i n f a l l  , 13 
percent, dur ing ho t  weather (March - May) per iod.  L e f t  and 
r i g h t  bank canals command 3,543 ha cu l t u rab le  w i t h  an irri- 
gated comnand area o f  2,834 ha. Ex i s t i ng  r a i n f e d  cropping 
pa t t e rn  inc ludes p r i n c i p a l l y  r a b i  (75 percent),  sorghum and 
m i l l e t  w i t h  small areas of wheat and k h a r i f  (25 percent) ,  
most ly  pulses w i t h  some o i l  seeds, c h i l l i e s  and turmer ic .  
I r r i g a t i o n  would support two-seasonal crops o f  ch i  11 ies ,  
tu rmer ic  and co t t on  (10 percent)  and k h a r i f  hyb r i d  sorghum, 
mi 1 l e t  and groundnuts (25 percent)  w i t h  f o l  low-on and r a b i  
seasonals o f  hyb r i d  and o rd ina ry  sorghum, HYV wheat, vege- 
tab les  and fodder (65 percent)  w i t h  an i r r i g a t i o n  i n t e n s i t y  
o f  88 percent on the CCA, over the two seasons. No r a i n f e d  
was inc luded by GOM f o r  the w i t h  p r o j e c t  case. 

Karwappa Nal l a :  Karwappa Na l l a  MIP i s  located i n  the f a r  
eastern p a r t  of the s t a te  i n  the  h igh  r a i n f a l l  p la teau zone; 
average annual r a i n f a l l  i s  1,750 mn-(68.9 i n )  w i t h  1,651 mm 
(65.6 i n )  o r  94.3 percent occur r ing  dur ing the June - October 
southwest monsoon per iod.  I r r i g a t i o n  w i l l  be provided t o  
3,890 ha w i t h i n  a cu l t u rab le  command area o f  8,048 ha. Present 
cropping i n t e n s i t y  i s  about 85 percent r a i n f e d  k h a r i f  cons is t ing  
o f  paddy, sorghum and pbl ses. I r r i g a t i o n  i n t e n s i t y  w i l l  be 
81 .2 percent  o f  the CCA, i n c l  ud i  ng khar i  f and r a b i  seasonal 
crops, two seasonalsand perennials.  Rainfed crops w i l l  b r i n g  
the  cropping i n t e n s i t y  t o  139 percent  on the CCA. 

Under GOM po l i c y ,  MIPs do no t  prov ide water f o r  perennial  o r  
hot  weather season crops except i n  tb,e h igh r a i n f a l l  zones 
west o f  the Ghats o r  i n  the eastern po r t i on  o f  t he  s ta te .  

3. Economic Returns f o r  New MIPs 

A base case study was made f o r  each of the four p rd j ec t s  usrng the  



i r r i g a t e d  areas and cropping pa t te rns  g iven by GOM/ ID subpro jec t  
f e a s i b i l i t y  repo r t s .  Economic ra tes  o f  r e t u r n  [EIRR) were as 
f o l  1  ows : 

Investment Costs w/CCF Rs 000 U l t ima te  
E I R R  Major Land Net Returns 

Percent Works Dev . Other To ta l  Rs 000/Ann. 
Hetavne 12.78 195.200 22,902 - - 138.102 34.267 
S h i  vna 12.72 57 ;471 17 ;852 140 78 1235 18 ;577 
Sankh 12.67 22,559 7,032 - - 29,591 7,601 
Karwappa 12.67 41,896 15,997 - - 57,873 14,913 

S e n s i t i v i t y  analyses were made on quest ions r a i s e d  by t h e  
appra isa l  study. (1) Reduced est imate o f  water  d e l i v e r a b l e  t o  
crops due t o  est imated h igher  d e l i v e r y  losses, (2) Apply ing 
t h e  a v a i l a b l e  water  supply t o  a  smal le r  command, thus i nc reas ing  
t h e  i n t e n s i t y  o f  t he  I r r i g a t i o n ,  ( 3 )  Decreasing i r r i g a t i o n  development 
t ime, (4) Omi t t i ng  k h a r i  f seasonal crop i r r i g a t i o n  b e n e f i t s  . 
Resul ts  were as f o l l o w s :  

Po in ts  change U n i t  Rate 
E I RR from base of Change 

Karwappa N a l l  a. Assume 
d e l i v e r y  l o s s  increased 
from 45 percent  as 
est imated t o  50 percent  

Shivna. I r r i g a t i o n  
p o t e n t i a l  based on seepage 
losses o f  8  cfs/Msf 

Sankh. Reduce CCA by 20 
percent ,  thus reducing 
losses by 5  percent  and 
inc reas ing  i r r i g a t i o n  
i n t e n s i t y  on CCA by 
31.25 percent  

Sankh. Reduce i w i g .  
development t ime f rom 
f i v e  t o  th ree years 

Shivna . hit benef i  t s  
from k h a r i f  i r r i g a t i o n  
o f  seasonal crops 

Sankh, Omit b e n e f i t s  
from k h a r i f  i r r i g a t i o n  
o f  seasonal crops 



( 7 )   ankh.' I nc lude  r a i n f e d  
area i n  w i  t h - p r o j e c t  

, . . . 
c ropp ing  p a t t e r n  13.53 0.86 0.86 , .  

Omi t t i ng  shadow p r i c i n g  and us ing  1990 p r o j e c t e d  World Bank farm " " ' .' 

commodity p r i c e s  reduced I R R  by about 3.0 percentage p o i n t s ,  i .e. 
a DRR o f  about 9.0 percent  i s  e q u i v a l e n t  t o  an economic I R R  o f  ' . ' . , 

. . 12 percent .  , . .  . 

, . , # .  

. , .. C. Ana lys i s  o f  E x i s t i n g  M I P S  

1. - General D e s c r i p i t i o n  - Khelna - M I P  

Khelna MIP, l oca ted  i n  S i  l l o d  Taluka, Aurangabad D i s t r i c t  was,. ;.': 1 .  
chosen f o r  an i n t e n s i v e  rev iew.  Th i s  p r o j e c t  i s  i n  t h e  "assured 
r a i n f a l l  zone" w i t h  average r a i n f a l l  o f  about 630 mm. I t  was .:i .' 
cons t ruc ted  dur5ng the  p e r i o d  1960-61 t o  1964-65 a t  a c o s t  of ' . 
Rs.7,065,000. I t  serves a Gross Command Area o f  3,555 ha w i t h  ' . 
a  planned annual i r r i g a t e d  area o f  2,429 ha p l u s  an extension. '. ..: 
o f  720 ha f o r  k h a r i f  i r r i g a t i o n .  Water was a v a i l a b l e  f o r  r a b i '  

, 4  d u r i n g  t h e  l a s t  c o n s t r u c t i o n  year .  There a re  949 farm u n i t s  
,,* under t h e  unextended command w i t h  an average area under t h e  . " 

command of 2.55 ha. T o t a l  p , .opu la t ion 'o f  t h e  v i l l q g e s  i n  t he  . .:',: ': 
command area i s  13,521. . I . . '  

Planned i r r i g a t e d  c ropp ing  p a t t e r n  was as fo l l ows :  

20 ha Heavy perenni  a1 
L i g h t  perenn ia l  40 ha 
K h a r i f  1276 .t 721 ha extended command . .: ,.. 
Ra b i  324 ha 
Two seasonal 729 ha 
Hot weather - 40 ha 

2429 ha . . 

In fo rmat ion  on i r r i g a t e d  areas and water  use by seasons over  . a  

t h e  17 yea r  development h i s t o r y  i s  q u i t e  complete and prov ides  : . 
t h e  bas i s  f o r  h y d r o l o g i c a l  and economic ana lys i s .  Based on 
t o t a l  area, u t i l i z a t i o n  appears t o  have been w (See Table 7 )  Q9 ranp ing  f rom 43 t o  66 percent  i n  normal years- and averaging . . 
o n l y  about 59 percent .  A c t u a l l y  t h i s  i n fe rence  o f  l ow  u t i l i z a -  
t i o n  may be more apparent t han  r e a l  f o r  r e s e r v o i r  water .  Rabi . 
u t i  1  i z a t i o n  has exceeded desiqn ranq inq  f rom 84 t o  175 percent  . . 
and averaginq 110 percent .  Storage-water re leases  f o r  r a b i  - . 
except  f o r  four  years ,  inc;uding t h e  i n i t i a l  development year ,  
have ranged from 115 t o  174 pe rcen t  o f  design averaging 133 pe r -  .. 
c e n t  (Table 4 Chapter 4 Techn ica l  Sec. A3 on Water ~ t i l i z a t i o n ) z l *  
The p r o j e c t  desiqn v i s u a l i z e d  t h a t  00 percent  o f  t h e  k h a r i f  

YEXCI uding 1964-65, 1972-73, 1979-00 and 1900-81. . , 
 h he r a t i o  o f  r e l a t i v e  area served and water  d e l i v e r e d  110/133 = 0.827 

i n d i c a t e s  t h a t  design values f o r  water  requi rement  were about 
20 percent  t oo  low. 



water would come from excess f low-through and on ly  20 percent 
from storage. Apparently the k h a r i f  demand was g rea t l y  over- 
estimated, but  on the o ther  hand, farmers have developed rab i  
po ten t i a l  t o  the l i m i t  of water suppl ies.  P r i nc i pa l  crops 
i r r i g a t e d  are wheat and gram dur ing r a b i ,  and sorghum and maize 
dur ing k h a r i f .  Water was de l i ve red  dur ing  the  hot  weather 
season i n  on ly  three of the seventeen years. 

W i t h . t he  add i t i on  o anal i r r i g a t i o n ,  the amount o f  water s tored I!$ i n  the f r e e  aqu i f e r  under the command area was g r e a t l y  increased. 
Groundwater devel opment increased s low ly  u n t i  1 about 1975-76 when 
i t  increased rap id l y ,  probably accelerated because o f  es tab l  i shment 
of a branch cooperat ive hank i n  a p r o j e c t  v i l l a g e  and a sugar 
f ac to r y  i n  the Taluka dur ing t h a t  year. 

2 .  Economic Evaluat ion of the Khelna Project-  

Table 13 gives crop/areas served by canal and wel l  i r r i g a t i o n  and 
estimated ra i n fed  crop area dur ing the p r o j e c t ' s  h i s t o r y .  For the 
four major crops, sorghum, maize, wheat and gram, ne t  economic 
re tu rns  are ca lcu la ted  for  each year. For r a b i  and k h a r i f  "o ther"  
crops, hot  weather and we1 1 i r r i g a t e d  crops, composl t e  cropping 
pat terns were synthesized based on i n f o m a t i o n  about cropping 
pat terns genera l ly  i n  the agro-ecological zone and on f l e l d  
observations (Table 14). "Without P ro jec t "  re tu rns  were based on 
the reported e x i s t i n g  cropping pa t te rns  p r i o r  t o  the pyo ject .  
"With p ro j ec t "  r a i n f e d  areas were est imated as the non- i r r i ga ted  
k h a r i f  area w i t h  an allowance o f  10.75 percent f o r  f a l l o w  based 
on h i s t o r i c a l  data f o r  years 1975-76 t o  1980-81. .Vet re tu rns  were 
ca lcu la ted f o r  each year using World Bank est imated ne t  re turns.  
Technologl ca l  t r a n s i t i o n s  described e a r l  i e r  i n  t h i s  sec t i  on, 
Table 6, were imposed on ne t  re tu rns  f o r  canal and we l l  I r r i g a t i o n .  

Construct ion costs f o r  major works incur red i n  1960-61 /1964-65 
were converted t o  1978-79 purchasing power by using a combination 
index o f  l abor  and wholesale p r i c e  ind ices  o f  3.05. Land develop- 
ment costs,  and system and land development 0 & M costs were 
est imated as f o r  new p ro jec t s  as out1 ined e a r l i e r  i n  t h i s  sect ion,  
Groundwater development c a p i t a l  and operat ing costs were est imated 
using the ra tes  developed fo r  the con junct ive use analys is  of the  
Shivna Project ,  Table 18. Estimated EIRR were (1 )  canal develop- 
ment only, 9.85 ; (2 )  combined canal and groundwater development , 
11.29; (3)  groundwater development only,  11 3. Average estimated 
ne t  annual re tu rns  from canal i r r i g a t i o n  dur ing the per iod  1968-69 
t o  1980-81 was Rs .3,320,000. Using the  previous G O I / M I  gu ide l ines,  
annual cos t  o f  i n t e r e s t  and deprec ia t ion a re  ca lcu la ted  as 0.11 
(21,548,000) = Rs.2,370,280 and o f  0 & M, 25(3555) = 88875 Rs g i v i n g  
a bene f i t  cost  r a t i o  o f  (3,320,000 - 88,875)/2,370,280 = 1.36. 

- 
w ~ h e  p a r t i a l  l y  weathered and f rac tu red  rock zone several meters t h i c k  over- 

l y i n g  t he  base rock and under ly ing the medium o r  shal low depth s o i l s  found 
i n  the  pro jec t .  



3 ,  U t i l i z a t i o n  o f  I r r i g a t i o n  P o t e n t i a l  i n  E x i s t i n g  MIPs 

Actual u t i l i z a t i o n  achieved on t h e  sample o f  e x i s t i n g  p ro jec ts ,  
Table 7, i s  no t  impressive, e s p e c i a l l y  as shown by t h e  "Overa l l "  
column. These data  may be somewhat mis leading,  b u t  nevertheless 
r a i s e  se r ious  concern. Khari  f i r r i g a t i o n  i s  p r i m a r i l y  drought 
insurance t o  supply i r r i g a t i o n  i f  the  monsoon i s  i n t e r r u p t e d  :qr 
f o r  l onger  season crops which need i r r i g a t i o n  a f t e r  t h e  monsoqn 
ends. O r d i n a r i l y  r e s e r v o i r  s torage i s  provided f o r  20 percent  
o f  est imated k h a r i f  i r r i g a t i o n  requirements, t h e  remainder ' .  . 
being prov ided by " f l o w  through" r u n o f f .  For example, GOM/ID . , 
made t h e  f o l  lowi  ng design assumptions f o r  Khel na : 

Area t o  be Water Re u i  remen ty  
I r r i g a t e d  Mm ! /Ann . . 

Khari  f 
Ra b i  
Hot weather 

.h/ A f t e r  deduct ing r e s e r v o i r  evaporat ion.  

A f t e r  a l l o w i n g  f o r  t h e  f u l l  y e a r ' s  evaporat ion, r e s e r v o i r  water 
a v a i l a b l e  t o t a l s  8.400 Mm3. I n  t y p i c a l  y e a r  1976-77, f o r  example, 
i r r i g a t i o n  was provided t o  231 ha k h a r i f ,  1,127 ha r a b i  , a t o t a l  
o f  1,358 ha o r  an o v e r a l l  u t i l i z a t i o n  o f  o n l y  56 percent.  GOMI 
I D  d e l i v e r e d  0.821 ~ m 3  f o r  k h a r i f ,  7.958 Mm3 f o r  r a b i  and none 
f o r  h o t  weather. 

Table 7  i n d i c a t e s  t h a t  farmers a re  no t  u t i l i z i n g  k h a r i f  water b u t  
reserve r e s e r v o i r  a l l o c a t i o n s  f o r  r a b i .  Except f o r  Pus, l i t t l e  
o r  no design al lowance was made f o r  h o t  weather i r r i g a t i o n  on t h e  
e x i s t i n g  r o j e c t s  s tud ied  and i t  occurred on small  'scale,  o n l y  
sporadi ca f ly.  

Why k h a r i f  i r r i g a t i o n  i s  n o t  being used i s  unc lear .  C l ima to log ica l  
d i f f e rences  between the  sample MIPs do n o t  p rov ide  a  cons is ten t  
explanat ion.  Poss ib l y  k h a r i  f water shortages are  i n c r e a s i n g l y  
met by w e l l  i r r i g a t i o n .  Poss ib ly  water  r a t e  r e v i s i o n s  would ' 

encourage more i rri ga t i  on use d u r l  ng k h a r i  f. For economic 
eva luat ions  t o  be accurate, k h a r i f  i r r i g a t i o n  b e n e f i t s  apparent ly  
should be excluded. 

Exclus ion o f  k h a r i  f b e n e f i t s  i s n o t  w i t h o u t  compl i c a t i o n .  Besides 
k h a r i f  s i  ng l  e  season crops 1  i ke sorghum, two-seasonal crops 1  i ke 
c h i 1  l i e s  extending through r a b i  and perenn ia ls  1  i ke sugarcane and 
h o r t i c ~ l  t u r a l  crops are  a l l o c a t e d  k h a r i f  water .  The ex ten t  t o  
which t h e  ex is tence o f  k h a r i f  i r r i g a t i o n  p o t e n t i a l  induces farmers 
t o  take h igher  r i s k s  w i t h  more p roduc t i ve  crops i s  unknown. 



D. Study o f  Water Losses, Groundwater -- -- and L i n i n g  

1. General 

The purpose of t h i s  s tudy was t o  assess the  economic e f f e c t s  o f  
seepage losses  on p o t e n t i a l  i r r i g a t e d  area, o f  l i n i n g  and o f  
p o t e n t i a l  f o r  groundwater devel opnient and t o  i 11 u s t r a t e  an 
a n a l y t i c a l  methodology f o r  such s tud ies .  Shivna subpro jec t  was 
se lec ted  f o r  t h i s  examinat ion and i s  descr ibed i n  Sec. B2. I t 
w i l l  i n t e r a c t  hydraul i c a l  l y  w i t h  o t h e r  e x i s t i n g  o r  proposed MIPS. 
The f i r s t  9.0 km o f  t h e  L e f t  Bank Canal (LBC) w i l l  i r r i g a t e  
2,632 ha and a l so  w i  11 convey surp lus  waters from Shivna rese r -  
v o i r  13 km t o  a  proposed new M I P  r e s e r v o i r  (Devgaon) a t  t a i l e n d .  
The LBC i s  t o  he l i n e d  w i t h  concre te  p laced i n  s i t u .  The un l i ned  
62 km R i g h t  Bank Canal (RBS) serves 4,858 h a - w m h i v n a  water,  
p i c k s  up water p rov ided by planned Saseqon PIP a t  km ?.2C p rov id -  
i n g  main canal se rv i ce  f o r  1,498 ha from t h a t  source and t r a n s p o r t s  
r e s e r v o i r  water  from e x i s t i n g  Dheku F I I P  f rom kn~ 17.82 t o  proposed 
Dehigoan M I P  r e s e r v o i r  a t  t a i l .  I n  a d d i t i o n ,  Shivna r e s e r v o i r  w i l l  
p rov ide  water  f o r  405 ha t o  be pumped t o  serve lands r i p a r i a n  t o  
the  r e s e r v o i r  g i v i n g  a  t o t a l  I C A  o f  7,894 ha and a  CCA o f  8,992 ha. 
Subproject  cos t  est imates i n c l u d e  o n l y  the  cos t  of an equ iva len t  
LBC s e r v i c e  canal .  The a d d i t i o n a l  t r a n s p o r t  f unc t i on  o f  RBC does 
n o t  s u b s t a n t i a l l y  increase the  c o s t .  

2. Water Budgets 

Water requirements a t  o  l e t s  g i ven  by the  GOM r e p o r t  a re  c a l c u l a t e d  YT us ing  crop water  d u t i e s / .  These have an i m p l i c i t  c rop  evapo- 
t r a n s p i r a t i o n  e f f i c i e n c y  of about 60 percent .  Rabi canal losses  a re  
es t imated a t  20 percent ,  k h a r i f  a t  10 percent ,  g i v i n g  i m p l i e d  i rr i- 
g a t i o n  e f f i c i e n c i e s  of (0.8)  (0.6)  = 48 percent  f o r  r a b i  and (0.9)  
(0.6) = 54 percent  f o r  k h a r i f  o f  d e l i v e r i e s  from t h e  r e s e r v o i r  ou t -  
l e t .  For  t h e  ana lys i s ,  48 percent  was assumed t o  have been the  
design e f f i c i e n c y .  

f i l ~ u t ~  i s  t he  est imated area t h a t  can be served by a  u n i t  stream of water.  
For example, 150 A/c fs  i s  a  common assumption f o r  r a h i  wheat. I n  terms 
o f  volume ( o r  depth) needed pe r  acre,  volume = (seconds/day) x  (number 
o f  days i n  t he  season) / (acres /c fs )  = (86,400) (122)/150 = 70,272 cub ic  
f e e t l a c r e  o r  d i v i d i n g  by the  number of square fee t  i n  an acre ,  43,560,the 
depth o f  water  would be 1.613 f e e t  o r  19.36 inches. O r d i n a r i l y  du ty  i s  
expressed as measured a t  the  p u b l i c  o u t l e t  and thus i nc ludes  an a l l ow-  
ance f o r  watercourse, f i e l d  channel and on-farm losses  i n  a d d i t i o n  t o  
the  water  t r a n s p i r e d  by the  crop.  Duty may a l s o  be expressed as the  
es t imated area which a  u n i t  volume o f  water  can i r r i g a t e .  For example, 
a  du ty  o f  10 a c r e s / m i l l  i o n  cub ic  f e e t  would prov ide  1,000,000/(43.560) 
(10) = 2.296 acre f e e t  per  acre .  T h i s  i nc ludes  an a1 lowance f o r  a1 1  
losses i n c l u d i n g  canal and r e s e r v o i r  losses  and those below the  o u t l e t .  

Duty i s  based on experience. I t  i s  somewhat o f  a " r u l e  of thumb" 
concept which i s  being rep laced by more d e t a i l e d  a n a l y s i s  of c rop  
requ i  rements and a1 1  sys tern 1  osses . 



The r e a l  e f f i c i e n c y  depends on ac tua l  seepage and opera i o n d l  h losses.  S ix  s tud ies  i n  new main canals i n  ~ a h a r a s h t r a g  gave 
l o s s  r a t e s  ranging from 9 t o  25 cusecs/mil l i o n  square f e e t .  ( c f s /  
Msf) o f  wet ted canal per imeter  w i t h  an average o f  about 16 c f s /  
Msf. Losses from l i n e d  canals a re  normal ly  est imated a t  2  c f s /  
Msf; t h i s  has been supported by some f i e l d  t e s t s ,  o the rs  show 
losses o f  up t o  9 cfs/Msf,  b u t  w i t h  good design and q u a l i t y  
c o n t r o l ,  2  c fs /Msf  i s  be l i eved  r e a l i s t i c .  

An ana lys i s  us ing  the  average of t he  above measurements, 16 c f s /  
Msf f o r  t h e  un l i ned  RBC was i n i t i a t e d .  However, t h e  est imated 
water  losses f o r  t h i s  l o n g  canal based on t h i s  assumption were 
so h i g h  t h a t  t he  canal would have been v i r t u a l l y  i n o p e r a b l e k o  
8  cfs/Msf  was used f o r  t h e  study w i t h  a  l i n e d  va lue o f  2 cfs/Msf. 
For s e n s i t i v i t y  t e s t i n g ,  an i n te rmed ia te  value o f  5  cfs /Msf  was 
assumed. 

The e f f i c i e n c y  app l i ed  t o  volume de l i ve red  ( i n  c o n t r a s t  t o  f l o w  
a t  any g iven t ime)  depends upon the  number o f  days t h e  canal o r  
channel i s  operated. Values o f  100 days o u t  o f  t h e  123 day r a b i  
season and 20 days f o r  t h e  122 day k h a r i f  season were assumed. 
A f t e r  reservo r evaporat ion losses,  the  subpro jec t  design pro-  s v ides  7.80 Mm f o r  k h a r i f  and 29.20 ~3 f o r  r a b i .  Storage i s  
provided f o r  1.56 ~3 f o r  k h a r i f  w i t h  the  remainder p l  anned as 
f l o w  through. Add i t i ona l  s to rage of 1.66 ~tn3 i s  p rov ided f o r ,  
t h e  l i f t  pump area. 

For t h e  ana lys is ,  opera t iona l  losses,  Table 15, were assumed a t  .,' 
20 percent  f o r  un l i ned  and 15 percent  f o r  1  i ned  canals w i t h  un- 
l i n e d  d i s t r i b u t a r y  and f i e l d  channels. Based on a l o s s  r a t e  o f  
8 cfs/Msf, t h e  G O M I I D  p r o j e c t  r e p o r t  inc ludes an es t imate  of seep- 
age losses o f  37.525 c f s  f o r  t h e  RBC when f l o w i n g  a t  peak Wp- 
a c i  ty. D i s t r i b u t a r y ,  minor, canal and t i e ' l  cl charmel losses 
were assumed a t  20 percent  w i t h  an o v e r a l l  f i e l d  a p p l i c a t i o n  
e f f i c i e n c y  fo r  p roper l y  1  we1  ed f i e l d s  o f  80 percent.  In l i n e  
w i t h  Ind ian  experience i t  was assumed t h a t  50 percent  o f  irri- 
g a t i o n  system losses cou ld  be recovered by pumping. Canals 
a r e  s i zed  t o  meet peak d a i l y  c rop requirements. These occur 
o n l y  f o r  a  few days each season so averaye f l o w  i s  l e s s  than 
design capac i ty .  Operat ing t h e  canal a t  average f l o w  w i l l  n o t  
g r e a t l y  reduce seepage l o s s  over  peak f l o w  opera t i on  because 
t h e  area through which water  can seep i s  n o t  s u b s t a n t i a l l y  
reduced. Considering t h e  apparent tendency no t  t o  develop 
k h a r i f  i r r i g a t i o n  i n  e x i s t i n g  M I P S ,  t h e  water  budgets were 
based on t h e  assumption t h a t  r e s e r v o i r  s torage a l l o c a t e d  t o  
k h a r i f  would a c t u a l l y  be used f o r  r a b i .  The r a t i o  o f  area t h a t  
can be i r r i g a t e d  t o  t h a t  planned (water supply f a c t o r )  f o r  each ' 

case and t h e  amount o f  water  t h a t  can be recovered by pumpi.ng 
groundwater i s  a l s o  est imated i n  Table 15. Th is  same methodology 
can be used f o r  two o r  t h r e e  season i r r i g a t i o n .  - 

12/ World Bank, S t a f f  Appraisal Report 2529a-IN, Maharashtra 
I r r i g a t i o n  11 Pro jec t ,  Vol. 2, p. 102. 



3. Costs and Benef i ts  

a. Reservoir and Canal System Costs: The cap i t a l  cost, Table 
16, was adjusted by -a  fac tor  of 0.954 t o  a l l oca te  an approp- 
r i a t e  share of the- cost  o f  the headworks t o  the ex t ra  storage 
requi  red t o  accommodate Devi aon. Land development costs, 
system and land  development ! & M costs and investment 
schedules were estimat, d as described i n  sect ion A3. Cost 
f o r  l i n i n g  the  RBC was esi imated based on a d i r e c t  cost  o f  
Rs 30/m2 plus 14 percent i n d i r e c t  cost. A l l  were converted 
t o  economic costs by a CCF of 0.75. 

b. Groundwater Costs: Costs of we l l  development and pumping 
were ca lcu la ted based on informat ion contained i n  World 
Bank Gujarat  Medium I r r i g a t i o n  Pro jec t  ~ssessmentE /  f o r  
dugwells i n  f rac tured rock, Table 17. These costs were 
developed i n  1978. Since economic base year f o r  t h i s  
analysis was 1979 they were no t  adjusted f o r  i n f l a t i o n .  
Table 18 shows the annual cost  per 1000 m3 capacity t o  
develop and pump over a development per iod assumed a t  
ten years a t  10 percent each year, w i t h  30-year 1 i f e  o f  
we1 1 and f i  ve-year 1 i f e  o f  equipment . We1 1 devel opment i s 
assumed t o  begin i n  the t h i  r d  year f o l l  owing completion of 
const ruct ion o f  major works. 

c. Benef i ts :  Economic bene f i t s  f o r  canal i r r i g a t i o n  were a lso 
m e d  using cropping pat terns provided i n  the G O M I I D  
r epo r t  as described i n  Sec A3. Planned i r r i g a t e d  area was 
m u l t i p l i e d  i n  each case by the water supply f a c t o r  from 
Table 15. Under the assumptions made, f o r  the 8 cfs/Msf 
seepage loss  case, i r r i g a t e d  area would be 79.6 percent o f  
t h a t  planned. With l i n i n g  t h i s  would be 100.7 percent, o r  
essenti  a1 l y  as planned. 

For groundwater, benef i ts  were c: 1 cu l  ated per  1000 m3 using 
an assumed cropping pa t te rn  i n f e r r e d  from in format ion and 
observation on Khelna M I P  (see Table 14) and estimates o f  
i r r i g a t i o n  requirements a t  the pump ou t l e t .  An estimated 
l i n e a r  technology t r a n s i t i o n  o f  from 70 percent t o  100 
percent i n  f i v e  years was assumed (Table 6) .  Costs and 
bene f i t  streams f o r  each case were obtained by m u l t i p l y i n g  
the bene f i t  and cost  fac to rs  from Table 18 by the estimated 
volume o f  groundwater recoverable from Tab1 e 15. 

World Bank, Appraisal Report o f  the Gujarat I r r i g a t i o n  Pro jec t  
No. 1943a-IN. p. 109. 



I n t e r n a l  Rate o f  R e t u ~  

I n t e r n a l  r a t e  o f  economic r e t u r n  f o r  each o f  t h e  th ree  cases was 
ca lcu la ted  assuming (1 ) canal water o n l y  and (2)  w i t h  con junc t i ve  
use o f  groundwater i n  combinat ion w i t h  ( i )  f u l l  est imated i r r i g a t e d  . 
k h a r i f  b e n e f i t s  and ( i i )  no b e n e f i t s  from na l  i r r i g a t i o n  o f  k h a r i f  
seasonal crops. Resul ts  a r e  shown below 1g 

Economic I n t e r n a l  Rate o f  Return, Percent 
No Bene f i t s  from 

F u l l  Khar i f  Irri- I r r i g a t i o n  o f  Ground- 
g a t i o n  Bene f i t s  ~ h a r i f  Seasonal s  water 

Canal Con junc- t a n a l  Conjunc- Only ' 

Only t i v e U s e  Only t i v e U s e  

Unl ined RBC 8 cfs/Msf  10.03 11.48 9.21 10.53 91.4 
U n l i n e d R B S 5 c f s / M s f  10.78 12.26 9.92 11.20 91.4 
RBC l i n e d  2 cfs/Msf  10.56 12.25 9. 97 11 .05 91.4 

5. Area Commanded by Main Canals 

It f s  n o t  economical t o  extend canals beyond a p o i n t  where t h e  n e t  
r e t u r n s  from t h e  added i r r i g a t e d  area does n o t  a t  l e a s t  r e t u r n  t h e  
added cos ts  o f  extending t h e  canal. The l a t t e r  cos ts  a r e  the  ac tua l  
c o s t  o f  cons t ruc t i ng  a u n i t  l e n g t h  (km) o f  canal p l u s  the  reduc t ion  
i n  i r r i g a t e d  area due t o  seepage l o s t  i n  the  k i l omete r  length.  These 
costs and b e n e f i t s  should be based on present  wor th  o f  discounted 
cash f lows. For 120 day opera t i on  (100 days r a b i  and 20 days- 
k h a r i f )  volume losses i n  t h e  62 k i l omete r  RBC a t  8 cfs/Msf a r e  
35.6 percent  o r  about 0.57 percent  per  km. As a f i r s t  approximation 
f rom t h e  base B/C ana lys i s  a t  12 percent  d iscount ,  Table 19, t h e  ' 

present  worth o f  t he  design p r o j e c t  bene f i t s , l ess  annual 0 & M, 
i s  Rs. 55.091 m i l l i o n  o r  6,979 Rslha f o r  t h e  7,894 ha I C A .  The 
reduc t ion  i n  present  worth o f  n e t  r e t u r n s  due t o  seepage losses 
per  km i s  .0057 (55,091,000) o r  314,000 Rs/km. PW c o s t  o f  an add i -  
t i o n a l  k i l omete r  o f  canal i s  342,500 Rslkm. Thus 6,979 A = 314,000. 
+ 342,500, A = 94.07 ha/km where A i s  t h e  minimum economical irri- . 
gated area t h a t  can be served by one k i  1 ometer o f  canal . L i n i n g  
t h e  canal increases canal c o s t  by 40 percent  b u t  reduces seepage 
losses by a f a c t o r  o f  0.25 thus 6,979 A = (1.4) (342,500) + (0.25) 
(314,000) = 79.95 halkm. 

As a general r u l e ,  q u a l i f y i n g  p r o j e c t s  canals should n o t  be extended 
beyond a p o i n t  where they comnand l e s s  than about 100 ha/km o f  ICA. . ' 

un less t h i s  can be j u s t i f i e d  by a spec ia l  economic ana lys i s  made 
as o u t l i n e d  above. 

14/ Land development costs and schedule were r e v i s e d  a f t e r  t h i s  sec t i on  - 
was w r i t t e n .  This would r e s u l t  i n  some r a t h e r  small  changes i n  t h e  
numerical resu l  t s  . 



Summary o f  Ana lys is  

The a n a l y s i s  shows t h a t  inves t~ l ien ts  i n  M I P S  proposed under the P r o j e c t ,  
if they meet t h e i r  t a r g e t  se rv i ce  areas, can be expected t o  y i e l d  
econonlic r e t u r n s  g rea te r  than 12 percent .  General ly ,  the  assuniptions 
made are  conserva t ive .  The c o n s t r u c t i o n  p e r i o d  o f  f o u r  years i s  
be1 ieved r e a l  i s t i c  and n i ight  be reduced on sonie subpro jec ts .  The 
t r a n s i t i o n  p e r i o d  t o  i r r i g a t i o n  i s  be1 i eved  conserva t ive .  E x i s t i n g  
p r o j e c t s ,  w h i l e  they  have n o t  reached f u l l  planned k h a r i f  u t i l i z a t i o n ,  
have g e n e r a l l y  reached f u l l  r a b i / h o t  weather u t i l i z a t i o n  i n  l e s s  than 
f i v e  years. The e igh t - yea r  techno1 ogy t r a n s i t i o n  p e r i o d  combi ned w i t h  
the  area t r a n s i t i o n  means 14 yea\ s  (19  years a f t e r  c o n s t r u c t i o n  i s  
s t a r t e d )  be fo re  f u l l  r e t u r n s  t ire r e a l  i zed .  Pro jec ted  y i e l  cis should be 
a t t a i n a b l e  g i ven  t h e  e a r l y  land developnient program inc luded  i n  the  
cos ts  and be ing  implemented by GOM. The crop n e t  r e t u r n s  used are  
s l i g h t l y  lower  than those f o r e c a s t  by World Dank because o p p o r t u n i t y  
cos t  o f  l a b o r  was p r i c e d  a t  3 Rs/day i ns tead  o f  Rs 2.6/day. On the  
o t h e r  hand, impor tan t  f a c t o r s  which cou ld  cause s h o r t f a l l  are over- 
es t ima t ion  o f  wz ter  supply t h a t  can he d e l i v e r e d  t o  f i e l d s  because o f  , 

h igh  canal and channel losses anti u t i l i z a t i o n  o f  water  du r ing  k h a r i f .  
These general l y  appear too  o p t i ~ n i  s t i c .  

Ana lys is  o f  t h e  e x i s t i n g  Khclna P r o j e c t  shows an E I R R  o f  9.85 percent ,  
b u t  w i t h  groundwater devel oprnent enhanced by recharge f rom canal i rr i  - 
g a t i o n  t h i s  rose  t o  11.29 percent .  The reasons f o r  s h o r t f a l l  o f  t h i s  
p r o j e c t  appear t o  be as s ta ted  above, a l though the  overest imate of 
k h a r i f  i r r i g a t i o n  was o f f s e t  soniewhat by increased r a b i  i r r i g a t i o n .  
Using the  G O I / M I  b e n e f i t l c o s t  g u i d e l i n e s  i n  f o r c e  u n t i l  1981, t he  B/C 
r a t i o  i s  1.36. I n  any event,  t h i s  pos t  ana lys i s  demonstrates the  
economic b e n e f i t s  o f  MIPS i n  s p i t e  o f  shortconiings. G O I I G O M  have taken 
some steps s ince  Khelna was cons t ruc ted  which w i l l  improve economic 
re tu rns .  A number of a d d i t i o n a l  s teps w i  11 be taken under t h i s  p r o j e c t  
which w i  11 r e s u l t  i n  acce lera ted  techno log ica l  devel opment. 

The i l l u s t r a t i v e  study o f  1  i n i n g  and con junc t i ve  use o f  groundwater made 
of t h e  proposed Shivna subpro jec t  a p p l i e s  a  more r i qo rous  methodology 
f o r  e s t i m a t i  ng canal and o the r  conveyance 1  osses and ca l  c u l  a t 1  ng 
a v a i l a b l e  c rop  water  supply than i s  now conimonly used. T h i s  procedure 
should reduce t h e  u n c e r t a i n t y  regard ing  i r r i g a t i o n  p o t e n t i a l .  The 
r e s u l t s  show t h a t  even w i t h  moderate seepage ra tes ,  losses  from long 
u n l i n e d  canals can s i g n i f i c a n t l y  reduce areas t h a t  can be i r r i g a t e d  
w i t h  a v a i l a b l e  water supp l ies .  Recovery o f  water losses by ground- 
water  development can r e s t o r e  some of the  b e n e f i t s ,  r a i s i n g  the  E I R R  
by from 1.0 t o  about 1.7 percentage p o i n t s .  Th i s  and the  Khelna 
a n a l y s i s  emphasizes the  economic importance o f  groundwater recharge 
and c o n j u n c t i v e  use. L i  n inq  becon~es econon~ical if seepage losses  
exceed &bout 6-8 c fs / ! ls f  f o r  1  i n i n g  c o s t i n g  Rs.30 - 40/sq. meter 
regard less  o f  whether o r  n o t  losses  a re  recovered by groundwater 
development. These concl  us ions are  peneral l y  cons i s ten t  w i  t h  Worl d  
Bank and o t h e r  s tud ies .  



Or1 any s11hprn.i~r:1 r i c - : . ~ ~ , ~ l  losses w i l  l c l q w r i t l  Ilpon l c n q t h  o f  t.iw canal 
i s  operated, i 1s phys i c a  l l e n q t h  and seepage l o s s  ra tes .  The Shivna 
analyses us ing  t h e  water budget ing procedure o u t l i n e d  i n  Table 15 
showed E I R R  of  10.03 percent  f o r  bene f i t s  from canal i r r i g a t i o n  only,  
us ing  an assumed seepage l o s s  r a t e  much lower than has been observed 
i n  Plaharashtra canals.  This  i l l u s t r a t e s  the  e f f e c t  o f  canal l o s s  
assumptions on design and the  importance of being ab le  t o  p r e d i c t  
canal losses i n  advance w i t h  reasonable accuracy. 

This  a n a i y s i s  does n o t  mean t h a t  Shivna o r  o t h e r  subpro jec ts  cannot meet 
economic t a r g e t s .  Steps can be taken t o  increase r e t u r n s  by l i n i n g  
canals i f  r e q u i r e d  and by i n c r e a s i n g  i r r i g a t i o n  i n t e n s i t y  and reducing 
c u l t u r a h l e  command areas. Karwappa N a l l a ,  whose main canal i s  l i n e d ,  
shows a  s a t i s f a c t o r y  EIRR venothougkl l i n i n g  cos ts  a r  double those 9 5 normal ly  i n c u r r e d  (70  Rs/m corl~pared t o  about Rs 35/m ) because rough 
sec t ions  through j o i n t e d  rock w i  1  1  r e q u i  r e  a d d i t i o n a l  masonry t o  b r i n g  
the channel t o  des i red  shape p r i o r  t o  l i n i n g .  E I R R  a l s o  can be increased 
by reduc ing  l e n g t h  of main canals and CCA thus decreasing seepage losses  
and i nc reas ing  i r r i g a t i o n  i n t e n s i t y .  S e n s i t i v i t y  ana lys i s  (Sankh sub- 
p r o j e c t )  shows t h a t  reducing CCA by one percent  increased E I R R  by 
0.14 percentages p o i n t s .  Technical  and economic c r i t e r i a  f o r  qual i f y -  
i n g  subpro jec ts  a re  designed t o  i n s u r e  t h a t  water  a v a i l a b l e  f o r  crops 
w i l l  be as requ i red  under design assumptions. 

Seepage l o s s  r a t e s  remains a  b i g  u n c e r t a i n t y  i n  de termin ing  conveyance 
losses.  Under t h i s  p r o j e c t ,  a  program of seepage l o s s  measurements 
c o r r e l a t e d  w i t h  s o i l  o r  sub-so i l  c h a r a c t e r i s t i c s  w i l l  be i n i t i a t e d  
(See Chapter 4 Technical Sec. R2d). Where these losses are  excessive, 
canals w i  11 br, 1 i ned  s e l e c t i v e l y  based on economic cons idera t ions .  

Subproject  C r i t e r i a ,  S tud ies  and T r a i n i n g  

For subpro jec ts  qual i f y i n g  under t h e  loan,  E I R R  c a l c u l a t e d  along t h e  
l i n e s  o u t l i n e d  i n  Sect ions A3 and ' E '  *above s h a l l  be n o t  l e s s  
than 12 percent* .  Before, WO/P and W/P cropping p a t t e r n s  f o r  c a l c u l a t -  
i n g  b e n e f i t s  s h a l l  i n c l u d e  the  e n t i r e  CCA,  n o t  j u s t  t h e  I C A  as now, and 
a1 1  ra in fed  crops s h a l l  be i nc luded  f o r  each case. No b e n e f i t s  w i l l  be 
taken f o r  k h a r i f  i r r i g a t i m  o f  seasonal crops by canals; however, an 
equ iva len t  area o f  k h a r i f  r 3 i n f e d  and c r e d i t  f o r  b e n e f i t s  from develop- 
i n g  recoverable groundwater may be i nc luded  f o l l o w i n g  the  procedure 
o u t l i n e d  i n  Sect ion  D3. 

For con t i nu ing  e f f e c t i v e n e s s  i n  t h e  a l l o c a t i o n  o f  scarce and abundant 
resources, fac ing  a dynamic s h i f t  i n  p r i c e  s t r u c t u r e  due t o  r i s i n q  
petro leum cos ts  and o t h e r  reasons, p e r i o d i c  assessments o f  t h e  pro-  
p o r t i o n  o f  l a b o r  cos ts  o f  c o n s t r u c t i o n  and farming and o f  o p p o r t u n i t y  
cos ts  of farm and c o n s t r u c t i o n  l a b o r  should be conducted and appro- 
p r i a t e  adjustments made i n  CCF and farm budqets. GOM/ID w i l l  i n i t i a t e  
such a  study u t i l i z i n g  i n t e r n a l  o r  c o n t r a c t  resources. The s tudy  w i l l  

* A l t e r n a t i v e l y ,  a  B/C r a t i o  c a l c u l a t e d  a t  1 2  percent  d iscount  r a t e  s h a l l  he 
1.0 o r  g rea te r .  Projects i n  t r i  ha1 and drouqht prone areas may have an 
E I R R  of 10  percent .  



be completed by the end of the s ixth r~~onth a f t e r  signing the loan 
agreement and, i f  jo in t ly  agreed by G O I I G O M  and USAID a f t e r  review, 
used for  estimating subproject econon~ic returns.  The study will he 
repeated a n d  expanded to include review of economic prices and 
farm budget costs in time f o r  the 111id-term evaluation scheduled 
approximately 33 months a f t e r  projcct implenentation. Urlti 1 the 
resu l t s  of such a study or par ts  of i t  are reviewed and agreed upon, 
economic analysis of subprojects will lrse the CCF and econon~ic farm 
budgets s e t  for th in the WB Flaharashtra I1 Report with adjustments 
to Rs.31day labor cost as shown in Table U .  

The reasons f o r  the apparent fa i lure  to rea ' : ize  kharif i r r iga t ion  
should be understood and steps taken to  correct them, or  i f  appro- 
pr ia te ,  adjust  desipn procedures. Accordinqly, GOMIID will study 
f ive  representati ve exi s t i  ncl MI Ps to  ascertai  n why canal water i  s  
not being taken fo r  kharif ,  the e f f ec t  of kharif production under canal 
commands, even without takinq i  r r iqa t ion ,  the potential for  improv- 
ing kharif u t i l  ization through water ra te  adjust t~~ents  a n d  other 
appropriate factors .  I n  the meantime, benefits a t t r ibuted to  
i r r iga t ion  of kharif seasonal crops will not be credited in economic 
evaluation of par t ic ipat ing subprojects h u t  an equivalent area of 
rainfed kharif incl uded. Two-seasonal s and  perennial s ,  while high 
value crops, usually const i tute  a small fraction of the total  
cropping pattern and may be included, b u t  special consideration 
should be given by GOMIID as to  how the i r  ~ h a r i f  needs will be met. 
This possibly can be done by wells. 

For qua1 ifying subprojects, GOM/ID, within one year a f t e r  completion 
of major construction, will prepare a developl~~ent scheme fo r  ground- 
water with credi t  packaqes , including establ i  shnient of a branch 
development bank in the area i f  necessary. 

Additional capabi 1 i  ty  in e c o n o ~ ~ ~ i c  analysis with professionally trained 
economists wi 11 be established, possibly in the Project Preparation 
Cell or Central Design Sec t i  on. This clroup wi 1 1  111oni to r  cconomi c 
analysis of subprojects; conipi lr! econolilic inforrmtion resulting fro111 
base1 ine.  surveys, such- as f a r m  budgets ; analyze economic imp1 ications 
of information collected hy thc water lmnaqerwnt studies as niay be 
agreed, including i r r iga t ion  water u t i l  ization or  insurance on khari f  
crop benefi ts ;  make optimization studies of rcservoi r  s ize  vs. re1 i  a -  
b i l i t y ;  es tabl ish economics of canal l ining;  determine costs and 
benefits of groundwater developn~ent ; analyze econo~iics of conjunctive 
use of groundwater; and possibilities of increasinq reservoir storaae 
capacity to  capture flow-throuqh water now allocated to kharif so 
tha t  i t  can be used fo r  rabi . Cased on i t s  f i  ndi nqs , the section 
may recommend charlges in economic analysis standards and procedures 
f o r  jo in t  consideration by GC)I/GT)ll and IISAID. llsinq qrant funds, 
AID rvi 11 support costs of speci ill s  t~ rd ic s ,  i  11c1 udi nq consultants 
and three months U.S. traininq in econor~lic anal#ysis fo r  four mid- 
1 eve1 of f icers  , responsi bl c for  subproject devel optr~cnt and eval u a -  
t ion.  



Table 1 

WO/P (R.F.) 

Sorghum 
M i l l e t  
Wheat 
Paddy 
Gram 
O i  1 seed 
Vegetables 
C h i l l i e s ,  e t c .  
Other, Cereal s 
Groundnuts 
Fodder 
Cotton 
Pulses 

Sorghum HYV 
M i l l e t  
Wheat 
Paddy 
Gram 
O i  1 seed 
Vegetables 
C h i l l i e s  
Other, Cereals 
Groundnuts (kh) 

WORLD BANK PROJECTED AND 
REPORTED CROP YIELD ON EXISTING M I  Ps , QQ/ ha, 

World Bank 
2529a-IN 

6.0 
3.5 
5.8 

15.0 
5.0 
4.5 

5.8 

7.0 
200.0 

3.0 
3.0 

3 0 

25 
25-40 
12 
15 

200 
11 

15 
  round nuts(^.^.) 20 
Turmeri c 30 
Onion (kh) 200 
Onion ( r a b i )  200 
Fodder 230 
Cot ton  
Cotton L.S. 18 
Mai ze 40 

E k b u r j i  

5.3 

4.0 

25.0 

3.8 

0.7 

20.0 

25.0 

15.0 

8.3 

Adhal a Khel na - -  Pus 

5.5 15-20 (kh) 
2.4 7.5 , 

3.5 7.5 - 10 
8.5 
3.2 2.5 - 5.0 
2.3 

17.5 (R) 25-37.5 
17.5 

20-25 24.8 

Kh - k h a r i f  
R - r a b i  
I R R  - 1 r r i g a t e d  
RF - r;,infed 



Table 2 WHEAT YIELDS I N  PUS PROJECT 
--- - -- 

- 
Number o f  
V i  1 1 ages Average Area i n  

Year - Repor t i  n g k l  Y i e l d  QQ/ha b / Wheat (ha)- 

72-73 
73-74 
74-75 
75-76  
76-77 
77-78 
78-79 
79-80 
80-81 
Unwei g hted 
Average 

-.--- ---- -- 
a/ Out o f  36 v i l l a g e s  
b/ Not necessarf l y  a l l  repor ted  i n  Col ( 2 )  
* Reservoi r  d i d  n o t  f i l l  

Table 3 

Crop 

S o r u  - 
Local r a b i  
A l l  o the r  
Paddy 
Transpl anted 
~ r i l l e d  
M i l l e t  
Maize 
Groundnuts 
Cotton 
Local 
Hybr id  
C h i l l i e s  
On i ons 
Pulses 
Wheat 
GramIPeas 
O i  1 seeds 
Fodder 
K h a r i f  RF 
HW I r r i g a t e d  
Sugarcane 
Turmeric 

FINANCIAL FARM CROP PRICE COMPARISONS 

World Bank 
F inanc ia l  Sankh 

1979 Hetavne Shivna L1979) 

Karwappa 
Nal a 

( 1979) 

1101115 

141 

400 

190 
178 
149 

12.5 

400 

From 
Ra jas than  
MIP PP 

130 
160 

117 

400 

180 
124 

280 
10 

13 



Table 4 
WHOLESALE PRICES OF SELECTED COMMODITIES 

I N  MAHARASIiTRA, 1 3 FEBRUARY 1981 

Market 

Kol hapur 
Gondi 
Nag pu r 
Akol a 
Nagpur 
Bombay 
Amravati 
Aurangabad 
Bombay 
Bom bay 
Bombay 
Doniba v 

Paddy (medi um) 
Rice (coarse) 
Rice (coarse) 
Jowar (ye1 1 ow) 
Jowar (wh i t e )  
Wheat 
Wheat 
Gram (ye1 1 ow) 
Arhar 
Masur 
Mung 
C h i l l i e s  

Rs. 145.00lQ 
1 SO. OO/Q 
220.00/(! 
1 37.0014 
1 5O.OO/O 

. , 
;om;aj Groundnut seeds 590.0O/q 

* ho esa e ex-godown p r i c e  f i x e d  by s t a t e  

Table 5 WHOLESALE COMMODITY PRICE AND 
AGRICULTURAL LABOR INDICES, INDIA 

1970-71 Base 

Year - Agr i  cu l  t u r a l  Labor* Who1 esal  e Commodity 

1969-70 
1970-71 
1971 -72 
1972-73 
1 973-74 
1974-75 
1975-76 
1976-77 
1977-78 
1978-79 
1979-80 
1980-81 
June '81 
- * 1979-80 and 1980-81 est imated by 1 i n e a r  regress ion  w i t h  commodity 

p r i c e  index. 



Table 6 
IRRIGATION DEVELOPMENT 
AGRICULTURE TRANS I T I O N S  

Year a f t e r  - - We1 1 I r r i g a t i o n  
construct ion Tech - T 
o f  major works 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13  
14 
15 
16 

Area nology - Composi t e  

0.11 
0.24 
0.38 
0.52 
0.69 
0.75 
0.81 
0.87 
0.93 
0.96 
0.99 
1 .OO 

Area ology - Composi t e  



Table 7 DEVELOPMENT HISTORY OF EXISTING MEDIUM IRRIGATION PROJECTS 

MELNA PUS EKBURJI ADHALA KAZ;I.RE 
nver- Over- Over- Over- Over- 

Kharif Rabi a l l  a ~ h a r i f '  ~ a b i '  otherC a1 1 Kharif Rabi a l l  Kharif Rabi othere a l l  a l l  

Design Crop 
I r r igated . 
Area, ha 1276 1053 2429 5011 7969 1150 14130 1 8 2 2 ~  607f 2429 2544 2231 314 5089 2453 

Year 

1964-65 
1965-66 
1966-67 
1967-68 
1968-69 
1969-70 
1970-71 
1971 -72 
1972-73 
1973-74 
1974-75 
1975-76 
1976-77 
1977-78 
1978-79 
1979-80 
1980-81 

Note : The crop i r r iga ted  area r e f l ec t s  the  sum of seasonals, two-seasonals and perennials a s  shown i n  Table 2 - Water 
Supply and Engineering Section, only f o r  Pus Project. In reporting actual areas,two seasonals were frequently 
included only once with kharif. This i s  the case f o r  Ekburji ; f o r  rabi , i t  i s  unclear whether o r  not CUC 
seasonals weFe included so the  columns on rabi and overall may-be substantial ly overestimated f o r  Ekburji 
which are  included only t o  show trends. 

a/ Includes 100 ha percent hot weather r 

b/ Scarcity year 
I 
N 

c/ Perenr,i?!s and two seasonals a r e  added t o  seasonals W 

d/ HW g 
. . .  -eased from 8 ha i n  1976-77 t o  1741 ha i n  1980-81 , rabi wheat decreased f m  2649 ha t o  1191 ha 

i n  s 
e/ Two 
IF/ 'TWO uded only i n  kharif * Reservoir did not fill1 



Table 8 ECONOMIC CROP BUDGETS FOR PRINCIPAL CROPS I N  
MAHARASHTRA, 1990 PROJECTED ECONOMIC PRICES 

Net 
Y ie ld  P r i ce  By-product Value 
QQ/ha 

EM;;; P;;ject 
2 

Sorghum, Local 6.0 
Sorghum,HYV 14.0 
Paddy 15.0 
Pearl M i l l e t  3.5 
Mai ze 10.0 
Groundnuts 7.0 
Cotton 3.0 
C h i l l i e s  5.0 
Pul ses 3.0 
Fodder 200.0 
Rabi RF 
Wheat - - . - 
Sorghum, Local 4.0 144 144 135 1 34 45 1 
GramIPeas 4.0 151 48 135 190 

-a -  

327 
O i  1 seeds 4.0 233 150 160 622 

WO/ P - 
Khari f RF 
Sorghum,oocal 7.0 
Sorghum HYV 16.1 
Pa d dy 17.0 
pear l  M i l l e t  4.0 
Mai ze 12.0 
Groirndnu t s  8.1 
Cot ton 3.5 
C h i l l i e s  5.8 
Pulses 4.0 
Fodder 230.0 
Rabi , RF 
Wheat 
Sorghum, Local 5.0 
GramlPeas 5 .O 
O i  1 seeds 4.5 

Krif IRR 
Sorghum," 35 142 480 330 1522 
Paddy, D r i l l e d  25 161 200 324 1236 
Paddy, Transp. 40 144 400 420 2101 
Pearl M i l l e t  20 141 230 255 86 2 
Mai ze 40 141 400 342 1843 
Groundnuts 15 267 500 450 1371 
Cotton 18 544 630 2208 
C h i l l i e s  11 770 600 1674 
Turmeric 3 0 440 941 5751 
Vegetables 200 6 0 996 2612 

( r a b i  & k h a r i f )  



Table 8 ( c o n ' t )  

Net 
Y i e l d  P r i c e  By-product 
QQha WQQ Rs/ha 

A Value 
Rs/ha Rs/ha Rs/ha 

Rabi I R R  
Wheat 
Sorghum,Local 16 154 
Sorghum, HYV 30 142 
Sorghum, Rat toon 25 142 
Maize 32.5 141 
Gram/Peas 12 214 
Potatoes 200 86 
O i  1 seeds 15 270 

Hot Weather, I R R  
Groundnuts 20 267 
Fodder 350 12 

Perennial  s, I R R  
Suqarcane 

a n t  1050 16 
Rattoon 750 16 

Lucerne 
Three Year 800 2 0 

Adapted from World Bank Maharashtra I r r i g a t i o n  I I. 2529a-IN. 



Table 9 
CROPPING PATTERNS AND NET ECONOMIC RETURNS, 

KARWAPPA NALLA 

Net Return Cropped Arca Compos i t e  Net 
Crop Rs/ ha Percent -- Returns - Rs/ha 

Present - Rainfed 

1. Paddy 
2. Sorghum 
3. Pulses, o ther  
4. Fallow 

Tota l  

WO/P - Rainfed 

1. Paddy 
2. Sorghum 
3. Pulses, o ther  
4. Fallow 

W/P - I r r i g a t e d  
Perennials 
5. Sugarcane 
6. ~ r i i  t, other  per. 

Two Seasonal s 
7 .  C h i l l i e s  
8. Turmeric 

Khari f Seasonal s 
9. Late Paddy 
10. Hybrid sorghum 

Rabi Fa1 low On 
11. Gram 
12. Hybrid Sorghum 
1 3. Wheat 

U n i r r i  a ted 
&Paddy 
15. Pulses 
16. Green manure 

TOTAL 

CCA = 8048 ha, I C A  = 3890 ha, Average water supply 0.97 

Ul t imate  Net Returns W/P 
I r r i g a t e d  - (3890) (5163) (0.97) = 19,482,000 
Rainfed - (3590) (334) = 1 299 000 
w/ p RS-0 
WO/P (3890) (11 72) Rs 4,559,080 
Before (3890) (831) Rs 3,232,590 



Tab le  10 
ANNUAL CROP NET ECONOMIC RETURNS, KARWAPPA NALLA 

Year Composite Area -- g a t i o n  -- ~ r a n s i  t i o n a /  T o t a l  WO/P T o t a l  

~!..#o/P niul t i p 1  i e d  by t r s n s i  t i o n  f a c t o r  f o r  "01 d area" .  

Tah lc  11 
CONSTRUCTION AND 0 h M COSTS, KARWAPPA NALLA (Rs.000) 

Ma j o r  I. a n  rl Sys t ( ! ~  I. and T o t a l  
0 PC 11 0 Pd M O h M  Yea r W_orks- -.- Dev~l!!~cnt - . . - -  ------ -. ---- 

"Salvage v a l u e  a t  7 5 - y r  l i f e ,  s t r a i g h t  l i n e  d e p r e c i a t i o n  



Table 11 (con ' t )  

Notes 
Construction Cost 

Construction Cost Estimates, 1980-81. 72,618,000 Rs. 
Wholesale Pr ice Index (CPI) l978-79/1980-81 = 256.5/185.8 = 1.384 
Agr icu l tura l  Labor Index 28811 72 = 1 . I88 
Weighted Construction Index - (.4) (1.188) + ( .6) (1.3n4) 1.30 
Base Year Cost 72,618/1.30 = 55,860 
Apply CCF = 0.75 = 41,900 

Land Development 

Apply on slopes 0.6 - 3.0 percent. Part  I on 100 percent o f  CCA 
Part  I 1  on 50 percent. Weighted cost used i n  t h i s  example i s  2647 Rsjha. 
(8048) (2647) = 21,303. Apply CCF = 0.75 (21,303) = 15,977. 

System 0 & M (50 Rs/ha) (CCA) + (one percent of cost of headworks) CCF 
50) (8048) = 402; ( .01) (27,800) = 278; (402 + 278) ( .075) = 510 

Land 0 & M Five percent o f  land development costs : (.05) (15,977) = 
799 



Tab le  12 
CALCULATION OF B/C RATIO AT 12% DISCOUNT, KARWAPPA NALLA 

PW C a p i t a l  Net  Returns  Present  Worth 
Year F a c t o r  Costs l e s s  O&M Capi t a l  Costs Benef i t s  

B/C R a t i o  = 50297/41034 = 1.23 



Table 13 
CROPPED AREAS IN KHELNA PROJECT 

(Hectares) 

Canal I r r i g a t i o n  We1 1 s  W/F - WYP/ RAINFEC 
Khari f Rabi Hot 

Year Sorghum Maize Other Wheat Gram Other Weather Kharif Rabi H.W. ~ o t a l c /  -- 
1964-6: - - - - - - --- 188 49 3 - - --- 231 7 
1965-66 257 11 8 624 124 137 20 1942 
1966-6- 179 181 76 678 136 8 1 40 1781 
i 967-6E 341 24 117 564 354 3 3 5 9 60 1755 
1968-65 454 96 509 646 369 2 7 80 1271 
1969-7: 176 47 112 705 334 15 - - - - - - - - - 105 1902 
1970-7' 905 389 27 130 2237 
I a n  -72 94 19 23 729 345 400 155 2 0 ~ 1  
1972-7, --- - - - --- 229 6 7 15 1 80 21 37 
1973-74 --- --- - - - 11 35 528 163 205 21 3- 
1974-75 145 205 79 372 572 122 231 1717 
1975-76 - - - --- - - - 793 505 103 167 257 21 17 
1976-77 2 5 13C 7€ 791 302 34 283 1792 
1977-78 71 73 44 732 288 48 4 5 3 34 383 3% 394 183E 
1 978- 79 118 32 47 659 21 7 7 7 452 345 382 500 1652 
1 979- EC 17 --- 15 436 86 5 0 378 405 L25 61 0 17E5 
1980-E' 11 19 5 1 473 160 72 446 576 --- 720 173E 

/ 52 ha p r i o r  t o  1964-65 has been deducted. 
'./ 1-c111des fal low. Calculated as  CCA - (canal and well i r r i g a t e d  khar i f )  
c/ Lztual a reas  repor ted  f o r  1966, 1971 , 1976, 1978, 1980. Intermediate values inter901 a ted .  



Table 14 
COMPOSITE CROPPING PATTERNS AND NET RETURNS, KtlELNA PROJECT 

(Rs/ha ) 

Net Return Percent Area Composl t e  

Sorghum 
M i l l e t  
Wheat 
Mai ze 
Paddy 
Pul ses 
O i  1 seeds&/ 
Sugarcane 
Cotton 
Other Cash 2607 

Crops 
To ta i  
Less Fal low 

10.75% 
Tot  a1 

a/ Mos t l y  groundnuts 
b/ Average fa1  low 1975-76 t o  1980-81 - 10.74 percent  o f  CCA 

Sin  l e  c r o  s -* K a r i  sorg um (HY) 
Maize 
Wheat 
Gram 

Other Irri gated Khari  f 
Groundnu t s  2684 
Vegetables 9302 
M i l l e t  1933 
Pul ses 74 1 

Rounded t o  2850 Rs/ha 

Other I r r i g a t e d  Rabi 
Vegetabl es 8392' 
Sorghum 3260 
Cotton 6954 

Less WO/P r a i n f e d  



Table 15 
CANAL WATER BUDGETS 
ALL WATER TO RABI 

Ava i l ab le  t o  Canal 
Operat ional  Losses 
L i n i n g  Losses 
Subtota l  
D i s t  & FC Loss 
Subtota l  
F i e l d  Losses 
Ava i l ab le  f o t P  Crop 
Overa l l  E f f i c i e n c y  
To ta l  Losses 
Ava i l ab io  f o r  Crop 

Shivna (12115.7) 
Losses Shi vna 
Ava i l ab le  f o r  Pumping 

Notes 
L i n e  1 
m r r i a a t e d  bv LBC = 6500 A 
Area i r r i i a t e d  b i  RBC = 12000 A 
To ta l  Shivna i r r i g a t e d  
by canals  18500 A 
Saseqon served bv RBC 3700 A 
water a v a i l a b l e  ?or canals i f  a l l  r e s e r v o i r  s torage i s  a1 l oca ted  t o  r a b i  
Avai 1 a b l e  i n  r e s e r v o i r  41 .0906 Mm3 
Deduct : 

Dead Storage ( s i l t  pocke t )  2.9131 ~3 
Reservo i r  evaporat ion du r i ng  r a b i  3.8894 Mm3 
Reservo i r  evaporat ion d u r i  ng ho t  

weather 1 .I593 Mn13 
A l l o c a t i o n  t o  l i f t  p u ~ ~ ~ p i n y  schelsc?, 1 .G614 Mnl;l 

Ava i l ab le  f o r  canals 3T,-4;rgTTjRn3- 
A1 1 o c a t i  ny Shi vna accord i  ny t o  area served 
Shivna RBC = 31.4754 (12000/18500) = 20.416 Mm3 
Allowance f o r  Sasegon a t  same r a t e  pe r  

acre 6.295 Mm3 
Tota l  RBC 26.- t4-n: 
Shivna LBC = 31.4754 (6500118500) = 11.06 ~ m 3  

- 
L i ne  2 
-cent o f  L i ne  1 f o r  u n l i n e d  canals,  15 

"1 ~ i n e  3 
See a e Losses 

- - v o w  10-61 f t3/m3) l o s s  r a t e  ( f t31sec)  (days 

percen t  f o r  1 i ned  canals.  

opemted j  (secondslday ) 

Loss r a t e  
i E ? 3 G F :  (37 .m) (100) ( ~ 6 4 0 0 )  ( l0-6)/35.31 
5 c fs /Msf :  Rabi = 5.77 Mrn3 
2 c f s j ~ s f :  Rabi = 2.308 Mm3 



Table 15 ( c o n ' t )  

LBC - 
Loss ( ~ m 3 )  = ( sec t i ona l  wetted perimeter,  m) (Length m) (ft2/rn2) x 

(1 ass ra te ,  f t 3 1 ~ f t 2 )  (days operated) (secondslday) (1 0-6)/ (ft3/m3) 
8 cfs/Msf: Rabi = (100) (37.525) (.0864) / 35.31 = 9.231 ~rn3 
5 cfs/Msf: Rabi = 5.77 h 3  
2 cfs/Msf:  Rabi = 2.308 Mm3 
LBC 
Rabi = (6.29) (9000) (10.75) (2 )  (100) (.0864) / 35.41 = 0.299 ~ m 3  

L ine 4 
-cent o f  L ine  3 

L ine  7 
20 percent o f  L ine  6 

L ine 9 
(L ine8 ) / (1 ine  1 ) 

L ine  11 
m i o n  between Shivna and Sasegon based on i r r i g a t e d  area served. 

I r r i g a t e d  Area Cor rec t ion  
Design Water SUPPI v 
~ssume de l i ve ry '  efficiency of 0.48 
Design r a b i  a l l o c a t i o n  = 30.8 Mm3 
Ava i lab le  f o r  crop (30.8) (0.48) = 14.78 ~ r n ~  

Area Correct ion (avai 1 ab le  w3ter) / (design water supply) 
Unl ined 8 cfs./Msf seepage l o s s  (5.94 + 5.82) / 14.98 = 0.797 
Unl ined 5 cfs/Msf seepage l oss  (7.63 + 5.82) / 14.98 =0.911 
Unlined 2 cfs/Msf seepage loss  (9.98 + 5.82) / 14.98 = 1.069 



Table 16 
COST SCHEDULE FOR SHIVNA LINING AND GROUNDWATER STUDY 

(Rs 000) 

Headworks, Canal s 
and D i s t r i b u t a r i e s  RBC Unl ined RBC Lined 

1. From p r o j e c t  r e p o r t  80,290 
2. Adjust f o r  s t  aye serv ice  76,623 76,623 

t o  Deosaan 
3. L in ing  ~ B C  

TOTAL 
4. Economi~ Tota l *  57 ;469 
5. Land Devel opment* 17,852 17,852 
6. I r r i g a t i o n  System 0 & M *  504 504 
7. Land Development 0 & M* 892 892 
8. L i f t  Pumping 160 1 60 

* CCF = 0.75 app l ied  

L ine 2 - 
L ine 3 - 
L ine  4 - 
Line 5 - 
Line 6 - 
7 

Line 7 - 
Line 8 - 

Tota l  cos t  - (storage f o r  Deogaanltotal storage)(cost of storage) 
80,290 - (4.611/43.614) (34,600) 
Wetted Perimeter = (cross sec t i on  WP) (canal l eng th )  = 
(6.59) (62000) O Rs 30/m2 + 13.84 Percent i n d i r e c t  cos t  
f ~ i n e . 3 )  x (CCF 

Par t  I (Rs/ha + 0.5 Par t  I 1  (Rs/ha)] CCA x CCF =(2647) (8048) (0.75) 
2647) (8048) (0.75) 

[50 Rs/ha + one percent of Shivna share o f  headworks cost ]  CCF 
[(SO) (7895) + (. 01 ) (D,OOO,OOO) ( .9453)] CCF 
F ive percent o f  Line 5 
(400/ha f o r  400 ha) CCF 
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Table 18 
COSTS AND ULNEI:IT S1'HEAM I'OR 1000 III~/Y r 

GROUNDWATER DEVELOPED I N  TEN YEARS, 10 PERCENT/Y R 

Cost (Rs) Net Return (Rs) Area 
Year Cap i ta l  Opera ti on W/ P WO/P W/P-WO/P (ha) 

Notes : I n i t i a l  and replacement economic cos t s :  w e l l s  667.5 Rs/1000 
30 y r  l i f e .  Pumps 190 Rs/1000mJ @ 5 y r  l i f e .  Opera t ing  

Costs: 31.50 ~ s / l 0 0 0 m 3  
Annual water requirements a t  pump: 12,310 d / h a  
Annual n e t  r e tu rns  W/P: 7630 Rsj'ha, W 776 Rslha 





SHIVNA PROJECT 

ESTIMATED COST AND BENEFITS OF EXTENDING CANALS 

1 .  Di rec t  Cost o f  Canals ( f rom subp ro j c r t  Report) 

Tota l  Canal Cost Rs. 39,210,000 
Less LBC 6,370,000 
Less LBC d i s t r i b u t a r i e s  

(2,800,000) (6.3)/(18.5) = 984,000 
31,856,000 

2. Rat io o f  Overa l l  t o  D i r e c t  Cost 

3 .  Rat io o f  RBC Cost to  Tota l  Cost 

4. Economic Present worth of RpC (See Table 19) 

-- 
Footnotes : 
1/ Land development cos t  estimates and schedule used i n  Sec. B were 

rev ised  a f t e r  t h i s  ana lys is  was made. 
a/ Present worth i n  Year 0 o f  deferred annu i ty  from Year 16 t o  Year 25 

b/ U l  t imate  a n h a 1  econorlli c co: ts/lmr:f. i  ti!; ill'tc!rS f u l  1 tlcvol oprwn t for  
OPIM, Farm 1 il l )or and  nvl; \/I' - WO/1 '  rvc~l.wn41, i nc:l I J ~  i nq , ~ t  tri butc?(l f'ilr111 
l nhor respcc t i  v c l  y . 
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A. Summary Conclusion 
I 

Maharashtra covers an area o f  30.8 m i l l i o n  ha and i s  the  most urbanised 
s t a t e  i n  Ind ia ;  one- th i rd  o f  a populat ion o f  59.3 m i l l i o n  l i v e  i n  urban 
areas. The average farm s i z e  i s  4,3 ha, bu t  var ies  according t o  s i x  reg iona l  
agro-cl imat ic  zones and r a i n f a l l  pat terns i n  the s ta te .  Maharashtra i s  a l so  
I n d i a ' s  most advanced i n d u s t r i a l  s t a t e  and more than two-thirds o f  the  l abo r  
force i s  employed i n  ag r i cu l t u re .  About 50 percent of the  populat ion has 
per  cap i ta  incomes below the poverty l e v e l  ($79) i n  an average year. Where 
a g r i c u l t u r e  i s  an important sec to r  o f  the s t a t e ' s  economy, land i s  an 
important product ive asset. Tenancy and 1 and ce i  1 i n g  l e g i s l a t i o n  have 
reduced the problem o f  ma ld i s t r i bu ted  land holdings b u t  there i s  scope f o r  
f u r t h e r  r e d i s t r i b u t i o n .  

Expansion o f  i r r i g a t i o n  f a c i  1  i t i e s  i n  Maharashtra has been less r a p i d  
than i n  the wheat-growing b e l t  o f  Northern Ind fa .  Much crop land remains 
ra in fed .  I n  the l a s t  three decades, the 60M has invested the  equivalent  o f  
$1.3 b i l l i o n  i n  major and medium surface i r r i g a t i o n  systems, adding over 
one m i l l i o n  ha t o  the s t a t e ' s  i r r i g a t i o n  p o t e n t i a l .  The svstems are designed 
f o r  the  p rac t i ce  o f  extensive i r r i g a t i o n  where the bene f i t s  o f  i r r i g a t i o n  
are spread t o  as many farmers as possible. However, so f a r  there has been 
a low u t i l i z a t i o n  o f  the  design p o t e n t i a l  created. I n  Maharashtra, the  
p rac t i ce  o f  water a l l o c a t i o n  i s  known as She jpa l i  which sanctions water 
r i g h t s  t o  crops ra the r  than t o  land. A1 though sanct ions fo r  seasonal c,rops 
are given, preference i s  given t o  b lock holders f o r  perennial  crops fo r  a 
f i x e d  area and time (genera l l y  6-12 years) .  I r r i g a t i o n  i s  n o t  compulsory 
and i s  suppl i e d  on demand. 

Faced w i t h  soaring cons t ruc t ion  costs and low rates o f  system u t i l i z a -  
t i o n ,  the GO11 i s  beginning t o  assess the cons t ra in ts  t o  greater  e f f i c i e n c y  
and equ i ty  i n  i r r i g a t i o n  systems. The design, cons t ruc t ion  and operat ion 
o f  the  AID-financed prototype sys tens r a i s e  t h i s  challenge. However, 
i r r i g a t i o n  water i s  valuable, and there i s  no s w i f t  and easy path f o r  
answers t o  questions o f  who gets what, how, why and w i t h  what cost  and 
benef i ts .  Increasingly,  a t t e n t i o n  has focused on u n r e l i a b l e  water suppl i e s  
a t  the  farmgate. The problems are i n t e r l i n k e d  and can be found both up 
and down an i r r i g a t i o n  system: management decisions about operat ion and 
maintenance' ( o ~ M )  o f  the canal s,ystem, water a1 l o c a t i o n  prac t ices  , farm 
u n i t  s ize,  chak s ize,  and development o f  farm land f o r  i r r i g a t i o n  t o  c i t e  
a few. Some concern the design, operat ion and maintenance o f  the main 
system canal and others concern the socio-cul  t u r a l  s e t t i n g  below the p u b l i c  
o u t l e t :  a l l  have a cumulative e f f e c t  on whether the farmer -- small, 
medium o r  l a rge  -- gets water on t ime and i n  the  quan t i t y  needed. 

The focus f o r  the soc ia l  soundness analys is  i s  p r i n c i p a l l y  the farmer: 
the spec ia l  r o l e  i r r i g a t i o n  can p lay i n  reducing growing uncer ta in ty  i n  
product ion, p a r t i c u l a r l y  f o r  the small farmer. Greater cont ro l  o f  water 
removes much o f  the random e f f e c t  of weather from the farmer's ca lcu lus 
and paves the  way f o r  s y n e r g i s t i c  product ion e f f e c t s  between water and 



other  inputs such as HYVs and f e r t i l i z e r .  For the AID-financed subprojects, 
there are two keys t o  improving the inipact o f  surface i r r i q a t i o n  development. 
The f i r s t  concerns decisions reqardinq the design and operat ion o f  the main 
canal system. O f  these, perhaps thr! nms t  important f o r  the small farmer i s  
the GOM decislon t o  be responsible f o r  cons t ruc t ion  o f  the d i s t r i b u t i o n  
system down t o  the  farmgate, operat ion down t o  the 8 ha b l ~ k  and on-farm 
development (OFD). This decis ion assures a l l  farmers equal access t o  land 
development f o r  i r r i g a t i o n  and water suppl ies c loser  t o  the  farmgate. The 
second concerns AID-financed specia l  s tudies on e x i s t i n g  MIPS  i n  Maharashtra. 
Many answers t o  questions o f  improved equ i t y  and p a r t i  c i p a t i o n  i n  i r r i g a t i o n  
systems are n o t  known, a gap which research s t a t i o n  f ind ings  cannot e a s i l y  
br idge.  The main task o f  several s tudies w i l l  be t o  assess what reforms 
are needed, how t o  implement them and over what per iod  o f  t ime f o r  the  A I D -  
f inanced subprojects . 

The GOM rea l i zes  . t  t "pockets o f  p rospe r i t y  e x i s t  where i r r i g a t i o n  
f a c i l  i t i e s  are prov ide 8 : product ion secur i  t.y r e s u l t s  from re1 i a b l e  
farmgate water suppl ies. The o b j e c t i v e  o f  a soc ia l  ly-sound i r r i g a t i o n  
system i s  t o  see t h a t  p rospe r i t y  and s e c u r i t y  are d i s t r i b u t e d  as un i fo rmly  
as possib le among a1 1 bene f i c i a ry  farmers. Enhanced Government responsi - 
b i l i t y  down t o  the  fa r thes t  p o i n t  i n  the  system, as we l l  as implementing 
the  recommendations o f  the  specia l  s tudies on the AID-financed subprojects, 
would represent a l a rge  step i n  t h a t  d i r e c t i o n  and should help assure t h a t  
the  soc ia l  ob jec t i ve  o f  extensive i r r i g a t i o n ,  i s  i n  theory and i n  p rac t ice ,  
equal i n  terms o f  farmer access t o  a s p e c i f i c  q u a n t i t y  o f  water p u t  u n i t  
o f  land. 

B. Socio-Economic S e t t i n g  

1. Populat ion and Farm Size D i s t r i b u t i o n  

The State o f  Maharashtra covers an area o f  30.8 m i  11 i o n  hectares, 
has a populat ion o f  59.3 m i l l i o n  and an annual populat ion growth o f  
2.5 percent compared t o  a na t iona l  average o f  2 . 4  percent. Maharashtra 
i s  the most urbanized Sta te  i n  I nd ia ,  w i t h  about one- th i rd  o f  the 
populat ion l i v i n g  i n  urban areas. 

About one-eighth o f  the Sta te 's  populat ion cons is ts  o f  Schedule 
Castes and Scheduled Tribes. As i s  the p a t t e r n  throughout Ind ia ,  Scheduled 
Castes 'are w ide ly  dispersed throughout the  State wh i l e  tri bal s  a re  t r a d i -  
t i o n a l  l y  concentrated i n the h i  11 ' and f o r e s t  areas. There are speci a1 GOM 
programs fo r  developing t r i b a l  areas, which c o n s t i t u t e  the l e a s t  deve lo~ed  
areas o f  the State. 

Populat ion densi ty  and farm s i z e  d i s t r i b u t i o n  vary according t o  
the s i x  regional  agro-c l imat ic  zones o f  the s ta te .  The average farm s i z e  
i n  Maharashtra i s  4.3 ha., b u t  the v a r i a t i o n  i s  subs tant ia l :  

~ G O M ,  Maharashtra State I r r i g a t i a n  Commission Report, Resolut ion 
No. MIC.1063-1 (5), 30 June 1961. 



Agro-Cl ima t i c  Zone -. Annual Rai n f a l l  ( i n  mm) 

Coastal 2,000 - 2,500 
T rans i t i on  600 - 2,500 
Scarci t y  500 - 750 
Assured R a i n f a l l  600 - 9fl0 
Moderate Rain fa1 1 900 - 1,200 
High R a i n f a l l  1 ,200 - 1 ,7OO 
Maharashtra (average) 

&$rage Farm Size - (ha) 

2.6 
3.9 
4.4 
5 . 2  
5 .7  
2.9 - 
4.3 

The t h i r t e e n  i l l u s t r a t i v e  M I P  d i s t r i c t s  f a l l  i n  a l l  agro-c l imat ic  
zones except f o r  the Moderate Rai n f a l l  Zone. Generally, g rea ter  populat ion 
densi ty  occurs where a g r i c u l t u r e  i s  no t  l i m i t e d  by low r a i n f a l l  o r  spec ia l  
s o i l  f e r t i l i t y  problems. Thus, i n  Maharashtra, the percentage o f  farms i n  
the 0-1 ha s ize  i s  s i g n i f i c a n t l y  l a r g e r  (49%) i n  h igh  ra the r  than low 
(18%) r a i n f a l l  areas. Smaller farms and h igher  populat ion are ev ident  
along the western s ide  o f  the Sahyadri range (Western ~ h a t s )  and the eastern 
po r t i on  o f  the Sta te  which are both h igh r a i n f a l l  zones, Drought prone areas 
are less  able t o  support greater  numbers o f  people and farm s i z e  tends t o  be 
1 arger. 

2. Employment Condit ions 

I n  Maharashtra, thc l abo r  fo rce  corir , t i tutes 36.5 percent o f  the  
t o t a l  populat ion. A1 though Maharashtra I s  I n d i a ' s  most advanced I n d u s t r i a l  
s tate,  two- th i rds o f  the labor  fo rce  i s  employed i n  agr icu l tu re .  The l abo r  
fo rce  p a r t i c i p a t i o n  ra tes  f o r  c u l t i v a t o r s  and a g r i c u l t u r a l  laborers are  
41.8 percent and 46.9 percent respect ive ly  i n  the M I P  d i s t r i c t s 9 ;  males 
account f o r  53.6 percent and females,23.9 percent. Ag r i cu l t u re  employs over 
h a l f  the  l abo r  f o rce  i n  t he  M I P  d i s t r i c t s .  

3. Rural Incomes 

About 50 percent of the r u r a l  populat ion has per cap i ta  incomes below 
the poverty l e v e l  ($US 79) i n  an average year. Since 1960 the  l e v e l  of 
poverty has remained constant, a1 though the  value o f  a g r i c u l t u r a l  incomes has 
been f a l l i n g  a t  a r a t e  o f  0.9 percent per  annum. This f a c t o r  may be a t t r i b -  
uted t o  GOM investments i n  r u r a l  areas and employment generated by the  
Employment Guarantee ~ c h e m e y  . 

q ~ h a n a ,  Nasi k, Dhule, Sangli , Sholapur, Ahnicdnagar, Aurangabad, Buldana, 
Amravati, Chandrapur and a new d i s t r i c t  n o t  inc luded i n  the  s t a t i s t i c s  
The t h i r t e e n  MIPs i n  these d i s t r i c t s  a re  i l l u s t r a t i v e  o f  t y p i c a l  MIPs 
i n  Maharashtra and may be chosen as q u a l i f y i n g  subprojects i f  they 
meet the p r o j e c t  c r i t e r i a .  

See discussion i n  World Bank S t a f f  Appraisal Report No. 2529a-IN, 
Maharashtra I r r i g a t i o n  11 P ro jec t  (V I )  , September 13, 1979. 



4. Land Tenure 

Before Independence, a v a r i e t y  o f  land tenure arrangements .was i n  
effect.  Beginning w i t h  the Bombay Tenancy Act i n  1939, the concept o f  
"protected" tenancy was in t roduced f o r  tenants who occupied the same land 
f o r  more than s i x  years. More comprehensive l e g i s l a t i o n  was introduced i n  
1948 under the Bombay Tenancy i n  A g r i c u l t u r a l  Lands Act. Under the pro- 
v is ions  o f  t h i s  Act, protected tenants were given the r i g h t s  t o  purchase 
the  l and  they occupied. The Act proved i n e f f e c t i v e  and 1 i t t l e  land was 
t ransferred t o  tenants. A 1955 amendment abol ished the category o f  pro- 
tec ted  tenants and opened r i g h t s  o f  land purchase t o  a1 1 tenants. So 
f a r ,  1.2 m i l  1 i o n  tenants have been declared owners o f  1.4 m i l  1 i o n  hectares 
o f  land. 

According t o  the  1970 census f o r  Maharashtra, 92 percent o f  holdings 
a re  farmerswned, 5 percent are partly-owned and par t l y - ren ted ,  and 3 per- 
cent are who1 ly- rented.  These f igures  may be m i  s leadi  ng , p r e c i p i t a t e d  
by d i f f i c u l  t i e s  w i t h  en forc ing  prov is ions  o f  the Land Reform Act. ~ v i d e n c e y  
has shown, f o r  example, t h a t  land owners do n o t  a l low share croppers t o  
c u l t i v a t e  the  same land from year  t o  year  f o r  f e a r  t h a t  they may l a y  c la im 
over t h e i r  land. Landlords a lso  have r i g h t s  o f  resumption t o  t h e i r  land 
under c e r t a i n  condi t i o n s  o f  the Act. I f  a tenant has been able t o  c u l t i v a t e  
the same land, v e r i f i c a t i o n  o f  h i s  tenancy i s  o f ten  d i f f i c u l t :  v i l l a g e  land 
records may n o t  record o r  recognize the tenancy re la t i onsh ip .  However, the  
success o r  f a i l u r e  o f  abo l ish ing  tenancy cannot be a t t r i b u t e d  t o  tenancy 
l e g i s l a t i o n  only;  inher i tance,  purchases, and sales of 1 and are a1 so 
examples o f  con f l  i c t i n g  fac tors  a f f e c t i n g  tenancy reform. 

The land c e i l i n g  i n  Maharashtra depends on the ,  nature o f  t he  water 
supply and fam i l y  s i t e :  

Type o f  Land 

Perenni a1 l y  i rri gated 1 and 

Assured seasonal l y  i r r i g a -  
t ed  1 and 

Unassured seasonal l y  i rri - 
gated land 

Assured r a i  n f a l  1 1 and 

Other r a i n f e d  land 

Falni l y  U n i t  
Land C e i l i n g  

~ M . L .  Dantwala and C.H. Shah, "Evaluat ion o f  Ldnd Reforms" (Un ivers i ty  o f  
Bombay, 1971). 



These c e i l i n g s  apply t o  a fami ly  of husband, w i f e  and minor ch i ldren.  For 
each member i n  excess o f  f i v e ,  the land c e i l i n g  i s  increased by 20 percent, 
up t o  a maximum o f  100 percent f o r  f am i l i es  of  ten o r  more members. 

I n  Maharashtra where a g r i c u l t u r e  i s  an important sec tor  o f  the 
s t a t e  ' s  economy, 1 and i s  an important product ive asset. More equ i tab le  
r e d i s t r i b u t i o n  o f  t h a t  asset has been slow, although Maharashtra i s  w ide ly  
acclaimed as a pioneering s t a t e  i n  land c e i l i n g  and land tenancy l e g i s l a -  
t i o n .  I n  Maharashtra, u n t i l  1977/1978, on ly  about 175,000 ha had been 
d i s t r i b u t e d  t o  landless households. The fo l l ow ing  GOM s t a t i s t i c s  i n d i c a t e  
the cu r ren t  pa t te rn  o f  land d i s t r i b u t i o n :  

Size Percentaqc Number Percentage Area 
Hectares o f  ho l  di  ngs operated 

The problem o f  ma1 d i s t r i b u t e d  landholdings has been reduced. However, s ince 
46 percent of the farms are smal ler  than two ha. and inc lude 11 percent of 
the t o t a l  farm land, w h i l e  7 pcrccnt  o f  t.hc farms arc! l n r g e r  than 10 ha 
and occupy 31 percent o f  the far111 land, there i s  scope f o r  f u r t h e r  r e -  
d i s t r i b u t i o n .  

C. Spread E f fec ts  

Expansion o f  the area under i r r i g a t i o n  and improved u t i l i z a t i o n  o f  
e x i s t i n g  systems are niajor ob jec t ives  o f  I n d i a ' s  Sixth-Year Plan. Stemming 
from a r a p i d  expansion o f  i r r i g a t i o n  f a c i l i t i e s  i n  Ind ia ,  i n  the past 
decade, the  average y i e l d  o f  foodgrains per  ha increased from 0.9 tons per  
ha i n  1950-51 t o  about 1.71 per  ha dur ing  1978-79. However, experience i n  
o ther  countr ies show t h a t  average y i e l d s  o f  4-5 tons per  ha from i r r i g a t e d  
areas are  general ly  a t ta inab le .  A1 though the reasons f o r  t h i s  d i f f e rence  
are complex, one cons t ra in t  has been underu t i l  i z a t i o n  o f  the  i r r i g a t i o n  
p o t e n t i a l  created. Many observers, no t i ng  the  importance o f  t h i s  cons t ra in t ,  
have concluded t h a t :  

"The foremost task f o r  the f u t u r e  i n  the f i e l d  o f  
i r r i q i l t i o n  developnicnf; i s  there fore  to  q i vc  maximum 
cmphas i s on Iltlprovi ncl wa l.cr ~~~snacjc!~~~cn t wi  t h  il view 
to  ob ta in ing  Lcttcr y i e l d s  and de r i v i ng  f u l l  economic 
bene f i t s  from the huge i n v  tments made on i r r i g a t i o n  9 dur ing the Five Year Plans 'I. 

y ~ e n t e r  f o r  Moni tor ing Ind ian  Economy, " i r r i g a t i o n  Development i n  I nd ia  : 
Tasks f o r  Future", G.V. K. Rao, October, 1980. 



Because the bene f i t s  from la rge  investments i n  i r r i g a t i o n  have n o t  been 
f u l  l y  rea l  ized, the GOM and USAID have, i d e n t i  f i e d  the need t o  p lan,  con- 
s t r u c t ,  and operate new prototype i r r i g a t i o n  systen~s fo r  achieving more 
complete u t i  1 i z a t i o n  o f  the i r r i g a t i o n  p o t e n t i a l  created and greater  
farmer s e c u r i t y  from re1 i a b l e  suppl ies o f  water. 

The importance o f  prototype systems i s  t h a t  they w i l l  be i n  a 
p o s i t i o n  t o  serve as models and t o  prov ide a foca l  p o i n t  f o r  a major 
e f f o r t  i n  i r r i g a t i o n  technology, development and t rans fer .  To achieve pro- 
to type systems, USAID and the GOM have co l labora ted  c lose l y  t o  develop new 
guidel ines f o r  planning subprojects which w i l l  i nvo lve :  

(a) F i e l d  channels constructct l  n t  p r o j e c t  expensc down t o  i n d i v i d u a l  
farmgates and operat ion o f  the d i s t r i b u t i o n  s,ystt!111 down t o  the I1 ha b lock.  

(b) Water supply design, based on a t  1 east a 20-year reservoi  r 
operat ions study, w i  tli water requi  rernents ca lcu la ted  by f o r t n i g h t l y  
estimates o f  evapotranspi rat ion and a water d e l i v e r y  budget based on 
best  est iniatesof seepage and o ther  conveyance 1 osses. 

(c)  Conveyance channels adequately designed and regulated t o  permi t  
f u l l  de l i ve ry  t o  a l l  o u t l e t s  when the main system i s  operat ing a t  o r  
above 50 percent capaci t y .  Canals w i l l  be protected by cross drainage 
s t ruc tures  and con t ro l  gates and measuring devices w i l l  be provided so 
the f low can be c o n t r o l l e d  and measured throughout the system. 

(d) A complete surface drainage sys tem planned and constructed. 

e F u l l y  i n teg ra ted  surveys w i t h  improved v e r t i c a l  con t ro l  and, 
de ta i  ed designs undertaken f o r  watercourses and f i e 1  d channels, minors 
aha d i s t r i b u t a r i e s .  Water surface l e v e l s  w i  11 be maintained s u f f i c i e n t l y  
Eigh t o  assure a l l  f i e l d s  are l)roperly co~nnanded. Q u a l i t y  cont ro l  of 
watercourse and f i e l d  channel design and cons t ruc t ion  w i  11 a lso be monitored. 

( f )  Rotat ional  water suppl ies (Shejpal i )  establ ished on a1 1 subprojects. 

The impact o f  adopt ing these guidel ines should extend beyond the  pro- 
to type subprojects. The speed and e f fec t iveness  o f  spreading the knowledge, 
techniques and methods developed on the prototypes w i l l  depend heav i l y  on 
the f ind ings  and r e s u l t s  from the AID-financed specia l  studi-es. The studies 
are described i n  d e t a i l  i n  the Technical Analysis.  The f i nd ings  and r e s u l t s  
of the  studies w i l l  be disseminated t o  the  GO1 and GOM. It i s  expected t h a t  
the GO1 through the  Central Water Cqntnission would use the knowledge gained 
through these s tud ies  i n  t h e i r  f u t u r e  deal ings w i t h  S ta te  I r r j j a t i o n  Depart- 
ments and t h a t  the GOM would in t roduce new innovat ions i n  i t s  e x i s t i n g  
design and cons t ruc t ion  standards as a r e s u l t .  For example, a1 t e r n a t i  ve 
models f o r  farmer organizat ion w i l l  s tudy vary ing l e v e l s  o f  farmer invo lve-  
ment and p a r t i c i p a t i o n  i n  i r r i g a t i o n  systems. The r e s u l t s  would i n d i c a t e  
whether farmer organizat ions should be implemented on a l l  the AID-financed 
subprojects. Disseminating the r e s u l t s  o f  the specirdl studies'  t o  the GO1 



and GOM would a lso  ensure tha t  the new technologies developed are no t  
on ly  concentrated i n  the subprojects b u t  .'re spread t o  o ther  i r r i g a t i o n  
systems i n  Maharashtra s p e c i f i c a l l y  and i n  !ndia i n  general. I n  add i t ion ,  
the r e s u l t s  w i  11 be disseminated t o  a1 1 USAID i r r i g a t i o n  projects, inctllrd- 
i n g  the  ,Water Flanagement and Tra in ing  Project ,  which w i l l  have an important 
in f luence on many s ta tes  and educational i n s t i t u t i o n s  i n  India.  

The prototype systems should a l so  have a p o s i t i v e  demonstration e f f e c t  
on farmers. Experience has shown t h a t  farmers who are  assured t ime ly  and 
re1 i a b l e  farmgate suppl i es tend t o  adopt h i  gher -y ie l  d i  ng p r a c t i  ces ; t o  
t o  grow crops w i t h  a h igher  value t o  water r a t i o :  t o  p l a n t  higher-yielding 
va r ie t i es ;  and t o  use complementary inputs such as f e r t i l i z e r  and pest ic ides.  
The same demonstration e f f e c t  w i l l  a lso  apply t o  land development below the 
o u t l e t :  i f  farmers be l i eve  the water supply w i l l  be t ime ly  and r e l i a b l e ,  
evidence has a lso shown tha t  the farmers w i l l  be less r e s i s t a n t  t o  undertaking 
expensive OFD measures. 

D. Socia l  Consequences and Benef i t Incidence 

1. Benef ic ia ry  P a r t i c i p a t i o n  

I n  a t y p i c a l  surface i r r i g a t i o n  p r o j e c t  i n  Ind ia ,  farmers are no t  
consulted dur ing  the process o f  cons t ruc t ing  an i r r i g a t i o n  system, do no t  
commit resources t o  the  system, and p a r t i c i p a t e  as us= on l y  when I r r i g a -  
t i o n  water begins. A lack of bene f i c i a ry  p a r t i c i p a t i o n  i n  i r r i g a t i o n  
systems has been one cons t ra in t  which has cont r ibu ted  t o  an increas ing ly  
recognized pa t te rn  o f  d is incent ives  f o r  improvlng the e f f i c i e n c y  o f  i r r i g a -  
t ed  agr icu l tu re .  As e a r l y  as 1962, the  GOM accepted i n  p r i n c i p l e  a recom- 
mendation by the  Maharashtra Sta te  I r r i g a t i o n  Comniss i o n  t h a t  water a1 loca- 
t i o n  should be entrusted t o  i r r i g a t o r  cooperat ive soc ie t ies .  Nearly two 
decades l a t e r ,  a  GOM working p a p e r g  re in fo rced  the view t h a t  " f o r  
e f f i c i e n t  water management, a c t i v e  p a r t i c i p a t i o n ,  i n  f a c t  f u l l  involvement 
o f  i r r i g a t o r s ,  i s  essent ia l " .  Aboutllthe same time, the S i x t h  Five-Year 
Plan (1980-85) emphasized the p a r t i c i p a t i o n  o f  farmers i n  the s c i e n t i f i c  
management o f  water. 

To i n s t i l l  a  h igh  l e v e l  o f  commitment and cooperat ion among irri- 
gators, p a r t i c i p a t i o n  w i l l  take several dimensions i n  the AID-financed 
subprojects. Wi th in  technical  1 i m i t a t i o n s  , the design o f  the  MIPs wi  11 
provide f o r  p r i o r  consu l ta t ion  and agreement w i t h  farmers on l o c a t i n g  and 
cons t ruc t ing  the minors, watercourses and f i e l d  channels, t o  g i ve  a sense 
of l o c a l  ownership as w e l l  as b e t t e r  desfgned and constructed p h . ~ s i c a l  
works more l l k e l y  t o  meet farmer needs, 

The l a r g e r  and more important dimension o f  p a r t i c i p a t i o n  w i l l  be 
the AID-financed p i l o t  study on three e x i s t i n g  MIPs o f  farmer organizat ions 

~ G O M ,  " I r r i g a t i o n  Management by Coopera t i v c  Soci e t i e s  o f  I r r i g a t o r s "  , 
Ju ly  9, 1981. 



f o r  operat ion and maintenance (O&M) f o r  var ious s i z e  command areas (e.g., 
8 ha, 40 ha o r  200 ha). If the r e s u l t s  are favorable arid show a workable 
model o r  models, recommendations w i l l  be made t o  the GOM dur ing the mid- 
term eva lua t ion  fo r  es tab l i sh ing  farmer organi zat ions on the subprojects 
by approximately the  f o r t h  year  o f  the p ro jec t .  The studies w i l l  be 
c a r r i e d  ou t  w i t h i n  the l ega l  framework of the 1976 Maharashtra I r r i g a t i o n  
Act which provides a mechanism f o r  purchasing and d e l i v e r i n g  i r r i g a t i o n  
water throuyh an organizat ional  arrangement c a l l  ed a Water Commi t tee.  
According t o  the prov is ions o f  t he  Act, the Committee consis ts  o f  f o u r  
i r r i g a t o r s  and the Sect ional O f f i c e r ,  and i s  empowered t o  ( i )  a l l o c a t e  
water; ( i f )  decide on the cropping p a t t e r n  w i t h i n  the  sanctioned prov is ions 
o f  the  scheme; ( i i i )  ca r r y  ou t  maintenance; ( i v )  l e v y  pena l t ies  f o r  unautho- 
r i z e d  use o f  water; and ( v )  mainta in accounts f o r  water charges. 

The Act provides two means f o r  the C o m i t t e e  t o  funct ion.  I n  the 
f i r s t ,  water i s  a l l oca ted  on a t lme basis  t o  an area no t  exceeding 200 ha, 
according t o  the crop requirements sanctioned by the water app l ica t ions .  
The Water Committee represent ing t h i s  area ensures t h a t  the tim!ngs f o r  
water d e l i v e r y  are maintained. I n  the second, farmer p a r t i c i p a t i o n  i s  more 
d i r e c t .  With the  consent o f  over h a l f  the farmers i n  a given command area, 
water can be purchased on a volumetr ic  basis,  which would no t  requ i re  water 
appl i cations. The vo l  ume woul d be determined according t o  the m i  xed crop- 
p ing  p a t t e r n  sanctioned fo r  t h a t  area. The Water Committee would be 
responsible f o r  determining the a l l o c a t i o n  o f  water w i t h i n  the  sanctioned 
croppi ng pa l t y rn .  

The l ega l  mandate o f  Water Conmi t tees  and the two mechanisms ( t ime 
and volume) f o r  a l l o c a t i n g  water and mainta in ing the system provide a frame- 
work f o r  s tudying farmer organizat ions. Wi th in  t h i s  framewarkl: a study 
team9i nc l  uding a qual i f l e d  soc ia l  s c i e n t i s t  w i t h  experience i n  i r r i g a t i o n  
water user organizations, w i  1 1 desi gn the study and operat ional  aspects o f  
farmer organi zat iors whi ch coul d i n c l  ude: 

an appropr iate r o l e  of  the GOM/ID t o  the  farmer 
organi za t ion  ; 

procedures and l e v e l s  of incent ives  requ i red  t o  induce 
sustained farmer p a r t i c i p a t i o n  i n  O&M; 

a1 t e r n a t i v e  organ iza t iona l  forms o f  farmer p a r t i c i p a t i o n ;  
the degree o f  f o r m a l i t y  requ i red  f o r  e f f e c t i v e  farmer 
organizat ion;  

a systematic p lan  o r  appl ied methodology of implementation 
t o  in t roduce farmer organizat ions, i f  successful , on 
qual i f y i n g  MIPS ; and 

the  funct ions,  powers and leadership o f  the  organizat ion,  
p a r t i c u l a r l y  a f f e c t i n g  more disadvantaged groups o f  
farmers (e.g., Scheduled Castes and Tr ibes and small 
farmers). 



A1 thourlh thr! Act prnvides f o r  Water Cornmittem, Government p o l i c i e s  
on water management have been d i rec ted  more towards O&M o f  the i r r i g a t i o n  
system above t h ~  pub l i c  o u t l e t ,  w i t h  littlr! a t t e n t i o n  t o  the d i r e c t  invo lve-  
ment o r  organizat ion o f  farmers below the out1 e t .  However, inves t1  gationsl/ 
o f  farmers' a t t i t udes  towards cooperat ive water d i s t r i b u t i o n  have shown t h a t  
farmers favor  more r igorous Government responsi b i  1 i t y  f o r  water d i s t r i b u t i o n  
and n o t  the p a r t i c i p a t i o n  o f  committees o r  o ther  vo luntary groups. A r e v i e w 9  
o f  the World Bank-financed Jayakwadi P i  l o t  Water Management P ro jec t  i n  
Maharashtra concluded s imi  1 a r  farmer a t t i t udes .  The success o r  f a i  1 ure 
o f  farmer organizat ions f o r  O&M i s  a func t i on  o f  many fac tors ;  however, one 
f requent ly  c i t e d  reason why farmers r e s i s t  such e f f o r t s  i s  the  unrel  i a b i l  i t y  
o f  sur face i r r i g a t i o n  suppl ies . Under such condi t ions , the associated crop 
r i s k s  f o r  the farmer become f a r  greater  than the bene f i t s  o f  i r r i g a t i o n  and 
cooperat ive water d i s t r i b u t i o n .  The a b i l i t y  o f  the  AID-financed subprojects 
t o  d e l i v e r  re1 i a b l e  water suppl ies would be an important  measure o f  farmer 
t r u s t  i n  the  system and w4 l l i ngness  t o  pa r t i c i pa te .  

The study team would the re fo re  begin by rev iewing the  experience 
w i th  and r e s u l t s  o f  cooperat ive water d i s t r i b u t i o n  e f f o r t s  i n  India,  
p a r t i c u l a r l y  the Jayakwadi Pi1 o t  P ro jec t  i n  Maharashtra. This in fo rmat ion  
would c o n s t i t u t e  a basis f o r  forming a c o n s t i t u t i o n a l  environment t o  study 
farmer organizat ions and f o r  promotinq t r u s t  and greater  equ i ty  among 
farmers f o r  O&M. I n  consu l ta t ion  w i t h  the extension wing o f  the Agr i cu l t u re  
Department, the study team would a1 so be responsib le f o r  designing d i f f e r e n t  
models o f  farmer organizat ions i n v o l v i n g  vary ing l e v e l s  o f  farmer involve-  
ment f o r  study on three selected M I P S .  This could inc lude farmer organza- 
t i o n a l  models f o r  maintenance only ,  f o r  O&M covering one o r  two 8 ha blocks, 
i n  which few farmers have t o  cooperate together,  and f o r  O&M a t  the head 
o f  the minor i n  which many farmers would have t o  cooperate. The models 
would t e s t  which l e v e l  o f  farmer involvement has the  greates t  po ten t i a l  f o r  
success and implementation on a wider  bas1 s on the AID-financed subprojects. 

Although a GOM i n t e r i m  report!!/ and a p o l i c y  l e t t e r w  t o  the  
State Governments advocate a sys tem o f  soc ia l  water a1 l o c a t i o n  (water a1 loca- 
t i o n  preference f o r  small and marginal farmers), no sur face i r r i g a t i o n  p r o j e c t  

YTWO inves t i ga t i ons  have been c a r r i e d  ou t  by the  Ind ian  I n s t i t u t e  o f  Manage- 
ment i n  Ahmedabad: " I r r i g a t i o n  Systems, On-Farm Development and Extension 
Service i n  Chambal Pro ject ,  Rajasthan" by V.N. Asopa e t  a1 and "Command 
Area Development i n  Mahi-Kadann" by V .N. Asopa and B. L. T r i pa th i .  

!/GOM, Mimeo, "Report on January 27-February 3, 1979, Review o f  Jayakwadi 
P i l o t  Pro jec t " ,  1979 

~ G O M ,  " I n t e r i m  Report o f  the  Committee t o  Study the  In t roc l i r t t lon  o f  8 
Monthly Supply o f  Water on the  I r r i g a t i o n  Projects i n  Maharashtra". 

~ G O I ,  l e t t e r  from J. K. Jain, Chai rman, Central  Groundwater Board t o  
the State Governments, Apr i  1 11, 1980. 



i n  I nd ia  has implemented soc ia l  a1 locn t ion .  The GOM supports the concept, bu t  
s ince soc ia l  a l l o c a t i o n  would es tab l i sh  new norllls f o r  i rr ' iga t ion  sys telns, i t  
w i l l  f i r s t  be tes ted  as p a r t  of the farmer organ iza t ion  studies on three 
e x i s t i n g  MIPs. This would t e s t  the response o f  farmers t o  a  new system o f  
water a l l o c a t i o n  g i v i n g  preference t o  small and marginal farmers,and how 
farmer organizat ions and i r r i g a t i o n  o f f i c i a l s  cooperate t o  successfu l ly  manage 
such a  system. This aspect o f  the study would a l s o  lead t o  mid-term recommen- 
dat ions on whether t o  es tab l i sh  the system on a  wider scale f o r  the  subprojects. 

2. Bene f i t  D i s t r i b u t i o n  

Farm Size and farm l o c a t i o n  w i t h i n  the cornmand of a watercourse are 
major f ac to rs  i n f l uenc ing  water a l l o c a t i o n  i n  a  surface i r r i g a t i o n  system, 
genera l l y  bene f i t i ng  small, medium, and l a rge  farmers i n  p ropor t ion  t o  the  
s i z e  and l oca t i on  o f  holdings. There i s  1  i t t l e  evidence t o  document t he  
d i s t r i b u t i o n  o f  farm s izes i n  t y p i c a l  MIPs i n  Maharashtra. However, a  
study o f  88 chaks (average s ize  about 40 ha) i n  the Ukai Pro jec t  i n  Gujarat  
gives an i n d i c a t i o n  o f  the benef i ts  t h a t  rue t o  farniws located i n  the 
upper. middle and lower t h i r d  o f  thc! ChilkPfJ: 

Annual I n t e n s i t y  
Loca t i on o f  I r r i g a t i o n  

Upper Th i rd  117% 
Middle Th i rd  98% 
Lower T h i r d  78% 

Farmers who are loca ted a t  the  ta i l endc  o f  the  system have the l e a s t  secure 
water supplies, Conveyance losses, maintenance problems and i n te rven ing  
i r r i g a t o r s  who may d i s t u r b  intended water d i s t r i b u t i o n  are a l l  factors which 
con t r i bu te  t o  the  i n s e c u r i t y  o f  the ta i lender .  Farmers w i t h  l a r g e r  
holdings and o ther  forms o f  economic power may a l so  benef i t  from greater  water 
secur i ty .  For example, they may i n f l uence  irrigation schedules so t h e i r  
f i e l d  receive e a r l i e r ,  1  arye,., and more assured del i v e r i e s  of water. 

T y p i c a l l y  f o r  i r r i g a t i o n  systems already constructed, the  tu rnou t  t o  
the  chak (genera l l y  40 ha o r  l a r g e r )  i s  the  f a r t h e s t  p o i n t  o f  I D  responsi- 
b i l i t y  and cont ro l .  M r .  S. P. Ma1 hotra, w r i  t i n q  o f  northwest India,  describes 
the fo l l ow ing  s i t u a t i o n :  

"An o u t l e t  i s  the  masonary s t r u c t u r e  through which water i s  
admitted from the  government d i s t r i b u t a r y  i n t o  a  farmer's 
watercourse. It i s  the border where the  State management 
ends and the farmer's management s t a r t s .  It acts as a  
water-measuring device and hence i s  a  sub jec t  ~5 great  . 
i n t e r e s t  t o  both the  government and the  farmer-/. 

U ~ r o m  "Gujarat State I r r i g a t i o n  CAD Composite P ro jec t  -- Volume I, Ukai- 
Kakrapar Pro jec t "  j o i n t  r e p o r t  by P ro jec t  Preparat ion and Moni tor ing 
Cel l  , GO1 and Area Development Comni ssioner,  Udai -Kakrapar, Government 
o f  Gujarat. 

12/ S. P. Ma1 hotra,  "The Warabandi System and i t s  I nf ras t ruc ture"  , 
forthcoming. 



I?~1:vrc~n thi: t ~ r rnn~ r t :  11oint: a n d  i n t l i v , i r l ~ m l  f a r m r l n t ~ s ,  ine r lu i t i c r ,  .In 
watc r  s u p p l i m  rllqy dcvclol). A1; thr! chnk s l w  Increases so do l n -  
equi  t l e s .  For example, as the  number of  farmers increases p rnpn r t i n -  
nate t o  tbe  ahhk!: s i ze ,  i t  becomes more d i f f i c u l t  t o  coord lnate 
i r r i g a t i o n  schedules and , i o i n t l v  aeree on maintenance o f  
communal channels, Also, as the d is tance  wate r  i s  conveyed between t he  
o u t l e t  and f i e l d s  increases so do t r anspo r t  losses.  For past sur face 
i r r i g a t i o n  p r o j e c t  i n  Maharashtra the p o l i c y  o f  the  GOM has been t o  
cons t ruc t  o u t l e t s  se rv i ng  i r r i q a b l c  car~minnd areas (ICA) o f  about 40 ha. 
Ilowever, the  World Bank found as p a r t  o f  a  sec to r  rev iew f o r  i t s  Maharashtra 
I r r i g a t i o n  I 1  p r o j e c t  t h a t  the  gross geographic area o f  one chak was as 
l a r g e  as 344 ha and o n l y  about 16 percent  o f  f i e l d s  were l oca ted  i n  chaks 
40 ha o r  l ess .  

To reduce water  d i s t r i b u t i o n  i n e q u i t i e s  i n s i d e  chaks, the  GOM w i l l  
be responsib le  f o r  cons t ruc t i on  o f  the d i s t r i b u t f o n  system down t o  t he  
i n d i v i d u a l  farmgate and opera t ion  down t o  an 8 ha o u t l e t  f o r  t h e  AID- 
f inanced subpro jects .  Th is  nieans t h a t  t y p i c a l l y  o n l y  f o u r  o r  f i v e  farmers 
would have t o  cooperate s u f f i c i e n t l y  t o  assure wate r  suppl ies t o  farm f i e l d s  
and j o i n t l y  agree on maintenance o f  the communal channels i n s i d e  an 8 ha 
b lock .  This a l s o  means fewer i n t e r v e n i n g  i r r i g a t o r s  who cou ld  d f s r u p t  
water  suppl ies and l e s s  maintenance problems as the  d is tance  between t he  
o u t l e t  and farm f i e l d  decreases. When the  o u t l e t  i s  c l o s e r  t o  farmgates, 
i r r i g a t o r s  can rnore e a s i l y  check on breaches i n  f i e l d  channels. 

The least-advantaged i r r i g a t o r  who s u f f e r s  under cond i t ions  o f  
water  inadequacy and unce r ta i n t y  i s  the  smal l  farmer whose ex is tence i s  
l i m i t e d  by the  land  on which he s u b s i s t s . k r  t h e  subpro jects ,  GOM 
responsib i  1  i ty  fo r  des i  qn and cons t ruc t i on  o f  the  d e l i  very  system down 
t o  the  i n d i v i d c a l  farmgate w i l l  h e l p  p r o t e c t  t he  i n t e r e s t s o f  small farmers 
who now bear the  g rea tes t  burden o f  unre l  i a b l e  wate r  suppl ies.  Th is  
c a r r i e s  Government r e s p o n s i b i l i  t y  f o r  wa te r  d i s t r i b u t i o n  down t o  t he  f a r t h e s t  
p o i n t  i n  the  system which should b e n e f i t  smal l  farmers two ways. F i r s t ,  
design of  t he  d i s t r i b u t i o n  network w i t h i n  a  b l ock  w i l l  be planned accord ing 
t o  the  phys ica l  con tour  o f  the  l and  and read jus ted  accord ing t o  t he  l o c a t i o n  
o f  f i e l d  boundries. Th is  w i l l  avo id  the  i n f l u e n c e  o f  l a r g e r  and thus more 
powerful  i r r i g a t o r s  t o  improve o r  r e l o c a t e  t he  d i s t r i b u t i o n  network t o  
improve water  suppl i e s  t o  t h e i r  1 and. Second, Government responsib i  1  i ty  f o r  
wa te r  suppl ies dcwn t o  t he  watercourse o u t l e t  w i l l  h e l p  c o n t r o l  in tended 
wate r  d i s t r i b u t i o n  so smal l  farmers a re  l e s s  a t  r i s k  f rom l a rge r ,  i n t e r ven -  
i ng i rri gators  . 

The i n s t i t u t i o n a l  s e t t i n g  i n  which irr i  a t i o n  water  i s  a l l o c a t e d  3 a l s o  in f luences  t o  what e x t e n t  farmers b e n e f i t u :  h i gh  y i e l d i n g ,  h i gh  
va lue crops on which op t ima l  i r r i g a t e d  a g r i c u l t u r e  i s  based r e q u i r e  c r e d i t  
f o r  inpu ts ,  OFD, and extens ion serv ices.  Lack o f  c l e a r  l a n d  t i t l e  and 
indebtedness are two problems associated w l  t h  r e g u l a r  i n s t i t u t i o n a l  c r e d i t  

1 3 / ~ e e  d iscuss ion  by D. Bron~ley, D. Tay lo r  and D. Parket  "Water R e f o m  and 
Economic Development: I n s t i t u t i o n - ;  Aspects o f  Water Management i n  t he  
Developing Countr ies" , i n  Economic uevel opment and C u l t u r a l  Change 
( ~ a n u a r y ,  1980) : 365-fl7, Vo I .  2U, No. 2 



i n  Maharashtra. Unrecorded r i g h t s  of land t rans fe r  are common and over h a l f  
the farmers i n  Maharashtra are repor ted ly  c l a s s i f i e d  as c r e d i t  de fau l te rs .  
When crops f a i l ,  small farmers w i t h  l i m i t e d  f i n a n c i a l  resources would be a t  
greatest  r i s k  as c r e d i t  de fau l te rs .  

The GOM has a1 ready recognized e l  i g i  b i  1 i t y  problems associated w i  t h  
i n s t i  t u t i o n a l  c r e d i t .  For major i r r i q a t i o n  project;s i n  Maharashtra, a 
Special Loan Account has been crci l  tetl f o r  f lnancinq long-tcnn OFD c red i  1; t o  
farmers who are  i n e l  l g i b l e  f o r  i n s  t i  t u t i o n a l  c r cd i  t. For the AID-financed 
subprojects, the  GOM w i l l  now take c r e d i t  f a c i l  i t l e s  one step f u r t h e r :  
community works (Par t  I) and OFD works (Pa r t  11) w i l l  be e n t i r e l y  arranged 
by the GOM, thus no e l i g i b i l i t y  requirements w i l l  d i s q u a l i f y  farmers. 
It also assures t h a t  a l l  lands q u a l i f y  f o r  i r r i g a t i o n  development 
and e l iminates the past d i s q u a l i f i e r  i n  Maharashtra t h a t  requi red a farmer t o  
own two o r  more ha o f  i r r i g a t e d  1 and t o  f inance OFD c r e d i t .  The cos t  o f  OFD 
works w i l l  be recovered from farmers. The GOM i s  developing a p lan  fo r  the  
form o f  recovery and the  types o f  subsidy p o l i c i e s  f o r  specia l  categories of 
farmers. 

The GOM requi res farmer consent t o  begin p a r t  I 1  works. A new GOM 
p o l i c y  gives farmers three months t o  consent t o  p a r t  I 1  works a f t e r  construc- 
t i o n  o f  p a r t  I work begins. I n  the past, farmers have genera l l y  r e s i  ted 
expensive OFD works. The GOM recognizes t h a t  extension assistance w i l l  be 
requi red f o r  farmers t o  perceive the value o f  consenting t o  OFD works add a 
cost-recovery mechanism. What form o f  extension assistance would be appro- 
p r i a t e  w i l l  be s tud ied  dur ing  p r o j e c t  implementation. One p o s s i b i l i t y  i s  
the T ra in ing  and V i s i t  System (T&V) which was in t roduced i n  Maharashtra i n  
1981 w i t h  World Bank Assistance and could prov ide a veh ic le  f o r  t r a n s f e r r -  
i n g  i r r i g a t e d  technology. However, most T&V techno1 og ica l  messages i n  o ther  
s ta tes  i n  I n d i a  have concentrated on the  problems o f  r a i n f e d  farming and 
adjustments would be necessary f o r  the  extension needs o f  i r r i g a t e d  a g r i -  
cu l tu re .  Whether World Bank Assistance could prov ide f o r  the  development of 
extenslon messages appropr iate t o  i rri gated crop prac t ices  would need assess- 
ment. 

3. -. Water A1 l o c a t i o n  Pract ices 

Problems w i t h  O&M below the pub l i c  o u t l e t  have o f t e n  been diagnosed 
as among the  greates t  weaknesses i n poor ly  performing surface i rri gat1 on 
 system^^ Less v i s i b l e  b u t  equal l y  important  are management problems above the  
o u t l e t .  To prov ide greater  product ion s e c u r i t y  f o r  the farmer, i r r i g a t i o n  
systems themselves have t o  be r e l i a b l e  and the use o f  water e f f i c i e n t .  For 
a farmer t o  ob ta in  water a t  the  t ime and i n  the  quan t i t y  required, an important 
and y e t  o f ten  f r a g i  1 e i n t e r a c t i o n  e x i s t s  between cen t ra l i zed  i rri gat ion  manage- 
ment and on-farm water u t i l i z a t i o n .  The actual  p rac t i ce  o f  formal water 
a l l o c a t i o n  p o l i c i e s  would be such a c r i t i c a l  p o i n t  o f  i n te rac t i on .  

W ~ e e  discussion by R. Wade and R. Chambers, "Managing the Main System: Canal 
Irri a t i o n ' s  Bl i n d  Spot" i n  Economic -. - and - . - - - P o l i t i c a l  - - - - . - - - . -. Weekly - (September 27, 
19803: A-107-A-112. 



I n  Maharashtra, water i s  n l l o c n t c d  l,o farmers on demand. Farmers 
f i l e  water appl i c a t i o n s  f o r  each i r r i g i l t i o n  season which sets a procedural - 
ly-complex system i n t o  prccess. The appll i c a t i o n  uses an area bas is  system 
o f  sanct ioning crops f o r  i r r i g a t i o n .  The water a l l o c a t i o n  system i s  known 
as She jpa l i  which i s  modi f ied vers ion o f  Warabundi used i n  nor thern  India.  
Some basic  d i f ferences i n  She jpa l i  from o the r  systems used i n  Northern and 
Southern I n d i a  include: 

1. I r r i g a t i o n  i s  no t  mandatory, and water i s  suppl ied on a demand 
bas1 s according t o  water appl i c a t i o n s  and long-term block holders. 

2. A block system guarantees water suppl ies t o  perennial  crops fo r  
a f i x e d  per iod  (general ly  6-1 2 years)  and area. When determining a1 loca-  
t i o n  o f  ava i l ab le  water suppl ies, preference i s  given t o  farmers w i t h  b lock 
guarantees. 

3. The I D  has the a u t h o r i t y  under the Maharashtra I r r i g a t i o n  Act t o  
spec i fy  crops and areas t h a t  can be grown. Water r i g h t s  a re  then a l l oca ted  
t o  crops based on government sanctions. This cont ro ls  choices farmers can 
make about i r r i g a t e d  cropping p r a c t l  ces. 

4. The r o t a t i o n  per iod  i s  n o t  r i g i d .  I f  a farmer misses h i s  
designated t u r n  due t o  a de l i ve ry  system ma1 funct ion,  he w i  11 n o t  have t o  
w a i t  two t o  four weeks f o r  the  next  r o t a t i o n  period. He would rece ive  h i s  
t u r n  as soon as the system i s  back i n  operat ion. 

The GOM recognises t h a t  "a b lock holder  i s  a p r i v i l e g e d  i r r i g  t r w and h i s  c la im  i s  always considered on p r i o r i t y  a t  the t ime o f  renewal ". 
The b lock and area basis system f o r  a l l o c a t i n g  water are fac to rs  which 
in f luence the response o f  farmers t o  the a v a i l a b i l i t y  o f  water. For 
example, i n e q u i t i e s  i n  water a l l o c a t i o n  can develop when a farmer -- 
p a r t i c u l a r l y  a b lock  holder  f o r  a h igh  value crop l i k e  sugarcane -- aets a 
sanct ion f o r  a h igh  water requirement crop. He t y p i c a l l y  increases h i s  
income much more than the  farmer who gets a sanct ion f o r  a low water requi re-  
ment crop. The problem l i e s  n o t  w i t h  the sugarcane b lock ho lder  b u t  w i t h  
management decisions above the o u t l e t  which commit a small group o f  farmers 
t o  pre-empt a l a rge  share o f  the water and benef i ts .  Because o f  such i n -  
equ i t ies ,  the GOM has t r i e d  t o  reduce the number o f  sugarcane blocks, and 
i s  a lso  rev iewing the quest ion o f  whether t o  guarantee long-term water 
suppl ies t o  b lock holders on new pro jec ts .  

E l i g i b i l i t y  requirements f o r  water app l ica t ions  are p a r t  o f  a 
complex system which i s  used t o  sanct ion crops f o r  i r r i g a t i o n .  Clear land 
t i t l e  i s  one. Unres t r i c ted  and unrecorded r i g h t s  o f  land t r a n s f e r  are 
common i n  Maharashtra and throughout I nd ia ,  and have been i d e n t i f i e d  by the 
GO1 as a problem&/. I n  p rac t ice ,  however, i f  a farmer's land i s  recorded 
i n  v i l l a g e  records (which may n o t  necessar i l y  i n d i c a t e  c l e a r  land t i t l e ) ,  

~ G O M  working paper, "Management o f  I r r i g a t i o n " ,  undated. 

~ G O I ,  "Report o f  the Working Group on CAD f o r  Formulation o f  t he  Plan 
Proposals f o r  the S i x t h  Five Year Plan", Ju l y ,  1980. 



he i s  gene ra l l y  e l i g i b l e  f o r  water  a l l o c a t i o n .  To what ex ten t  ac tua l  manage- 
ment p rac t i ces  r e l a x  such formal requirements as c l e a r  l and  t i t l e  t o  de te r -  
mine water  r i g h t s  has n o t  been comprehensively s tud ied .  

I n  assessing water  a l l o c a t i o n  p rac t i ces ,  i t  i s  a l s o  necessary t o  
h i g h l i g h t  the uncer ta in t -y  f o r  n e a r l y  h a l f  t he  farnwrr; i n  Miiharashtrn whcrc 
subsistence i s  prov ided by y i e l d s  fro111 2 ha o f  l and  or less .  I f  demand 
exceeds a v a i l a b l e  water  supp l ies  and n s i ~ l a l l  fartiler cannot get  h i s  whole 
requirements, h i s  p roduc t ion  may fa1  1 below subs is tence l e v e l s .  Other 
f a c t o r s  may m i t i g a t e  t h i s  s i t u a t i o n .  Frequent ly,  si l lal l  fartilers seek o f f -  
farm employment o p p o r t u n i t i e s  t o  make up f o r  l i m i t e d  c rop  product ion f rom 
t h e i r  land. No data i s  a v a i l a b l e  on the  ex ten t  o f  t he  o f f - fa rm employment 
p o t e n t i a l  f o r  farmers i n  Maharashtra, which would i n  any case vary w ide l y  
from area t o  area. 

The GOM reviewed water  a l l o c a t i o n  p r a c t i c e  i n  an i n t e r i m  r e p o r t l l /  
I n  r ecogn i t i on  o f  the  u n c e r t a i n t i e s  smal l  farmers face, i t  advocated aban- 
donment o f  t he  on-demand a l l o c a t i o n  system; freedom o f  choice f o r  i r r i g a -  
t o r s  t o  decide areas and crops t o  be qrown w i t h i n  the a v a i l a b l e  water  
supply; and water  a l l o c a t i o n  preference f o r  smal l  farmers (de f i ned  as l ess  
than 2.5  ha). Based on t he  conclusions o f  t h i s  i n t e r i m  repo r t ,  the  World 
Bank obta ined an agreement f rom the  GOM f o r  t h e i r  Maharashtra I r r i g a t i o n  
I 1  P r o j e c t  t h a t  t h e  GOM would i n t r oduce  new water  a l l o c a t i o n  procedures i n  
each d i s t r i b u t a r y  b l ock  n o t  l a t e r  than 2 years a f t e r  t h e  f i r s t  water 
d e l i v e r y .  In a d d i t i o n  t o  these recommended changes i n  wate r  a l l o c a t i o n ,  
Girna and Jayakwadi P i l o t  Water Management P ro jec t s  i n  Maharashtra have 
demonstrated the  va lue o f  guaranteed, t i m e l y  water  d e l i v e r i e s  us ing  RWS. 

Much f i e l d  study i s  s t i l l  r equ i red  f o r  understanding how water  
a1 l o c a t i o n  fac to rs  i n t e r a c t  t o  a f fec t  t he  response of  farmers t o  t h e  a v a i l  - 
a b i l l t y  o f  water. Since water  i s  a scarce resource i n  Ind ia ,  severa l  
f a c t o r s  seem t o  i n d i c a t e  t h a t  RWS may s e t  i n t o  motion' a more equ i t ab le  
system f o r  rat ' ioning t h e  amount o f  water  a farmer can use. Volumetr ic 
suppl i e s  assumes a l e v e l  o f  u t i l i z a t i o n  based on l a n d  ho ld ings  r a t h e r  than 
crops grown which a l l ow  farmers t o  vary crops and t he  i r r i g a t e d  area t o  
maximi~ze re tu rns  per  cub ic  meter o f  water  r a t h e r  than per  ha o f  i r r i g a t e d  
land. Farmers have the  o p t i o n  of deci d i nq  i n t e n s i v e  o r  ex tens ive  irri n a t i o n  
on p a r t  o r  a l l  o f  t h e i r  l and  t lclwndinq on thc cropping pa t t e rns  and i npu t s  
used. Quest ions regard ing  e l  i g i  b i  1 i t y  requ i  retnents and the complex manaye- 
ment procedures f o r  water  a p p l i c a t i o n s  would no l onge r  apply.  Because t he  
same p ropo r t i ona te  volume o f  water  cou ld  be sanct ioned f o r  low as w e l l  as 
h i g h  wate r  requirement crops, t h e  b e n e f i t s  o f  i r r i g a t i o n  cou ld  be more 
e q u i t a b l y  d i s t r i b u t e d  among a l a r g e r  number o f  farmers. 

However, t o  genera l i ze  about t h e  m e r i t s  and demeri ts of  d i f f e r e n t  
wa te r  a l l o c a t i o n  systems as p r a c t i c e d  i n  d i f f e r e n t  p a r t s  of I n d i a  i s  t o  
over look t he  complexly i n t e r a c t i n g  f a c t o r s  up and down the system which 

~ G O M ,  " I n t e r i m  Report o f  t he  Committee t o  Study t he  I n t r o d u c t i o n  o f  8 
Monthly Supply o f  Water on the  I r r i g a t i o n  P ro jec t s  i n  Maharashtra". 



con t r i bu te  t o  whether water i s  a l l oca ted  equ i tab ly ,  on time and i n  the 
quan t i t y  n e e d d  t o  farmers. D i f f e r e n t  s4ys.tcms a l so  have both admin is t ra t i ve  
and p o l l  t i c a l  imp1 i ca t i ons  , and equ i ty  fac tors  associated w i t h  water a l l oca -  
t i o n  prac t ices  a  com l e x .  A study of the Shejpal i  system w i l l  take account 
o f  these factors&. !he co l  l c c t i o n  of i n f o r m a t i o n  on how She jpa l i  a c t u a l l y  
works based on cont ro l  l e d  f i e l d  inves t iga t ions  should lead t o  a  more informed 
knowledge about cur ren t  water a1 l oca t i on  prac t ices  i n  Maharashtra and 
decisions regarding whether improvements i n  the system could increase greater  
equ i t y  among farmers. 

4. Employment E f fec ts  - 
Agricul  turn1 elnpl oyrnr:nl. w i  11 i ncrcilsc h,y 32,2130 workyears annual ly 

created by the need f o r  i ncrc!asctl filr~ii l i lhor  f o r  i rrl qa ted ag r i cu l t u re .  
This includes fami ly  and non-fill111 l y  1;lbor. An i r r i q a t e d  and f e r t i l i z e d  ha 
requi res an average o f  122 mandays of labor  per year, o r  48 days more than 
a  dry  ha. Landless laborers i n c l u d i n g  women who c o n s t i t u t e  30 percent o f  
the male r u r a l  l abo r  fo rce  and 56 percent o f  the female r u r a l  l abo r  f o rce  
i n  Maharashtra, w i l l  most d i r e c t l y  b e n e f i t  from const ruc t ion  o f  the 
i r r i g a t i o n  system which w i l l  prov ide an addl t i o n a l  104,000 person years o f  
employment dur ing the l i f e  o f  the Pro jec t .  

The State o f  Maharashtra i s  committed t o  labor - in tens ive  cons t ruc t ion  
techniques o f  which one essent ia l  element s ince 1974 has been the  Employment 
Guarantee Scheme (EGS) which was in t roduced t o  c rea te  product ive employment 
and increase employment f o r  the r u r a l  poor who could n o t  be absorbed i n  
o ther  economic a c t i v i t i e s .  More than f o u r - f i f t h s  o f  the  EGS budget i s  now 
spent on i r r i g a t i o n ,  conservat ion and a f f o r e s t a t i o n .  Since EGS has i t s  own 
source o f  finance and emphasis i s  given t o  p ro jec ts  t h a t  a re  d i r e c t l y  aimed 
a t  increasing a g r i c u l t u r a l  product ion, i t  w i l l  be i n s t i t u t e d  f o r  construc- 
t i o n  o f  the Maharashtrn M I P S .  Whlle CGS has been able t o  provide and; equi-  
va lent  o f  0.4 m i l l i o n  f u l l - t i l n e  jolx i n  t.he l a q t  couple o f  years, one 
tl isinccnl; ive i s  waqc ra1.c:; wtilctl hiivc! bcctn kept a t  n  c , l i gh t l y  lower l e v e l  
than the niinimum a! j r icu l tur ; \ l  w;~ge r n t c  i n  Maharashtra. 

The increased labor  demand generated by i r r i g a t e d  a g r i c u l t u r a l  
p rac t ices  may decrease over the longer term t o  avoid farm management d i f f i c u l -  
t i e s  associated w i t h  management o r  n o n - a v a i l a b i l i t y  o f  farm labor .  This may 
take the form o f  more mechanized a g r i c u l t u r a l  p rac t ices  such as the use o f  
t r a c t o r s  o r  investments i n  f r u i t  p l a n t a t i o n  which are  low demanders o f  labor .  
However, t h i s  development may be p a r t i a l l y  o f f - s e t  by the  generat ion o f  
oppor tun i t ies  i n  a1 1  i e d  a g r i  cu l  t u r a l  processing i ndus t r i es  (i . e. , sugarcane 
f a c t o r i e s ) .  Moreover, mechanization i s  associated more w i t h  the  wheat- 
growing b e l t  o f  nor thern Ind ia ,  where i r r i g a t i o n  expansion has been r a p i d  
over the past decade and where mechanization has beconie a func t ion  o f  l abo r  
s c a r c i t y  and r i s i n g  labor  wages. 

J g ~ e e  Page 27 o f  the Technical Analysis f o r  Inore in format ion.  



5. MIP E f fec ts  on T r iba l s  and Scheduled Castes 

About one-eighthof the populat ion belongs t o  t r a d i t i o n a l  l y  d i s -  
advantaged groups : Scheduled Castes (6%) and Scheduled T r l  bes (6%).  I n  
Maharashtra, the t r i b a l  populat ion i s  heav i l y  concentrated i n  h i 1  1 areas 
i n  the  northwest and east.  These areas are the most backward par ts  o f  
the s t a t e  and are character ized by very deep water tables and severe s o i l  
eros ion problems. A subs tant ia l  share of the Sta te 's  development resources 
are  reserved f o r  D i s t r i c t  Planning and Oevelopn~ent counci 1s which, s ince 
1977, have a committee f o r  t r i b a l  development where t r i b a l  areas e x i s t .  
Special p rov is ion  w i  11 be made (1) t o  i d e n t i f y  Scheduled Castes and Tr ibes 
w i t h i n  the command o f  the subprojects dur ing  i n i t i a l  base1 i n e  surveys i n  
order  t o  assess the impact o f  i r r i g a t i o n  on t h i s  specia l  category o f  
farmers and (2 )  t o  reduce the requ i red  economic r a t e  o f  r e t u r n  from 10 t o  
12 percent on subprojects t h a t  inc lude a t  l e a s t  50 percent Scheduled Castes 
o r  Tr ibes. 

6. E f fec ts  on Women 

Women c o n s t i t u t e  near ly  one-half  o f  the populat ion i n  I n d i a  and 
about a quar ter  o f  the  a g r i c u l t u r a l  workforce, as we l l  as the m a j o r i t y  
of  the r u r a l  populat ion i n  the 20-35 age group. Women do most o f  t he  tasks 
i n  a g r i c u l t u r e  (e. g. , sowing, t ransplant ing,  weeding and harvest ing)  and 
a l l i e d  occupations such as animal husbandry, pou l t r y ,  f i she r ies ,  processing 
o f  food products, post-harvest operat ions and storage o f  foods. Women frm 
Scheduled Castes and T r i  ba l  farms, where o f t e n  sh i  f t i n g  c u l t i v a t i o n  i s  
pract iced,  do the  m a j o r i t y  o f  work associated w i t h  a g r i c u l t u r a l  product ion. 
Mechanization o f  a g r i c u l t u r a l  p rac t ices  o f t e n  occurs as the economic bene f i t s  
o f  i r r i g a t e d  a g r i c u l t u r e  become evident  and may replace some o f  the  work 
women t r a d i t i o n a l l y  do. However, mechanization i s  more associated w i t h  
the wheat-growing be1 t o f  nor thern Ind ia .  

I n  r u r a l  areas, there i s  a c l e a r  negat ive c o r r e l a t i o n  between fami ly  
income and l abo r  f o rce  p a r t i c i p a t i o n  ra tes  which i s  most no t iceab le  i n  the 
case o f  female workers. I n  medium and l a r g e  s i z e  farm households, women 
ba re l y  take p a r t  i n  a g r i c u l t u r a l  work, w h i l e  as a group, a l l  able-bodied 
women i n  1 andless households are  work1 nq as casual a q r l  cu l  t u r a l  1  aborers. 
Consequently almost ha1 f o f  a1 1 a g r i c u l t u r a l  1  aborers are women. Thus, 
one obvious e f f e c t  o f  MIPS on women w i l l  be the  increased demand f o r  a g r i -  
c u l t u r a l  l abo r  o f  which ha1 f should c o n s t i t u t e  w m n  from landless househol ds. 

As p a r t  o f  the  AID-financed subprojects, steps w i  11 be taken t o  
inc lude women as p a r t i c i p a n t s  i n  t r a i n i n g  prdgrams aimed a t  farmers which 
take account o f  the tasks'women' t r a d i t i o n a l l y  do i n  ag r i cu l t u re .  A review 
of  the  T&V system and o ther  extension j e rv i ces  i n  Maharashtra w i l l  be considered 
t o  assess ways and recommend means t o  b e n e f i t  farm women i n  the subproject  
areas through extension services appropr iate t o  the needs o f  i r r i g a t e d  
ag r i cu l t u re .  



Construct ion of  the subpro jects  w i l l  a l s o  have a l a r g e  employment- 

1 enera t ing  e f f e c t  on women. The Maharashtra tmp10,ynient Guarantee Scheme 
EGS) w i l l  be i n s t i t u t e d  f o r  t h i s  cons t ruc t i on .  Experience w i t h  EGS has 

shown t h a t  i n  low-income households the  e x t r a  income earned by women i s  
v i t a l  f o r  these households t o  cross t he  p rove r t y  l i n e .  Dur ing January- 
March, 1979,women formed about 43 percent  of the  l abo re rs  employed by EGS. 
I n  a l l  phases of subpro jec t  cons t ruc t ion ,  steps w i l l  a l s o  be taken t o  
ensure t h a t  the  Equal Remuneration Ac t  i s  i n  f o r c e  which assures women 
equal wages f o r  work. 

Resett lement arrangements i s  another  area where women can b e n e f i t :  
The S i x t h  Five-Year Plan (1980-85) recommends g i v i n g  " j o i n t  t i t l e s  t o  
husband and w i f e  i n  a l l  development a c t i v i t i e s  i n v o l v i n g  t r a n s f e r  o f  assets -- l i k e  d i s t r i b u t i o n  o f  land  and houscsi  tes " .  Steps f o r  evoking t h i s  
measure f o r  r e s e t t l e d  f a m i l i e s  under t he  subpro jects  w i l l  be explored w i t h  
the  GOM. 

However, the  S i x t h  Five-Year P lan goes on t o  cau t i on  t h a t  "improve- 
ments i n  the  socio-economic s ta tus  o f  women would depend t o  a  l a r g e  ex ten t  
on t he  s o c i a l  change i n  the va lue system, a t t i t u d e s  and s o c i a l  s t r u c t u r e  
p r e v a i l i n g  i n  t he  country" .  This i s  n o t  t o  say t h a t  the  spec ia l  measures as 
p a r t  o f  the  AID-f inanced subpro jects  w i  11 n o t  h e l p  women become p a r t  o f  
the development process t h a t  takes p l  ace i n  sur face  i r r i g a t i o n  systems. 
Any new measures t o  h e l p  t he  low s ta tus  o f  women i n  I n d i a  w i l l  have a 
long-term e f f e c t ,  p a r t i c u l a r l y  i n  the  t r a d i t i o n a l l y  male-dominated domain 
o f  i r r i g a t i o n .  

7. Reservo i r  Displacement and Land Acquis i  ton  

I n  the l a s t  t h r e e  decades, t he  GOM has i nves ted  i n  c o n s t r u c t i n g  
major and medium sur face  i r r i g a t i o n  schemes. As a r e s u l t ,  a  l a r g e  number 
o f  persons were d isp laced  due t o  a c q u i s i t i o n  of l a n d  and/or houses f o r  t he  
p r o j e c t  r e s e r v o i r  s i t e s .  Up t o  1965, d isp laced  persons were granted cash 
compensation and l e f t  on t h e i r  own f o r  rese t t lement .  Since t h a t  t ime, the  
GOM issued var ious a d m i n i s t r a t i v e  orders  t o  cover d i f f e r e n t  aspects o f  
rese t t lement  f o r  d isp laced  people. More comprehensive l e g i s l a t i o n  was 
enacted i n  1976 under the  "Maharashtra Resett lement o f  P r o j e c t  Disp laced 
persons Act". The rese t t lement  a f  d isp laced  people f o r  t h e  AID-financed 
subpro jects  w i l l  take p lace  under t he  p rov i s i ons  o f  t h i s  1976 l e g i s l a t i o n .  

A GOM D i r e c t o r a t e  of  Resett lement hand1 es the  rese t t lement  p lans and 
coord inates r e l a t e d  a c t i v i t i e s .  Actua l  f i e l d  execut ion o f  t he  rese t t l emen t  
plans i s  t he  r e s p o n s i b i l  i ty  of the D i s t r i c t  Col l e c t o r  who i s  designated 
as t he  e x - o f f i c i o  Deputy D i r e c t o r  o f  Resett lement (Land) and t h e  Ch ie f  
Execut ive O f f i c e r  o f  t h e  Z i l  l a  Par ishad ( D i s t r i c t  Counsel) who i s  designated 
as the  e x - o f f i  c i o  Deputy D i r e c t o r  o f  Resett lement (Development) . The major  
change i n  t he  1976 l e g i s l a t i o n  i s  Government r e s p o n s i b i l i t y  f o r  moving and 
r e s e t t l i n g  a f f e c t e d  people. Prov is ions  f o r  a f f e c t e d  people inc lude :  (i ) 
a g r i c u l t u r a l  l and  i n  t h e  p r o j e c t  area which t he  GOM has acquired. o r  
appropr ia ted  as surp lus  under t he  l a n d  c e i  1  i n g  Act ;  ( I  i )  house p l o t s  up t o  



8,000 Sq. ft. and a housing loan up t o  Rs. 5,000 f o r  homeowners and (1  i,i ) 
house p l o t s  up t o  4,000 Sq. f t .  and a houslng loan up t o  Rs.1.500 f o r  non- 
homeowners. The housing loans plus the cost  of the house p l o t s  are 
recovered from the r e s e t t l e d  bene f i c i a r i es  a t  an i n t e r e s t  r a t e  o f  6 114 
percent per  annum over a 20 year  repayment plan. A g r i c u l t w a l  land i s  
d i s t r i b u t e d  by drawing l o t s  w i thou t  considerat ion o f  a persons economic - o r  soc io -cu l tu ra l  background. Observers o f  t h i s  l o t  procedure have argued 
t h a t  i t  has d i r e c t  soc ia l  bene f i t s  s ince i t  marks the beginning of a soc ia l  
i n t e g r a t i o n  process o f  d i f f e r e n t  caste groups. 

C i v i c  amenities are provided by the Z i l l a  Parishad and inc lude 
open water we1 1s o r  bore we1 l s ,  piped water supply, school bu i ld ings ,  
i n t e r n a l  and approach roads, e l e c t r i c i t y  and p u b l i c  l a t r i n e s  t o  c i t e  some. 
The Z i l l a  Parishad i s  responsible f o r  f u t u r e  repa i r s  and maintenance. No 
data i s  ava i l db le  t o  assess the e f fec t iveness  o f  the reset t lement  a r r a n p  
ments, i n c l u d i n g  c i  v i  c  ameni t i e s .  However, a USAID apprai sa l  team f o r  
Maharashtra found dur ing  in formal  discussions w i t h  r e s e t t l e d  farmers t h a t  
they were general ly  s a t i s f i e d  w i t h  the reset t lement  e f f o r t s  o f  the GOM. 

On a sample basis  f o r  the subprojects, U S A I D  w i l l  monitor the 
adequacy o f  the reset t lement  arrangements as s e t  f o r t h  i n  the  1976 l e g i s l a -  
t i on .  The f i nd ings  o f  the sample reviews w i l l  be summarized f o r  the mid- 
term evaluat ion. Any recommendations r e s u l t i n g  from a review o f  the  
reset t lement  arrangements w i  11 be d i  ssemi nated t o  the GOM. Selected v i  11 ages 
designated f o r  reset t lement  under the  AID-financed s u b p r ~ j e c t s  w i l l  be 
inc luded as p a r t  o f  the basel ine studies.  The basel ine survey in fo rmat ion  
w i l l  be used t o  monitor the reset t lement  arrangements and would a l so  prov ide 
a means t o  asses how d i f f e r e n t  cateqories o f  people are a f fec ted  by re -  
sett lement.  For example,one category 1rla.y be d l  spl  aced ar t i sans .  Ar t isans 
are t r a d i t i o n a l l y  attached t o  and serve landowners classes on a hered i ta ry  
basis.  When ar t i sans  are rese t t l ed ,  they may loose t h i s  t r a d i t i o n a l  source 
o f  work and income. Whether and t o  what extent  t h i s  type o f  s i t u a t i o n  may 
e x i s t  could be assessed dur ing the  moni tor ing process o r  dur ing  specia l  
eval u a t i  ons based on the base1 i ne survey i nforma ti on. 



PAGE 

A. Capacities of Implementation Organization8 
to Undertake the Project  3-1 

1. Central Water Commission 3 -1 
2 .  Government of Maharaehtra Irrigation 

Department 3 -1 
3. Soil Conservation Division, Agricultural 

Department 3 - 4  
4. Groundwater Survey and Development 

Agcnncy 3 - 5  

1. Schedule and Budgeting 
2 .  Design 
3. Appraisal and Approval 
4. Implementation 
5 .  Monitoring and Evaluation 
6 .  Operation and Maintenance 

Organization Charts, Irrigation and Agriculture 
Departments 3 -11 - 3-12 



C H A P T  E H -  3 

ADMINISTRATIVE A N A L Y S E  

A. Capacities of Implementation Organizations to 
undertake the Project  

1. Central Water Commission (CWC) 

The Central  Water Commission i s  the technical wing of the GO1 
Ministry of Irrigation vcstcnd with thc rc!sponsihility of setting design and 
construction standards for a l l  irr igation projects  exceeding 2,000 hectares  
CCA (Major and Mediuni Irrigation Projects) .  The eetabliehed etandarde 
a r e  used by the States while preparing project  propoeale for  each medium 
or major  irr igation project. The CWC then c a r r i e s  out an  indepth technical 
review of the proposals and cer t i f ies  them a s  technically eound and quali- 
fying for GO1 financial support. CW C hae ovcr 1000 highly qualified and 
experienced graduate and p a t  graduatca anyinocrs and ~ p o c i a l i e t  in the fielde 
of Geology, Hydrology, Floods, Design and conetruction, Water Resources,  
Navigation, Construction, Machinery and Equipment etc. CWC ie headed by 
a Chairman with equivalent rank of a Secretary and lour members  with equi- 
valent rank of a Joint Secretary.  Each specialised section i s  headed either 
by a Chief Engineer o r  a Director supplemented with adequate supporting 
staff. 

Fo r  review of technical s tandards  and monitoring implementation 
including quality control, for foreign ass is ted major  and medium irrigation 
projects,  CWC has  s e t  up thrc-c? spacial cclls .  Fach cell i s  headed by a 
Director. Prototype subprojects idantified under the AID project  will be 
appraised by one of these cel ls  in o rde r  to insure  compliance with the design 
c r i te r ia  and guidelines established by CW C and USAID. The cell will c a r ry  
out periodic progress  rcviews, conduct a n  annual implementation review, and 
keep USAID informed of proKr c s s  of aach prototype subproject. 

2. Govcrnmcmt of Maharaehtra Irrigation Dcpartmcnt 

The Government of Maharashtra  Irrigation Department (ID) i s  
headed by a Minister,  who i s  ass i s ted  in his  work by a Minister of State 
and two Secretar ies ,  one for  Irrigation and one for Command Area  Develop- 
ment  on major  projects.  The Secretary for Irrigation i s  supported by three  
central  technical sections each headed by a Chief Engineer (CE). The State 
is divided into five regions each also headed by a Chief Engineer. Regional 



Chief Engineers have responsibility for much of the design and for 
construction and operation of projects in their  region. Other Chief 
Engineers a r e  assigned a s  needed to major  projects.  Headwork8 
design, canal survey and planning and design of the irr igation d is t r i -  
bution sys tem down to the public outlets i s  undertaken by the I r r i -  
gation Department field unite (c i rc les )  organized under five regional 
Chief Engineers. The c i rc les  a l so  supervise  construction and oper- 
ation. Superintending Engineers (SE) a r e  in charge of c i rc le  oper- 
ations and normally supervise  four divisions each. The Regional Chief 
Ehgineers have f rom three  to seven c i rc les  under their  direction. 

Executive Ehgineers (EE)  a r e  in charge of divisional offices. 
They a l so  hold a l l  the powers of canal officere under the Irrigation Act, 
and a r e  thus pr imari ly  responsible a s  Ehacutive Officera for efficient 
management of and control over thv irrigation worke in their  charge. 
The basic organizational unit ie thc! eubdivieion. Thaso a r e  headed by 
a Ilcputy Engineer who rcports  to thv Kxacutivt? Lhginecr. 

The GOM/ID staff includes about 9, 000 engineers,  2,760 of 
whom a r e  graduate o r  post-graduate engineers and the remaining 6,240 
a r e  diploma holders.  The GOM /ID staff i s  highly competent in the 
fields of reinforced concrete and masonry  design, hydraulics, hydrology, 
geology and soil  mechanics. 

Design of dams  over 27. 5 m high, major  canals and m o r e  complex 
works and special  prob1t:ms designs,  c .  g. , weak foundations and develop- 
ment of standards and procedures i s  done by the Central Design Organi- 
zation (CDO) organized in 1957 under the Chief Engineer (Pro jec t s )  and 
located in Nasik. CDO personnel a r e  well trained and very  bowledgeable  
in  a l l  the engineering fields concerned with the design of irr igation haad- 
works and canals. CDO is well equipped, including in-house computer 
capability. Studic-n and invcetigntiotln arc* supported by the GOM Enginser- 
ing l ievcarch lntltitute (M UU) a l so  locatcd a t  Nasik. M ERI has  capability 
in hydrodynamics, soi l  mechanics,  mater ia l s  testing, computer program- 
ing with mat r ix  and finite element methods, and environmental engineering 
research .  

GOM/ID has  a quality control system. Manuals have been prepared 
for controlling quality on major  engineering works,  part icularly for e a r t h -  
work and concrete masonry which constitute mos t  of the major  works. 



Maintaining quality on m i n o r  and s o m e  m a j o r  i t e m s ,  s o m e  cana l  
s l r u c ~ t u r u s ,  par~t icwl ;~r ly  lining and s m a l l  s t ruc lurc*s  h a s  bccn a 
problem on o the r  USAID and World Bank p ro jec t s .  This  i s  m o r e  
than a p rob lem of quality cont ro l  in the  t radi t ional  s e n s e  but r a t h e r  
involves lack of cbxpc?ric!ncc* on thcs pa r t  of s m a l l  c o n t r a c t o r s  and 
govcrnmcnt  supcrvi   sin^ staff .  1l;xpc~ ri c*nc*c on M I  I"@ in o thcr  s t a t c s  
indica tes  tha t  s h o r t - t c r m  t ra in ing for s u p e r v i s o r s  and cork rac to r s  
h a s  been helpful. Bccause  of thcsc  p r o h l c m s ,  inc reased  USAID 
moni tor ing  capability will  bc needed. The  CWC Appra i sa l  T e a m  with 
VSAID and GOM rcprescmtat ion will m a k e  a r ev iew of quali ty cont ro l  
arid ( ~ ~ - ~ n n t r ~ ~ c ~ t i r ) t ~  n t ~ ~ ) ~ ~ r v i ~ i o ~ i  for ~ r ~ i a I l ~ * t -  H I I ~ \ I ( , I I I I - I * H  011 I I i r ~ ~ i *  o r  n1o1.1~ 
1 o r  MI I u 1 I i t  H I I I o w  I p o t  iti~pIc!rnc!ntation 
t o  d c t c r m i n c  what C;OM/I I )  a c t i o n ,  iric.luding t ra in ing,  i f  any ,  needs  
t o  be taken to i n s u r e  quali ty cont ro l  a t  all  l evc l s  of construct ion.  

GOM/ID ha s es tabl i shed a division of I r r iga t ion  R e s e a r c h  and 
Development (DIRD)  under  a Di rec to r .  Th i s  h a s  the  ass igned respons i -  
bi l i ty and sufficient staff for  making detai led so i l  s u r v e y s  on a l l  i r r i -  
gation p ro jec t s  and f o r  designing s u b - s u r f a c e  d r a i n a g e  s c h e m e s  on 
m a j o r  and m e d i u m  i r r iga t ion  command a r e a s .  Soil s u r v e y s  a r e  bas i -  
cal ly of good quali ty,  however ,  s o m e  changes  in p r o c e d u r e s  a r e  
suggested.  See  Chapter  4 ,  B. 2. g. In addit ion,  DIRD conducts  r e s e a r c h  
s tudics  on soil ancl w a t c r  r..lanap;crnicwl, although th is  l a t t c r  ac t iv i ty  i s  
I i ~ ~ 1 i t . d .  

An cngincuring ataff collcgc! was  ce tabl ished in Nasik in 1964. 
While under  the cont ro l  of the  I r r iga t ion  Depar tmen t ,  or ienta t ion  of new 
r e c r u i t s ,  refrcashcr t ra in ing and continuing education i s  provided for  the  
I r r iga t ion ,  IJublic  work^ ancl Ilousin): and Urban  and Public  Health 
Depar tments  of the GOM. In r e s p u n s e  to i n c r e a s e d  concern  about  poor  
ut i l izat ion of i r r iga t ion  potential ,  a Wate r  and Land Management Ins t i -  
tu te  (WALMI) was  es tabl i shed in 1980 by GOM/ID with a s s i s t a n c e  by 
the  World Bank. Th i s  ins t i tu te ,  located n e a r  Aurangabad,  wi l l  conduct 
s h o r t  and l o n g - t e r m  training c o u r s e  f o r  junior ,  mid- l eve l  and s e n i o r  
of f icers  of the  GOM/ID and AD respons ib le  f o r  improving land and w a t e r  
management .  Cur r i cu la  will  include agronomic  and socia l  sc i ence  c o u r s e s  
applied to  actual  field p r o b l e m s .  T o  handle  s c h e m e s  supported by in te r -  
national d o n o r s ,  C;OM/TI-) h a 8  cstahli  shcd a tlpccial 13rojcct P r e p a r a t i o n  
I .  ' I ' l i i ~  C(*11 will I ) i .  ~ . r * ~ l ) o n ~ i l ) l t *  I'or u v v i n ~  that  projc*c.ls a r c  planncd 
i11 i ic .c .o~. t l i . inc . t r   will^ A l l )  I . I . ~ ~ I Q I . ~ ; I  i111rI  will prc~viclt~ I i t i i ~ o n  with AID. 



Engineering problems result ing f rom excessive swelling and 
contrac'tion of cohesive soils  containing high proportions on montmori-  
llonite clays (vertisols o r  black cotton soi ls)  have been studied in depth 
by the Civil h g i n c e r i n g  Department a t  Indian Institutu o f  Technology in 
Bombay. The work of this Departxncmt has  rc!cuivcd international recog- 
nition and satisfactory solutions have been found for major  irr igation 
s t ruc tures  including canals and aseociatcd structures of capacity one 
cumec (35 cusec)  and larger .  

During the past  20 yea r s ,  GOMIID has  engineered, constructed 
and implemented major  and medium irrigation works serving 830,000 
ha and costing Rs 8. 3 billion ( $1. 03 billion)l/.  Budgets in recent  years  
have been about R s  1. 35 billion ($170 million). Sixth Plan budget (five 
yea r s )  project  total R s  1 1 .  4 billion ( $ 1 .  3 billion) including R e  1. H billion 
($200 mill ion) for MIPS. In nurnmary, GOM/IL) i e  basically well staffed 
and equipped to plan, design and construct  the major  dams and canal 
works required -under the proposed project;  however, based on experience 
in other s ta tes ,  p rograms for improving design and quality control of 
construction of minor works and on some canal s t ruc tures  may be needed, 

3. Soil Conservation Division, Agricultural  Department 

The  responsibility for carrying out the land development works 
r e s t s  with the Department of Agric.ulturc:, Soil Conservation Division 
(ADISC). The lancl developrncnt worke undur t h i ~  project  include a l l  
improvements f rom the eight ha outlet (ending point of the ID responsi-  
bility) down to and including improvement on the individual f a r m e r $  fields. 

The ADISC h a s  s ix  field divisions and subdivisions under the 
supervision of the Deputy Director of Agriculture (DDA) for  carrying out 
lancl development works on medium and minor irr igation projects  in 
Maharashtra.  

The GOM recently reviewed the work norms  of the subdivisions 
and has  decided that each subdivision mus t  co plete land development r f"  works in an  a r e a  of 1,600 hec ta res  p e r  yea r  on an outlet bas i s  ra ther  
than an  i t em wise basis.  These norm.8 have been decided on the basis  
of experience gained and considering a field working season for con- 
struction activit ies o i  about four months. The revised n o r m s  appear t o  

1/ At Ra 9 / $ .  Total not r.ort.c:clcrd for i n f l a t i o n .  - 
2 /  Previous norms  being 2 , 4 0 0  ha por  year .  - 



be reasonable.  SC technicians a r c  diploma graduateo (High School 
~ l u s  two years ) .  Some have had up to s ix  months in-house general  
soil conservation training but majority of field formations lack 
essential  engineering technical background. SC pzoposes that selected 
subdivision officers he required to take s ix  weeks training a t  WALMI. 
These officers will then t ra in  the personnel in their  respective sub- 
divisions. In addition, the ADISC has  recently s tar ted a training pro-  
g r a m  a t  Sholapur for  training relating to communal and individual land 
development techniques and will open another center a t  Aurangabad in 
1982. Training will be provided to Subdivieional Officers, Agricultural 
Officers, Supervinors, and Aesistants.  GOM and USAID will evaluate 
where additional training efforts m.xy be required to insure  satisfactory 
design and operation of watercourse and field channels, Training costs 
and needed contlulting asnistan cc: will bc fully raimbureable using AID 
grant funds. 

4, Groundwater Survey and Development Agency 

The Maharashtra Groundwater Survey and Development Agency 
(GSDA) i s  organized in the Department of Rural Development and has  
responsibility for  development and utilization of groundwater potential 
in the State. It i s  well staffed with professionals.  I t  a s s e s s e s  the 
potential and extent of development in the State 's  1 ,481 watersheds.  
About one-third of these have been completed and completion of the  
remainder  i s  scheduled within five yea r s .  Well development i s  financed 
individually, usually through institutional credi t  principally with the Land 
Development Bank (LDB). Control of over-exploitation is through credit  
control with GSDA certifying availability of groundwater in connection 
with loan applicatione. While thie mechanism does not coiltrol private 
exploitation, over-exploitation in proposed subprojects does not appear 
to he a problem. GO1 has  developed a model groundwater bill and s ta tes  
have been asked to enact groundwater legislation. So fa r  this has  happened 
in Maharashtra.  

The Central Groundwater Roarcl (CGWU) is involved in assc:ssing 
and monitoring groundwater on an extensive scale  and maintains 250 
test  and observation wells in the State. 



B. P r o c e d u r e s  for  Deeiyn innl Approving,  Jnlplcllwnting 
and Monitoring I r  rlgat1.m I-)rojccte - -- 
1. Schedule and Budgeting 

Since Independence, 89 MIPs  have been completsd in  M a h a r a s h t r a  . 
At p resen t ,  148 a r e  under  construction o r  design.  Allocation of budgets 
for  MIPS i s  normal ly  done through Ditltrict Councils. With such a l a r g e  
number  s t a r t ed  o r  under  const ruct ion,  complction of individual MIPs h a s  
been slow. Budgets for  MLPs nominated fo r  part icipat ion in the p ro jec t  
will  be al located di rec t ly  a t  S ta te  lcvcl  r a t h e r  than through Dis t r i c t  
councils  in o r d e r  to a o s u r c  completion of construction of the m a j o r  
works  within four y e a r s  and on- fa rm development within seven y e a r s .  

2. Design 

Subprojects  will. b t :  jointly d o s i ~ n o d  by thc! GOM Dc~par tmcnl  o f  
I r r iga t ion  and  Agricul . turc according tu t11c nortnrr and c r i t e r i a  laid down 
by CWC and USAID. While the Department of I r r iga t ion  wil l  be respon-  
s i b l e  fo r  des.igning and furnishing deta i l s  r egard ing  Clivil \;J o r k s  const ruc-  
t ion ( d a m ,  canal  network,  wa te r  c o u r s e s  and field channels) ,  the  Depar t -  
m e n t  of Agr icu l tu re  wil l  provide  de ta i l s  on o n - f a r m  development (land 
gradinglleveling), agricultural  extension, Cropping pa t t e rn  and supply of 
inputs l ike s e e d s ,  fcr t i l  i eers  pes t ic ides  and c red i t  ctc.  The project prepar- 
ation Cell  wil l  coord ina t ;~  design ac t iv i t ies  and submit  a project  summary t o  
CWC Appraisa l  Committee for  approval  a f t e r  the review by a GOM in te r -  
depar tmenta l  technical  commi t tee  s e t  u p  by t h e  planning depar tment .  

3. Appraiual  and Approval -- 

T h e  Centra l  Water  Commiss ion (CWC) h a s  designated a specia l  
ce l l  (FA-111) headed by a Director  to p r e p a r e  a n  a p p r a i s a l  r e p o r t  on 
each AID funded M I P  in M a h a r a s h t r a  to  a p p r a i s e  a l l  proposed Medium 
Ir r igat ion P r o j e c t s  (MIPtl). Thv CWC appra i sa l  r epor t  will  be o n  the  
b a s i s  of CWC guide!ines and AID'S c r i t e r i a  a s  detai led in the  p ro jec t  
paper .  CWC a p p r a i s a l  genera l ly  involves the following concerns .  

a .  des ign and  engineering of the MIP, f r o i n  t h e  d a m  to  field 
channels i r r i g a t b g  individual  fields ; 



b. land development program including land grading, field 
acces s  roads,  field ditches,  etc. ; 

c. cropping pat terns  in the MIP command area ,cur ren t  
actual  patterns,plus those which w u l d  be feasible when 
the MIP i s  operational and water requirements  of potential 
cropping pat terns  ; 

d. MIP construction cost  - whether projected expenditures for 
the ensuing seven year  pcriod i s  within the approved seven 
year  budget of the ID and A D  (this i s  an AID requirement,  
to  prevent the pro jec t ' s  being delayed due to  shortage of funds); 

e ,  staffing of irr igation department a t  the construction and super-  
vision level to a s s u r e  that sufficient staff i s  available to  
supervise  construction adequately (This  i s  likewise an AID 
requirement,  based on experiences in other s ta tes) ;  

f.  economic r a t e  of re turn  for  the project: AID and CW C have 
been working together on improved procedures  for  calculating the 
r a t e  of re turn  and this improved formula will be used fo r  a l l  
MIPS under this project  ; 

g. provision of agricultural  support s e rv i ces  such a s  seeds,  
fe r t i l i ze rs ,  pesticides,  agr icul tural  extension (T&V), short-  
t e rm c r e d i t  ctr. 

A CWC Appraisal Committee (AC) will then review each appraisal  
repor t  and cert ify the subproject i s  eligible for AID financing. The AC 
will be chaired Lyr the Member CWC with the  Director of the special  cell  
a s  Secretary and include representat ives  o: AID and  GOM/AD & ID. 

After approval of the subproject by the CWC Appraisal Committee, 
the eligible expenditures accrued af ter  the date  of signing of tke agreement  
will become eligible for re imbursement  under the loan. Because moat of 
the thirteen identified subprojects have al ready been approved and construc- 
tion of headworks h a s  commenced in a few cases ,  submission, review, 
app.raisa1 and approval of subprojects in accordance with the new cr i te r ia  
is not expected to delay or  a l te r  works a l ready in progress .  The design 
of downstream works which a r e  not likely to begin for a t  least  another 



construction season will be modified. However, this will not affect 
the pace of construction since necessary  design changes will have 
been incorporated pr ior  to thc next construction season. 

4. Implementation 

The CWC Project Preparation Cell. (PPC) For appraisal of the 
MIP w i l l  a lso be responsiblr: Sol, moliitori~rg ulid ovu luu l i u~c  uf 
implementation progress throughout; t h e  projcct; pertiod and thereafter.  

The GOM-Department of :rrigation has  established a Pro jec t  
Planning Cell (PPC)  which will have full t ime  responsibility for sub- 
project  preparation in association with CWC and their  approval by the 
CWC Appraisal  Committee (AC) . PPC wi 11 oversee implementation o f  t h i s  pro- 
ject, and mainta in 1 i a i s o n  w i th  GOM Departments of I r r i g a t i o n  and Agri - 
culture for coordinating project  construction activities. This cell i s  
hcadad by Supcrintcwling Fnginccr and i e  headquartvrcd at Punc:. 

GOM Department of Irrigation will assign one o r  m o r e  
EScecutive JZhgineer . (EE) to each approved subproject, to be i n  charge 
of construction activities on the si te.  Each EE i s  ass is ted by three 
t o  five D e ~ u t y  Engineers on the s i te  while each Deputy Engineer will 
manage five to six field supervisory personnel (Overseer, Surveyor, 
Technical Assitant etc. ) Thrcc  to four subproject s i t cs  will be under 
the supervision of a d iv i~ iona l  Superintending Engineer. A regional 
Chief Engineer (CE)  will be in overall  charge of MIP's  in the region. The 
State of M a h a r a ~ h t r a  has  been split into five regions each under the 
control of a Chief Engineer. 

Administration and design cos t s  until construction is s ta r ted  
a r e  paid f rom general  ID funds. F o r  completion of detailed designs 
and implementation and supervision of construction, the appropriate 
number of divisions and oubdivisions a r e  established. These 
coeta a r e  called "cetabliahmont c :o~te"  which art8 projc~ct coats. 

T&O different procurement procedures  a r e  used for construc- 
tion: competitive bidding o r  force account by ID. Competitive bidding 
procedure follows usual practice.  Legal notices stating the scope of 
the works, quantities, cur rent unit r a t e s  established by the Irrigation 
bpar tment ,  completion t ime and contractor qualifications a r e  placed 

in newspaper e . 



Contractor ' s  certification of qualification is established by 
the Public Works Department in one offour c lasses  depending on 
experience and cur ren t  financial resources  and equipment inventory, 

If the low bid for a project  i s  close to the unit ra tes ,  the  
contract i s  awarded provided other legal requirements  a r e  met.  
Where bids a r e  too high o r  no responsible bidder can be found through 
the competitive bidding procedure ID may do the work departmentally 
using their  own machinery and a sc!t labor rate. Piece work may a l so  
be let to smal l  local contractors.  P a r t  of the labor for  construction 
will be made available under Maharash t ra ' s  Employment Guarantee 
Scheme which provides local unemployed with unskilled manual labor 
a t  wage r a t e s  slightly lower than the minimum agricultural  wage ra te .  

MIP ' s  in Maharashtra a r e  fraquently located in isolated a r e a s  
s o  that there  i s  difficulty in obtainining qualified contractors.  Fifty to  
seventy percent of MIP construction may bo accomplished departmentally. 

GOM Dcpa rtmcnt of A y  rlcu1l.u rc! (Soil Conservation Division) will 
move in the subproject a r e a  one year p r i o r  t o  the i n i t i a l  d e l i v e r y  
o f  water and assume the responsi b i  1  i t y  o f  implementing land devel OD- 

ment  (gradinglshaping) works (individual works) in the outlets where field 
channels have been constructed up t o  i n d i v i d u a l  farmer 's  f i e 1  ds. Simul- 
taneously, other activities like agr icul tural  extension (T&V System) will 
commence in the third year  of the project  implementation. PPC will 
coordinate the activit ies of Departments of Irrigation and Agriculture 
since no direct  coordination mechanism exis ts  over the two department s 
on the si te.  No undue difficulties a r e  envisioned in this regard.  

5. i\/ionitoring and Evaluation 

Aftcr the approval of each tlubproject by the Appraisal  Committee, 
the CWC special  cell will begin the p roces s  of in-depth on-s i te  quar ter ly  
progress  reviews and annual implementation reviews in aosociation with 
12t.ojc*ct P~.c*par; l t ion C c . 1 1 .  During thcec I ' ~ ' v ~ ( * w R  physical proKrcsH, adcquac-y 
of etaff and budgc:ts for timely completion of the project  will be reviewed, 
Project  Preparation Ccl l will be regularly advis cd on the inadequacies 
noted during the conduct of reviews for  taking appropriate action. GOM 
Department of Irrigation and USAID will be kept advised on the project  status 
through the review reports  of the CWC. Based on our experience with 



Gujarat  and Rajaethan Medium Lr rigation Prc)jucttl, cli rcctives 
a r i s ing  f rom the CWC f r o m  their  ~*i*viuw reportcc a r e  promptly 
observed and appropriate actions initiated quickly. Re gubar 
quar ter ly  and annual reviews will occur throughout the construe-, 
tion period of the MIP, and followed up thereafter until the 
projcct  becomes fully operational. Review of the completed 
projects  occur for an additional few yea r s  (aboul five) to  evaluate 
operational effectiveness of the project  and utilization of i r r i -  
gation potential created.  

AID will schedule i t s  regular project  cvaluations to  coincide 
with the CWC reviewe to minimine duplication and to  asGaurc full 
participation by CWC. In addition fur ther  rcviewn will be conducted 
i f  des i red  necessary and a s  outlined in the projcct  paper.  

6. Operation and Maintenance . 

After the construction of thc project ,  the conetruction 
personnel pull out and the project  i s  handed over to operation and 
maintenance division. Depending on the s ize  of the project ,  operation 
and maintenance division . each headed by an Executive Ehgineer t i re  
assigned to the project. F o r  comparativeLy smal le r  medium irrigiition 
projects  even one to  two subdivisions each headed by a Deputy Engineer 
a r e  assigned. These subdivisions. work under the administrative and 
technical control of an Executive Engineer in charge o f  cjperation and 
maintenance of a nearby Major o r  Medium Irrigation Project .  

Details regarding operation of a Medium Irr igat ion Project ,  
maintenance of water conveyance system below an outlet and water 
allocation to f a r m e r s  on rotation basis  - called "Shejpalit' in Maha- 
r a s h t r a  a r e  explained in Chapter 4 - Technical Analysis.  
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C H A P T E R  4 

TECHNICAL ANALYSIS 

Page 
on and Water Use 

1.  General D e s c r i p t i o n  o f  an MIP 
2. Seasons and M u l t i p l e  Cropping 
3. U t i l i z a t i o n  o f  I r r i g a t i o n  Water 

B. Engineer ing and Cons t ruc t ion  

1. S t a f f i n g  C a p a b i l i t y  
2. Design o f  Subpro jects  

a. Water Supply 
b. Water Budgets 
c. Dams and Reservo i rs  

i. Dams 
i S i l t  Storage 
lii. Opera t iona l  StudQes 

d. Canals, D i s t r i b u t a r i e s  

i . General D e s c r i p t i o n  and C r i t e r i a  
ii. L i n i n g  

e. Watercourses and Land Development 

i Surveying and Mapping 
i i . Watercourses 
i i i . Land Development 

j v .  Water A1 l o c a t i o n  and Ro ta t i on  
v.  A g r i c u l t u r a l  Water Management S tud ies  

f. Drainage, wa te r logg ing  and Sal i n i t y  
g. S o i l  Surveys 
h. Groundwater Development 



a. Gene.31 
b. F i e l d  Studies 
c. U.S. T ra in ing  
d. Incountry  T ra in ing  and Workshops 
e ,  Planning 
f .  Reporting 
g. Reimbursement 

4. T ra in ing  f o r  Water Resources Systems Analvs ls  snd 
Management 

a. Background 
b. Tra in ing  Requirements 

ATTACHMENTS : 

1 . Hydraul i c Conclucti v i  t y  Test 
2. Narmada Control  A u t h o r i t y  L e t t e r  
3. System Studies o f  Narmada 



A.  I r r i g a t i o n  and Water Use 

1. General Desc r i p t i on  --..- o f  an MIP 

A medium i r r i g a t i o n  p r o j e c t  (MIP) prov ides canal i r r i g a t i o n  
t o  areas having c u l t u r a b l c  command areas (CCA) rang ing  from 2,000 t o  
10,000 hd, I t  cons i s t s  o f  a  dam which impounds monsoon r u n o f f  f rom 
streams and t r i b u t a r i e s  w' th a  spi ; lway f o r  pass ing f l o o d  waters,  and 
a  branching d i s t r i b u t i o n  system c o n s i s t i n g  o f  main canals ,  branches, 
d i s t r i b u t a r i e s  and minors se r v i ng  pub1 i c  o u t l e t s .  See map 64 Vol . 1. 
Water i s  conveyed t o  i n d i v i d u a l  f i e l d s  f rom o u t l e t s  through water-  
courses and f i e l d  channels. Sur face dra inage channels t o  remove excess 
r a i n  and i r r i g a t i o n  water i s  an e s s e n t i a l  element i n  MTPs. The n e t  
c u l t u r a b l e  area which i s  p rov ided  w i t h  i r r i g a t i o n  f a c i l i t i e s  i s  termed 
t he  I r r i g a t e d  Command Area (ICA) . 

MIPS may p rov ide  i r r i g a t i o n  water  t o  i nsu re  k h a r i f  c rops from 
d r y  per iods  d u r i n g  o r  f o l l ow ing  t he  monsoon, p rov i de  i r r i g a t i o n  f o r  
r a b i  and ho t  weather season crops o r  f o r  pre-monsoon p l a n t i n g  o f  K h a r i f  
crops. To be e f f e c t i v e  an MIP must n o t  o n l y  be designed and cons t ruc -  
t e d  p rope r l y ,  b u t  operated and mainta ined.  There must be an o r d e r l y  
system f o r  a1 l o c a t i n g  p roper  q u a n t i t i e s  and de l  i v e r i n g  water  when 
needed t o  f i e l d s  which have been l e v e l e d  and shaped f o r  i r r i g a t i o n .  To 
t ake  f u l l  advantage of M I P  i n f r a s t r u c t u r e ,  i r r i g a t o r s  must have access 
t o  p roduc t i on  i n p u t s  l i k e  b e t t e r  seeds, f e r t i l i z e r  and pes t i c i des ,  . 
c r e d i t  and market o p p o r t u n i t i e s  which p rov i de  economic i n c e n t i v e s  t o  
adopt new p r a c t i c e s  and t ake  new r i s k s .  Farmers a l s o  need t o  be f u l l y  
informed about c u r r e n t  i r r i g a t i o n  a g r i c u l t u r a l  technology, markets and 
p r i c i n g .  

An MIP must be regarded as an i n t e g r a t e d  soc io - techn ica l  a g r i -  
c u l t u r a l  p roduc t i on  system i n  which i r r i g a t i o n  and i r r i g a t i o n  f a c i  1  i- 
t i e s  a re  a  dominat ing fea tu re  r a t h e r  than  as a r e s e r v o i r  and d i s t r i -  
b u t i o n  system which si111ply s t o res  and t r a n s p o r t s  water.  There a re  
many o p p o r t u n i t i e s  f o r  improv ing t h i s  system, These need t o  be appro- 
ached on p ro to t ype  scale;  from t h e  p o i n t  o f  v iew o f  t he  e n t i r e  system. 
Th i s  p ro to t ype  systems approach i s  an e s s e n t i a l  c o n d i t i o n  and a key 
concept i n  a  s t r a t e g y  f o r  improv ing i r r i g a t e d  a g r i c u l t u r e  on m i l l i o n s  
o f  hectares o f  i r r i g a t e d  l and  i n  I n d i a  and soutl,  an6 5outheast Asia.  

2. Seasons and MU I t i p l e  Cropping - 

The a q r i c u l t u r a l  yea r  i n  Maharashtra i s  d i v i d e d  i n t o  
three croppir iy seasons, each from 120 - ' I23 days i n  l c n y t h ;  k h a r i f ,  
r a b i  and ho t  weathar. Kha r i f  s t a r t s  w i t h  t he  beqlnn ing of t h e  south- 
west monsoon which l a s t s  from about mid-June t o  about mid-October. 
Seasonal l e n g t h  i s  rough ly  t h e  growing t ime f o r  many annual (seasonal ) 



crops. Besides r e f l e c t i n g  t h e  cyc l es  o f  p l a n t i n g  and ha rves t i ng  
crops, i r r i g a t i o n  wa tc r  ill l o c n  t i n n s  and c;anal o p ~ r a t i c l n s  i lrp t i e d  
t o  seasons. 

Crops may be seasonal, 1 . e .  sown and matured du r i ng  a 
s i n g l e  season, l i k e  sorghum, wheat, pu lses and o i l seeds ;  two season- 
a l s  extending through a l l  o r  p a r t  o f  k h a r i f  and r a b i  l i k e  c h i l l i e s  
and some co t t ons  ; and perenn ia l  s 1 i ke sugarcane, h o r t i c u l t u r a l  crops 
and fodder,  ex tending through t h r e e  o r  more monsoons. Some seasonal 
crops, p a r t i c u l a r l y  k h a r i f  may extend i n t o  r a b i  o r  may no t  be har-  
vested i n  t ime t o  p l a n t  t h e  same l a n d  t o  a r a b i  c rop  thus l i m i t i n g  
double cropping.  I n  most o f  Maharashtra, r a i n f e d  r a b i  crops must 
r e l y  p r i m a r i l y  on res i dua l  s o i l  mo is tu re  f o l l o w i n g  k h a r i f  f a l l o w .  
Iiowc.vor, I n  soriie 1i i1i l  t o d  ~ I Y ' c ~ ~ s ,  such as f o r  Si~t lkh M I P  i n  the south- 
e r n  p a r t  o f  the  r a i n f a l l  s c a r c i t y  zone, a cons iderab le  p o r t i o n  o f  
t h e  r a i n f a l l  comes du r i nq  t he  e a r l y  p a r t  o f  t h e  r a b i  season. With- 
o u t  i r r i g a t i o n ,  r a b i  crops produce very  low y e i l d s  i f  t hey  can be 
grown a t  a l l .  Irrigation i s  necessary f o r  ho t  weather season cropp- 
i n g .  

b. - I r r i g a t i o n  and Cropping I n t e n s 2  --. - 
The comblnat8i ons o f  n a t u r a l  seasons and va ry i ng  l eng ths  

o f  c rop growing season leads  t o  sonic! con fus i o r  d - ~ u t  t h e  meaning o f  
c ropp ing  and I r r i g a t i o n  i n t e n s i t y  as used i n  I n !  : # .  Most commonly 
crops, whether seasonal, two-seasonal o r  perenni  , , a re  counted o n l y  
once. For exampl e , suppose 100 hectares c u l  t u r a b l  e command area 
(CCA) has t h e  f o l l o w i n g  c ropp ing  p a t t e r n :  

I r r i g a t e d  sugarcane 10 ha ( a l l  t h r e e  seasons) 
I r r i g a t e d  c h i 1  1 i e s  and 

c o t t o n  15 ha ( two  seasons) 
Rai n fed  k h a r i  f sorghunl 60 ha (seasonal ) 
I r r i g a t e d  r a b i  wheat 30 ha (seasonal ) 
I r r i g a t e d  ho t  weather 

groundnuts - 15 ha (seasonal ) 

To ta l  area o f  Crops 130 ha 

The c r o  i n  i n t e n s i t  i s  sa i d  t o  be 130 percen t  w i t h  
an i r r i g a t e d  eommanP*{ 70 ha. Croppinq i n t e n s i t y  i s  
app rop r i a t e  t o  farm budget ing and assessing watcr  charges, e t c .  
which a re  c a l c u l a t e d  on an annual cropped area bas is .  

However, t o  descr ibe  seasonal l a n d  use on t h e  e n t i r e  
CCA and f o r  c a l c u l a t i n g  water  requirements,  i t  must be c l e a r  how 
much o f  t he  l and  i s  covered by crops. For  example, us ing  t h e  same 
c ropp ing  p a t t e r n  as above on 100 ha CCA. 



I r r i g a t e d  Crop 
Seasonal Area, ha/per 100 ha CCA 

~ h a r i  f - Rabl - Hotweather  Annual 

1, Sugarcane 10 10 10 30 
2. C h i l l i e s  & Cotton 15 15 3 0 
3. Wheat 3 0 3 0 
4, Groundnuts 
5. I r r i g a t i o n  I n t e n s i t y ,  % -2;f; 

Rainfed Crops 

6. Sorghum 60 
7. Cropping I n t e n s i t y ,  % 85 55 7!F 

The value o f  165 represents a b e t t e r  index o f  mu1 t i p l e  
cropping than does conventional "cropping l n t e n s i  t y "  . This con- 
vent ion i s  used i n  Tables 1 and 2 I n  desc r lp t i ve  in fo rmat ion  gener- 
a l l y  i n  t h i s  sec t ion  and I n  the Economic Analys is  Sect ion except 
where one o f  the o ther  conventlons I s  needed f o r  computational 
convenience. 

The f r a c t i o n  o f  land t o  be placed under i r r i g a t i o n  dur ing  
any season var ies depending upon agro-c l imat ic  zone bu t  under actual  
p r a c t i c e  i n  Maharashtra i s  always s u b s t a n t i a l l y  l ess  than 100 percent 
i n  any season. I n  these tables,  r a b i  and k h a r i f  i n t e n s i t y  inc ludes 
two seasonals and perennial  crops as we l l  as seasonals. Hot weather 
crops inc lude both seasonal s  and perennials.  

I r r i g a t e d  Area, Percent o f  CCA 

Hot Annual 
New M I  Ps I C A / C C A  K h a r i f  Rabi Weather Tota l  R a i n f a l l  mm 

Sankh 0. 80 36.0 52.0 #0 .0  8 8 . 0  . 536 
Shivna 0. P,f? 72.0 70.2 0.0 82.2 822 
Karwappa 0.4fI 35.3 41.1 4.8 01.2 1,655 
tletavne 0.90 40.7 72.5 27.2 140,4 3,051 

E x i s t i n g  M I P S  

Nazare 0.40 2 4 3 7 0 6 1 554 
Khel na N.A. 650 
Pus 0.72 3 9 6 1 9 109 950 
Ekbur j i  0.96 7 2 7 5 0 146 1,050 
Adhala 0.61 44 4 0 0 84 1,016 



TABLE 1 SEASONAL LAND USE ON PROPOSED PROJECTS IN HECTARES AND PERCENTAGES OF CCA AND ICA 

With Pro jec t  Without Pro jec t  
ICA Rai nfed Rainfed 

GCA CCA Total Kharif Rabi H.W. Total Kharif Rabi Total Khari f Rabi 
3,730 3,542 2,834 - - - - - -  P r o j e c t  

Sankh 
Perennial  
Two- Season 
Seasonal 
Total 
I r r i g .  Irt (CCA) 
Rainf ed I n t  ( C C A ) ~  
Overall W p p i n g  I r = s i t  a/ 
I r r i s a t r e n  In tens i t ,  ( I C  J 
~ e t a v n e  
Perennial  
Two-Searn 
Seasona? 
Total 
I r r i g .  :-t (CU)  
Rainfed Int ( c c A ) ~ ~  
Overal: ,moping 1n-si t y d  
I r r i g a t i x  I n t e n s i t y  [ICA) 
Shivna 
Perenni &' 
Two-Sea-sni 
Seasonar 
Total 
I r r i g .  :-: {y?! 
Rainfea :?rt jcCA)k' 
Overal? :.qz=q 1?=sit& 



TABLE 2 DESIGN IRRIGATION SERVICE FOR E X I S T I N G  M I P S  

Hot 
Weather 

60 
0 

40 
100 
0.04 

1.1 50 

1 ',I 50 
0.12 
0.09 

P r o j e c t  CCA, ha - Tota l  Khari  f 

60 
729 

1,725 
2,064 
0.85 

1,150 
2,465 
1,396 
5,011 
0.54 
0.39 

1,287 
5 34 

1,821 
0.75 
0.72 

31 3 
2,544 
2,857 
0.73 
0.44 

490 
957 

1,447 
59.0 
0.24 

Rabi - 

6 0 
729 
329 

1,118 
0.46 

1,150 
2,465 
4,354 
7,969 
0.85 
0.61 

1,287 
608 

1,895 
0.78 
0.75 

31 3 
2,231 
2,544 
0.65 
0.40 

490 
1,742 
2,232 
91 .O 

Khel na N.A. 2,429 

Perenni a1 s 
Two seasons 
Seasonal s 
To ta ls  
I r r i g .  I n t e n  (ICA) 

Pus -- 
Perennial  s 
Two seasons 
Seasonal s 
To ta l s  
I r r i g .  I n ten .  
I r r i g .  I n ten .  [%{ 
Ekbu r j i  

Perennials 
Two seasons 
Seasonal s 
To ta l s  
I r r i g .  In ten .  (ICA 
I r r i g .  In ten.  (CCA 

Adhal a 

Perennial  s 
Two seasons 
Seasonal s 
To ta l  
I r r i g .  I n ten .  
I r r i g .  I n ten .  

Nazare 

Perenni a1 s 
Two seasons 
Seasonal s 
To ta l s  
I r r i g .  In ten .  (ICA) 
I r r i g .  In ten .  (CCA) 



Timing and amount o f  r a i n f a l l  in f luences seasonal irri- 
ga t i on  pa t te rns  and i n t e n s i t y  t o  some ex ten t .  For Hetavne, west o f  
the Ghats, 81 percent of the annual r a i n  f a l l s  dur ing J u l y  - August 
w i t h  most o f  the remainder coming i n  September. Only one t o  two 
percent conies dur ing November - May. A l l  bu t  about 10 percent o f  
the r a i n f a l l  a t  Shivna and Karwappa N a l l a  f a l l s  dur ing the  regu lar  
June - September monsoon per iod.  

For Sankh, i n  the  s c a r c i t y  zone, bu t  i n  the extreme south- 
ern par t ,  t he  p a t t e r n  i s  d i f f e r e n t  than f o r  most o f  the  state,  on l y  
35 percent o f  the r a i n f a l l  comes dur ing  the regu lar  June - August 
monsoon per iod  w i t h  45 percent dur ing  September - October and near ly  
a l l  o f  the r e s t  dl :, 1g March - May. 

On a l l  p i u j e c t s ,  1 r r l g a t i o n  i n t e n s l  t y  and economic r e t u r n  
could be s u b s t a n t i a l l y  increased dur ing  a l l  three seasons by redhc- 
i n g  the CCA. Ava i lab le  labor  a t  actual  per iods of harvest ing and 
p l a n t i n g  has been shown t o  be a  c o n s t r a i n t  t o  mu1 t i p l e  cropping 
bu t  probably the major reason f o r  low design i n t e n s i t y  i s  the  soc ia l  
ob jec t i ve  o f  p rov id ing  bene f i t s  o f  the l a r g e s t  number o f  people w i th -  
i n  prescr ibed f i n a n c i a l  l i m i t s .  I n  some cases, f o r  c e r t a i n  s o i l s  
avoidance o f  water logging hazard may be a considerat ion b u t  t h i s  
app l ies  most ly  t o  major p r o j e c t s  which are located i n  the  major 
r i v e r  va l leys  where I r r i g a t i o n  i n t e n s i t i e s  are h igher  and soi  1  s 
genera l l y  are heavier than i n  M I P S .  

Dharm, Narain and Shavan~al Roy, "Impact on I r r i g a t i o n  and Labor 
on M u l t i p l e  Cropping: A Case Study of Ind ia .  Research Report 
No. 2. I n te rna t i ona l  Food P o l i c y  Research I n s t i t u t e ,  Washington, 
D.C., November 1980. 



' 3. U t i l i z a t i o n  o f  I r r i g a t i o n  Water 

Table 7 Economic Analys is ,  Sec, C3 (Vol .  I 1  Chapter 1 )  g ives  
h i s t o r i c a l  i n f o rma t ,~on  on percentage area o f  land p laced under irri- 
ga t i on  i n  r e l a t i o n  t o  planned area f o r  f i v e  e x i s t i n g  p r o j e c t s .  On 
an o v e r a l l  basis,  r e s u l t s  a re  ' - l ~ u r a g i  ng , seldom exceeding 60 
percent  o f  t a r g e t s  w i t h  ext remely  low u t i l i z a t i o n  du r i ng  k h a r i f  f o r  
most p r o j e c t s ;  on the o the r  hand, achievements f o r  r a b i ,  and h o t  
weather crops where these have been inc luded,  a re  gene ra l l y  qood, 
approaching o r  exceed1 ng planned t a rge t s .  Tab1 e 3 shows des ign 
water sup l y  budgets from GOM/ID f e a s i b i l i t y  r epo r t s  f o r  these same I p r o j e c t s  .-/ 

Table 4 i s  analogous t o  Table 7 i n  the Economic Ana lys is  
Sect ion. I t  shows u t i l i z a t i o n  o f  water  as t h e  percentage r a t i o  o f  
water d e l i v e r e d  over  the main canal s- l l ls  t o  t he  design value. For  
example, f o r  Khelna i n  1976-77, 29 Mcf were d e l i v e r e d  f o r  k h a r i f ,  
280 Mcf f o r  r a b i  and none f o r  ho t  weather w i t h  a t o t a l  o f  309 Mcf 
compared t o  design est imates (Table 3 )  o f  252.2, 172.1, 89.8 and 
514.1 Mcf r espec t i ve l y ,  g i v i n g  percentages of  11.5, 162.7, 0.0 and 
60.1. Th i s  t a b l e  shows t h a t  water  d e l i v e r i e s  measured as t h e  canal 
gate du r i ng  r a b i  and ho t  weather seasons, 1 i ke l a n d  areas, g e n e r a l l y  
achieved o r  exceeded design t a r g e t s  b u t  t h a t  k h a r i f  d e l i v e r i e s  d i d  
not .  Except i n  the  years marked w i t h  an a s t e r i  k ,  t h e  r e s e r v o i r s  
were f u l l  a t  the  beginn ing o f  r a b i  so t h a t  r e s e r v o i r  s torage a l l o c a -  
t ed  t o  k h a r i f  was a v a i l a b l e  f o r  r a b i  and H.W. crops. L i m i t a t i o n s  
on water supply  d i d  no t  i n h i b i t  ach iev ing  i r r i g a t e d  r a b i  area t a r -  
gets on khelna. Here the savings f rom k h a r i f  a l l o c a t i o n s  approx i -  
mate ly  equaled the de f i c iency .  On Pus, water supply c l e a r l y  Seems 
t o  have 1 i m i t e d  achievement o f  area t a rge t s .  

Some idea o f  the ac tua l  d e l i v e r y  efficiency i n  comparison 
t o  t h a t  planned can be ob ta ined  by comparing water  de l  i v e r y  percen- 
tages f rom Table 4 w i t h  the l and  u t i l i z a t i o n  percectages i n  Table 4 
Economic Ana lys is .  For r a b i  on Khelna, ac tua l  water d e l i v e r i e s  
average 123.2 percent  o f  des ign es t ima te  f o r  an average percentage 

- 
2/ Ava i l ab le  water  supply, L i n e  1,  i s  est imated f rom r a i n f a l l  and - 

hydrographic records. Deduct4 ng r e s e r v o i r  evaporat ion 1 osses, 
L i ne  2, g ives  the  amount o f  water a v a i l a b l e  f o r  d e l i v e r y  t o  t h e  
main canal gates, L i n e  3. L i n e  4b g ives  r e s e r v o i r  s torage a v a i l -  
ab le  assuming the  r e s e r v o i r  i s  f u l l  a t  t he  end of k h a r i f .  For 
Khelna MIP, f o r  example, t o t a l  des ign water requirement L i n e  5d 
i s  514.1 m i l l i o n  cub ic  f e e t  (Mc f ) .  Backup s torage i s  p rov ided  
f o r  20 percent  o f  est imated k h a r i f  requirements,  o r  50.44 Mcf, 
t h i s  added t o  r a b i  and k h a r i f  requirements o f  261.9 ( l i n e  5e) 
t o t a l s  312.34 Mcf. The d i f f e r e n c e  between t h i s  t o t a l  and reser -  
v o i r  water  a v a i l a b l e  (312.24 Mcf l e s s  296.6 Mcf, 15.64 Mcf) i s  
made up by expected pos t  monsoon f l o w  i n t o  the  reservo-lr, 



TABLE 3 WATER SUPPLY BUDGETS FOR EXISTING STUDY 

SUBPROJECTS, Mcf/Ann 

Khel na E k b u r j l  - Pus AdHal'a' 

1. Ava i l ab le  water  
supply 71 3 588.6 4 ,074g  

2, Evaporat ion f rom Reservoi rs 

a. Khar i f  43.8 30.8 76 
b. Rabl 78.6 51.8 151 
C. HW 70.1 52.2 303 

3. Ava i l ab le  a t  main 
canal s i l l  f o r  t h r e e  
season se rv i ce  520.5 426.8kI 3,544 

4: Live Storage 

a. Evaporat ion 148.7 104.0 453 350- d/ 
c hargeabl e 

b. Ava i l ab le  a t  296.6 318.3 2,769 
s i  11 

5. Deslgn Serv ice 

a. Khar i f  252.2 5 2 . 3 d  794 
b. Rabi 172.1 235.3 1 ,510.. 
C. HW 89.n 33.0 1,240 

. d. To ta l  514.1 320.6 3,544 
e. To ta l  Rabi & HW 261.9 268.3 2,750 625 

a/ A t  75 percent  r e l i a b i l i t y  - 3,573 Mcf; A t  50 percent ,  5,753; ave. 6,604 
b/ 27 M c f  deducted f o r  water  supply  t o  o t h e r  uses 
c /  Based on 16 days s e r v i c e  
d/ Est imated a t  36 percent  f o r  r a b i  and H.W. season 



TABLE 4 

Year - 

UTILIZATION OF WATER I N  EXISTING MIPS  

(ACTUAL WATER DELIVERED/DESIGN WATER REQUIREMENTS I N  PERCENT) 

KHELNA 
Kharif Rabi Rabi & HN Total -- - 

PUS 
KharifU/ - Rabi - HW Total 

EKBURJI ADHALA 
Rabi & H W /  Totalc! Rabi & HN -- 

*Reservoir did not fill. Deliveries l im i ted  by water supply. 

a/ Hot weather crops actual ly grown were n i l .  
b/ Includes sum of two seasonal and perennial crops and seasonals 
c/ Total of seasonals net from reservoir  only. 



of 96.2 percent of design land i r r i g a t e d ,  imply ing t h a t  actual  irri- 
gat ion  requirements measured a t  the  main canal gates were about 28 
percent h igher  than design allowances. On Pus, the  t o t a l  o f  a l l  
seasons dur ing the seven year pe r iod  (1973/74 - 1979180) when comp- 
a r i  sons were possi b le,  average annual del  i v e r i e s  were 100.5 percent 
o f  design c s t i n ~ a t c s  b u t  cropped i r r i g a t e d  area avcraqsd only  58.0 
percent. This  i ndica tixl t h a t  o s  kimated i r r i g a t i o n  r i y u i  t w ~ i ~ r ~ t s  woro 
73 percent too low. 

The foregoing analyses show t h a t ,  except f o r  Pus, M I P  k h a r i f  
i r r i g a t i o i ~  i s  an increas ing ly  marginal a c t i v i t y  i n  the p r o j e c t s  
examined but  there  i s  l i t t l e  evidence as t o  why t h i s  i s  so. Annual 
r a i n f a l l  does not  seem t o  be a f a c t o r .  Pus, Ekbur j i  and Adhala 
receive e s s e n t i a l l y  the same r a i n f a l l ,  about 1,000 mm. Adhala i s  
i n  the t r a n s i t i o n  zone j u s t  east o f  t he  Ghats. Khelna i s  i n  the 
"assured1' zone bu t  receives on ly  650 mm and serves a drought prone 
area. Nazare i s  i n  the s c a r c i t y  zone b u t  has been i n  serv ice  on l y  
three years; u t i l i z a t i o n  o f  k h a r i f  p o t e n t i a l  has been about 14 per- 
cent. Ekbur j i  and Pus are i n  the moderately h i g h  r a i n f a l l  zone i n  
the eastern p o r t i o n  o f  the s t a t e  o n l y  about 60 k i lometers apar t .  
Opportunity f o r  perennial  crops and groundwater development appear 
t o  c o r r e l a t e  i nve rse l y  w i t h  k h a r i f  i r r i g a t i o n .  A subs tant ia l  area 
o f  sugarcane receives canal i rri ga t i on  i n  Pus. Groundwater serves 
more than twenty percent i n  Khelna and Adhala but  on ly  about two 
percent o f  the  CCA o f  Pus and E k b u r j i  . Increased y i e l d s  and i n ten -  
s i t y  o f  ra in fed  crops due t o  reduc t ion  o f  r i s k s  and more cash o r  
c r e d i t  f o r  inputs  may make r a i n f e d  k h a r i f  a more a t t r a c t i v e  system. 

Other reasons f o r  f a i l u r e  t o  u t i l i z e  i r r i g a t i o n  dur ing  
k h a r i f  could be: 

(a )  i n a b i l i t y  of the system t o  respond e f f e c t i v e l y  t o  
k h a r i f  needs which would have peak demands; 

(b )  laci: o f  economic incentives from the farmer's 
p o i n t  o f  view; 

( c )  farm management d i f f i c u l t i e s  such as non-avai l -  
a b i l i t y  of labor ,  d i f f i c u l t y  o f  comnunication 
and t r a v e l  dur ing  the  monsoon, etc.; 

(d )  l ack  o f  su i t ab le  crops; and 

(e) water r a t e  s t ruc tu re  and/or appl i c a t i o n  proce- 
dure may discourage appl i c a t i o n s  from farmers. 



I n  Pus M I P ,  GOM/IT) r q m r t e d  that; , farrr~crs d l d  n o t  have 
rcserv f !  l and  a v a i l a b l e  f a r  r a h i  i r r i g a t i o n  i n  p a r t  due t o  l a c k  o f  
sho r t  season k h a r i  f crop v a r i e t i e s  t o  r ep lace  those ex,tencliny i n t o  
r a  h i  , 

Recause o f  the qeneral  l a ck  o f  k h a r i f  development, b e n e f i t s  
clairned from k h a r i f  seasorial crops w i l l  no t  be inc luded  i n  economic 
ana l ys i s  of qua l i f , y i ng  s u b l ~ r o j e c t s  except  f o r  MIPS i n  t he  moderate ly  
and h i gh  r a i n f a l l  zones i n  t he  eas te rn  p a r t  o f  t h e  s t a t e  and west o f  
the  Ghats. I n  the  o the r  zones, r e s e r v o i r  s torage reserved f o r  k h a r i f  
can be used t o  increase r a b l  o r  ho t  weather i r r i g a t i o n .  

Poss ib l y  k h a r i f  i r r i g a t i o n  demands w i l l  i nc rease  i n  t h e  
f u t u r e  as new technolog ies become a v a i  1  a b l e  and farmers have more 
resources. These clcr~~ands can be met u s i r ~ q  excess monsoon f l ow -  
through water  and would c o n s t i t u t e  an cconontic bonus. The apparent 
d iscrepanc ies be twcm ac tua l  de l  i v e r i c s  a t  canal head t o  those e s t i -  
n~a ted  crl~phasizc thr: ncwi  to rof i r ic !  a s t i r l ~ a t c s  o f  secpaqe and evapor- 
a t  i on  1  osses drld t o  h s t '  wa t(!r r c q u i  r o ~ w n  t s  ort cvapot ranspi  r a  t i ~ n  
est imates (mod i f i ed  Penman) w i t h  app rop r i a t e  al lowances f o r  e f f e c t -  
i v e  rain.$ See sec t i on  B2. 

/ !: i fc r : t ivc \  ril i nfo I I i s  1.t10 i~t l lo~tn t. of rlni n  1.1vi1.l 1 ilhl e du r i ng  t he  
i r r i g a t i o n  season which can be o f f s e t  aga ins t  p l a n t  e v ~ p o -  
t r a n s p i  r a t i o n  r equ i  rernents thus reduc ing  i r r i g a t i o n  r equ i r e -  
ment. L i g h t  showers have l i t t l e  o r  no e f f e c t .  Methods f o r  
e s t i m a t i n g  e f f e c t i v e  r a i n  a re  i nc l uded  i n  s tandard i r r i g a t - i o n  
1  i t e r a t u r e .  



0 .  Engi neer i  ng and Construct_l_o_n_ 

1. S t a f f i n g  and Capab l l i t y  

Under t h i s  p r o j e c t  the  Central  Water Co~nr~~ission (CWC) 
the GO1 M i n j s t r y  o f  I r r i g a t i o n ,  w i  11 he rcsponsi l ) lo  f o r  i lppr i i is inr;  
each o f  the subprojects and c c r t i  f ,yi  t ic1 I;hnl. I:tic!,y ilro I . ~ ! c t ~ t i ~ i ~ i l l  ly 
sound and comply w i t h  thc pro,joct cr' i  1;crid and coridi t i ons  as sot  
f o r t h  i n  the Pro jec t  Paper and lo at^ i~qrwr~cmt , .  Ttio i ~ c t l l a l  planning 
design and cons t ruc t ion  s u p w i i s i o r i  w i l l  1w c,irr iotl out by the 
Government o f  Maharashtra Depar t~wnt  o f  Tr r iq i l t io r i  ( I D )  ant! 
Department o f  Agri  cu l  tu re  ( A D ) .  

The p res t i g ious  Central  Water Commission w i t h  over 1000 
graduate engineers sets design and cons t ruc t ion  standards and re-  
views designs f o r  a l l  i r r i g a t i o n  p ro jec ts  exceeding 2,000 hectares 
i n  area. CWC i s  headed by a Chairman w i t h  equ iva len t  rank of 8 
secretary and f o u r  members C i t h  equivalent  rank o f  J o i n t  Secre tar ,~ .  
A spec ia l  fo re lgn  assistance d i v i s i o n  headed by a Direc$or has been 
created and an Appraisal Committee w i l l  be appointed t o  appraise each 
o f  t he  AID funded MIP's. The personnel a t  CWC are experienced, 
knowledgeable and respected fo r  hhei r technical  exper t ise.  

The GOM/ID i s  headed by a M in i s te r ,  who i s  ass is ted i n  
h i s  work by a M in i s te r  o f  State and two Secretar ies,  onc f o r  .Irrs. 

9 a t i o n  and one f o r  Co~~r~iilncl Ar( t i1  I7c~vc~'lolu11crit on ~ ~ ~ n . j o r  l)ro.jc~ct,!;. 
Organizat ion chilr.t apl~cm1ot.l) . T t i o  S o c r w t ~ ~ r y  f o r  I r r i ! l i ~ l ; i o t l  i s  

supported by three c w i t r a  l technical  sect  ions cnch t~ciidctl by a 
Chief  Engineer (CE). The State i s  d iv ided i n t o  f i v e  regions each 
a lso  headed by a Chief  Engineer. Regional Chief  Engineers have 
r e s p o n s i b i l i t y  f o r  much o f  the design and f o r  cons t ruc t ion  and 
operat ion o f  p ro jec ts  i n  t h e i r  regions. Headworks design, canal 
survey and planning and design o f  the i r r i g a t i o n  d i s t r i b u t i o n  
system down t o  the p u b l i c  o u t l e t s  i s  undertaken by the I r r i g a t i o n  
Department f i e 1  d u n i t s  ( c i r c l e s )  organized under f i v e  re l j ional  
Chief  Engineers. The c i  r c l e s  a1 so supervise cons t ruc t i cn  and 
operat ion. Superintending Engineers ( S E )  arp i n  charge o f  c i r c l e  
operat ions and normal l y  supervi  se f o u r  d i  v i  sions each. The Regional 
Chief  Engineers have from three t o  seven c i r c l e s  under t h e i r  
d i r e c t i o n .  

Executive Engineers ( E E )  are i n  charge o f  d i v i s i o n a l  
o f f i c e s .  They a lso  hold a l l  the powers o f  canal o f f i c e r s  under 
the I r r i g a t i o n  Act, and are, t i le ra fore ,  p r i m a r i l y  responsible as 
ths Executive O f f i c e r  f o r  e f f i c i c r i t  n~ariagcnierit o f  and con t ro l  over 
the i r r i g a t i o n  works i n  t h e i r  charge. The basic o rgan iza t iona l  
u n i t  i s  the subdiv is ion.  These are headed by a Deputy Engineer 
who repor ts  t o  the EE.  Subdivisions are added as needed depending 
on the workload. 



The GOM/ ID  s ta f f  inc ludes about 9,000 engineers, 2,760 
o f  whom are graduate o r  post-graduate o r  post-graduate en ineers 
and the remaining 6,240 are diploma holders. The GOM ( ID  7 s t a f f  i s  
h i g h l y  competent i n  the f i e l d s  o f  reinforced concrete and masonry 
design, 'hydraul ics,  hydrology, geology and so i  1  mechanics. 

The r e s p o n s i b i l i t y  f o r  ca r r y ing  out the land development 
works r e s t s  w i t h  the GOM, S o i l  Conservation D i v i s i o n  (AD/SC). The 
land develop~nent works under t h i s  p r o j e c t  inc lude a l l  improvements 
from the e i g h t  ha o u t l e t  (ending p o i r ~ t  o f  the  I D  r e s p o n s i b i l i t y )  
down t o  and i nc lud ing  improvement on the i nd i v idua l  farmers f i e l d s .  

The AD/SC hiis s i x  f i e l d  d i v i s i o n s  ancl 20 subdiv is ions 
uridcr thr! sclpervi s f  or1 o f  t l ic Dcouty O i  r e c t o r  o f  Acjr.1 cul  t u r e  (DDA) 
f o r  c s r r y i  nq out 1  and devcl oprrlent works on r~iedl urn and minor i rri - 
gd t i cn  p ro jec ts  i n  Maharashtra. 

SC L x h n i c i a n s  are diploma graduates (High School p lus  
two years) .  Some have had up t o  s i x  months 'n-house general s o i l  
conservatson t r a i n i n g  bu t  the m a j o r i t y  o f  the f i e l d  formations l ack  
essent ia l  enqineering/technical background. SC proposes t h a t  se l  ec- 
t ed  subdiv is ion o f f i c e r s  be requ i red  t o  take s i x  weeks t r a i n i n g  a t  
WALMI. These o f f i c e r s  w i l l  then t r a i n  the personnel i n  t h e i r  res- 
pec t ive  subdivisions. I n  add i t i on ,  the AD/SC has r e c e n t l y  s t a r t e d  
a t r a i n i n g  program a t  Sholapur f o r  t r a i n i n g  r e l a t i n g  t o  communal 
and i n d i v i d u a l  land development techniques and w i l l  open another 
center a t  Aurangabad i n  1982. T ra in ing  w i l l  be provided t o  subd iv i -  
s ional  O f f i c e r s  , A g r i c u l t u r a l  O f f i ce rs ,  Supervisors and Assis tants.  
GOM and USAID w i l l  evaluate where add i t i ona l  t r a i n i n g  e f f o r t s  may be 
requi red t o  insure s a t i s f a c t o r y  design and operat ion o f  watercourse 
and f i e l d  channels. Tra in inq  cos ts  a i d  nr?crlatl consul t l n q  assistance - 

w i l  I I)P f u l  1,v r ( ? i i ~ ~ l ) ~ ~ r * ~ , ~ ~ I ~ l ~ ~  usirl( j  A 1  1) ~ j r~~ i i t  fl~ncls. 

I lcfer t o  Val . 1 I Chapter 3 ,  A d ~ ~ ~ i n i s t r a t i v c  Ana lys i s ,  f o r  a compre- 
hensive desc r ip t i on  o f  the agencies invo lved i n  the implementation - - 
and operat ion o f  the M1P1s. 



Design o f  Subprojects 

a. Water ~ u p p i y  

There are no t  enough stream gauges i n  tk,e l o c a l i t i e s  
subprojects t o  prov ide d i r e c t  est ini i l tcs o f  , *ater  supply. i n  proposed 

Ra in fa l l  s ta t i ons  are common, however, and niany have long term 
records. These are  used t o  est imate r u n o f f  based on empir ica l  cor -  
r e l a t i o n  formulas developed over the  past  century. Annual water 
supply var ies  q u i t e  widely  a t  any s i t e .  Conmonly, design water 
supply i s  chosen as t h a t  which can be expected i n  75 percefit bf 
the years (75 percent  r e l i a b i l  i t y )  ; hobever, t h i s  i s  mbdi f ied 
usua l ly  t o  50 percent,  f o r  M I P S  i n  wafer s c a r c i t y  areas (below 750 
mn p r e c i p i t a t i o n ) .  Reservoir  records prov ide in for inat ion about 
r u n o f f  and are used t o  v e r i f y  es t i a~a tes  made from r a i n f a l l .  An 
examination o f  r e s e r v o i r  records o f  f o u r  e x i s t i n g  p ro jec ts  using 
the number o f  years r e s e r v o i r  d i d  n o t  f i l l  as an index o f  re1 i - 
a b i l i t y  i nd i ca tes  t h a t  rese rvo i r  water supply est imates are reasori- 
able. 

Accuracy o f  water supply est imates would be enhanced 
by more actual  stream gauging s ta t i ons .  The WB i s  support ing expan- 
s ion o f  the S ta te ' s  network and GOI/GOM o f f i c i a l s  d i d  no t  f e e l  t h a t  
A I D  assistance was needed i n  s t renqtheni  ng stream gauging under 
t h i s  p ro jec t .  

Groundwater, which may be augmented by surface irri- 
aat ion  i n  suhprojects,providesan add i t i ona l  source of water t o  MIP 
command areas. 

b. Water Budgets 

Having decided upon the supply, t h i s  i s  a l l oca ted  
among the  th ree  cropping seasons. Except i n  h igh  r a i n f a l l  zones, 
M I P  suppl ies are no t  usua l l y  a1 loca ted t o  ho t  weather seasonal 
crops nor  perbnnia ls  because o f  the  h igh  r e s e r v o i r  evaporat ion 
losses due t o  longer storage per iod  and h igh  water requirements. 
~ e s e r v b i r  storage i s  normal ly provided f o r  the designed r a b i  and 
hot  weather a l l o c a t i o n s  and f o r  20 percent o f  the  estimated kha r i f  
demands, see Tab1 e 4. 

Seasonal water requirements are ca lcu la ted  based 
on cropping pat te rns  provided by AD. Commonly i n  Maharashtra, 
i r r i g a t i o n  requirements f o r  var ious crops are  computed us ing duty 



of water, which i s  defined as the number o f  acreslhectares, which 
experience has shown can e irrigated with one cusec/cumec of flow P delivered a t  the o u t l e t .  One problem with using duty of water i s  
knowing what t h i s  ac tua l l j  means a t  the crop root zone. One es t i -  
mate made by l J ~ A ~ ~ , / g a v e  combined f ie ld channel delivery and f ie ld  
application loss a t  51.8 percent, which i s  reasonable. Actual con- 
veyance losses vary depending on physical length of the channel, 
seepage characteristics,  system operating procedures and 'length of 
time canal s and channels are operated. Fie1 d efficiency depends 
upon whether or n o t  f ie lds  are properly graded and how water i s  
applied. A t  the present time, the rnethod used t o  determine the 
water and channel capacity requirements i s  based on a fixed duty 
in Cusec/Cumec per ha a t  the outlet  or canal head. This figure i s  
based on years of experience b u t  may not adequately consider the 
peak delivery requirements a t  c r i t i ca l  stages of crop growth nor 
adequately account for  system and appl ication losses. 

For qua1 i fying subpro,jccts, irrigation requirements 
a t  the main canal will be computed using the modified Penman for- 
mula for  crop requirements. To these will be added estimated 
losses in f ie ld channels and canals based on physical and soil  
characteristics and time of operation. Schedules showing timing 
of operation of channels will be included in feasi bi 1 i t y  reports. 
In any case, not less than 10 percent seepage losses will be 
assumed for unlined main and branch canals and  10 percent for un- 
lined dis t r ibutar ies  and minors. llot less  than 5 percent will be 
assumed for  lined main and hranch canals and 5 percent for lined 

41 For example, for rabi wheat, duty i s  commonly 150 Alcfs. The - 
volume in cubic fee t  delivered by one cfs  during a season 
(usually 122 or 123 days) i s  equal t o  the number of seconds in 
the season or 122 x 24 x 3600 = 10,540,800. Dividing by duty 
of 150 gives the number of cubic fee t  f a r  an acre, 10,540,8001 
150 - 70,272. Dividing by square feet  in an acre 70,273143, 
560 = 1.61 fee t ,  or 19.4 inches depth ( the "delta").  

51 For Karwappa Nal l a ,  water requirements were computed using - 
duty and also by Penman's modified formula. This provides an 
opport~rnity to csl.iali1t.o watcr loss dllowanccs i~iiplicit in d u t y  
a1 lowance. Crop rcqui rc~wnts  conlputcd by Penri~an ' s  fomul a 
total  1 ed 4.937 Mm3llOOO ha; cornputi ng requi ren~ents by duty a t  
the outlet  a n d  3.158 ~ m 3  or  requirements a t  the main canal 
gate of 9.539 ~m3/1000 ha. Thus, the actual estimated over- 
a l l  efficiency a t  the main gate 4.937/9.539 = 0.518. 



4 i s t r i  bu ta r i es  and minors. Add i t iona l  a1 1 owances f o r  operat ional  
losses w i l l  be 15 percent f o r  the un l ined systen~s, 12 percent if 
on ly  main and branch canals are l i n e d  and 10 percent i f  l i h i n g  i s  
provided t o  approximately U ha o u t l e t s .  F i e l d  app l i ca t i on  e f f i -  
c iency may be taken as 75 percent and f i e l d  channels from 8 ha as 
gO percent i f  f i e l d  channels a re  prepared and f i e l d s  are leve led  as 
described under Sect ioh B2e iii Land Development. Table 5 (p.17) i l l u s t -  
ra tes  procedure f o r  preparing water budgets. Ttic un1 inbd cask I h  
Table 5 i s  based on an assunlcd l o s s  r a t e  o f  16 c f s /  Msf which i s  
the average repor ted i n  Maharashtra. Using the above est imated 
l oss  percentages; the o v e r a l l  i r . r i y a t i o n  e f f i c i e n c y  bccon~es 36 pkr-  
cent f o r  a new u n l i n ~ d  system and 54 percent f o r  a system l i n e d  
down t o  the e i g h t  ha l e v e l .  Actual est imates o f  seepage l o s s  r a t e  
w i l l  be used i n  preparing subproject  water budgets. 

c. Dams and Reservoirs 

i. Dams: GOM/ID has had many years successful ex- 
perience i n  design and cons t ruc t ing  dams and spi l lways o f  a11 s izes 
and GOI /CWC has devel oped excel 1 en t  design standards . /  I n  CWC ' s 
review o f  MIPS, p a r t i c u l a r  a t t e n t i o n  i s  given t o  dam sa fe ty  and 
u t i l  i t y  i nc lud ing  p ro tec t i on  aga ins t  overtopping by waves f o r  winds 
based on 50 year r a i n f a l l  r e t u r n  i n t e r v a l .  Spi l lways are  designed 
t o  pass 100 year  f loods. No spec ia l  USAID c r i t e r i a  a re  necessary 
f o r  design of dams and spi l lways.  

ii. S i l t  S t o r a :  S i l t  product ion i s  est imated us ing 
empir ica l  f o r m u l a s . " ~ n c e  f o r  si-1 t dcposi t i o n  i s  provided by 
a1 l o c a t  i n g  rese rvo i r  s to r i~qr*  vol ~ I I W  b l o w  M i  nil11u111 I)r.,iw D o w r ~  I cvc~ l  
(MDDL) s u f f i c i e n t .  t o  hol  tl c)xlwclwl s i  l t i ~ c c u ~ ~ ~ ~ l t t t i o t ~  tlur.1 r ~ g  pro,jcc- 
t ed  1 i fe t in les  o f  the rese rvo i r  r a n y i r ~ y  between 75 - 100 years, 
This storage i s  c o n t r o l l e d  by the e leva t i on  o f  the main gate s i l l .  1! 
Much o f  the s i l t ,  however, w i l l  be deposited i n  the l i1]e storage 
sect ion o f  the  reservo i r ,  thus decreasing e f f e c t i v e  1 i v e  storage. 

Ind ian  Standards (I. S. ) 651 2-1 972 " C r i t e r i a  f o r  Design o f  
Sol i d  Grav i t y  Damsii, I .S. 826-1 978 "Guide1 ines  f o r  Design 
o f  Large Earth and R o c k f i l l  Dams". 

Dead Storage i s  water below main gate s i l l .  MDDL i s  e le -  
va t i on  o f  main gate s i l l  p lus  hydrau l ic  head necessary t o  
move water through the  gates. 



TABLE 5 

1. Release a t  Main Canal 

2. Water losses t o  8 ha 

EXAMPLES OF WATER BUDGETS 
bW/annurn 

New Main Canal 
Unl i ned L ined 

Gate 25.0 25.0 

a. Operat ional  Losses 
b. Conveyance Losses 

5 .  Main Canal 
ii. D i s t r i b u t a r i e s  
i i i . Subto ta l  o f  Conveyance 

Losses 
i v .  Conveyance E f f i  c iency % 

3. Ava i l ab le  a t  Ou t l e t s  

4. F i e l d  Channel Losses 

5. Ava i l ab le  t o  Crop 

6. Overa l l  E f f i c i e n c y  % 

L i  ned t o  
..8 ha 

25.0 

2.50 

1.25* 
1 .I 9** 

2.44 
90.2 

20.06 

2 .O1 
18.05- 

13.54 

54.2 

1. Del i v e r y  o f  5000 n13/ha f o r  5000 ha 
2b. Assumptions : i l e t t ed  Perimeter, 62.500 m2, canal s operat,ed 150 days. 

* 5 percent  o f  25. 
2c. Wettered per imeter  62,500 m2, d i  s t r i  hu ta r i es  operated 150 days. 

**5 percen t  o f  23.75 

Unl ined - assumes l o s s  r a t e  o f  16 c fs /Msf  which i s  the  average 
repor ted  i n  Maharashtra. 



NO account i s  taken o f  t h i s .  GOMIID has a, program f o r  measuring 
s i  1 t accumulations i n  some e x i s t i n g  resbrvo i  r s  and s i l t  samples 
are taken q t  stream gauging s ta t ions .  ,Th i s  information w i l l  be 
used t o  re f i ne  estimates o f  needed s i l t  storage. Since s i l t  pro- 
duc t ion  i n  r e l a t i o n  t o  volume o f  runoff i s  several t imes greater  
i n  the low r a i n f a l l  zones than i n  h igher  ones, a t t e n t i o n  needs t o  
be given to>i .a infa l lLzones below about 1000 mill. ( G O R I A D I S C )  tias,an 
ongoing statewide 9ijtershed treatment program which can be expected 
t o  impact on MIP watersheds g e n k a l  l y  . Thi  s program cons is ts  ,,of 
contout  and graded bunding, nu1 1 a bundi ng , nu1 l a  t r a i n i n g ,  and 
a fo res ta t i on  o f  degraded areas and -also impacts on thousands o f  
small tanks and major i r r i g a t i o n  watersheds. I t  i s  b a s i c a l l y  
owner-financed u t i l i z i n g  i n s t i t u t i o n a l  c r e d i t  w i  t b  subsidies rang- 
i n g  from 25 t o  100 percent.  T t  d i d  n o t  seen1 p r a c t i c a l  o r  equitable! 
f o r  USAID t o  request specia l  c:onsitlcra t i o n  hy t.hi s procjrilrll on sub- 
p ro jec ts  f inanced under the loan. Ilowcver, dur ing the design o f  
the upcoming USAID supported soc ia l  f o r e s t r y  p r o j e c t s  ways and means 
o f  p rov id ing  add i t i ona l  impacts on the subproject  watersheds w i l l  
be explored. 

i i i . Operations studies:  Reservoi r operat ions 
studies i n  subproject proposals reviewed were on annual o r  seasonal 
basis  us ing r a i n f a l l  records and runoff c o r r e l  a t i o q  techniques f o r  
est imat ing seasonal r u n o f f .  For candidate subprojects, a nio.nthlj 
opera t i  ons study w i l l  be,prepared $sing no t  l ess  than 20 years o f  
h i s t o r i c a l  in fo rmat ion  .& Exi  sti;!g f o r l ~ ~ u l a s  based on r a i n f a l l  pre- 
d i c t  on ly  seasonal y i e l d s  f o r  runof f .  This  can be converted t o  
monthly values by c o r r e l a t i o n  w i t h  e x i s t i n g  stream gauging s ta t ions .  
F o r t n i g h t l y  i r r i g a t i o n  requirements w i l l  be coinputed us ing Penman's 
Modi f ied Formula w i t h  appropr iate a1 1 owances fo'r  conveyance and 
operat ional losses as described i n  Sec. B 2b. USAID understands 
t h a t  computer f a c i l  i t i e s  f o r  conducting such s tud ies  are ,ava i l ab le  
t o  GOM/ID. Results would be used t o  determine the r e l i a b i l i t y  of 
the water supply f o r  each season, s i z i n g  o f  canals t o  meet peak 
demands, and the average a v a i l  ab i  1 i ty o f  water f o r  use i n  the  ,eco- 
nomlc a n a l y s i s . ~ / ~ u p p o r t  w i l l  be provided f o r  U.S. t r a i n i n q  of two 
mid- level and one sen ior  o f f i c e r  i n  rcservo i  r operat ions methodoloqy. 

Special s tudies o f  a1 t e r n a t i v e  water 
a l l oca t i ons  w i l l  be made u t i l i z i n g  f o u r  subprojects, one i n  each 
major c l  ima t i c  zone. The operat ions studies. described above auto- 
m a t i c a l l y  g ive  p r i o r i t y  t o  meeting k h a r i f  needs. The specia l  

8/ Present ly  no opcr ,~ t i o n  st~rrlic!s arc c a r r i e d  out. on MTP's. -.. 

9J See Vol 11, Chapter 1 Sect ion F. 



studies w i l l  : (a)  g ive  p r i o r i t y  t o  f u l l  r e s e r v o i r  a t  beginning o f  
rab i  and (b) t o  vary ing the rese rvo i r  s ize  (percent c f  storage r e l i -  
a b i l i t y ) .  They w i l l  be completed w i t h i n  22 months o r  p r o j e c t  imple- 
mentation date and w i l l  prov ide in fo rmat ion  f o r  economic studies out-  
l i n e d  i n  the sect ion on Economic Analysis, As soon as p r a c t i c a l  
a f t e r  se lec t i on  o f  t he  study subprojects a stream gauging s t a t i o n  
and meteorological s t a t i o n  w i t h  r a i n  gauge and standard evaporation 
pan w i l l  be establ ished a t  o r  immediately below each o f  t he  four dam- 
s i t es .  In format ion w i l l  be used t o  v e r i f y  monthly d i s t r i b u t i o n  of 
runoff, y i e l d  estimates, f o r  c a l c u l a t i n g  rese rvo i r  evaporat ion and 
f o r  p rov id ing  in fo rmat ion  on r a i n f a l l .  A pre l im inary  repo r t  o f  these 
studies w i t h  conclusions w i l l  be prepared w i t h  copies t o  USAID w i t h i n  
27 months o f  p r o j e c t  implementation repor t .  This  r e p o r t  w i l l  be re- 
viewed a t  mid-term p r o j e c t  evaluat ion. 

d. Canal s and D i  s t r i  bu tar ies  

i . General Descr ip t ion  and C r i t e r i a  : I r r i g a t i o n  
water i s  conveyed throuqh a t r e e l i k e  branching system o f  canals, - 7 

branch canals ,- d i s t r i b u t a r i e s ,  minors, subminors, watercourses and 
f i e l d  channels. Tn most o f  Maharashtra MIPS  the  f u l l  h ierarchy of 
channels i s  no t  present. See Map 64 Vol . I. Main canals f requent ly  
pass d i r e c t l y  t o  minors o r  subminors. Conveyance systems and t h e i r  
pa r t s  are c r i t i c a l  t o  e f f e c t i v e  operat ion o f  surface i r r i g a t i o n  pre- 
j ec t s .  They need t o  be designed and operated so t h a t  water can be 
de l ivered i n  equ i tab le  fashion a t  any p o i n t  w i t h i n  the  d i s t r i b u t i o n  
system w i t h  minimal waste o f  water. The longer the  canal the  more i s  
the hazard t h a t  a f u l l y  supply w i l l  no t  be del ivered.  Because o f  
t h e i r  importance and r e l a t i v e  lack  o f  a t ten t i on ,  improvement o f  the  
effectiveness of d e l i v e r y  systems w i t h i n  the  1 i m i  t s  o f  economic feas i -  
b i l i t y  i s  a major ob jec t i ve  o f  th4s p ro jec t .  A major f a c t o r  i n  the  
f a i l u r e  of  canal s t ruc tures  i s  lack  o f  proper compaction o f  ear th-  
work. 

I n  t he  recent  past, the d i s t r i b u t i o n  system has 
been designed t o  d e l i v e r  a stream o f  28 l i t e r s / s e c  (one cusec) t o  
the o u t l e t  serv ing approximately 40 hectares. Water measuring devices 
were only  provided a t  the head o f  the d i s t r i b u t a r y  o f f t a k i n g  from the 
main canal. The r e s u l t a n t  f lows a t  the e i g h t  hectare turnouts, a f te r  
accounting f o r  losses were considerably l ess  than 28 I i t e r / s e c .  

The d i s t r i b u t i o n  system on t h e  USAID supported 
subprojects w i l l  be designed t o  d e l i v e r  a stream o f  no t  l ess  than 
28 l i t e r s / s e c  (one cusec) on a r o t a t i o n a l  basis  t o  gated o u t l e t s  
serv ing approximately 8 hectares. A1 1 channels w i ?  1 be designed t o  
meet peak semi-monthly crop requirements d e s c l - f k !  i n  Sec B 2b. Main 
and branch canals w i l l  be designed t o  permi t  f u l l  d e l i v e r i e s  a t  o f f -  
takes when operated a t  50 percent o f  design f low.  A1 1 channels w i l l  



be provided w i t h  s u f f i c i e n t  con t ro l  s t ruc tu res  such t h a t  they can 
supply a1 1 requ i red  d ivers ions throughout t h e i r  e n t i r e  lengths and 
serv ice ranges. Minors o r  o ther  channels serv ing  o u t l e t s  t o  water- 
courses and/or f i e l d  channels w i l l  be provided w i t h  s u f f i c i e n t  regu- 
l a t i o n  t o  main ta in  f u l l y  supply l e v e l s  a t  operat ing o u t l e t s  under a l l  
d e l i v e r y  schedules. Measuri ng s t ruc tu res  and gates w i l l  be provided 
a t  a l l  o u t l e t s  down t o  a prox. 25 ha and a t  turnouts t o  water- 
courses and f i e l d  channe ! s so t h a t  water may be f u l l y  c o n t r o l l e d  and . 
measured i n  each element o f  the  system. The de l i ve ry  system s h a l l  
be f u l l y  p ro tec ted  from storm drainage by adequate cross drainage 
structures, o r  where feas ib le  , drainage i n l e t s  . Wasteways w i  1 1 be 
provided a t  t he  ends o f  canals and as needed a t  c r i t i c a l  po in t s  i n  
the alignment. A1 1 canals and minor channels and b a c k f i l l  f o r  s t ruc-  
t u r e  s h a l l  be f u l l y  compacted a t  o r  near opt imal nioisture content t o  
standard spec i f i ca t i ons  o f  GOM/ID. 

Where constructued i n  expansive s o i l s ,  canal s t ruc -  
tures i n c l u d i n g  l i n i n g  sha l l  be pro tec ted  and channels s t a b i l i z e d  by 
rep1 acement o f  surrounding s o i  1 w i t h  cohesive non-swel 1 i n g  s o i l  s u t i  -l 01 
l i z i n g  technology developed a t  I cd ian  I n s t i t u t e  of Technology, Bombay, 

i i . L in ing  : I n  order t o  meet peak demands, canal s are 
designed w i t h  peak capaci ty  h igher  (about tw ice)  than t h a t  requ i red  
t o  pass average f low. For example, Shivna RBC design capaci ty  i s  
4.4 M3/s (157 c f s )  t o  d e l i v e r  24.836 M 3  dur ing  r a b i  and 6.274 bin3 
during k h a r i f  per iods o f  123/122 days each o r  an average f l ow  ra tes  
o f  2.34 m3/s dur ing  r a b i  and 0.595 m3/s dur ing  k h a r i f .  

The actual  average f l o w  depends upon the  number 
o f  days the canal i s  operated. Canals may be shut down p e r i o d i c a l l y  
i f  water demands are met. Although t h i s  o f t e n  i s  avoided because o f  
s t ruc tu ra l  damage du r ing  unwatering. Reducing the f i ow  does no t  
reduce seepage 1 osses propor t ionate ly .  Assumi ng a seepage 1 oss r a t e  
o f  8 c f s  pe r  m i l l i o n  square f e e t  o f  wetted perimeter (cfs/Msf), losses 
a t  the average design f l ow  f o r  the 62 km Shivna RBC are ca lcu la ted  

l0JuKatti, R.K. ,E.S. Bhangale, U.V. Kul ka rn i  , and D.G. Divaskhikar.  
Shear Strength Development i n  Expansive Black Cotton S o i l  Media 
With and Without a Cohesive Non-swell ing So i l  Surcharge. App l i -  
cat ions t o  S t a b i l i t y  o f  Canals i n  Cuts and Embankments. Central  
Board o f  I r r i g a t i o n  and Power. Technical Report No, 28 New Del h i ,  
March, 1980. This technology i s  n o t  c u r r e n t l y  being app l ied  t o  
MIPS. " 



b.y GOMIID a t  1.066 m3/s (35.525 c f s )  , o r  22.6 percent o f  f l ow .  How- 
ever, under an assumed 100 day operat ing schedule f o r  r a b i  , losses 
would approach 35 percent. 

Tota l  seepage losses a l so  increase w i t h  canal 
length under the assumptions made above. For Shivna, t o t a l  seepage 
loss  increased about 0.5 percent per k i lometer .  Not on ly  do seep- 
age losses increase w i t h  length  bu t  so does cost .  The l eng th  o f  
canals i s  dependent on the con f i gu ra t i on  o f  the command area, how- 
ever, canal length  can be reduced by increas ing  seasonal i r r i g a t i o n  
i n t e n s i t y  and reducing command area. This  must be balanced against  
the soc ia l  and economic ob jec t ives  o f  t he  pro jec t .  See Vol . I 1  
Chapter 1 Sec. F5. 

Black co t ton  s o i l s  are dominant i n  most of Maha- 
rasht ra  eas t  o f  the  Ghats. I n  these s o i l s  mainta in ing channel shape 
ra the r  than seepage loss  appears t o  be t h e  p r i n c i p a l  problem. This 
i s  because t h e  s o i l s  are q u i t e  impermeable and unstable when wet. 
See Chapter 6 Sec. A2. I n  the upland watershed areas where MIPS are 
most apt t o  be located, black co t ton  s o i l s  may be r e l a t i v e l y  shal low 
and i ntergraded w i  t h  other  non-swel 1 i ng and more permeable so i  1 s  . 
Larger channels espec ia l l y  i n  c u t  o f t e n  penetrate through the  s o i l  
l aye r  i n t o  t h e  subsoi l  o r  weathered rock substrata, which are  q u i t e  
permeable. Under these and poss ib ly  o ther  condi t ions,  such as when 
expansive s o i l s  arc s tab i  1 i zed by rep lac ing  swel l  i n g  s o i l s  w i t h  non- 
swel l  i ng ones, 1 i n i  ng may be needed. 

Est imating see?age losses i n  advance o f  construc- 
t i o n  and operat ion i s  a major d i f f i c u l t y  i n  determining water a v a i l -  
ab le t o  crops, when l i n i n g  i s  j u s t i f i e d  and i f  water logging may be a 
hazard. L in ing  costs are increas ing  and s c a r c i t y  o f  po r t l and  cement 
i s  a problem. One s o l u t i o n  would be t o  de fer  l i n i n g  u n t i l  a f t e r  the  
subproject . i s  i n  operat ion and seepage losses can be evaluated. 
This would cause programatic and budget problems and would i n v o l v e  
ob l i ga t i ons  extending we l l  beyond the  completion date o f  t h i s  pro-  
j e c t .  The h igh  cost  o f  l i n i n g  argues s t rong ly  t h a t  some e f f o r t  be 
made t o  f i n d  a b e t t e r  approach t o  es t imat ing  seepage losses i n  ad- 
vance than now ex i s t s .  Seepage losses vary w i t h  time. When canals 
are f i r s t  f i l l e d  seepage losses are  h ighes t  because o f  e x t r a  absorp- 
t i o n  requ i red  t o  f i l l  the  s o i l  pores. These decrease w i t h  t ime and 
eventual 1 y  become essent i  a1 1 y constant,  Basic 1 i m i  ti ng parameters 
involved are the  saturated hydraul i c conduc t i v i t y  ll/ o f  the ma te r ia l  

The procedure ou t l i ned  i n  Attachment 1 gives h y d r a u l i c ~ 3 n d u c -  
t i v i t y  i n  f e e t  per  day. To change t o  cfs/Msf t h i s  r e s u l t  must 
be nlul t i p l i e d  by (lO6/86,400). This value must be converted 
t o  seepage r a t e  by mu1 t i p l y i n g  by a f a c t o r  def ined by the cor-  
r e l a t i o n  studies. 



i n  which the canal i s  I ~ u i l  t ,  t l ic  wetted pe r imc tw  o l  Lhcl cdrldl ilrtd 
t he  water t a b l e  slope and thickness o f  the f r e e  a q u i f e r  beneath the  
canal : 

The f o l l o w i n g  approach i s  suggested f o r  main 
canal s and o ther  major channels on qua1 i f y i n g  subprojects. Test 
p i t s  w i l l  be dug a t  no t  more than 500 meter i n t e r v a l s  a long the  
canal al ignment t o  a depth equal t o  the proposed l e v e l  o f  t he  canal 
bed. Measurements o f  hydraul i c  conducti v i  t y  a t  bed l e v e l  w i  11 be 
made fo l l ow ing  the  procedures se t  f o r t h  i n  Attachment 1. GOMIID 
w i l l  make studies t o  e s t a b l i s h  c o r r e l a t i o n  o f  hydrnul l c conduc t i v i t y  
t o  actual seepage loss  ra tes  i n  o rdcr  t o  cst imote secpagc l o s s  ra tes  
i n  subproject canals. I lydraul i c conduct iv i  ty tes ts  could be corre-  
l a t e d  w l t h  reaches o f  canals where seepage losses have been measured 
o r  w i t h  water management s tud ies  c a r r i e d  ou t  on e x i s t i n g  MIPS. 
E f f o r t s  w i l l  be made t o  c o r r e l a t e  seepage loss  ra tes  w i t h  the Un i f ied  
S o i l  C l a s s i f i c a t i o n  System f o r  Engineering (IS:l498-l97O). Studies 
w i l l  l ead  t o  recornendations t o  the  Secretary o f  I r r i g a t i o n ,  GOM 
r e s u l t i n g  i n  guidel ines f o r  design. Four months U.S. t r a i n i n g  i n  
seepage loss  hydrology and canal l i n i n g  technology f o r  two mid- level 
o f f i c e r s  w i l l  be provided, 

e. Watercourses and Land Development 

i . Surveying and Mapping : GOMIID uses topographic 
maps prepared by the Survey o f  I n d i a  f o r  general appraisal  and l ay -  
ou t  o f  subprojects. Whi l e  s a t i s f a c t o r y  f o r  t h i s  purpose, these are  
no t  s u f f i c i e n t l y  accurate f o r  l o c a t i n g  minors , d i  s t r i  bu tar ies  , out-  
l e t s  and f i e l d  channels where v e r t i c a l  tolerance between FSL and 
land t o  be served must be w i t h i n  about 0.15 m (6 inches).  For land 
development, i nc lud ing  f i e l d  channels, AD/SC spec i f i es  1/1,250 scale 
maps w l t h  0.30 rn contours based on a 15 meter g r i d .  These are s u i t -  
able f o r  watercourse and f i e l d  channel loca t ion .  These s h a l l  be 
used on qua l i f y i ng  p r o j e c t s  f o r  f i n a l  l o c a t i o n  o f  ou t l e t s ,  water- 
courses and f i e 1  d channel s. 

i i , Watercourses: Between the  rese rvo i r  o u t l e t  and 
the  watercourse, which serves about 40 ha, the  stream of water i s  
d iv ided flow wise according t o  the  needs o f  the  var ious branches of 
the  d i s t r i b u t i o n  system. For the  watercourses, the  stream i s  ro ta ted  
timewise t o  f i e l d  channel s which serve approximately 8 ha a1 though 
sometimes t h i s  stream may be f u r t h e r  subdivided. U n t i l  October 1978, 
i r r i g a t i o n  departments constructed channels a t  p r o j e c t  expense on ly  
t o  watercourse out1 e t s  (40 ha o u t l e t )  . Watercourses, f i e 1  d channels 
and dra ins l i n k i n g  f i e l d s  t o  the  cen t ra l  drainage system was the  
farmers' responsi b i  1 i ty, w i t h  techn ica l  assistance by AD/SC. Since 



these communal channels were p r i v a t e l y  financed, AD faced the  d i f f i -  
c u l t  problem,of g e t t i n g  farmers t o  agree t o  underwr i te  c r e d i t  pro- 
grams fo r  construct ion.  This  d i f f i c u l t y  i s  aggravated by the  f a c t  
t h a t  a h igh  propor t ion  o f  farmers are i n e l i g i b l e  f o r  c r e d i t  because 
of l ack  of c l e a r  land t i t l e ,  d e f a u l t  o r  c r e d i t  c e i l i n g s .  To solve t t e  
f inanc ing  problem, GOM has now decided t h a t  the  co~nrnuni ty water- 
courses and f i e l d  channels w i l l  be constructed t o  the  l a s t  survey 
number (each farmer's f i e l  d) w i t h  p u b l i c  f inanc ing  cdns t ru i -  

' 

t i o n  o f  watercourses (40 ha t o  8 ha) w i l l  be done by I D  a t  p r o j e c t  
expense and w i l l  be e l i g i b l e  f o r  reimbursement under t h e  A I D  loan. 

i i i . Land Devel opment : Land development works i n c l  ude 
a l l  improvements from the  e i g h t  ha o u t l e t  down t o  and i nc lud ing  on- 
farm improvements and i s  the r e s p o n s i b i l i t y  o f  AD/SC. These works 
are  being implemented i n  two stages : 

The f i r s t  stage o f  development, c a l l e d  Par t  I 
works, inc lude a1 1 comnunal i tems serv ing  more than one farm. For 
example, i r r i g a t i o n  channels w i t h  a1 i i e d  con t ro l  s t ruc tures ,  sur- 
face drainage network w i t h i n  the  o u t l e t  command and i n s t a l l a t i o n  
o f  graded bunds f o r  d i v e r t i n g  excess r u n o f f  from w i t h i n  t h e  o u t l e t  
command t o  the  na tura l  d r a i  nage system. The comnunal i r r i g a t i o n  
channels w i l l  be constructed from the  e i g h t  ha tu rnout  t o  t he  l a s t  
survey number (each farm gate).  

The Maharash t ra ' I r r i ga t i on  Act o f  1976 spec i f i es  
t h a t  the  bene f i t t ed  farmers w i l l  be responsible f o r  maintenance o f  
Pa r t  I works. I f  the comnunity i tems are n o t  p roper ly  maintained 
the I D  i s  empowered t o  ca r r y  ou t  t he  maintenance and recover the 
costs from the  i n d i v i d u a l  bene f i c i a r i es .  On qua1 i f y i n g  subprojects 
cons t ruc t ion  o f  f i e l d  channels w i l l  be s t a r t e d  n o t  l a t e r  than three 
years before completion o f  cons t ruc t ion  o f  major works and completed 
w i t h i n  f o u r  years. 

The works under Par t  I are necessary f o r  a f f e c t -  
i n g  uni form d i s t r i b u t i o n  o f  i r r i g a t i o n  water, are provided a t  pro- 
j e c t  costs, and w i l l  be e l i g i b l e  f o r  reimbursement under the  AID 
1 oan. 

The second stage o f  development c a l l e d  Par t  I 1  
works i s .  improvements on i n d i v i d u a l  farmer's f i e l  ds. Improvements 
inc lude * land shapi ng/ l  eve1 i ng based on topographic consi derat ions , 
on-farm d i s t r i b u t i o n  channels, water con t ro l  s t ruc tu res  and bunding. 
As per t h e  tiOM reso lu t i on  No. ADP 1080/222/51 dated May 26, 1980, a 
farmer des i r i ng  iniplementation o f  Pa r t  I 1  works s h a l l  have t o  g ive 
h i s  consent w i t h i n  a pe r iod  o f  th ree  months from t h e  date o f  comple- 
t i o n  o f  Par t  I works i n  h i s  f i e l d / o u t l e t  comnand. This  s tep has 
been necessitated t o  r e s t r i c t  t he  land development (Par t  I and 11) 



period to  ab lout four t o five years and to  enable the SC f ie ld  unlts 
to  move into the further areas. Farmers who do not consent to  Part 
I1 works during the "preferred time" will have more diff icul ty  in 
completing th i s  works a t  a l a t e r  date since the f ie ld units would 
have moved from the area. The Part I1 works wi 11 be financed by 
GOM and the recovery mechanism to recover the costs from the bene- 
f ic ia r ies  will be worked out by GOM a t  a l a t e r  date. 

Reasonill~le v t i  1 ization o f  water can he achieved 
only i f  f ie lds  are suitably prepured. Uneven land rcsul ts  i n  low 
irrigation application efficiency and substantially reduces average 
yields because of dry or wet spots thus decreasing efficiency of 
f e r t i l i z e r ,  pesticide applications and ti 11 age effor ts .  Level -bed 
irrigation i s  satisfactory under some conditions, e.g. for rice or 
fo r  very small f ie lds  b u t  requires precision leveling to  1.5 cm 
tolerance. Gradi ng 1 and to  appropriate slopes enhances drainage of 
monsoon rainwater and does rot require t h a t  levels be as precisely 
controlled as for  level-bed i r r igat ion,  thus saving costs and in- 
creasing the 1 i kel i hood of more ef f ic ien t  operation. 

Recently ADISC prepared draf t  instructions ( L D  
instruction) for design and construction of comnunal channels and 
land development on individual farms. These have been reviewed by 
USAID and found satisfactory. 

For qua1 ifying subprojects,watercourses, f ie ld  
channels and drains will be constructed to  proper grade and pro- 
vided with turnouts and check structures in accordance w i t h  L D  
instruction. Minors shall provide not less  than 0.1 5 m operating 
head t o  watercourse out lets  and watercourses shall provide not less  
than 0.15 m t o  f i e l  d channels. Fie1 d channels shall be located 
and designed so that  service operating water level i s  not less  than 
0.15 m higher than the highest point of the f i e l  ds t o  be served. 
Gates and standing wave flumes or other measuring devices shall be 
installed a t  a1 1 outlets serving watercourses and f ie ld  channels. 
All channels in f i l l  will be ful ly  compacted a t  optimal moisture 
t o  standard GOMIID speci fications for earthwork. 

A t  the time minors, watercourses and f i e l  d 
channels are being planned for any chak and prior to construction, 
ID and AD subdivision of f ic ia l s  will assemble and meet concerned 
farmers explaining the plans for  locating and constructing these 
channels and will consider their  views on location and construction, 
within technical 1 imitations. Commonly, a t  present, grass stabil  i - 
zation i s  installed i n  watercourses and f i e ld  channels. These 
techniques appear promising a t  least  for  black cotton so i l s  (BCS) 
but there may be better alternatives including simply more inten- 



s ive  nlaintenance and/or the  devel opnlcnt o f  d i  tch- formi  ng equ lpment 
(v  shaped dray d i  tcher  scrapers, f o r  example). r i e l d  channel con- 
s t r u c t i o n  and operat ion i s  being studied a t  several loca t ions  (Maha- 
tma Phule Un ivers i ty ,  and p i l o t  p ro jec ts  i n  Jayakwadi, Bhime, Mula, 
Girna and Kukdi i r r i g a t i o n  p r o j e c t s *  There i s  an oppor tun i ty  t o  
improve s i g n i f i c a n t l y  the design o f  small channel s t ruc tures .  Much 
has been done i n  t h i s  f i e l d  which needs t o  be reviewed and eval -  
uated. Underground p ipe could be a s u b s t i t u t e  f o r  small channel 
1 in ing .  GOMIID, AD w i  11 compile and evaluate ex i  s t i n g  in fo rmat ion  
regarding these techniques under study a t  var ious i n s t i t u t i o n s ,  
inc lud ing  d i t c h  forming implements. 

As p a r t  o f  i t s  qual i t y  con t ro l  program on qual i f y -  
i n g  subprojects, G O M I I D  w i t h  AD assistance w i l l  monitor the adequacy 
o f  watercourse and f i e l d  channel design and.cons t ruc t ion  f o r  sample 
chaks chosen a t  random hut  c o n s t i t u t i n g  no t  l e s s  than 10 percent o f  
a l l  chaks i n  a subproject.  Review w i l l  i nc lude grade and cross sec- 
t i o n ,  s t ruc tures  such as o u t l e t  gates, l l~easuring devices, turnouts 
and drop, compaction o f  earthworks, and e leva t i on  r e l a t i v e  t o  sub- 
s i d i a r y  channels and f i e l d s  t o  he served. These reviews w i l l  be 
monitored by the CWCIAC and suninlarized i n  t h e i r  progress repor ts .  

A t  l e a s t  one o f  the  f i r s t  f i v e  chaks completed i n  
each subproject w i l l  be n~ot i i tored dur inq the  f i r s t  three months 
a f t e r  wa te rco~rse  and/or f i e l d  channel cons t ruc t ion  are star ted.  Any 
necessary remedial ac t i on  w i l l  be taken immediately. An i n i t i a l  
progress r e p o r t  w i l l  be Q i  l e d  w i t h  the  Appraisal Committee w i t h i n  
s i x  months. 

I n  heavy s o i l s ,  e s p e c i a l l y  BCS, land i s  o f ten  l e f t  
fa1 low dur ing monsoon because o f  d i f f i c u l t y  i n  ti 11 age. G O I I I C A R ,  
Coordinated Research Program on Semi -A r i  d  Lands and ICRISAT have 
developed techniques f o r  managing k h a r i f  crops on these so i  1s which 
promise s i g n i f i c a n t  economic rewards. These were developed f o r  
ra in fed  condi t ions hu t  should be appl i c a b l e  under seasonal r a i n f e d  
cum i r r i q a t c d  syst.cnis. P i l o t  s tut l ics t o  t e s t  t h i s  system f o r  a p p l i -  
(:I\ talon on M I  1's ~ r t ~ l ~ t .  Mil t l t l t ~ t l ~ i h t r i ~  so I 1 ii11d 1:l i111i1 t i  c: (:ondl t l o n s  w i  11. 
1~ i111p1 OIIICI~ 1 . ~ 1  11 s j ) t l r *  I; o I' fell(! W i l  l:(jrq Mil t~ f i ! l ( !~~ l ( ' t~  t I I I I ~ I ' C ) V C ~ I ~ ~  t Progran~ 
supported under ttrc pro;ic!c: t. 

i v .  Water A l l o c a t i o n  and Rotat ion: Water a l l o c a t i o n  
and r o t a t i o n  i s  governed by the  ~aharasht- r igat ion Act o f  1976. 
The Act i s  tqui te-deta i led and deals w i t h  the funct ions and powers 
o f  canal o f f i c e r s ,  cons t ruc t ion  and maintenance, f i e l d  channels, 
land acqu is i t i on ,  sanct ion o f  water app l ica t ions ,  water ra tes ,  and 
a1 1 manner o f  ru les ,  prov is ions,  pena l t ies ,  e t c ,  concerned w i t h  the 
use and conservat ion o f  i r r i g a t i o n  water by i nd i v idua l  s  and organ- 



Unlike northern India, where water rights go with 
the land or are compulsory for paddy as in Andhra Pradesh and Tamil 
Nadu, irr igation i s  optionai within the comnmd and i s  sanctioned by 
the Irrigation Department based on applications made by farmers for 
seasonal as well as annual crops. The Act also provides for long- 
term sanctions for  perennial s ,  horticultural and othcr garden "blocks". 

During the monsoon season every rxccutivcl Engineer 
in charge of management of an irrigation systerli prepares a preliminary 
irrigation program for each irrigation project under his control. 
This program i s  intended to ful ly  u t i l i ze  stored water t a k i n g  into 
account river gains, which usually provide most of the kharif water 
and often some rabi crop irrigation requirements. After preparation 
of the preliminary irrigation program, i f  available water and canal 
capacities can accommodate sanctions in addition to  1 ong-term block 
commitments, public notices are issued calling for applications for 
temporary seasonal sanctions. I f  deniand fur seasonal sanctions exceeds 
availabil i ty ,  area sanctioncvl i s  dct.cnlllric!rl on a pro-ra tn I)asis or by 
arawing lo ts .  

The system of allocqtion under the Act alonq w i t h  
i t s  implementation through formal ro t a~ lons  procedures i s  called the 
!IShejapali1l system in contrast to the Wardbundi system of northern 
India under which water i s  allocated in proportion to land holdings. 
Based on sanctioned applications water requirements fop each rotation 
for each canal subdivision are calculated and distributed among the 
various sections. The sect.ion off icer  divides the quota artlonq the 
various canal inspectors who are responsible for distribution to  dis- 
tr ibutaries and outlets.  Normally rotations are 14 days b u t  th is  i s  
being varied i n  some commands with perennial crops receiving hater 
each rotation and seasonal s on a1 ternate ones. Under the Shejapali 
system i t  i s  assumed that a one cusec (28 l i te r / sec)  stream a t  the 
distributary head will provide four acre inches per acre (10 cm i r r i -  
gation) a t  the farm gate. This assumes an average loss rate of 33 
percent from the distributary head to  the farm gate. The above 1 2/ 
assumptions provide the basis for  individual timings on f ie ld  channels. 
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For  a 10 CIII ( 4 -  inch) i r.ralclt~t i t ~  ( ~ P I  h) C I  ~ ' , I ~ I I I ( ! ~  i rsriqdti f ig  I .!) h i ~  
(3.75 acres) would receive tile strca~u for 15 hours then the stream 
would pass to the next i r r iga tor  and so on until a l l  i r r igators  are 
served a t  which time the outlet  i s  closed until the next rotation, 
Rotation t o  out lets  on minors i s  similar. For example, a 0.14 cumec 
( 5  c fs )  minor could provide water to five 28/1iter/sec out lets  a t  a 
time but may serve two or three times that many during a rotation 
period. As rotation i s  completed a t  one out let ,  i t  i s  closed and 
another one opened. This process i s  continued until a l l  the sub- 
scribing f ie lds  have been served. 



Based on sanct ioned a l l o c a t i o n s ,  t h e  Canal 
I nspec to r  i n  charge prepares a schedule f o r  each o u t l e t  g i v i n g  the  
da te  and t i m i n g  f o r  each i n d i v i d u a l ' s  t u r n .  Th i s  i n fo rma t i on  i s  
g iven  t o  sanct ion ho lders  a t  a  meet ing convened by the  Inspec to r  
under t h e  Shedpal 1  system, u n l i k e  t h e  warabupdi sy  Bern f 
i f  t h e  i r r i g a t i o n  supply i s  i n t e r r u p t e d  t h e  i n d i v i d u a l  f r r k r t o r s  
do n o t  miss t h e i r  t u rn ,  b u t  i t  i s  delayed. 

The Maharashtra Ac t  prov ides wide scope f o r  
farmers t o  take over  managemnet and d i s t r i b u t i o n  o f  water  a t  some 
l e v e l .  Where a s u i t a b l e  measuring dev ice e x i s t s  and where occupiers  
o f  51 percent  o f  t h e  l and  o r  51 percen t  o f  t he  ho lders  o f  lands t o  
which water  has been sanct ioned agree, water may be taken on a vo lu -  
m e t r i c  bas is  and adni in istered by a Water Cormr~ittee c o n s i s t i n g  o f  a  
Sec t iona l  O f f i c e r  o r  nonlinee and f o u r  persons appointed by t he  
ho lders  o f  t he  lands so sanct ioned. The Water Committee rece ives 
t h e  measured water and insures  i t s  p roper  apportionment; rece ives  
and enqui res i n t o  complaints regard ing  d i s t r i b u t i o n  o f  water  and 
at tempts t o  s e t  them r i g h t ;  makes a l l  e f f o r t s  t o  p reven t  unauthor- 
i z e d  use o f  waste o f  water; a s s i s t s  t h e  canal o f f i c e r  i n  h i s  d u t i e s  
and i n  d e t e c t i n g  unauthor ized use o f  water;  and insures  t h a t  o n l y  
sanct ioned crops and areas a re  brought under i r r i g a t i o n .  I n  addi -  
t i o n  under p rov i s i ons  o f  t he  i r r i g a t i o n  ac t ,  where canals  serv ing  
200 hectares o r  l e s s  a d r a f t  scheme f o r  handlng over  t he  manage- 
ment o f  t he  canal and d i s t r i b u t i o n  o f  water t o  a  Water Committee 
may be developed by the  app rop r i a te  a u t h o r i t y  ( ID ) .  The Ac t  spec i -  
f i e s  t he  con ten t  o f  t he  d r a f t  scheme and d u t i e s  o f  t he  Committee. 
The d r a f t  scheme i s  publ ished i n  t h e  O f f i c i a l  Gazette. Object ions 
and suggestions may be f i l e d  w i t h i n  t h r e e  month: and a f t e r  making due 
i n q u i r i e s  t he  appropr ia te  a u t h o r i t y  may sanc t ion  t he  d r a f t  scheme 
w i t h  o r  w i thou t '  m o d i f i c a t i o n  o r  r d e c t -  it. 

v. A ~ i c u l  t u r a l  Water Management Stud ies:  
nianaaement s tud ies  c o n s % t o f s > l v i e r a 7  sub-studies w i r l  
t i a t e d  i n  th ree  e x i s t i n g  MIPS. The s tud ies  w i l l  i nc lude ,  
be l i m i t e d  t o :  

Water 
be i n i -  
bu t  n o t  

( 1 )  Measurement o f  water d e l i v e r y  and 
a p p l i c a t i o n  losses i n  t h ree  rep resen ta t i ve  chaks a t  head, 
and t a i l  reaches froni canal headworks i n  each M I P .  Water 
measurements w i l l  be made us ing  c a l i b r a t e d  w e i r  o r  measur 
f lume under opera t ing  cond i t i ons  ; 

f i e l d  
m i  dd l  e  
1  oss 
i ng 

( 2 )  Obta in ing  survey i n f o r l i ~ a t i o n  on c ropp ing  
pa t t e rns  and cropping i r r i g a t i o n  i n t e n s i t y  ; 

( 3 )  Compile and eva lua te  a v a i l  ab le  i n fo rma t i on  



on a l t e r n a t i v e  designs, operat ion and ~iiaintenance o f  small structures., 
,watercoursb~ and f i e 1  d channel s  i nc lud ing  methods o f  s t a b i l  i r i n g  and 
reducing seepage and operat ional  losses such as 1 i n i n g  , underground 
p ipe and o ther  s t ruc tures ;  and 

( 4 )  Eva1 uate the cur ren t  i r r i g a t i o n  app l i ca t i on  
process, the  Shejpal i system of water d i s t r i b u t i o n  inc lud ing  the 
e f f e c t  on equ i t y  of d i s t r i b u t i o n  among d i f f e r e n t  farmer s i ze  groups 
and the organizat ion and effectiveness o f  farnier water committees 
funct ioning i n  the study MIPs. 

The r e s u l t s  of the  above s t u d ~ e s ,  along w i t h  the 
resu l t s  o f  the studies c a r r i e d  ou t  f o r  canal seepage loss  predic-  
t i o n s  (See Sec 82 d)  and groundwater u t i l i z a t i o n  (see Sec 82 h) , w i l l  
provide in fo rmat ion  t o  develop reconimendations f o r  improving the 
design and u t i l i z a t i o n  o f  t he  MIPs being planned and/or constructed 
i n  Maharashtra. It i s  an t i c i pa ted  tha t  some of thc rccomn~endntions 
wf 11 requl r e  t e s t i n g  oli ,I 1)l l o t  i ~ s  1 s 11vfor.c I I V  i rlcl ,1!y11 i c d  L o  M I  1'1; 
I n  general . Exany1 es o f  reconl~ncndations that  m y  hc developed cou ld  
Include: 

(1 )  Procedures f o r  improving the  e f f i c i e n c y  and 
equ i t y  o f  d i s t r i b u t i o n  a t  system and farm l e v e l  and f o r  considerat ion 
o f  water a1 l o c a t i o n  procedures favor i  ny small and marginal farmers. 

( 2 )  Procedures f o r  mainta in ing and operat ing 
por t ions  o f  the  i r r i g a t i o n  system u t i l i z i n g  farmer organizat ions.  
Variables w i  11 inc lude several l e v e l s  o f  farmer organizat ional  res-  
p o n s i b i l i t y  i n  r e l a t i o n  t o  G O I / I D  and poss ib ly  d i f f e r e n t  organiza- 
t i o n a l  arrangements. Various s izes o f  physical  con t ro l  by the 
farmer organizat ions such as the operat ion and/or maintenance o f  
e i g h t  ha blocks, 40 ha blocks and minor l e v e l  u n i t s  w i l l  be consi-  
dered. Considerat ion w i l l  a l so  be g iven t o  poss ib le  contractual  
arrangements w i t h  fanner organizat ions f o r  purchasing and de l i ve r -  
i n g  water on a volumetr ic  basis  as provided under Chapter 111 of 
the Maharashtra I r r i q a t i o n  Act of 1976. 

( 3 )  Ways arid rllt:aris o f  i nc reas i  rig the  u t i  1  i z d t i o n  
o f  k h a r i f  i r r i g a t i o n  and f o r  t e s t i n q  economical low investment low 
r i s k  k h a r i f  crops. 

The various sets o f  recommendations r e s u l t i n g  
from the above studies w i l l  be tes ted  on a p i l o t  basis  on the 
selected three e x i s t i n g  MJPs. I t  i s  an t i c i pa ted  t h a t  the i n i t i a l  
recommendations could hegin t o  he tes ted  dur ing the second year of 
t he  p r o j e c t  and cont inue t o  be evaluated and ref ined throughout the 
remaining p r o j e c t  per iod.  Based on r e s u l t s  o f  t h e  p i l o t  s tudies,  



the most promi s ing approaches w i l l  be imp1 emented on qua1 i f y i n g  pro- 
j e c t s  dur ing the remaining per iod  o f  the  p r o j e c t  agreement. 
The design o f  por t ions  o f  the above studies would b e n e f i t  from a s s i s t -  
ance o f  an i n t e r n a t i o n a l l y  qua! i f i e d  soc ia l  s c i e n t i  s t  and water 
manasement special  i s t  w i t h  experience i n  i r r i g a t i o n  water user organ- 

above studies, i za t jons .  AID w i l l  support, w i t h  g rant  funding, the 
requi red exper t ise,  and t r a i n i n g  f o r  o f f i c e r s  i n  agr 
managemnet who w i  11 be rlesponsi b l  e f o r  imp1 ementi ng 
management i n  subprojects. 

f. Drainage, W a t e r l o g g i a - ~ n d  Sal i n i  ty_ 

Surface drainage f a c i  1 t i e s  capable o f  
surface water from i n d i v i d u a l  f i e l d s  and del  i v e r i n g  

c u l t u r a l  water 
niproved water 

removing excess 
t i n t o  na tura l  

drainage channels w i l l  be provided. The f a c i l i t i e s  w i l l  be such t h a t  
a l l  r a i n f a l l  arid excess i r r i g a t i o n  water i s  r e a d i l y  removed and does 
not  stand stagnant i n  any undrained area. Natura l  drainage channels 
w i l l  be c leared and br idges and c u l v e r t s  provided so t h a t  surface 
i n f r a s t r u c t u r e  such as rai lways, roads and canals do no t  impede dra in -  
age. F i e l d  and c o l l e c t o r  dra ins w i l l  be s ized t o  remove r a i n f a l l  i n -  
t ens i  t i e s  o f  f i v e  years recurrence i n t e r v a l  s occur r ing  simultaneously 
w i t h  i r r i g a t i o n  r a p i d l y  enough t o  avo id  crop damage. 

GOM/ID (DIRD) makes semi-annual f i e l d  surveys o f  
water logging and sal  i n i  t y  on major i r r i g a t i o n  pro jec ts .  These show 
t h a t  about s i x  percent o f  the i r r i g a t e d  area s u f f e r s  o r  i s  t h rea t -  
ened from some degree o f  water logginq. Proper ly  designed w r f a c e  
water drainage, inproved water d i s t r i b u t i o n  and development o f  ground- 
water on subprojects w i  11 g r e a t l y  reduce water logging h ~ r a r d .  GOM/ 
Tn w i l l  extend i t s  water logg ing  surveys t o  i nc lude  subproject MIP's. 
Where water 1 ogging hazardlldevelops remedial drainage plans w i  11 be developed 
and implemented by GOM/ID. A I D  w i l l  prov ide support f o r  f ou r  months U.S. 
t r a i n i n g  o f  two m i  d-1 eve1 drainage engl neers . 

g. S o i l  Surveys 

Soi 1 surveys prov ide important  in fo rmat ion  f o r  plann- 
i n g  land use and development o f  i r r i g a t i o n ,  avoiding water logging 
problems, deciding on cropping pat te rns  and recommending o ther  a g r i -  
c u l t u r a l  p rac t ices .  Not on ly  should they be ava i l ab le  t o  subproject 
planners bu t  they should be used more e f f e c t i v e l y .  D I R D  repor ts  t h a t  
de ta i l ed  s o i l  surveys are made f o r  a1 1 major and medium MIPS .  Exam- 
i n a t i o n  o f  design repo r t s  d i d  no t  i n d i c a t e  t h a t  these had been u t i -  
l i z e d  f u l l y .  Deta i led  s o i l  surveys conducted according t o  the recom- 
~wndat ions  o f  the Nat ional  Ijureau o f  S o i l  Survey and Land Use Plann- 
inrj, Nnqpw, w i l l  bc co~eplctcd w i t h i n  two years o f  i n i t i a t i o n  o f  
cnt is t ruct ion and p r i o r  1.0 i n i  tiil t ion o f  Par t  1 land development oper- 
d t ions  on a 1 1  ~ 1 1 h p r o . j ( ~ 1 . ~ .  ';tirv~,ys w i  11 lw I J W ~  f o r  developing re- 



vised cropping patterns, land l e v e l i n g  and grading and l o c a t i o n  o f  
dra ins.  S o i l  survey support a t  the  D i rec tora te  o f  I r r i g a t i o n  Re- 
search and Development l abo ra to r i es  i n  Pune and Nagpur w i l l  be 
strengthened by adding a s o i l  chemist (MSc l e v e l )  and upgrading 
equipment. 

G O W I D  and AD w i l l  make an organized e f f o r t  t o  compile 
in fo rmat ion  on improved u t i l i z a t i o n  o f  s o i l  surveys i n  planning and 
management o f  MIPs. Research in fo rmat ion  re la ted  t o  crop product ion 
and land management w i  11 be con~pi led mi evaluated. F f f o r t s  w i l l  he 
made t o  insure  t h a t  appl i c d  research oxpcrnin~ent.s art1 rc:latctl t o  s o i l  
types. Recomtnendations f o r  lliorc c f f o c t i v e  use o f  s o i l  surveys w i l l  
be made t o  Secretary C O M / I I I  and CWC. With in  s i x  months a f t e r  p r o j e c t  
implementation, GOM/ID i n  co l l abo ra t i on  w i t h  GOM/AD and w i t k  USAID 
review, w i l l  develop a p lan  f o r  ca r r y ing  ou t  these a c t i v i t i e s .  

AID w i l l  prov ide support f o r  s i x  months U.S. t r a i n i n g  
o f  f o u r  mid- level  s o i l  survey s c i e n t i s t s  and fo r  a s i x  week U.S. 
study t o u r  f o r  two senior  s o j l  s c i e n t i s t s  (see Sec. B3d) and a c q u i s i t i o n  
of requ i red  imported equipment and consul tant  services as may be 
needed t o  recomnend on the  labora tory  program. 

h. Groundwater Devel opment 

The State o f  Maharashtra i s  under la in by massive 
b a s a l t i c  and g r a n i t i c  rock formations. Over ly ing t h i s  substratum i s  
a zone o f  unconsolidated mater ia l  cons i s t i ng  of f rac tu red  rock o f  
var iab le  thickness. This  1 aycr, usua l l y  . i s  scvcra l  n~c te rs  o r  Illore 
i n  thickness and provides a f r ee  aqu i fe r  ( i n  cont ras t  t o  an a r tes iay  
aqu i fe r  which i s  under pressure) o f  1 .ill~i t c d  capaci t y .  tlowcvcr, t h i s  
1 i m i  t ed  a q u i f e r  does provide si!lni f i c a n  t po ten t i a l  f o r  econor~lical 
e x p l o i t a t i o n  f o r  i r r i g a t i o n  i n  MIPs. 

E x p l o i t a t i o n  o f  these aqu i fe rs  w i t h  tube we l l s  i s  no t  
possib le because o f  the low water transmission capaci ty  o f  the 
aqui fer .  I n  cont ras t ,  dug we l l s  several meters i n  diameter and up 
t o  15 - 20 meters deep are used. These y i e l d  15,000 - 20,000 m3 
annually, enough t o  i r r i g a t e  about 2 hectares o f  crops. Water may 
be pumped by mechanical means, e l e c t r i c  o r  d iese l ,  o r  by us ing an i -  
mal o r  human power. The ex ten t  o f  mechanization var ies  g rea t l y .  For 
example, more than 90 percent o f  the  w e l l s  are modernized i n  Amravati 
D i s t r i c t  (Shahanur Subproject)  wh i l e  l e s s  than 5 percent i n  Raigad 
(Hetavne subproject )  .west o f  the Ghats. 

Aqui fers are recharged p r i m a r i l y  by r a i n f a l l  and land 
development increases r a i n f a l l  recharge through increased perco la t ion .  
Deep pe rco la t i on  from reservoi rs ,  i r r i g a t i o n  canals and i r r i g a t e d  



f i e l d s  a l so  adds substantialamounts. A study by Maharashtra Ground- 
water Survey and Development Agency (MGSDA) o f  more than 100,000 
we l ls  i n  th ree  d i s t r i c t s  i n  cen t ra l  Maharashtra showed t h a t  we l l s  
i n  i r r i g a t i o n  command areas each produced about 25 percent more 
water on an average than those no t  i n  coninland areas. I n  add i t i on  
t o  increased discharge the number o f  we l l s  t h a t  can be supported i n  
i r r i g a t i o n  command areas i s  g r e a t e r B /  

Except i n  high r a i n f a l l  areas, M I P S  do n o t  prov ide 
water f o r  the  more remunerative perennia l  o r  hot  weather crops 1 i ke 
suqarcane, long s tap lc  co t ton  o r  hot-weather groundnuts. Ground- 
water which can bc uscd f o r  such cash crops provit les a very valuable 
co~~~plenlent  t o  a farnl household econonly. especially t o  the monetary 
par t .  Conjunct ive use of qroundwatcr i s  thus a powerful f a c t o r  i n  
acce lera t ing  development i n  i r r i g a t i o n  commands. F u l l  we1 1 develop.- 
ment w i t h i n  the  command area w i l l  e s s e n t i a l l y  e l im ina te  any poten- 
t i a l  water logging hazards. 

Reports o f  MGSDA v e r i f y  t h a t  e x p l o i t a t i o n  of aquifers 
e x i s t  i n  a l l  13 proposed subprojects w i t h  many we l l s  a l ready i n  
existence. Based on watershed l e v e l  groundwater balance inform- 
a t i on  furn ished l ~ y  MSSDA and f o l l o w i n g  the i  r quidel  ines, G O M I I D  have 
estimated (Tahle 6 )  t h a t  i n  the 87,000 ha CCA about 12,000 ha gross 
cropped area could IN! i r r i g a t e d  fro111 groundwater alone i f  no surface 
i r r i g a t i o n  system were b u i l t .  With the  establishment o f  MIPS t h i s  
po ten t i a l  would be ra ised t o  18,000 ha o r  21 percent o f  the  CCA. A t  
present an estimated 3,800 ha ( f o u r  percent o f  the CCA) i s  being irri 
gated w i t h  groundwater. Each we l l  could i r  i a te  about 2 ha; 0.75 ha Fd o f  sugarcane and 1 -25  ha o f  seasonal crops.- 

These estinlates are  conservat ive because they are 
i n te rpo la ted  fro111 2,verage watershed data. MIP commands are i n  the 
lower p a r t s  o f  watersheds where aqu i fe rs  w i l l  be b e t t e r  than average. 
Moreover, GOM/ID1s cst inlatcs of  t he  amount of recharge provided by 

13/ During the 1 7  years since Khelna M I P  was constructed, t he  number - 
o f  we l l s  i n  the command area increased from 144 t o  304. The 
average area i r r i g a t e d  per  we l l  increased from 0.78 ha t o  2.01 ha. 

141 This i s ,  by convention, 2.0 hectares gross cropped area. Ac tua l ly ,  - 
perennial  s must hc! irri qated a1 1 th ree  seasons ; t htrs the seasonal 
i r r i g a t e d  area wo~rld be 1.25 + 3 x '0.75 = 3.50 ha. 



TABLE 6 ESTIMATEC GROUfiDWATER DEVELOPMENT 
I N  CANDIDATE MIPS 

Cul t u r d  Planned Groundwater Estimated 
Potent i  a1 Command Surface Po ten t i a l  Present GW 
Subproject Area W/p Devel opmentg 

Uramodi 6,704 9,030 1,328 2,426 372 

Hetavne 

Dehl i 

Sonwad 

Panzan 

Khai ri 

S i  na 

Sankh 

Bor i  

Shivna 

Mun 

Shahanur 

Karwappa 
Nal l a  

Tota l  87,352 75,317 11,842 17,972 3,816 

a Gross cropped area. 
Estfmated by USAID from GOM/ID in format ion.  



i r r i g a t i o n  a re  admi t ted ly  conservat ive;  o n l y  15 percent  o f  t he  water 
de l i ve red  over the canal s i l l  w i t h  50 percent  o f  t h a t  considered r e -  
coverable o r  7.5 percent  of canal d e l i v e r i e s .  I n  i t s  Ecoriomic 
Analys is ,  I ISAID,  as does World Bank, assumed t h a t  h a l f  o f  t he  con- 
veyance end farm a p p l i c a t i o n  losses as c a l c u l a t e d  from a water budget 
would be recoverable.  

Su r fac t  water  qual  i ty (sa1 , in i t y )  i n  Maharashtra i s  
gene ra l l y  ve ry  good. Since water  i n  MIP aqui fers  i s  e s s e n t i a l l y  r e -  
cyc led  annua l l y  ground water  qua1.i iy i s  n o t  expected t o  be a problem. 
GOM/ID, however, wi 11 supply  AID w i t h  groundwater qual  i ty i n fo rma t i on  
on MIPs, showing v a r i a t i o n  over  t ime. I D / D I R D  r~ l a i n ta i ns  groundwater 
qual  i t y  and water l e v e l  surveys i n  we1 1s on new MIPs up u n t i l  f i v e  
years f o l l o w i n q  i n i t i a t i o n  o f  cons t ruc t ion .  Th i s  w l l l  he extended on 
~uhpro , iec  t s  thro~rqh th(! ctn t i r o  c l r vo lop~~~cn  I: pc r l o t l  f o r  un to  20 years 
w i  t,h MGSDA c o l  lahnr i i  t i o n  ;IS i ~ p p r o l ) r  1 8 1  l . c *  i n  a rdor  t o  ~ ) r a v i d c  I n f o r w  
i t l i o t i  mi rr!ch;~r!jo, clrouti(lwtrLvr* usc! , ~ r i t l  qunl i t y  chanqcs under canal 
i r r i g a t i o n .  In fo r l l l a t ion  011 groundwater i r r l g a t i o n ,  i n c l u d i n g  cos ts  
and re tu rns ,  w i l l  be inc luded  i n  socio-economic base l ine  surveys re -  
qu i  r e d  under the  p r o j e c t .  

I n  o rde r  t o  develop and f a c i l i t a t e  con junc t i ve  use o f  
groundwater, re f resher ,  t r a i n i n g ,  p o s s i b l y  a t  t he  S t a f f  T r a i n i n g  
Col lege, w i  11 be prov ided i n  groundwater hydrology, we1 1 hyd rau l i c s  
and economic ana l ys i s  o f  con junc t i ve  use t o  m id - leve l  o f f i c e r s  and 
o the rs  respons ib le  f o r  subpro jec t  design (See Sec. B3e). Ground- 
water balance s tud ies  w i l l  be made us ing  h i s t o r i c a l  data on ground 
and surface water use and a t  l e a s t  two years  of  a d d i t i o n a l  data 
c o l l e c t e d  a f t e r  the  p r o j e c t ' s  implementat ion on a t  l e a s t  e x i s t i n g  
NIPS, one of each i n  the low, medium and h igh  r a i n f a l l  zones. A 
r e p o r t  f o r  use i n  p lann ing  and eva lua t i ng  con junc t i ve  use w i l l  be 
prepared and d i s t r i b u t e d  w i t h  copies t o  USAID no t  l a t e r  than 27 
months a f t e r  the  p r o j e c t  agreement i s  signed. Th i s  r e p o r t  w i l l  be 
reviewed d u r i  nq mid-tern1 p r o j e c t  eva lua t ion .  

Denlonstri l t ions o f  con junc t i ve  use o f  groundwater w i l l  
be implemented on q u a l i f y i n g  MIPs by the  (;OM/ID w i t h  the  ass is tance 
o f  MGSDA. Th is  may be done on fa rmer 's  f i e l d s u t i l i z i n g  e x i s t i n g  
we l l s ,  i f  any, on GOM demonstrat ion farms, o r  as spec ia l  demonstra- 
t i o n .  In fo rmat ion  on developnmt o f  groundwater i n c l u d i n g  techn ica l  
i n f o rma t i on  and f i nanc ing  w i l l  be developed and made a v a i l a b l e  t o  
farmers , ag r i cu l  t u r a l  o f f i c e r s  and extens ion sub jec t  ma t te r  s p e c i a l i s t s  
i n  qual  i f y i n g  subpro ject  areas. GOIIGOM prov ides subs id ies  o f  25 
percen t  of  the costs  o f  w e l l s  and w e l l  equiprient t o  small and mar- 
g i n a l  farmers. Th is  i s  increased t o  50 percen t  f o r  we1 1s developed 
j o i n t l y  by a group o f  farmers. AID w i l l  support  U.S. t r a i n i n g  f o r  
m id - leve l  o r  sen io r  o f f i c e r s  i n  con junc t i ve  use o f  water  (See Sec B3d). 



3. Water Management Iniprovenient Program 

a. General : 

The technical  analyses f o r  t h i s  p r o j e c t  i d e n t i f i e d  a 
number o f  areas where c r i t i c a l  in fo rmat ion  needed f o r  improved 
management o f  M I P S  was no t  ava i lab le .  Where p t *ac t ica l ,  the p r o j e c t  
w i l l  i n i t i a t e  c o l l ~ c t i o n  o f  t h i s  in for l l la t ion.  F ~ I I C I I  of I l ~ i r ,  , ~ c t i v i I y  
w i  11 rcr lui  r c  f i c  1 d s t u c l i t ! ~ .  'Ttlclse can be dcvc l o l ~ l c l  (1s c l (~~~ to~ is  l.rd li uri 
u n i t s  i n  most cases. ' 

Several o ther  ne&ds,par t icu lar ly  t ra in ing ,  were a l so  
' ident j f fed; '  These studies i n d  a c t i v i t i e s  w i l l  be in tegra ted  admin- 
i s t r a t i v e l y  under a "Wate: Management Improvement Program". GOM/ID/ 
PPC w i l l  e s t a b l i s h  a special  c e l l  who w i l l  he responsible f o r  t h i s  
work and prov ide personnel and o ther  resources necessary f o r  i t s  
adminis t rat ion.  I n  many cases, the  work w i l l  be ca r r i ed  ou t  by 
o ther  e n t i t i e s  i nc lud ing  AD agencies. The adn l in is t ra t i ve  u n i t  w i l l  
be responsible f o r  f i n a l i z i n g  plans i n  consu l ta t i on  w i t h  USAID, G O I /  
I r r i g a t i o n ,  GOM/ID and AD o f f i c i a l s ,  f o r  n ia inta in ing schedules and 
f o r  expedi t ing the work. 

b. F i e l d  Studies: 

F i e l d  s tudies and demonstration may be c a r r i e d  c u t  on 
e x i s t i n g  MIPs,  p a r t i c i p a t i n g  subprojects o r  elsewhere. Studies 
tdent f f ied  i n  previous sect ions o f  t h i s  Chapter and Chapter I t o  be 
c a r r i e d  out  on e x i s t i n g  MIPs include: 

Seepage loss  s tud ies  (Sec. B 2d). 

A g r i c u l t u r a l  Water Management Studies (Sec B 2e.v. ) 

Groundwater u t i  1  i za t ion  and water balance s tud ies  
(Sec. B 2h). 

U t i l i z a t i o n  of ICAR/ICRISAT improved k h a r i f  
cropping techniques (Scc. 11 2c. i v )  . 
Rcasons f o r  apparent low u t i l  i za t i o r i  o f  k h a r i f  
i r r i g a t i o n  p o t e n t i a l  (Sec 13 %b o f  t h i s  chapter 
and Sec. F of Chapter I )  and 

Hydrological /c1 imato l  og i ca l  and rese rvo i r  
operat ion studies (Sec. B 2c i i i ) .  



These s tud ies  a re  somewhat interdependent and l o g i s t i c  
and a d m i n i s t r a t i v e  support  would be simp1 i f i e d  i f  they  were con- 
ducted on t he  same s i t e s .  I n s o f a r  as poss ib l e  G O M I I D  i n  consul t a t i o n  
w i t h  USAID w i  11 s e l e c t  t h ree  rep resen ta t i ve  MIPs f o r  conduct ing 
these s tud ies .  

C o r r e l a t i o n  o f  hydraul  i c  c o n d u c t i v i t y  and canal seepage 
l o s s  r a t e s  (Sec. B 2d) may be done wherever seepage l o s s  measure- 
ments have been made. In format ion concerning s i m i l a r  s tud ies ,  i f  
any, be ing c a r r i e d  ou t  on t he  CAD p r o j e c t s  i n  Maharashtra should be 
compiled and taken i n t o  account when des ign ing and c a r r y i n g  o u t  t he  
above s tud ies .  

I n  at ld i  t i  o r 1  1:o 1.t11: ahovc! s t ud ios  , th1r f o l  lowing more 
genera l ized s tud ies  w i l l  he carried o u t  hascd on s ta tewide o r  p ro -  
j e c t  s i t e  s p e c i f i c  data o the r  than the  t h ree  se lected e x i s t i n g  MIPs: 

( 1 )  Improved u t i l i z a t i o n  o f  s o i l  surveys (Chapter 6 Sec 
A4 i ) .  

( 2 )  Socio-economic base l i ne  s tud ies  on some o f  the  MIPs 
t o  be implemented under t h i s  p r o j e c t  ( P r o j e c t  Paper 
Sec V I I  B 2) .  

( 3 )  Economic ana l ys i s  o f  l a b o r  use i n  cons t ruc t i on  and 
o p t i m i z a t i o n  o f  subpro jec ts  (Chapter 1  Sec F) 

( 4 )  A l t e r t ~ a t i v e  water a l l o c a t i o n  s tud ies  (Se.c B 2 c . i i i )  

The above l i s t  o f  t e n  s tud ies  i s  no t  necessa r i l y  a l l  i n -  
c l us i ve .  As e x i s t i n g  i n fo rma t i on  i s  compi led and scopes o f  work 
a re  prepared on the  above i d e n t i f i e d  t en  s tud ies ,  some may be modi- 
f i e d  o r  addi  t i o n a  l qucst ions r a i s e d  t h a t  w i l l  r e q u i r e  expanding t he  
number o f  s tud ies .  

c *  U.S. T ra in i ns :  

U.S. t r a i n i n g  i s  prov ided f o r  t h e  f o l l o w i n g :  

( 1  ) 2 m id - leve l  o f f i c e r s  t o  s tudy seepage l o s s  and l i n i n g  
niethodology f o r  f o u r  months (Sec. B 2d). 

( 7 )  15 n l i d - l ~ v c l  o f f i c e r s  i n  a q r i c r ~ l t ~ ~ r n l  water mannqr-  
I I I ~ ~ ~ I  l. l or  !,hrcv nlon ths  (Scc: I: ;!e) . 

( 3 )  6 sen io r  o f f i c e r s  f o r  s i x  weeks i n  i r r i g a t i o n  systems 
management and opera t ions  (Sec. B 2e v) 



I 
( 4 )  , 5  mid-level o r  sen ior  o f f l c e r s  i n  cori.junctivc ground- 

water developreen t f o r  three 1110nths (Scc Ll 2h). 

( 5 )  2 mid- level engineers i n  rese rvo i r  operat ion studies 
f o r  three months (Sec B 2h) .  

( 6 )  4 mid- level s o i l  survey o r  s c i e n t i s t s ,  f o r  s i x  months 
(sec B 29) 

( 7 )  2 drainage engineers f o r  s i x  months (Sec B 2 f )  

(8) 2 Senior s o i l  s c i e n t i s t s  f o r  s i x  weeks (Sec B 29) 

( 9 )  6 mid- level o f f i c e r s  i n  economic analys is  f o r  three 
months (Chapter I Sec E ) .  

(10) 30 j u n i o r  and mid- level  o f f i ce rs  and one senior  o f f i c e r  
i n  water resources systems ana lys is  and management (Sec B4).  

d. Incountry Tra in ing  and Workshops 

Workshops f o r  i n -se rv i ce  trainincr , inc lud ing  d i sse r~~ ina t i on  
o f  in forn lat ion from the s tud ies  being c a r r i e d  ou t  under the p r o j e c t  w i l l  
be provided as needed. The f o l l o w i n g  are t e n t a t i v e l y  suggested, f o r  plann- 
i n g  purposes. F ina l  plans and d e t a i l s  w i l l  be worked out  by GOI/GOM and 
USAID. 

(1) A g r i c u l t u r a l  Water Management - three - two weeks each. 

(2) Design and Construct ion o f  Small Channels and Structures - 
two - two weeks each. 

( 3 )  U t i l i z a t i o n  o f  S o i l  Surveys - two - one week each. 

(4) Workshop on Economic Analys is  - one - f o u r  weeks. 

(5) Groundwater hydrology and con junc t ive  use - one - two weeks. 



e. Planning: 

Scope and ob jec t ives  o f  s tudies and o ther  a c t i v i t i e s  have 
been def ined i n  the p r o j e c t  paper and i t s  appendices, I n  some 
cases, s  e c i f i c  plans and methodology need e laborat ion.  GOM/ID w i t h  
USAID co ! labora t i on  w i  11 develop appropr iate plans and method01 ogies, 
Consult ing assistance fo r  p lanning w i  11 be provided as needed. Where 
appropr iate contracts w i t h  o r  grants t o  appropr iate co l l abo ra t i ng  
Ind ian  u n i v e r s i t i e s  may hs negotiated. 

f. Reporting: 

Studies are  useless unless t h e i r  f i nd ings  are u t i l i z e d .  The 
ID/PPC specia l  c e l l  f o r  coord ina t ing  the studies w i l l  have the responsi- 
h i  1 i t y  t o  promptly repo r t  f i nd lnqs  and rccommendatlons t o  the Secretary 
G O M I I D  w i t h  copics t.o CWC and USAID. The approxlmnte schedules f o r  the 
various studies are o u t l i n e d  i n  previous sect ions o f  t h i s  Chapter. I n  
general i t  i s  planned t h a t  the studies be completed and the r e s u l t s  
publ ished p r i o r  t o  the mid-term review (30 months from the s ign ing  date 
o f  the Agreement) o f  the p ro jec t .  The recommendations from the studies 
w i l l  be used t o  implement p i l o t  demonstration at id- test ing programs on the 
three e x i s t i n g  MIPs t h a t  have been studied. I n  addl t i o n ,  those recommend- 
a t ions  t h a t  are implementable on the new MIPs can be incorporated p r i o r  t o  
the f i r s t  de l i ve ry  o f  water which w i l l  n o t  take p lace u n t i l  approximately 
the f o u r t h  year o f  p r o j e c t  implementation. 



A I D  w i l l  support 100 percent o f  the  cos t  o f  a c t i v i t i e s  
under the Water Management Improvement Program using grant  funds 
i nc lud ing  costs o f  1 i a i s o n  and coordinat ion,  incountry  t ra in ing ,  
U.S. t r a in ing ,  needed equipment, i n t e r n a t i o n a l  consultants , and 
o ther  fo re ign  exchange and host country expenses. Sec, V C o f  the 
P ro jec t  Paper presents a representat ive budqet f o r  the i tems i n c l u -  
ded i n  the Water Management Improvement Progranl. 

4. T ra in ing  f o r  Water Resources Systems Analysis and 
Management 

a. Background: 

Coherence, i .e. the s t rength  o f  the  l inkage network add- 
i n g  i n t e g r i t y  t o  USAID's i r r i g a t i o n  sec tor  s t ra tegy  i s  enhanced 
through support of i n t e g r a t i v e  e f fo r t s  i n  technology developnlent 
a t  i n t e r s t a t e  o r  na t iona l  l e v e l  such as represented by t he  proposed 
Water Management and T ra in ing  Pro jec t .  Development o f  the Narmada 
Peninsula, I n d i a ' s  l a r g e s t  westward f low ing r i v e r ,  concerns and 
benef i ts  exac t l y  the four cons t i tuent  s ta tes  i n  IJSAID's i r r i g a t i o n  
strategy: Rajasthan, Gujarat  , Maharas h t r a  and Madhya Pradesh. 

Narmada r i s e s  i n  the Maikala range i n  eastern Madhya 
Pradesh a t  an e leva t i on  of about 900 m. I t s  drainage basin covers 
an area o f  about 98,000 sq. km. i n  the  th ree  s ta tes  of Madhya 
Pradesh, Maharashtra and Gujarat. A f t e r  f l ow ing  through Madhya 
Pradesh fo r  approximately 1,077 km, the r i v e r  forms the b0undar.y 
between Maharashtra and Gujarat  f o r  74 km and then flows fo r  161 km 
through Gujarat before d ischarging i n t o  the Gu l f  of Cambay. 

The average annual f low of Narmada i s  about 41 b i l l  i o n  cu. 
meters, g rea ter  than the  combined average annual f lows o f  the major 
r i v e r s  feeding the Great Indus Basin system i n  Punjab, Haryana and 
Rajasthan. Ninety-two percent o f  the annual f l ow  occurs dur ing the 
monsoon ( k h a r i f )  season, about 5 percent i n  the r a b i  and 3 percent 
I n  the ho t  weather. The year t o  year  v a r i a b i l i t y  i s  a lso  q u i t e  
considerable; the  30 year  record o f  annual strean1 flows (1949-79) 
measured a t  Garudeshwar i n  Cujarat  show a range fro111 10.152 t o  
63.486 MAFlyear . 

Because the  r i p a r i a n  States cou ld  n o t  agree on the sharing 
of t he  Narmada waters, the  r i v e r  basin remained fo r  a long t ime 
l a r g e l y  underdeveloped f o r  i r r i g a t i o n ,  power generat ion and f lood 



3, 

1 con t ro l .  I n  October 1968, the Government o f  I nd ia  cons t i tu ted  the 
Pi Narmada Water Disputes Act o f  1956. The 1 i t i g a t i o n  la:,ted approxi- 

7 * 
?r mately ten years and culminated w i t h  a se t  o f  Tr ibunal  decis ions i n  

August 1978 fo l lowed by the  f i n a l  award i n  December 1979. 
4- 

i 
J. 
+ Current ly  t h i r t y  major p ro jec ts  are  contemplated f o r  
3 
-A . the development ;?in' the Narmada Basin i n  Madhya Pradesh and Bujarat ,  
- ten  on the main stem o f  Namada (n ine i n  Madhya Pradesh and one i n  
2 
-E, 

Gujarat) ,  f i v e  i n  the r i g h t  bank T r i bu ta r i es  and f i f t e e n  on the 
4 southern e f f luents .  
-.. :I 
3~ Together the  p ro jec ts  envisage i r r i g a t i o n  of about 5.0 
? 
-A m i l l i o n  hectares, spread more o r  less  equal ly  between Madhya Pradesh 
J 

- 4  
and Gujarat and have a t o t a l  i n s t a l  l e d  power generating capaci ty a f ke r  

3t f u l l  development o f  over 3,000 MW. I n  add i t ion,  const ruct ion and 
-* in tegrated operat ion o f  t h i s  chain o f  reservo i rs  i s  l i k e l y  t o  r e s u l t  

-3 i n  saving la rge  areas i n  Broach D i s t r i c t  i n  Gujarat  from f l ood  havoc 
which i s  almost an annual feature.  Negotiatiorrs f o r  World Bank 

2 
3 

4 assistance on major works i s  we l l  along. 
-=I 

2 
- -> 

Development o f  Narmada i s  planned cen t ra l  l y  by a 
7 

special  Planning and Program Ce l l  se t  up i n  GOI/Ministry o f  I r r i g a t i o n .  
4 

T Construct ion o f  works w i l l  be by concerned states. Other responsi- 
2 
-I, 

b i ?  i t i e s  w i  11 be a1 1 ocated among s ta tes  as appropriate. Overal l  
3' -* 

-3 -" - 
responsi b i  1 i t y  f o r  insur ing  operat ion according t o  the Tr ibunal  ' s  

-- 
-3 

decisions are vested i n  a newly created Narmada Control Author i ty .  
3 

-dl 
Successful p lanning and e f f i c i e n t  operat ion o f  Narmada w i  11 requ i re  

a h igh l y  sophist icated system analys is  and management techniques. t' 
3 b. T ra in ing  Requi rements: 

1* 
-3 -. a 
2 During the past  18 months, GO1 o f f i c i a l s  have d ls -  
3 
-I, cussed assistance i n  developing Narmada systems ianaTysls capab-i l ' f t y  ~i t h  
=3$ 
-a' 

USAID. The concept was endorsed by t h e  Indo-U.S. J o i n t  Subcommission 
-i d on Agr i cu l tu re  i n  September 1980 and was included i n  the P I D  f o r  t he  

-<! -. 
-A? 

Maharashtra Medium I r r i g a t i o n  Pro jec t .  
x:r 
4 
= d 

As a f i r s t  step, the Narmada Au tho r i t y  has suggested 
3 

- 4  

t h a t  A I D  support 12 months U.S. t r a i n i n g  f o r  30 j u n i o r  and mid-level 
d .  - -= 

of f icers  i n  water resource systems analys is  and management. Re- 
d spons ib i l  i t y  for  t h i s  aspect of the p r o j e c t  has been given t o  ~ n d h y a  Pradesh 

4 -. 
-1 . Pradesh. The t r a i n i n g  w i  11 be i n t e r d i s c i p l  i n a r y  bu t  w i l l  inc lude 
-,,. personnel w i t h  basic professional  t r a i n i n g  i n  water resources 
3 -* engineering, s t a t i s t i c s  inc lud ing  systems analysis,  water resource 
-7 

-m. 
=i 

devel opment, economic, agronomy and environmental special i s t s  . The 
L 

ii2 need f o r  U.S. assistance and the nature o f  the  systems program are 
1.: 
3 

described i n  the attached l e t t e r  from Chairman, Narmada Control 



Author i t y  (Attachment I 1  to  t h i s  Chapter). A11 t r ave l  and o f fshore costs 
o f  t r a i n i n g  i n c l  ud*hg consul t i  ng assf stance as needed and t r a v e l  t o  U.S. 
f o r  two t r i p s  f o r  one senior  o f f i c i a l  t o  p a r t i c i p a t e  i n  se lec t ion  o f  
t r a i n f n g  i n s t i t u t i o n s  and review progress w i l l  be pa id  by AID using grant  
funds. 

ThJs a c t i v i t y  i s  proposed t o  be supported under the 
Maharashtra M I P  ins tead o f  under the Water Management and Tra in ing  o r  the 
Madhya Pradesh Minor I r r i g a t i o n  P ro jec t  f o r  a number o f  reasons. The 
more p r a c t i c a l  one being t h a t  t iming i s  urgent. FY 1982 funding i s  very 
important t o  begin t o  get  systems analyses capabil  i ty developed f o r  Narmada, 
since i t  i s  u rgen t l y  needed f o r  p r o j e c t  design and development which i s  
going on apace. 

Since t h i s  a c t i v i t y  i s  emminently cons is tent  w i t h  USAID 
s t ra tegy  and could be funded under any p a r t  o f  the Miss ion 's  i r r i g a t i o n  
p o r t f o l i o ,  USAID desires t o  make a t ime l y  response which w i l l  maintafrf- 
AID c r e d i b i l i t y  i n  t h i s  important sub-sector. The a c t i v i t y  has the very 
a t t r a c t i v e  advantage t h a t  AID, a t  r e l a t i v e l y  very modest cost, can support 
a technology t r ans fe r  and innovat ion e f f o r t  t h a t  could have a profound 
impact on an immensely 1 arge i r r i g a t i o n  i n f r a s t r u c t u r e  p r o j e c t  f jnanced 
by World Bank. 

A lesser,  but  s t i l l  very important reason f o r  inc lud ing  
i t  i n  the Maharashtra Pro jec t  i s  t a c t i c a l .  The proposed systems t r a i n -  
ing a c t i v i t y  has been wel l  staffed by GO1 and USAID and i s  ready t o  go 
ahead. GO1 and USAID would p re fe r  no t  t o  repeat the exercise from 
scratch i n  a f u tu re  design e f f o r t .  



Attachment 1 

HYDRAULlC CONDUCT1 VITY TEST 

Test P i t  Method 

a. I n t roduc t i on  - There i s  no exact method f o r  determining the hydrau l ic  
conduc t i v i t y  above a water t a b l e  i n  s c i  1s o f  coarse gravel and cobbles 
w i t h  matr ices o f  f i n e r  mater ia ls  . The fo l l ow ing  procedure, equations 
and sample computations describe one method which i s  considered 
s u f f i c i e n t l y  accurate t o  g ive  a reasonable hydrau l ic  c m d u c t i v i  ty 
when app l ied  t o  f i e l d  problems. 

The t e s t  p i t  can be o f  three d i f f e ren t  shapes: (1) a c i r c u l a r  t e s t  
p i t  o f  diameter, a. ( 2 )  a square t e s t  p i t  w i t h  s ide dimensions o f  
a, and (3 )  a rectangular  t e s t  p i t  w i t h  s ide dimensions a by 2a. 

The t e s t  should be conducted i n  on l y  one t e x t u r a l  c l a s s i f i c a t i o n  such 
as a cobbly, coarse g r a v e l l y  o r  loamy sand. A backhoe, power auger, 
o r  hand t o o l s  can be used t o  excavate dowr~ t o  the  t e s t  zone. The 
t e s t  p i t  i s  then c a r e f u l l y  excavated t o  the f!esired shape and depth 
by hand. For the d i f fe ren t  shaped p i t s ,  an a value o f  1 f o o t  should 
be adequate. Larger sizes can be used, bu t  the  l a r g e r  t he  p i t ,  the  
more water t h a t  w i l l  be required. Small c a v i t i e s  l e f t  when cobbles 
are removed o r  a few small cobbles s t i c k i n g  ou t  i n t o  the  t e s t  p i t  
o r  i n  the  average diameter o f  a c i r c u l a r  p i t  o r  i n  the s ide dimension 
o f  a square o r  rectangular  p i t .  

Matr ices w i t h  textures such as f i n e  sands, s i l t s ,  s i l t  loams and very 
f i n e  sands tend t o  slough i n t o  the p i t  when saturated. For these 
condi t ions,  the p i t  should be f i l l e d  w i t h  a clean (washed) f i n e  
gravel before water i s  appl ied.  

b. Procedure - A f t e r  the t e s t  p i t  has been excavated and, i f  required, 
b a c k f i l l e d  w i t h  f i n e  gravel,  i t  i s  f i l l e d  t o  a predetermined depth 
w i t h  c lean water. A l l  water en te r i ng  the p i t  should be f i l t e r e d  t o  
remove the  suspended s i l t s  and c lays.  The depth o f  water i n  the 
hole can be maintained by using bypass hoses and a l a r g e  carbure tor  
fo r  t he  f i n e r  regu la t i on  t o  keep the water depth reasonably constant. 
The carburetor  can be i n s t a l  l e d  by p lac ing  i t  i n  a per fo ra ted  t i n  can 
loca ted i n  the  middle of the  t e s t  p i t .  This t e s t  normal ly takes on ly  
7 ;hart t ime t o  run, so the water depth i n  the p i t  can be maintained 
by hand i f  a carburetor  I s  not  ava i lab le .  A c lea r  p l a s t i c  cover 
should be placed over the p i t  t o  keep mater ia l  from blowing i n .  

c. Calculat ions - The fo l lowing equation i s  used t o  compute the  hydraul ic  
conduc t i v i t y  . 

1,440 Q 
= CaD 



Where: 

hydraul i c  conducti v i  t y  ( f e e t  per  day) 
diameter o f  a c i r c u l a r  p i t ,  the  s ide  dimension o f  a square p i t ,  
o r  the a dimension o f  a rectangular  p i t  t h a t  i s  a by 2a 
q u a n t l t y  o f  f l ow  per u n i t  o f  t ime (cubic f e e t  per  minute). 
depth of water maintained i n  the t e s t  p i t  ( f e e t )  and 
conducti v i  ty c o e f f i  c i  en t  from the  f o l l o w i n g  t a b u l a t i  on 

C i r cu la r  t e s t  p i t  
o f  diameter 

a -- 
492 
692 
878 

1065 
1239 
1409 
1587 
1752 
1922 
2072 

Square t e s t  p i t  
of dimensti ons 

a . a  -. -----.-....-..---. 

Rectangul a r  t e s t  p i  t 
o f  dimenstlons 

a . 2a . - .... ---..-..--.--.-- 
73 5 
989 

1218 
1444 
1659 
1862 
2068 
2281 
2482 
2687 

A sample data and computation sheet i s  shown on f igure  1 
Suf f ic ient  t ime must elapse a f t e r  f i l l i n g  the t e s t  p i t  and before 
tak ing measurements t o  penai t establ  i shmnt  o f  a r e l a t i v e l y  steady 
s t a t e  o f  f low. A comparision o f  values o f  C obtained by an e l e c t r i c  
i7r-?10g study w i t h  K values determined a n a l y t i c a l l y  showed the analog 
VU.  IPS t o  be about 30 percent lower a t  a r a t i o  of = 

a and about 
10 korcent lower a t  a r a t i o  of = 10 than the  a n a l y t i c a l  
study, Whenever possible, t he  t e s t  p i t  method should be checked 
against  some o t h e r  method o f  determining hydraul i c  conduct i  v i  ty . 



Figure  - 1 

Locat ion 

Observers Date 

Texture o f  t e x t  zone S t ruc tu re  o f  t e s t  zone - 
Type o f  p i t :  c i r c u l a r  w i t h  diameter a 

D = 2 f e e t  

a = 1 f o o t  

D - = 2 f e e t  a 

Tank Seadi ng Q Hydraul i c 
T i  me T i  me f t  c o n d u c t i v i t y  , K 

I n i t i a l  F i na l  - Mi n I n i t i a l  F i  n a l  f t 3 /m i  n f t l d a y  

Ca lcu la t ions :  K = 1440 Q 
C a  D 

From Drainage Manual, U.S. Bureau o f  Reclamation, 1978 



C O P Y  

NARMADA CONTROL 

SHRI M.N. VENKATESAN, 
CHA I RMAN . 

Attachment - I1 -. ----. --.. 

AllTtinR TTY 

0-37 South Extension Par t  I 

Ncw Del h i  
D .O . No. Ctl/NCA/NS/81 

Dated : 11 t h  June 81 

Dear Shr i  Iyengar: 

As you are aware the economy o f  Madhya Pradesh i s  l a r g e l y  i n t e r l i n k e d  w i t h  
the  optimum development o f  the  vast  water resources o f  Narmada basin. I t  
i s  necessary f o r  us t o  t r a i n  adequate persons from Madhya Pradesh i n  sys- 
tems engineering and planning methods as appl ied t o  Water Resource Projects.  
This  technology would inc lude problems i n  water resources engineering, hydro- 
logy, agronomy, econometrics and perspect ive planning t o  a r r i v e  a t  a proper 
development and regu la t ion  o f  the Narmada basin. I t  i s  abso lu te ly  necessary 
t h a t  s u i t a b l e  Sta te  Government o f f i c e r s  o f  d i f f e r e n t  d i s c i p l  ines  should be 
f u l l y  associated and be i n  charge o f  such studies so as t o  ensure the niaxi- 
mum b e n e f i t  t o  the State from Narn~ada basin. This  w i l l  mean s e t t i n g  up an 
i n t e r - d i s c i p l i n a r y  organisat ion i n  due coursc capable of conducting systems 
engineering studies not  on ly  for-~=G-&-&T also f o r  the o ther  basins i n  
the State o f  Madhya Pradesh. 

A t  present there  i s  very l i t t l e  exper t i se  o f  t h i s  k ind  ava i l ab le  i n  t h i s  
country. Various advanced count r ies  l i k e  USA, Canada etc. ,  have c a r r i e d  
out  such s tud ies  on r i v e r  basins s i m i l a r  and l a r g e r  i n  s i ze  t o  Narmada such 
as Tennessee, Columbia and Missouri  e t c .  It would be necessary f o r  us t o  
take advantage o f  t h e i  r experience t o  devel op s imi  1 a r  o r  improved method01 ogy 
i n  our  country  i n  general and Madhya Pradesh i n  p a r t i c u l a r .  This  w i l l  mean 
t h a t  we w i l l  have t o  p i c k  ou t  the t a l e n t  from the Departments, Educational 
I n s t i t u t i o n s  and open market who w i l l  have t o  be afforded the r i g h t  type of 
t r a i n i n g  i n  USA, Canada e tc .  so t h a t  on t h e i r  r e t u r n  they may c o n s t i t u t e  the 
nucleus o f  the systems engineering organi  sat ion.  

I + w e  discussed the p o s s i b l l i t y  of developing t h i s  exper t i se  by t r a i n i n g  
o f  our personnel w i t h  the USAID who are  w i l l  i n g  t o  o f f e r  the necessary he1 p 
i n  the  mat ter .  It w i l l  be necessary f o r  us t o  se lec t  about 30 persons from 
the various d i s c i p l i n e s  who w i l l  be t r a i n e d  f o r  a per iod  o f  12-18 months atroad 
and who would on r e t u r n  c o n s t i t u t e  the nucleus f o r  our systems en!:lneerinq 
organizat ion. The t r a i n i n g  w i l l  be fo l lowed by a f u l l  scale p r o j e c t  a r a l y s i s  
w i t h  the assistance o f  f o re ign  experts f o r  a per iod  o f  3 years. 

I have enclosed herewith a b r i e f  w r i t e  up o f  the  proposal t o  enable you t o  
take i t  up w i t h  your  Government and g e t  t h e i r  clearance i n  p r i n c i p l e .  It 
would be then poss ib le  f o r  you t o  approach the  Government o f  I n d i a  f o r  

Contd.. . 



necessary permission t o  go ahead w i t h  the p r o j e c t  w i t h  assistance from 
i r l t c r n ~ t i o n i l l  ayericios. 1 11et:d no t  t e l l  yo11 t h t  i t  i s  i l ~ ~ p e r a t i v e  we 
make a s t a r t  now so t h a t  w? have a f u l l y  developcd team capable o f  
working on systems enginc?crinq prcblcr~ts w i t h i n  the next 5 t o  6 years. 

1 would l i k e  t o  discuss w i t h  you arid f u r n i s h  any c l a r f f i c a t l o n s  you 
my need f o r  processing the case. I have no doubt your  progressive 
Government would on ly  welcome a p r o j e c t  proposal o f  t h i s  nature. 

With regards, 

Yours Sincere ly ,  

(M. N . VENKATESAN ) 

Encl : As above. 

Shr i  H .  V.  K .  Iyengar, 
Secretary, I r r i g a t i o n  Department, 
Government o f  Madhya Pradesi, , UHOPAL 

Copy t o  Shr i  V.M. Chi t a l e ,  Engineer-in-Chief, I r r i g .  Dept., 
Government o f  bl.P., BHOPAL - 462 005, 
Shr i  L.A. Panjwani, Chief  Engineer (P&M),  Narmada Bhawan, 

w i t h  encl . Tul sinagar, BHOPAL-5 
f o r  in fo rmat ion  and necessary ac t ion .  

Copy w i t h  copy o f  enclosure t o  M r .  Dean Peterson, USAID, American 
Embassy, Chanakyapuri , NEW DELHI , fo r  in format ion.  

(M.N. VENKATESAN) 
Chairman 



SYSTEM STUDIES OF NARMAOA 

The Narmada River  &stem: .-. 

Narmada, the f i f t h  l a r g e s t  r i v e r  i n  I nd ia  and the  l a r g e s t  west- 
f low ing r i v e r  o f  peninsular  Ind ia ,  r i s e s  near Aniarkantak i n  the Shahdol 
D i s t r i c t  of Madhya Pradesh, a t  an e leva t i on  of about 900 m i n  the  Mai ka la 
range. The t o t a l  length  o f  the r i v e r  from i t s  o r i g i n  t o  i t s  o u t f a l l  i n  the 
the  Gu l f  o f  Cambay i s  1312 km. The r i v e r  f lows through Madhya Pradesh 
f o r  1077 km and then forms the boundary between the  States o f  Maharashtra 
and Madhya Pradesh f o r  35 km. The next  reach o f  39 km i s  the boundary 
between Gujarat and Maharashtra. The r i v e r  has 41 t r i b u t a r i e s  o f  which 
22 are on the l e f t  bank and 19 on the r i g h t .  The q u a n t i t y  o f  water i n  
Narmada o f  water i n  Narmada ava i l ab le  f o r  752 o f  the years has been 
assessed a t  28 m i l  l i o n  acre fee t .  

The Narmada Water Disputes Tr ibuna l :  

To a r r i v e  a t  a  mutua l ly  agreed sett lement i n  regard t o  the d i s t r i -  
but ion, con t ro l  and use o f  the Narmada waters and t h e  height  o f  the 
Navagam Dam, the Government of I n d i a  cons t i t u ted  the  Narmada Water 
Disputes Tr ibunal  which considered a t  length  the  issues ra ised by the 
various p a r t y  States v iz . ,  Gujarat,  Madhya Pradesh, Maharashtra and 
Rajasthan and qave i t s  award i n  December 1979. 

Approach t o  the Plan o f  Narlnada Development 

The basic gu ide l ines  i n  drawing up the  Master Plan f o r  the optimum 
and in tegra ted  development o f  the Narmada Water Resources sha l l  be: - 

National i n t e r e s t  s h a l l  have ove r r i d ing  p r i o r i t y .  The 
p lan should there fore  prov ide f o r  maximum benef i ts  i n  
respect o f  i r r i q a t i o n ,  power generation, f l o o d  cont ro l  , 
nav iga t ion  e tc .  i r r e s p e c t i v e  o f  S ta te  boundaries. 

Rights and i n t e r e s t s  o f  pa r t y  States should be f u l l y  safe- 
guarded w i t h i n  the framework o f  the  Orders o f  the  Tr ibunal .  

Requirements of i r r i g a t i o n  should have p r i o r i t y  over those 
o f  Power. 

I r r i g a t i o n  should be extended t o  the maximum area w i t h i n  
physical  1 i m i  t s  o f  command i r r e s p e c t i v e  o f  State boundaries 
subject  t o  a v a i l a b i l i t y  of water; and i n  p a r t i c u l a r  t o  the 



a r i d  areas along the i n te rna t i ona l  border w i t h  Pakistan both 
i n  W j a r a t  and Rajasthan. 

( 5 )  A l l  ava i l ab le  water should be u t i l i z e d  t o  the  maximum . . . . . . ex ten t  . . . . . 
possi b l  e f o r  i r r i g a t i o n  and power 'generat ion - 
and when no i r r i g a t i o n  i s  possib le,  f o r  power generation. 
The quan t i t y  goinq t o  the sea w i thout  doing i r r i g a t i o n  o r  
!jcneril t i nq powcr should hr! kept t o  t.tw trnilvoi dab1 c mi nimlrni. 

Development Object ive : 

The demand f o r  water i s  increasing and systematic planning fo r  
u t i l i z i n g  the ava i l ab le  water resources o f  the  Narmada r i v e r  system 
w i l l  become a chal lenging task. Water resources p lanning processes have 
become exceedingly complex and w i  11 become more so i n  the fu tu re .  A most 
urgent need i v  water resources planning , development and management i s  a 
sound appraisal  o f  cu r ren t  and anticipated.demand f o r  water by the var ious 
d i  s c i  p l  ines and sect ions. Water Resources Management systems have t o  be 
considered as i n t e g r a l  components o f  o ther  complex systems covering the  
economy o f  the country as a whole. As a sub-system o f  a l a r g e r  economic 
system, water management has t o  be coordinated e f f e c t i v e l y  w i t h  the 
na t iona l  economy. , 

There i s  ample scope o f  t r i g g e r i n g  the economy, e f f i c i e n c y  and 
p r o d u c t i v i t y  o f  the water u t i l i z a t i o n  p ro jec ts  and t o  see t h a t  they 
t u r n  ou t  t o  be op t ima l l y  e f f i c i e n t  when an i n teg ra ted  view i s  taken from 
various (and many times conf l  i c t i  ng) considerat ions o f  power, i r r i g a t i o n  , 
f l o o d  con t ro l ,  water supply, p i s c i c u l t u r e ,  recreat ion,  p o l l u t i o n ,  environ- 
rncnt etc .  This can be achieved by the app l i ca t i on  o f  systems engineering 
techniques t o  the r i v e r  basins f o r  optimal planning, i d e n t i f i c a t i o n  of 
ob jec t ives  and t radeo f f s  i n  mu1 t i  -ob jec t ive  p lanning and opt imal operat ions. 
The main ob jec t ives  o f  the present p r o j e c t  are:- 

(1 )  To maximise the  bene f i t s  from the e x i s t i n g  and o ther  p ro jec ts  
taken up f o r  cons t ruc t ion  by improving the water u t i l i z a t i o n  
systems, reservoi  r operat ions, hydal power production, crop 
pat tern,  water requirements o f  crops and optimum appl i c a t i o n  
under i r r i g a t e d  a g r i c u l t u r e  e t c .  

( 2 )  To plan the f u t u r e  p r o j e c t s  i n  the Narmada basin f o r  the 
development o f  the ava i l ab le  water resources i n  a r a t i o n a l  
and in tegra ted  manner t o  ensure economic and f u l l  u t i l i z a t i o n  
t o  meet the increasing demands o f  water f o r  ag r i cu l t u re ,  hydal 
power generation, indus t ry ,  domestic and municipal requ i re -  
tiients c t c .  



A c t i v i t i e s  t o  be undertaken: 

The main a c t i v i t i e s  t o  be undertaken f o r  ca r r y ing  out  the  
Systems Studies o f  Narmada basin are main ly  as below:- 

(1 )  Strengthening o f  data c o l l e c t i o n  and compilat ion. - 

(2)  T ra in ing  i n  computer programming. 

(3)  T ra in ing  i n  var ious aspects o f  systen~ engineering. 

( 4 )  Systemstudies o f  Narnlada basin. 

D l  sc i  p l  i nes i nvol v,e,d-: 

The fo l low ing d i s c i p l i n e s  w i l l  be i t ivolvet l  i n  the! 111ul t i -  
d i s c i p l i n a r y  team t o  work on the p r o j e c t  :- 

( 1  ) Water Resources Engineers 
i 

(2)  S t a t i s t i c i a n s  inc lud ing  System Analysis 

(3 )  Water Resource Development Economists 

(4)  Agronomi s  t s  

(5 )  Environmental Special i s t s .  

Method01 ogy : 

Since the  subject  of Systems Studies of r i v e r  basins i s  now 
t o  the  country, the  a v a i l a b i l i t y  o f  experienced personnel w i l l  be 
p r a c t i c a l l y  n i l .  I t  i s  therefore necessary t o  se lec t  a  batch o f  
o f f i c e r s  from the d i f f e r e n t  d i s c i p l i n e s  and g i ve  then1 a  basic t r a i n i n g  
i n  the United States on basins such as Tennessee, Columbia o r  Missour ie 
where s i m f i a r  work has been done. On r e t u r n  the o f f i c e r s  would be 
formed i n t o  an i n t e r - d i s c i p l i n a r y  team f o r  working on the Narmada basin. 

Period o f  Tra in ing :  

The per iod  of t r a i n i n g  w i l l  normal ly  be twelve t o  eighteen months. .) ' 

Number o f  O f f i c e r s :  : i . 
It w i l l  be necessary t o  have a t  l e a s t  3 senior  and 3 j u n i o r  o f f i c e r s  

i n  each d i s c i p l i n e s .  Thus 30 o f f i c e r s  can be t ra ined  i n  d i f f e r e n t  
d i sc ip l i nes .  
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CHAPTER - 5 

Envi ronmental Assessment - 

A. Background 

The Environmental Assessment (EA) f o r  the p r o j e c t  was based on an 
in-depth examination o f  selected issues t h a t  were i d e n t i  f l e d  as having 
the  po ten t i a l  f o r  adverse envl ronmental consequences. The issues were 
i d e n t i f i e d  by a Scoping Committee and documented i n  a Scoping Statement 
t h a t  was approved by AID/Washington. See Attachment I t o  t h l s  chapter 
f o r  the approval cable. The Scopi ng Statement, which i d e n t i f i e s  issues 
needing f u r t h e r  ana lys is  as we1 1 as those t h a t  do not, i s  cons is ten t  w i t h  
the  new environmental regu la t ions  which requi  r e  envi ronmental assessments 
o f  a1 1 surface i r r i g a t i o n  pro jec ts .  

The issues i d e n t i f i e d  f o r  f u r t h e r  study were based on a comprehen- 
s i v e  review b f  the two AID-financed EAs o f  the Gujarat  and Rajasthan medium 
i r r i g a t i o n  programs t h a t  are a lso  AID-funded. The EAs were conducted by 
an Ind ian  f i r m  over a per iod  o f  e i g h t  months beginning i n  January 1980. 
The i r  analys is  r e l i e d  on the development o f  a model t h a t  was used t o  i d e n t i f y  
key components i n  an i r r i g a t i o n  system ( s t a r t i n g  w i t h  the catchment area and 
extending t o  the command area) t h a t  a re  suscept ib le t o  environmental impact. 
A comprehensive l i s t  o f  p o t e n t i a l l y  negat ive impacts was prepared and an 
analys is  of each impact was undertaken. The EAs f o r  the Gujarat  and Rajasthan 
M I P S  concluded t h a t  on the whole .those p ro jec ts  would n o t  have an adverse 
impact on the  environment. 

I n  add i t i on  t o  the  Gujarat  and Rajasthan EAs, discussions w i t h  various 
o f f i c i a l s  a t  . the Ford Foundation and World Bank o f f i c e s  i n  New Delh i  as we l l  
as w i t h  o f f i c i a l s  i n  the Ind ian  I n s t i t u t e  o f  Technology, Bombay and w i t h  
Maharashtra I r r i g a t i o n  engineers aided I n  the f l n a l  se lec t i on  of envlronrnental 
issues t o  be studied f o r  the Mah~rasht ra  I r r i g a t i o n  Technology and Management 
Pro ject .  These discussions were f u r t h e r  supplemented by observations made 
dur ing  s i t e  v i s t s  by USAID s t a f f  dur ing  P I D  preparat ion. The methodological 
approach used i n  completing t h l s  EA was based on the exper t i se  o f  var ious 
design team members whose scope o f  work inc luded s p e c i f i c  issues warrant ing 
f u r t h e r  i nves t i ga t i on .  

I n  documenting the f i nd ings  o f  the  design team, the Scoping Statement 
ind ica ted  t h a t  the r e s u l t s  o f  the envi  ronmental ana lys is  would be incorporated 
i n  the P ro jec t  Paper's technical  analys is  sect ions accordfng t o  a suggested 
format. This format would, among o ther  th ings,  inc lude statements concerning 
major conclusions o f  the issues examined and a desc r ip t i on  o f  the conseduences 
o f  the a f fec ted  environment and c o r r e c t i v e  measures t o  be taken. The sec t ion  
below provides a summary discussion o f  the  conclusions reached on each o f  the  
issues i d e n t i f i e d  f o r  study. Deta i led  analyses are contained i n  speci f i c  



sect ions o f the technical  annexes as r e f e r r e d  t o  below. 

a. Concl usions 

Land Capab i l i t y  and Use o f  Ve r t i so l s .  The design team noted 
t h a t  there could be a s l g n i f l c a n t  impact on land use and croppinq 
pat te rns  on v e r t l s o l s  b~cnusr!  o f  t h c i r  s p ~ c i ~ l l .  1)h.y:; fc111 c:t1i~ri1(:l;f!r.i1;I.4(:!i 
when subjected to  nlnl s ture.  For t!xiw~ple f n r n w s  dvoid cu l  t i  vat1 ng khar i  f 
crop dur ing  the  monsoon because t i  1 laqe I s  d l  f f i c u l  t, temporary f lood ing  
reduces crop y ie lds ,  and because farn~ers be1 ieve t h a t  s u f f i  c i e n t  moisture 
reserves would no t  be ava i l ab le  for,the r a b i  season. However, the team 
a l so  noted t h a t  assured i r r i g a t i o n  under c o n t r o l l e d  conditions such as 
those contemplated f o r  the p r o j e c t  w i l l  tend t o  encourage farmers t o  
p l a n t  high value r a b i  crops such as wheat maximizing i r r i g a t i o n  potent3al 
w i t h  minimal adverse impact on s o i l  cond i t ions .  The design proposed fo r  
the Maharashtra medium i r r i g a t i o n  systems w i l l  a lso  inc lude prov is ions f o r  
k h a r i f  crops. I r r i g a t i i n  dur ing  the  k h a r i f  season w i l l  be o f  importance 
p a r t i c u l a r l y  dur ing  periods o f  low o r  no r a i n f a l l .  Accordingly cont ro l  
measures would be introduced thus inducing farmers t o  p l a n t  k h a r i f  coops. 
While the cons t ra in t s  o f  temporary faooding due t o  e ~ c e s s i v e  monsoon ra ins  
may s t i l l  occur, t h i s  p r o j e c t  i s  n o t  expected t o  exacerbate t h i s  s i t u a t i o n .  
Instead, f l o o d  con t ro l  i s  expected as a r e s u l t  o f  the cons t ruc t ion  of dams. 
For a more de ta i l ed  discussion of the isshes r e l a t e d  t o  v e r t i s o l s ,  see 

' 

Volume 11, Chapter 6, p ~ - 2 - 6 .  
.-. , .. . 

a. W . a $ e r w ,  Sal l n i  ty, A1 k a l i n i  ty. As an i n t e g r a l  component of 
the design o f  i n  v ual  subprojects, there w i l l  hc surface drainage f a c i l i t i e s  
t o  remove excess i r r i g a t i o n  water from farmer's f i e l d s .  A number o f  measures 
such as design c r i t e r i a ,  water lbgging surveys o f  medium i r r i g a t i o n  pro jects,  
and AID-financed t r a i n i n g  i n  the U.S. o f  drainage engineers w i l l  be incorporated 
t o  m i t i g a t e  the  incidence and impact o f  waterlogging, sa l  i n i  ty, and a1 ka l  i n i  t y  
of medium i r r i g a t i o n  p ro jec ts  i n  the Maharashtra program. For more d e t a i l s  
see Volume 11, Chapter 4, p.29. 

.3. Conjunct ive Use o f  Groundwater. The p r o j e c t  proposes the i n t r o -  
duct ion o f  groundwater i r r i g a t i o n  i n  subproject  command areas f o r  several 
reasons. Ch ie f  among them i s  the added p o t e n t i a l  t h a t  can be r e a l i z e d  from 
i r r i g a t i o n  sources w i t h i n  command areas o f  surface i r r i g a t i o n  systems. Ground- 
water l eve l s  i n  such areas are augmented by the deep pe rco la t i on  process t race-  
able t o  reservo i rs ,  canals, and i r r i g a t e d  f i e l d s .  The use o f  conjunct ive water 
w i l l  a l so  a i d  i n  m i t i g a t i n g  any unant ic ipa ted  water logging problems. I n  
i n t roduc ing  t h i s  method o f  complementary i r r i g a t i o n ,  care w i l l  be taken t o  
mainta in optimum water t ab le  balances through studies t h a t  are requ i red  as a 
p a r t  o f  the  p lanning process o f  con junc t ive  i r r i g a t i o n .  See Volume 11, 
Chapter 4, pp. 30-33 f o r  f u r t h e r  d iscussion o f  t h i s  issue. 



A . Water Losses and Canal Operations. Of special concern in the 
i r r imt ion  svstems ~ronosed i s  the problem of canal seepage losses and 
a1 ternative measures to  control them in the interest  of' aitaining eco- 
nomic and envi ronmental objectives. Canal 1 i ni ng i s  general ly acknow- 
ledged as a n  acceptable technical solution in reducing seepage loss 
rates which in turn can mitigate the problem of waterlogging. However, 
lining in black cotton soi ls  poses a separate problem for  canals t o  
maintain their  original shape over time. In l ight of these problems, 
rather than line a l l  canals, f ie ld t e s t s  will be made to determine seep- 
age loss rates in sections of the canal distribution system. In this  
regard, data collected will serve the basis of deciding where in the 
yystem 1 ining i s  technically, economical ly and environmentally feabi ble. 
See Vol. 11, Chap.4, pp.20-21 for a more detailed discussion on this  issue. 

Based on the analyses of the issues l i s ted  above and the recommended 
measures for  minimizing the i r  .impact on the environment, the project 
will no t  have a significant adverse impact on the environment, 
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SCOPING STATEMENT 

ENV I RONMENTAL ASSESSMFNT -- 
MAHARASHTRA MEilIUM IRRIGATION PROJECT (MIPL 

I. Introduct ion 

1. Background 

USAID/New Delhi prepared a PID on January 30, 1981 f o r  t h i s  

pro jec t  t o  be located I n  Maharashtra State. An Environmental Assessment 

(EA) i s  required o f  i r r i g a t i o n  o r  water management projects as stated 

i n  A I D ' S  environmental regulat lons 22 CFR 216.3 (3 )  d. Accordingly, 

a scoplng statement consistent w i th  the procedures ou t l i ned  I n  22 CFR 

216.3 (a)  (4) has been prepared. 

2.  Scoplng Process 

The scoping statement was based on the fol lowing: (a) a compre- 

hensive feview by USAID o f  the EAs f o r  AID-funded M I P S  i n  Gujarat and 

Rajasthan states; (b) dlscusslons w i t h  various spec ia l is ts  w i th  Ford 

Foundation, World Bank and the !ndian I n s t i t u t e  o f  Technology, Bombay; 

(c )  GO1 and Maharashtra o f f 1  c ia ls ;  (d) f i e l d  observations t o  potent ia l  

sub-project s i tes  preparatory t o  P I D  development; and (e) a USAID 

Scoplng Comni t t ee  sped  a1 l y  consti  tu ted t o  rev1 ew and f l  nal  1 ze the scoping 

statement. (A l i s t  o f  comnlttee members i s  provided i n  Attachment 1). 

As a r e s u l t  o f  these e f f o r t s  envi ronmental consequences havl ng greatest 

poten t i  a1 f o r  adverse impacts were I d e n t i f i e d  fo r  fu r the r  examlnatlan 

as l i s t e d  i n  Section I 1  below. Further envl ronmental consequences o f  

minor s igni f icance requl r i n g  no f u r t he r  study have a lso been delineated 

as presented i n  Section I11 below. 



11. Adverie Impacts 

A. Land Resources 

1. Land Capabi l i ty  a d  Use o f  ~ e r t i k l s  (B l ick  cottori ~ 6 1 1 s ~  

These s o i l s  are very susceptible t o  swel l ing end shrinkage 

under wett lng and dry ing and are general ly qu i t e  imp(irmedb1e a i d  unstable 

wlien wet. They occur widely i n  Maharashtra. Because o f  t h e i r  p e c t l i  a r  

physical character is t ics  they could have a s i g n i f i c a n t  impact on land 

use and cropping pdtterns under i rrl gation. 

2. 

t ha t  5 t o  

ne,ld sped  

Waterlogging, Sa l l n i  ty and ~l k a l l n i  ty. 

Dlscusslons w l  th Maharashtra I r r i g a t l o n  o f f i c l a i s  ind ica te  

7 percent o f  areas under surface irrigation i n  fiaharashtra 

a1 protnct lon fro111 poor drainage. The s ta te  khl tors  pro jec ts  

f o r  waterlogging and s a l i n i t y  and designs and imp1 ements remedi a1 

measures. During p ro jec t  desl gn, procedures and standads by which 

waterlogging and s a l i n i  t y  are brought under control  w i l l  be examined 

i n  depth t o  determine the1 r adequacy. 

B. Water Resources 

1. Conjunctive Use o f  Groundwater 

Under prevulent geological condltlonl; 111 Mnharashtra, ground- 

water recharge from monsoon ra ins  and r i v e r  discharge i s  small, and i s  

substanti a1 l y  increased when surface i r r l g a t i o n  I s  p k v i  ded thus both 

conjunctive use and conjunctive supply have possibi l f  t i es .  This w i l l  

have Imp1 lcat lons f o r  waterlogging control  and also f o r  increasing 

mu1 ti -seasonal 1 and use. 



2. Water Losses 

A r e l a t e d  i s sue  i s  l o s s  o f  water  from i r r i g a t i o n  channels 

hecause o f  seepage and opera t iona l  losses.  These losses  may range 

i n  t he  o rde r  o f  40-60 percent.  Impact o f  water  losses  r e l a t i n g  t o  

p r o j e c t  economics, water logg ing,  groundwater recharge and system 

opera t ion  w i l l  be examined d u r i n g  p r o j e c t  design. 

3. Canal Operat ion - I n s t a b i l i t y  and Eros ion  -.- 

I n s t a b i l i t y  o f  canals,  1 lned  and un l  lned nnd o f  smal l  

s t r u c t u r e s  i n  v e r t i s o l  areas may c a l l  f o r  spec ia l  eng ineer ing  t r e a t -  

nicnt i n  o rde r  t o  assure economical and e f f e c t i v e  ope ra t i on  o f  systems. 

111. Issues t o  be e l im ina ted  f rom In-Depth Ana l ys i s  

A. Land and S o i l  Resources 

1. S o i l  E ros ion  i n  t h e  Watershe! 

The Gu ja ra t  and Rajasthan i A s  no ted  t h a t  increased pressure 

on t he  watershed cou ld  r e s u l t  from c o n s t r u c t i o n  a c t i v i  t e s  . Cont ro l  o f  

h ~ ~ ~ r ~ a r l  i n t e r v e n t i o n  and n f  forcs  t a t i u n s  o f  these i l r t?AS were recormended 

m i  t i g a t i o n  measures. Dur ing PI' devel o p ~ ~ ~ e r l t  d l  scussions w i l l  be he1 d 

w i t h  Maharashtra f o r e s t r y  o f f i c i a l s  t o  determine whether t he  same 
' 

problems p reva i  1 around damsi t e s  i n  Maharashtra and what c o r r e c t i v e  

measures a re  be ing  taken as so l u t i ons .  

2. Sedimentat ion i n  Reservo i rs  

M a h a r ~ s h t r a  has a program o f  nieasurinq t ime clinnges o f  volumes 

.)f sediment i n  r e s e r v o i r s  which w i l l  l e a d  to  b c t t e r  q v a n t r f i c a t i o n  o f  

t h i s  impact.  Reservo i r  des ign i n  I n d i a  i n v a r i a b l y  a l l ows  f o r  decrease 



I n  m s e r v o l r  capacity over t ime by a l l o c a t i o n  of sediment storage space 

i n  t h e  reservo l r .  A1 though ava i l ab le  data concernlng t h l s  aspect of 

deslgn o f  dams suggest t h a t  c u r r e n t l y  used c r i t e r i a  are acceptable, 

dur ing t h e  course o f  p r o j e c t  deslgn t h e  Appralsal Team w l l l  examine 

cur rent  deslgn c r l t e r l a  t o  see i f  they adequately take I n t o  account 

sedlmentntlon deposl ts. 

3, Construction A c t l v l  t i e s  

USAID pre-PID Inspect ion o f  f o u r  conlpleted M I P  s i t e s  i n  

Maharashtra revealed t h a t  c o n s t w c t l o n  areas around dams are belng 

p lanted and 1 andscaped successful l y  t o  c o n t w l  so i  1 eroslon. 

4. Cropping Pat tern 

Maharashtra o f f i c l a l s  are aware o f  the p o t e n t i a l  f o r  the  

&p le t l on  o f  s o i l  n u t r i e n t s  as a r e s u l t  of Increased crop d i v e r s l f l -  

cat lon, and accordingly agronomists take t h l s  f a c t o r  I r t o  account 

when conslderlng land capab l l l  ty c l  a s s l f l  ca t lon  f o r  I r r l g a t l o n  pur- 

poses. The I r r i g a t i o n  Department a lso withholds water f o r  c e r t a i n  

crops on sensl t l  ve so l  1 s. Cropplng pa t te rn  so i  1 s capabl l  i ty  proce- 

dures w l l l  be revlewed by the  Appralsal Team and appropr late p r o j e c t  

c r l t e r l a ,  I f  needed, I d e n t i f i e d .  

5. Bed Cultivation_ 

The Gujarat EA discussed the  e f f e c t s  of agrochemical use 

on recession c u l t i v a t l o n  o f  rese rvo l r  beds and cautioned against the 

use o f  organlc f e r t i l i z e r  I n  order  t o  avoid eutrophicat ion.  



B. Water Resources 

1. Streamfl ow Character1 s t i cs 

I n s t a l l a t i o n  o f  a r e s e r v o i r  and d i s t r i b u t i o n  o f  water t o  

i r r l g a t e d  l and  changes downstream f low cha rac te r i s t i cs .  While t o t a l  

flow I s  reduced, f l o o d  peaks and often low f lows are moderated. The 

monsoon-generated smal ler  r i v e r s  o f  Maharashtra where MIPs arr+ normal ly 

s i t e d  have s i m i l a r  characteristics t o  those o f  Gujarat  and Rajasthan 

so s imi  1 a r  mod1 fi cations can be expected. Reservoi r opera t i  on studies 

requi red f o r  each q u a l i f y i n g  M I P  under the  p r o j e c t  w i l l  reveal most o f  

the downstream f low e f fec ts .  

2. Floods 

Reservoi r s  reduce f lood peaks and consequent damage 1 eve1 s . 
If  dams f a i l ,  f lood peaks are g r e a t l y  increased, thus the  main considera- 

t i o n  i s  dam safety. I n  p rac t ice ,  design f o r  dam safety i s  s i t e  spec i f i c .  

Central  ! iater C o n i s s i o n  and Sto te  officials are h i g h l y  aware o f  the  need 

f o r  safe dam dosign c r i t e r l a  and u t i l i z e  t he  most advanced techniques f o r  

guarding against  f a i l u r e .  

3. Water Qua1 i ty 

The Gujarat EA i d e n t i f i e d  t h e  spectrum o f  considerat ions i n  

;!s:r:,si~g t he  effect o f  MIPs on water q u a l i t y  and of water q u a l i t y  upon 

agr icu l tu re .  The Rajasthan MIP st ressed the  need f o r  q u a l i t y  measurements 

o f  r i v e r  water suppl ies. Standards f o r  i r r i g a t i o n  water q u a l i t y  are we l l  

developed and used worldwide. Pre-PID discussions w i t h  Maharashtra o f f i -  

c i a l s  and inspection of  the  I r r l y a t i o n  and Research and Development 



Laboratory In Pune revealed that  these are made routlnely and monitored 

by satisfactory laboratory analysis. The project desi yn team wt l l  I 

examine water quality c r i te r ia  for  Maharashtra MIPS and make appropriate 

recomnendatl ons where requi red.  

4. Dralnage 

The potential fo r  poor o r  inadequdte drainage will be miti- 

gated by the use of drainage c r l t e r i a  for  MIPS. The adequacy of such 

cr l te r ia  wlll be examined durlng the course of PP development and 

recommendations made i f  necessary. 

C. Health 

1. Agro-Chemi cal s 

Both the Rajast.han and Gujarat EAs examined the impact of 

pesti cides. The l a t t e r  stated that the problem of pesticide contamina- 

tion i s  "not serious a t  a1 1'. T h i s  conclusion can be extrapolated to  

Maharashtra slnce pestlcide use I s  assocl ated w i t h  intensity of cropping. 

Data for  pesticide use by s ta tes  i s  being soughtbut has not yet  been 

made avail able; however, the fol low1 ng shows compari sons between the 

thrce s tates:  

Maharashtra Gujarat Rajas than 

1. Percent of total  area cropped 59 49 44 

2. Percent of total  area irrigated 5.8 7.2 7.4 

3. Percent of cropped area I r r i  gated 9.8 14.7 16.8 

Irrigation potential i s  a useful proxy indicator of agri- 

cultural intensl ty. In formati on on s t a t e d  se pesti ci de use, when received, 

wlll be exam4ned to sea i f  they support tho  same conclus~lons w i t h  regard 

t o  Gujarat and Rajasthan. 



2. Water-borne Diseases 

The e f f e c t s  o f  I r r i g a t i o n  on incidence of water-borne 

diseases and diseases spread by water associated vectors such as 

malaria and schlstosomiasis and t o x i c i t y  hazard were examined by the  

Gujarat and Rajasthan EAs. The Rajasthan EA compared geographical 

incidence o f  water-borne diseases by d i s t r i c t s  t o  4 r r i g a t l o n  and 

concluded t h a t  some posl ti ve re la t lonsh lps  e x i s t  b u t  no r igorous 

s t a t i  s t 1  cal  analysi  s was possible. Fur ther  the re la t i onsh ip  was n o t  

ev ident  f o r  typhoid, paratyphoid o r  o ther  salmonel l a  in fec t ions .  

With regard t o  malar ia, geographical Incidence was h igher than normal 

i n  several d i s t r i c t s  w i t h  i r r i g a t i o n  and h igh  r a i n f a l l ,  b u t  was a lso 

h igher i n  three d i s t r i c t s  which have n e i t h e r  irrigation nor  h lgh 

r a i n f a l l .  

With regard t o  schlstosomiasls on ly  one outbreak has been 

reported i n  Ind ia  i n  Ratnagir i  d i s t r i c t ,  Maharashtra i n  1955. There 

has been no f u r t h e r  incidences rxported. Sustained constant water 

l e v e l s  needed f o r  s n a i l  vec tor  populat ion i s  q u i t e  l i m i t e d  i n  M I P  

reservoi r s  and canal s because they operate i n te rm l  t t e n t l y .  

D. B i  01 ogi  ca l  Resources 

1. F isher ies 

The impact o f  reservoi rs  on migratory r i v e r  f ishes on the  

ephemeral r i v e r s  o f  t he  s ta tes  was explored by the  Gujarat and Rajasthan 

EAs which a lso reported the  g rea t l y  o f f s e t t i n g  bene f i t s  o f  development 

o f  reservol r f i she r ies .  Maharashtra M I P S  impound small r i v e r s ,  a l l  



depending on monsoon r a i n  w i t h  consequent dry o r  minimal f lows 

during most o f  t he  year. These r l v e r s  are not  vcr.v p roduc t l  ve f lshe- 

r l e s  and s lmi  1 a r  opportunl t l e s  f o r  development n f  reservol r f i  she- 

r l e s  can be expected i n  Maharashtra. 

2. F lo ra  

The Gujarat and Rajasthan EAs discussed the  Impact o f  

development'general l y  on n a t i v e  f l o r a ,  which I s  reduced as a g r i c u l t u r a l  

c u l t i v a t i o n  becomes more Intenslve,  Concel vably , large major I rrl ga- 

t l o n  p ro jec ts  could have a s l g n i f l c a n t  adverse e f f e c t  on specladlzed 

species b u t  t h l s  would n o t  apply t o  scat tered MIPs w i t h  areas averaging 

less than 5,000 hectares each. Increased water supply around rese rvo i r  

area and .in i r r i g a t i v n  comnands w i l l  have a benefl  c ia1 e f f e c t .  

3. Fauna 

A general ly  very p o s l t l v e  e f f e c t  on fauna, espec ia l l y  w i l d -  

fowl was reported by t h e  Gujarat Ed. The Rajasthan EA polnted t o  a 

decrease I n  t h e  p b p l a t i o n  o f  1 arger predators and game animals b u t  

a t t r i b u t e d  t h i s  primarily t o  increased hunt lng pressure whlch I s  only 

very i n d i  r e c t l y  1 inked t o  M I P  development. Mdiarnshtra 's  nat lonn l  

park and s i x  w l l d  l i f e  preserves (1,074 sq.km.) would n o t  be encroached 

by MIPs. 

4. Livestock Dl seases 

Both Gujarat  and Rajasthan EAs p o i n t  t o  a poss lb le  r 

transmission o f  c e r t a i n  animal djseases due t o  grazlng i n  water 

o r  cont inuously molst  areas. Waterlogging w i  11 be mlnlrnlzed by 

design i n  Maharashtra. See Sect ion 11.2 above. 

l s e  I n  

1 ogged 

M I  P 



I V .  Tlmlnq and Declslon Maklng 

A p r o j e c t  preparat ion team I s  t e n t a t l  ve ly  scheduled t o  conduct 

p r o j e c t  f e a s l b l l  I t y  studles and appral s a l  dur ing e a r l y  sumner 1981 

f o r  a per iod  o f  s i x  t o  e i g h t  weeks. As l nd l ca ted  i n  the scopes o f  

work (Attachment 2 ) ,  the  team's terms o f  reference w l l l  encompass the  

environmental issues t o  be examlned I n  d e t a l l  . Based on the team's 

repor t ,  USAID/Indla plans t o  prepare a PP d e t a i l  l n g  f l nd lngs  i n c l u d l n g  

p r o j e c t  recomendatlons by September 1981 thus prov l  d ing  s u f f l c l e n t  

t ime f o r  any f u r t h e r  review and analys ls  p r i o r  t o  p r o j e c t  approval. 

V. Analysls, Methods and S t a f f i n g  

1. Me thodo lou  

The p r o j e c t  design team and scopes o f  work w l l l  focus on the 

issues i d e n t l f i e d  I n  Pa r t  I 1  above as p a r t  o f  o v e r a l l  p r o j e c t  appraisal 

e f f o r t s .  It i s  an t i c i pa ted  t h a t  s u f f i c l e n t  data are available w l t h  the  

Maharashtra I r r l g a t l o n  Department t h a t  w l l l  permi t  analys is  o f  t he  

envi mnmental Issues and enable recomnendations t o  be made. Data cot l e c -  

t l o n  and analys ls  w i l l  be f u r t h e r  supplemented by s l t e  v i s i t s  t o  se lected 

p r o j e c t  areas and p l  anned discusslons and meetings w l  t h  key Maharashtra 

1 r r l g a t l o n ,  a g r i c u l t u r a l  , and f o r e s t r y  o f f i c i a l s .  

2 .  S t a f f i n g  

The p r o j e c t  deslgn team w l l l  cons i s t  of q u a l i f i e d  i n d i  v lduals 

w l t h  exper t i se  encompassing a broad range of subjects re levan t  t o  analys is  

o f  the envl  ronmental issues del ineated above, Team members w l l l  l n c l  ude 

(a)  an I r r i g a t i o n  engi n e w  experienced i n  groundwater and surface hydrology, 

(b)  a water mnagement specia l  I s t ,  ( c )  an agronoml s t / s o l l  s c i e n t i s t ,  



(d) an ,economf s t  and (e) a social sc ien t i s t .  This team wf 11 be 

supplemented by USAID s t a f f  experfenced i n  re1 atcd d l  sci p l i  ncs . 
3. Format 

USAID envisions a concise statement o f  i t s  review o f  the key 

environmental issues t o  be incorporated i n  the t e x t  o f  the Technical 

Section o f  the Project  Paper. The statement w i l l  present (a )  major 

conclusfons concerning the issues examined, (b) descr ipt ion o f  the 

af fected envf ronment , (c)  descrl p t l  on o f  envf ron~nentbl consequences 

and correct ive measures t o  be taken, and ( d )  a descr ipt ion o f  p m j e c t  

a1 ternat f  ves. I n  add1 t f  on t o  the foregoing, an append1 x tha t  1 f s ts  

par t ic ipants  involved I n  the EA wf 11 be prepared. 
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Attachment 2 -- 

Scope o f  Work - Appraisal Team 

A. General : The purpose o f  the apprai sa l  i s t o  ass4 s t  USAID and 

GOI/GOM' i n  deterinining the scope and nature  o f  A I D  assistance t o  the 

medium i r r i g a t i o n  program i n  Maharashtra, i . e .  t o  s e t t l e  on basic design 

c r i t e r i a  fo r  the  p r o j e c t  and address the complex issues r e l a t i n g  t o  

complementary on-farm development and extension and a q r i c u l t u r a l  support 

sefvices. The appraisal  team as a group w i l l  produce a repo r t  on thk 

i e a s i  b i l  i ty o f  the proposed ~ a h a r a s h t t a  Medium I r r i g a t i o n  p r o j e c t  which 

w i l l  be used as the  basis  t o r  a p r o j e c t  paper. 

The r e p o r t  w i l l  inc lude background mater ia l  , analys is  and recom- 

mendations on a g r i c u l t u r e  and i r r i g a t i o n  developnient, water supply 

and engineering, economic and farni budget anblys i  s , f indnc ia l  

analysis,  o rgan iza t ion  and admin is t ra t lon ,  soc ia l  andlys is  , p r o j e c t  

implementation, and technology t rans fe r ,  w i t h  appropr iate i 11 u s t r a t i v e  

annexes. 

It w i l l  conta in an analys is  o f  a selected sample of representat ive 

completed and proposcd mediunl i r r i q a t i o n  p ro jec ts  ( M I P ' s )  i n  Maha- 

I h t r a  and the tcnrll's recosi~~icn(l,~llon!, on orcjanl Z ~ I  t iot l i i l  , tvchn i c a  I , 

economic and soc ia l  aspects o f  the 111edium i r r i g a t i o n  program genera l l y  

and on needed t r a i n i n g  and specia l  s tudies.  The team, based on i t s  

reviews as o u t l i n e d  below and such o ther  reviews as i t  chooses t o  

make, w i l l  recommend c r i t e r i a  f o r  qua1 i f i c a t i o n  o f  sub-projects f o r  

the proposed A I D  Loan and grant  p ro jec t .  The f i n a l  d r a f t  r e p o r t  w i l l  

be given t o  USAID p r i o r  t o  the team's departure from Ind ia .  The repo r t  

w i l l  be made ava i l ab le  t o  GO1 and GOM o f f i c i a l s  bu t  w i l l  no t  be 

published f o r  general d i s t r i b u t i o n .  



B. S p e c i f i c  Du t ies :  The t e a m w i l l  conduct o rgan iza t ion ,  t echn i ca l ,  

econon~ic, f i  r iancial  and soc ia l  ana l ys i s  o f  t he  MC~~LI I I I  I r r i q q t i o n  program 

genera l l y .  Stud ies w i l l  de f ine a l l  bene f i t s  and cos ts  w i t h  and without 

MIPS. 

The analyses w i l l  cons ider  b u t  n o t  be l i m i t e d  t o  t he  following 

t o p i c s  : 

(1  ) Eva lua t i on  on an area-wide bas is  o f  t h e  o rgan i za t i ona l  and 

adm in i s t r a t i ve  c a p a b i l i t i e s  o f  the  GOM t o  c a r r y  o u t  the cnv is loned  

p ro j ec t s .  Spec ia l  a t t e n t i o n  w i l l  be g i ven  t o  the  p lanning,  implemen- 

t a t i o n  and maintenance of the  phys i ca l  and non-physical  i n p u t s  w i t h i n  

i r r i g a t i o n  commands. Ana lys is  w i  11 i n c l u d e  examinat ion o f  t he  

a v a i l  ab le  s k i 1  l e d  personnel t o  design watercourse systems, t h e  e f f e c t i v e -  

ness of the  t r a i n i n g  and v i s i t  system of ex tens ion  i n i t i a t e d  i n  Maha- 

r a s h t r a  i n  major  i r r i g a t i o n  p r o j e c t s  and now proposed f o r  ex tens ion  

statewide, and d i s t r i b u t i o n  mechanisms f o r  a g r i c u l t u r a l  p roduc t i on  

inpu ts  such as f e r t i l i z e r ,  seeds and p e s t i c i d e s .  

( 2 )  Examination of p lann ing,  des ign and economic procedures used 

f o r  MIP design, i n c l u d i n g  bu t  n o t  l i m i t e d  t o  t h e  adequacy o f  t h e  hydro- 

l o g i c  data s e r i e s  used f o r  dam and s p i l l w a y  des iyn,  r e l a t i o n  o f  system 

des iyn water a v a i l a b i l  i t i e s  t o  ac tua l  wa te r  ava i l ab l e ;  s u i t a b i l i t y  o f  

s o i l s  data f o r  determin ing t he  cropping p a t t e r n  i n  the command area; 

procr*: lure f o r  de te rw ina t i on  o f  c rop  water  rcqu i re~nen ts ,  c rop y i e l d  and 

p roduc t ion  cos t  data,  e t c .  

(3 )  A t  s t a t e  and reg iona l  l e v e l ,  a n a l y s i s  and c o ~ n p l i a t i o n  o f  

background, p o l i c y  and l e g a l  i n f o r m a t i o n  on a g r i c u l t u r e  and i t s  suppor t ,  

a l l o c a t i o n  and use o f  water,  water  r a tes ,  l a n d  a c q u i s i t i o n  f o r  r e s e r v o i r s  



and r igh t i ,  o f  way, s t a tus  o f  I r r i g a t i o n ,  r e s p o n s i b i l l  t i e s  o f  . 

i r r i g a t i o n  department and re1  a ted  departnrents, f i s c a l  and 

budget ing procedures, a g r i c u l  t u r a l  and l a n d  b e t  tenncnt taxes 

and a v a i l a b l e  revenues f o r  i r r i g a t i o n  investment.  

( 4 )  Deta i l ed  ana l ys i s  w l l l  be c a r r i e d  ou t  on a t  l e a s t  t he  

f o l l o w i n g  c r i t i c a l  p r o j e c t  design i tems cons idc r i ny  pas t  and l l k e l y  

f u t u r e  performance w i t h  and w i t h o u t  t he  p r o j e c t .  ( A )  Ti~r le and r a t e  

o f  t r a n s i t i o n  t o  ( 1 )  f u l l  u t i l i z a t i o n  o f  i r r i g a t i o n ,  ( 2 )  cropping 

pa t t e rns ,  (3 )  y i e l d s  o f  principal crops; ( B )  devclopnrent o f  Ground- 

water  w i t h  and w i t hou t  I i n i n g  i n c l u d i n g  t r a n s i t i o n  and conrparative 

economic ana lys is ,  ( C )  water  l ogg ing  and s a l i n i t y ;  ( 0 )  i n s u r i n g  

o f  a g r i c u l  t u r a l  support  f o r  i n p u t s  and ex tens ion  ; ( E )  engineer ing 

imp1 i c a t i o n s  o f  b lack  c o t t o n  s o i l s ;  ( 

arrangements f o r  a l l o c a t i o n  and d i s t r  

(G)  seepage and opera t iona l  1 osses 

and c r i t e r i a .  

F )  s o c i a l  and a d m i n i s t r a t i v e  

i b u t i o n  o f  i r r i g a t i o n  water,  

and channel l i n i n g  s t r a t e g y  

( 5 )  Ana lys is  of the perfomlance o f  an agreed upon number (3 -6)  

completed M I P  i r r i g a t i o n  sys trvrrs i r i c?  ud in !~ :  ( A )  w'lter supply  and 

de l  {ve ry :  anuual area ac tua l  l y  i r r i g a t e d  each season compared t o  

design area ; annual ac tu t i l  water  d c l  i v e r i e s  , inc lud ing  quar i t i  ty 

and t i m i n g  compared t o  design schedules; ac tua l  coverage o f  

i n d i v i d u a l  f i e l d s  by f i e l d  channels w i t h i n  t he  chaks - areas s h o r t  

o f  water  and areas water logged due t o  excess water;  adequacy of 

cons t ruc t ion ,  r egu la t i on ,  ope ra t i on  and n~ainteni lnce o f  main and 

d i s t r i b u t a r y  canal s  and f i e l d  channel s and watercourses. Est imate 



o f  watercourse d e t e r i o r a t f s n  s ince  c o n s t r u c t i o n  ; est imates o f  de l  i v e r y  

c f f i c i e n c y  a t  canal head, pub1 i c  canal o u t l e t s ,  f ' i e l d  !pLes  arid c rop  

r o o t  zone; methods of d i s t r i b u t i n g  water i n  canals  and below p u b l i c  

o u t l e t s  and t h e i  r adequacy; adcquacy o f  cana l /w i~ te rcourse  maintenance 

p rog ram;  groundwater' re1 a t i onsh ips  t o  surface! c j~velopment and h i  s t o r y  

o f  groundwater development. ( B )  Eva1 u a t i o n  o f  a g r i c u l  t u r a l  p e r f o r -  

Illnnce: design cropping p a t  t e rns  compared t u  crops ac tua l  l y  being 

grown; design crop y i e l d s  compared t o  ac tua l  . Re la te  t h i s  t o  usual  

p r a c t i c e  of op t im i z i ng  r e t u r n s  t o  water r a t h e r  than r e t u r n s  t o  land  

and t o  l e v e l  o f  p roduc t i on  i npu t s ;  a v a i l a b i l  i t y  o f  i n p u t s  - f e r t i -  

1  i z e r ,  seeds, c r e d i t  ,. e f fec t iveness of e x t e n s i o t ~  serv ices,  e t c ;  

i r r i g a t i o n  f i e 1  d  appl i c a t i o n  techniques ; adequacy of s o i l  survey, 

s o i l s  cond i t i ons  and t h e i r  s u i  t a b i  1  l ty  f o r  c ropp ing  p a t t e r n s  and pro-  

duc t ion ,  s o i l  e ros ion ,  wa te r logg lng  and sa l  i n i  t y ,  l and  fonr l ing and 

engineer ing s u i t a b i l  i ty  f o r  m a l l  s t r u c t u r e s  and 1  i n i n g .  Economics 

o f  i r r i g a t i o n  w i t h  farnl  budgets f o r  t u p i c a l  farms. ( C )  Performance 

o f  o rgan iza t ions  : (1  ) eva lua te  t he  water  management and c o n t r o l  sys tern. 

What i s  farmers' Role ? What i s  the government's r o l e ?  ( 2 )  Descr ibe 

thc orydr i i za t iona l  a r r ~ n g c ~ ~ ~ c l i t s  f o r  m~ in te rh tn t  (! o f  ct lr\ i \ l  ! : / ~ d l . e r c o l ~ r s e ' ~ .  

How e f f e c t i v e  i s  system? ( 3 )  Review and eva lua te  performance o f  

farmers o rgan iza t ions  and process f o r  water  a l l o c a t i o n ,  d i s t r i b u t i o n  

and a g r i c u l t u r a l  support .  Analyze ex ten t  o f  farmer  p a r t i c i p a t i o n  i n  

( I v s  i (111 i\11(I oIwr,\ t i INI :,LI~Iv , ~ I I I ~  r o  1 P o f  f i11'111(lr find q r )vc r t~ t~wnt  i n  

wdter ill  l o c a t i o n  and J i  s t r i  bu t i o n .  ([I) Soc ia l  performance: ( 1  ) Analyze 

fami !; ire and i f  poss i  b l e  i t ico~~ic  t l i s t r i  bu t i ons  as a f f e c t e d  by i r r i g a t i o n ,  



( 2 )  Review and analyze iwpact of r e s e r v o i r  d i  spl  acemcnts and document 

regulat ions,  1  aws and procedures used f o r  resett lement.  

( E )  Econoniic performance: (1)  Review annual economic performdnct? 

inc lud ing  i d e n t i f i c a t i o n  o f  d i r e c t  and i n d i r e c t  costs and bene f i t s  

I n  coniparlson t o  design p l ~ n ,  ( 7 )  Documc.nt 1ritot.111atinn nri y i o l d  

increases, s h i f t  i n  crop pat  terns, product ion ir lput arld 1 ahor use,  

and farm budgets as i r r i g a t i o n  developed. ( 3 )  Review and analyze 

a l l  f ac to rs  - techn ica l ,  economic, soc ia l  and p o l i t i c a l  - bearing 

on the choice o f  Extensive Vs. In tens ive  i r r i g a t i o n .  

( 6 )  Analys is  o f  proposed sample (3-6)  new MIP's. The team 

c o l l e c t i v e l y  o r  as separate specia l  i s t s  as appropr iate w i  1 1  

examf ne and analyze p r o j e c t  ions by feas i  b i  1  i ty repor ts ,  bu t  n o t  

be l i m i t e d  to ,  the  fo l lowing:  

( A )  Hydrological data base, se lec t i on  of rese rvo i r  s i t e ,  sp i l lway  

capaci t.y, canal and water chnnnr~l desiqn I nc l  udinq ~rlcquacy of' 

regu la t ion  and str fety f o r  water del i v e r y ,  pr.or.cdurr?s for. enqincering 

design, cons t ruc t ion  schedules and cost  est imates. An est imate s h a l l  

be made o f  water d e l i v e r y  e f f i c i e n c i e s  t h a t  can be expected a t  var ious 

po in ts  i n  the system. Special a t t e n t i o n  w i l l  be given to s o i l  condi-  

t i ons  i n  r e l a t i o n  t o  s t r u c t u r a l  s t a b i l i t y  f o r  sniall s t ruc tures  and 

f o r  l i n i n g .  

(B) Procedures 

are re la ted  t o  

management and 

f o r  est imat ing i r r i g a t i o n  requirements and how these 

o r o j e c t  water supply and del  i v e r y  e f f i c i e n c i e s ;  water 

d i s t r i b u t i o n  i nc lud ing  r~;;ronsi b i l  i t y  and organ iza t ion  

below the  o u t l e t  and nn farms. 



( C )  Cropping p a t t e r n s  f n  r c l a t i o n  t o  s o i l s ,  p o t e n t i a l  markets and 

dva i  l d b i  1  l t y  o f  p roduc t ion  i npu t s ,  nlc!arls o f  i t ~ ~ , u r i n g  and I n t e g r a t -  

i n g  a g r i c u l t u r a l  support ,  ex tens ion  and t r a i n i n g ,  adequacy o f  s o i l  

i n fo rmat ion ,  dra lnage i n f r a s t r u c t u r e .  

(0) Expected y i e l d s  and p roduc t i on  cos t s  a t  a l t e r n a t i v e  l c v e l s  o f  

development, es t imated a g r i c u l t u r a l  t r a n s i t i o n  t ime, farm budgets 

by farm s i z e  c l ass ,  economic e v a l u a t i o n  procedures, d i r e c t  and 

i n d i r e c t  publ i c  revenue generat ion,  water  charges, employment 

generat ion,  roads and market access. Economic r a t e  o f  r e t u r n  w i t h  

sensi  t i v i  ty  ana l ys i s  o f  invest r~ lent  r a t e  and 1  eve1 , development 

per iod,  y i c l d  and i r r i g i l t i o r i  c f f ' i c l m c y  s h a l l  bc calculated f o r  

a sample se t  o f  proposed M I  Ps. 

( E )  Farm s i z e  d i s t r i b u t i o n ,  farm tenancy, l and less  people, l a b o r  

force,  non-farm and farm income genera t ion ,  impact or1 pover ty ,  

b e n e f i t  d i s t r i b u t i o n ,  disadvantaged tiqi bes and castes,  r e s e r v o i r  

oustees, i r r i g a t i o n  and r e l a t e d  o rgan i z3 t i ons ,  general  demographic 

information, r o l e s  arid i n t e r a c t i o n  of va r ious  publ  i c  agencies. 
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CHAPTER 6 
AGRICULTURE 

Physiography and Climate: Maharashtra, t he  t h i r d  l a rges t  s ta te  
i n  Ind ia ,  has a g w i c a l  area o f  30,770,000 ha comprising 
approximately 10-percent o f  the t o t a l  land area o f  ~ n d i a ,   he 
State 1 i e s  w i t h i n  the  semi-arid t r o p i c s  and i s  subjected t o  
monsoon r a i n f a l l .  Annual r a i n f a l l  var ies  from 500 - 4,000 mm 
across the s ta te ,  Most (80 percent) f a l l s  w i t h i n  a 60-90 day 
period, The r a i n y  season i s  dependent on the  southwest monsoon 
which usua l ly  l a s t s  from June-October ( k h a r i f  season). The 
w in te r  r a b i  season) i s  from November t o  February and the 
summer I ho t  weather season) i s  from March t o  May. Because o f  
the  uneven d i  s t r i  bu t ion  o f  annual r a f n f a l l  , much o f  the ag r i  - 
c u l t u r a l  land su f fe rs  from water s c a r c i t y  dur ing the dry  season, 
wh i le  excessive water causes r u n o f f  and eros ion during the 
r a i n y  season. The s t a t e  i s  d iv ided i n t o  nine agro-c l imat ic  
zones (see Figure map G3 Vol . I ) , 
I n  the  western p o r t i o n  o f  t he  state,  the Sahyadri mountain 
range (western Ghats) r i s e s  from 40 - 80 kms east  o f  the 
Arabian Sea, Here the  e leva t i on  averages 1,200 m above mean 
sea l e v e l  (MSL). West of t he  Sahyadri range h igh  r a i n f a l l  
(2,500 - 4,000 mm) predominates, and a g r i c u l t u r e  consis ts  
p r i m a r i l y  o f  paddy r i c e  c u l t u r e  grown on bench terraces and 
some fodder crops grown on land c leared o f  forest .  

I n  the  west-central  p o r t j c n  o f  the  state,  land forms are  l ess  
dissected w i t h  s l i g h t l y  lower plateaus, elongated v a l l e y  
bottoms and eroded piedmont surfaces. Occasional sharp h i  11 s 
and but tes f l ank  t h e  r i v e r  va l leys .  This area (12 o f  28 
d i s t r i c t s  i n  the s ta te )  receives an average o f  500 - 750 mm 
annual r a i n f a l l  and i s  considered a h i g h l y  drought prone area 
( s c a r c i t y  zone). Besides having a low annual r a i n f a l l  , abnor- 
m a l i t i  i e s  i n  the weather can o f t e n  cause delayed onset o f  the  
monsoon, long drought spe l l s  during the  monsoon o r  an e a r l y  
te rminat ion  o f  the  monsoon. Usual ly,  on l y  one crop per year i s  
possib le w i thout  i r r i g a t i o n  because o f  the  l i m i t e d  r a i n f a l l .  

The remaining p o r t i o n  o f  the s ta te ,  east o f  Aurangabad, has 
genera l l y  s imi  1 a r  topography t o  the west-central  p o r t i o n  except 
f o r  the f a r  eastern region where the  landscape becomes gen t l y  
r o l l i n g .  The e leva t i on  drops t o  about 300 m and the annual 
r a i n f a l l  increases t o  about 1,250 mm i n  the  Nagpur area. D l  f- 
ferences i n  annual r a i n f a l l  prov ide the basis f o r  d i v i d i n g  t h i s  
area agro-c l  ima t i ca l  l y  i n t o  assured r a i n f a l l  (700 - 900 INN) 
moderate r a i  n f a l l  (900 - 1,200 mn) and h igh  r a i n f a l l  (1,200 - 
1,700 mm) zones, These h igher  r a i n f a l l  zones have 1 ess o v e r a l l  
drought r i s k  as compared t o  the  s c a r c i t y  zone, however, except 
f o r  l i m i t e d  r a b i  crops dependent on res idua l  s o i l  moisture, 
i r r i g a t i o n  i s  necessary f o r  cropping dur ing the  r a b i  and hot- 
weater seasons. Monsoon seasonal r a i  n f a l  1 i n  con j unc t i on  w i t h  
spec' ..l s o i l  management considerat ions accounts f o r  a low 



croppi ng i n t e n s i t y  (107 percent) throughout Maharashtra. 

The major r i v e r  systems d ra in ing  the  s ta te  are the Krishna, 
G ~ d a v a r i  and Tapi. The Krishna and Godavari r i v e r  systems 
d r a i n  over 80 percent o f  the  State ( t he  Godavari accounts f o r  
50 percent) and f l ow  toward the southeast i n t o  the Bay o f  
Bengal . The Tapi dra ins the  f a r  nor9thwestern p o r t i o n  (about 
20 percent) and flows wester ly  toward the Arabian Sea. A small 
p o r t i o n  i n  the northwestern corner i s  drained by the  Narniada and 
i n  the  northeastern p o r t i o n  by the  Mahanadi r i v e r  systems. E igh t  
major I r r i g a t i o n  p ro jec ts  u t i l i z i n g  the waters o f  these r i v e r s  are 
completed o r  i n  var ious stages o f  completion. Medi um i r r i g a t i o n  
p ro jec ts  impound waters on t r i b u t a r i e s  o r  minor r i v e r s  genera l l y  
on the  upstream watersheds. 

B. So i ls :  The major s o i l s  o f  Maharashtra are: (1) coasta l  a l l u v i a l  
and a1 l u v i a l  s o i l s  along major r i v e r  systems, (2) shallow, 

medium and deep b lack co t ton  s o i l s  ( v e r t i s o l s )  developed from 
b a s a l t i c  rock, (3) l i g h t  t o  medium tex tured red  and brown s o i l s  
developed from sand stones, s la tes  o r  g ran i te  and (4) l a t e r i  t e  
s o i l s .  

An important  geologic feature o f  s i gn i f i cance  t o  a g r i c u l t u r e  i n  
Maharashtra i s  the  Deccan t rap .  This  formation cons is ts  o f  
succebsive layers  o f  b a s a l t i c  substratum extending from the  
Sahyadri range and under ly ing most o f  the  cen t ra l  and eastern 
por t ions  o f  the state. The remainder consis ts  o f  t he  massive 
g r a n i t e  rocks o f  the  Deccan sh ie ld .  Embedded layers  o f  uncon- 
sol  i da ted  ma te r la l  occur between the  consol i da ted  basa l t  rock 
and o f t e n  prov ide  aquifers f o r  groundwater. Over ly ing the 
b a s a l t i c  rock i s  usua l l y  a weathered zone o f  stony, g r a v e l l y  
mater ia l  (murum) on which so i  1 development has taken place. 
The weathered zone a l so  provides a l o c a l  aquifer which i s  
rep1 enished by r a i n f a l l  and i r r i g a t i o n .  

The greates t  e panse and most important  a g r i c u l t u r a l  s o i l s  are F the . v e r t i s o l s . ~ ( b l a c k  co t ton  s o i l s  o r  black s o i l s )  which have 
developed on re1  a t i v e l y  f l a t  plateaus , a1 1 u v i  um and piedmont 
surfaces. These s o i l s  occupy approximately 84 percent o f  the  
t o t a l  geographical area of ~ a h a r a s h t r a z l  They vary from a few 
cent imeters t o  ,several meters i n  depth and normal ly ove r l  i e  
murum which i n  t u r n  over l  i e s  basal t i c  substratum. V e r t i s o l s  t 

1 C l a s s i f i c a t i o n  according t o  the  USDA s o i l  c l a s s i f i c a t i o n  scheme 
(7 th  approximation) and adopted by Ind ia .  

2J Data from Nat ional  S o i l  Survey and Land Use Planning, Nagpur. 



are commonly deep on valley bottorris and f l a t  plain surfaces and 
gradually decrease in depth in the upper reaches of the water- 
sheds. An important agronomic c r i t e r i a  for  their  characteriza- 
tion i s  depth and they are classified as deep ( 7150 cm), 
medium (50 - 150 cm) and shallow ( < 50 cm) . 
Vertisols contain high amounts of montmorill ini t i c  clay (30 to  
60 percent) which gives r ise  to high exchange capacities rich 
in bases of calcium, magnesium and potassium. The pH ranges 
from 7.0 t o  8.5 and free lime i s  normally present within the 
profile. Organiz matter, nitrogen, phosphorus and in some cases 
micronutrients arc low h u t  can easily he corrected by proper 
f e r t i l i z e r  use. No special f e r t i l i t y  problems such as high 
acidity, fixation or low base s tatus  l imit  crop production. 
Nevertheless, certain technical considerations must be related t o  
the management of ver t isols .  To a great extent, clay content, 
soil depth and landscape position determine inf i l t ra t ion  rates,  
drainage characteristics , erosion problems and engineering 
properties. These factors affect t i l l age  operations, construction 
methods and cropping patterns. 

Low inf i l t ra t ion  rates are associated with vertisols as a function 
of the high clay content. This gives r i se  to  easily saturated 
conditions, often leading to waterlogging and sal ini ty  problems. 
Normally waterlogging and/or sa l in i ty  only becomes a problem i n  
deep verti  sol s wi t h  depressional topographic re1 ief and excessive 
water use. The shal4ower vertisols having better drainage 
characteristics are much less  prone to waterlogging. 

Soil erosion a n d  loss of water through runoff can be significant 
during periods of intensive r a in fa l l ,  Without adequate ground 
cover, f ine clay particles are easlly suspended and transported 
with runoff water. 

The high content and nature of montmorillinitic clay accounts for 
extensive cracking when dry and swelling when wet. Swelling 
characteristics and the sticky nature of the soil surface when 
wet leads to d i f f icu l t ies  i n  managing b o t h  t i l l age  operations and 
construction practices. 

Tillage operations are often reduced or  avoided during the rainy 
season because of th i s  diff icul ty .  In par t ,  this  i s  one of the 
reasons for the traditional practice of fallowing which prevails 
i n  many parts of the s ta te  where vertisols occur. 

The effects of high montmoril 1 ini  t i c  clay on engineering properties 
of vertisols i s  well documented in Ind a n d  methods have evolved 43 to deal with construction a1 ternatives- . 

3 / " ~ a t t i ,  R . K . ,  E .S.  I:hangale, V . V .  Kulkarnl,, a n d  D.G. Divashikar. Shear - 
Strength Developn~ent i n  Expansive Black' Cotton Soil Media Wlth and Without 
a Cohesive Non-swell i n g  Soil Surcharge. Appl lcations to Stabil i t y  of 
Canals in Cuts and Embankments. Central Board of Irrigation and Power. 
Technical Report No. 28 New Del hi ,  March, 1980". 



I n  r e l a t i o n  t o  medium and major i r r i g a t i o n  pro jec ts ,  technical  
engineering problems associated w i t h  v e r t i  so ls  are: (a) when 
saturated, v e r t i s o l s  a re  very unstable so t h a t  banks cave and 
s o i l  p a r t i c l e s  are r e a d i l y  transported. This r e s u l t s  i n  
d i f f i c u l t y  i n  mai n t a i n i n g  channel shape and prevent ing c logging 
o f  downstream reaches from upstream erosion, (b )  expansion under 
we t t i ng  causes displacement o f  s t ruc tures  p a r t i c u l a r l y  those 
r e s t i n g  on the  s o i l  surface such as precast concrete t i l e s ,  

I n  general, the  adverse e f fec ts  of v e r t i  so l  s  a re  most pronounced 
w i t h  the  deep v e r t i s o l s .  These have the  h ighest  c l a y  contents 
and are ap t  t o  occur i n  poor ly  drained areas. 

More important ly ,  because o f  the nature and h igh  c l a y  content, 
v e r t i  so l  s  have h igh  water hol d l  ng capaci t i e s ,  a re  responsive 
t o  i n tens i ve  management and i n  general can be h i g h l y  product ive 
a g r i c u l t u r e  s o l  1 s. The i r  cha rac te r i s t i cs  , however, requ i re  
spec ia l  considerat ions i n  r e l a t i o n  t o  crop and water management. 
A com ar ison o f  s o i l  c h a r a c t e r i s t i c s  between v e r t i s o l s  (heavy 
s o i l s  ! and A l f i s o l s  ( l i g h t  t o  medium s o i l s )  i l l u s t r a t e s  the  
need t o  apply d i f f e r e n t  management. For exampl e , saturated 
hydrau l ic  conduc t i v i t y  o f  v e r t i s o l s  i s  very low compared t o  
A1 f i s o l  s. Thus, r u n o f f  and sur face eros ion through r u n o f f  
w i l l  be great  f o r  v e r t i s o l s  under saturated condi t ions.  How- 
ever, i n  p rac t ice ,  saturated condi t ions o f  v e r t i  so l  s  can 
usual l y  be avo1 ded w i t h  proper management ( i  .e.  crop cover and 
proper so i  1 management p rac t i ces ) .  . 
A t  the  onset o f  the monsoon, t he  water i n take  o f  v e r t i s o l s  i s  
q u i t e  h igh owing t o  deep cracks and the  i n i t i a l  capaci ty  o f  the 
s o i l  t o  absorb water. This can be enhanced by proper t i 1  lage. 
With A l f i s o l s ,  h igh i n i  t i a l  i n f i l t r a t i o n  ra tes  a re  a l so  apparent 
b u t  t h i s  i s  usua l ly  markedly reduced i n  a sho r t  per iod  of t ime 
caused by surface seal ing from r a i n  drop d ispers ion.  Thus, 
surface r u n o f f  i s  o f t e n  greater  f o r  A1 f i s o l  s  than f o r  v e r t i s o l  s  
dur ing the  e a r l y  monsoon. 

The v e r t i s o l  surface d r i e s  and cracks q u i c k l y  between r a i n s  o r  
i r r i g a t i o n  and hence becomes recept ive  f o r  a repeated cyc le o f  
h igh  i n f i l t r a t i o n  as described above. Saturated cond i t ions  
occur on ly  f o r  sho r t  per iods o f  time, partl,cularly i n  the e a r l y  
p a r t  o f  the monsoon. La ter  i n  the  monsoon heason, the  v e r t i s o l s  
p r o f i l e  becomes more prone t o  sa tu ra t i on  and\is enhanced under 
f a l l o w  condi t ions.  Thus, surface r u n o f f  i s  more serious i n  
the  l a t t e r  p a r t  o f  t he  monsoon, 

A1 f i s o l s  and i n  some cases shallow v e r t i s o l s  have lower water 
hold ing capac i t ies  as compared t o  medium and deep v e r t i s o l s ,  so 
t h a t  moisture s t ress  can develop more q u i c k l y  when supplemental 
water i s  no t  ava i lab le .  



Besides the v e r t i s o l s ,  o the r  l i g h t  t o  medium tex tu red  s o i l s  a re  
found i n  Maharashtra u s u a l l y  where g rea te r  r e l i e f  predonlinates o r  
major geolog ic  changes a re  ev iden t .  I n  cen t ra l  Maharashtra, these 
s o i l s  a re  redd ish  hrown ilnd n o r l ~ l i l l l y  occur i n  mixed association 
( i n te rg rades )  w i t h  shal low v e r t i s o l  s i n  upper reaches o f  water-  
sheds. They have developed over  unconsol idated murum, a re  shal low 
and show l e s s  s o i l  development than v e r t i s o l s .  

I n  the  f a r  eas te rn  p o t i o n  6 f  t he  s t a t e  (Chandrapur and p a r t s  o f  
Bandura d i s t r i c t s ) ,  brown t o  redd ish  brown s o i l s  predominate over a 
g e n t l y  r o l l  i ng 1 andscape. These so i  1 s (A1 f i so l  s)  a re  medium tex tu red  
and have s u f f i c i e n t  r e l i e f  t o  p rov ide  good drainage and i n f i l t r a t i o n  
r a t e s  w e l l  s u i t e d  t o  a g r i c u l t u r a l  p rac t i ces .  Eros ion can be ser ious  
w i t h o u t  adequate vege ta t ion  o r  crop cover.  Base s a t u r a t i o n  i s  h i g h  
(80 percent )  and pH ranges f rom 5.5 - 6.5. They a re  low i n  organic  
mat ter ,  n i t rogen ,  phosphorous and o f t e n  z inc .  

To t he  southwest o f  t he  Sahyadri range, s o i l s  a re  r e d  t o  redd ish  
y e l l o w  and p r e d m i n a t l y  l a t e r i t i c .  They are a c i d i c ,  have low 
base s a t u r a t i o n  and low water  ho ld i ng  capac i t i es .  These s o i l s  w i l l  
suppor t  f o r e s t  and some g raz ing  b u t  a re  n o t  w e l l  s u i t e d  t o  a g r i -  
c u l t u r e .  A t  lower e l eva t i ons ,  l a t e r 1  t i c  s o i l s  grade i n t o  coasta l  
a1 l u v i a l  s o i  1 s o f  q rea te r  depth and h igher  p r o d u c t i v i t y .  

A l l u v i a l  s o i l s  o f  t he  coas ta l  p l a i n  and those border ing  major r i v e r  
systems are  dark, medium t e x t u r e d  s o i l s  w i t h  good phys ica l  pro-  
p e r t i e s .  They respond we1 1 t o  i n t e n s i v e  a g r i c u l t u r e  and usual l y  
present  no spec ia l  problems i f  managed p rope r l y .  

Genera l ly ,  s o i l s  i n  t he  h igher  reaches o f  watersheds a r e  ap t  t o  
c o n s i s t  of medium t o  shal low v e r t i s o l  s, v e r t i s o l  - a l f i s o l  i n t e r -  
grades o r  A1 f i so l  s .  Th i s  represents  the condi t i o n s  under which 
most medium i r r i g a t i o n  p r o j e c t s  a r e  implemented i n  c o n t r a s t  t o  
major p r o j e c t s  which a re  l o c a t e d  on deep v e r t i s o l s  i n  t h e  l a r g e r  
r i v e r  basins. Nevertheless , t h e  exact  na tu re  o f  s o i  1 p r o p e r t i e s  
and expected response t o  i r r i g a t i o n  requ i res  a knowledge o f  t h e i r  
behavior  on a s i t e  s p e c i f i c  bas is .  

C. Crops and Cropping Systems: About 18.3 m i l  1 i o n  ha of land  a re  cropped 
i n  Maharashtra ( n e t  sown area) w i t h  approximately 20 m i l l i o n  ha re -  
p resen t ing  t h e  gross cropped area. Of  t h i s ,  t he  food g ra ins  o f  sor-  
ghum, r i c e ,  wheat and pulses a re  grown on 6.4, 1.5, 1.1 and 2.8 
m i l l i o n  ha respec t i ve l y .  Cotton, groundnut and sugar cane a re  t he  
impor tan t  cash crops and they  cover  about 2.1 , .%?, and .24 m i l l  i o n  
ha. Other crops grown on comparat ive ly  sma l le r  hecterage i nc l ude  
potatoes, minor o i l  seeds, j u t e ,  condiments, sp ices and vegetable&. 

!?/statist ics f rom D i r e c t o r a t e  o f  Economics, 18 th  E d i t i o n ,  f o r  yea r  1976-77. 
(Net sown area represents  ac tua l  l and  area cropped no rllore than once per  
year  as con t ras ted  t o  gross cropped area which accounts f o r  double cropp- 
i n g  and thereby represents  t o t a l  hectarage o f  harves tab le  crops p e r  year.)  



Trad i t i ona l  a g r i c u l  t u r a l  p rac t ices  inc lude a wide v a r i e t y  o f  
cropping pat te rns  adapted t o  l o c a l  s o i l  and c l i m a t i c  condi- 
t ions .  Many o f  the t r a d i t i o n a l  cropping pat terns ~ n d  choice 
o f  crops have evolved as a means t o  minimize r i s k  and prov ide 
a s e l f  su f f i c i ency ,  non-market o r ien ted  approach t o  farming, 
Thus, a number o f  r e l a t i v e l y  low economic value crops com- 
p r i s e  a p a r t  o f  the  present day systems. 

I n  recent  years, the increasing populat ion has placed addi - 
t i o n a l  pressure on the  land t o  produce more food. Cul t i- 
va t i on  i s  being extended i n t o  marginal areas r e s u l t i n g  i n  
deforestat ion and increased hazards o f  so i  1 erosion. To 
meet the  increasing demand fo r  food gra ins,  more e f f o r t  I s  
needed t o  increase both the  cropping i n t e n s i t y  and the 
product ion output  per  u n i t  o f  land. 

The d i s t i n c t  wet and d ry  season c l imate  as we l l  as the undepen- 
dable nature o f  the  monsoon impose major l i m i t a t i o n s  t o  h igher  
crop product ion. Yields f o r  most cereals  remain low (500 - 
1,000 kg/ha) and crop ' i n g  ' i n t e n s i  t i e s  a re  among the  lowest 
i n  Ind ia  (107 percent !' . 
On many o f  t he  v e r t i  so l  s  where r a i  n f a l  1 ranges from 800 - 1,500 
mm, cropland i s  comnonly fa l lowed dur ing the monsoon. The land 
i s  kept  f r e e  o f  weeds dur ing  t h i s  per iod  bu t  no t  cropped i n  pre- 
para t ion  f o r  r a b i  p lan t ing .  Although two crops a year  could be 
grown i n  many cases, farmers avoid k h a r i f  cropping because (1) 
t i 1  lage and c u l t i v a t i o n  o f  t he  v e r t i  s o l  s  are d i f f i c u l t  dur ing  
the  monsoon, (2 )  temporary f 1  ooding dur ing  heavy r a i n s  reduce 
y i e l d s  and (3)  s o i l  nloisture reserves needed f o r  the rab i  crop 
are  reduced by cropping dur ing the k h a r i f  season. 

Recent s tudies by ICRISAT show t h a t  cropping dur ing k h a r i f  does 
not  s u b s t a n t i a l l y  decrease s o i l  moisture reserves which would 
otherwise be ava i l ab le  f o r  the r a b i  crop. I n  f a c t ,  these 
studies i n d i c a t e  t h a t  the  l oss  o f  water through r u n o f f  and 
evaporat ion can be as much as 50 percent o f  the  t o t a l  r a i n -  
f a1  1 when ray ny season fa1  lowing i s  pract iced.  Cropping dur ing  
the  r a i n y  season e f f e c t i v e l y  reduces r u n o f f  and therefore 
improves the  e f f i c i e n c y  of ava i l ab le  water use. The major con- 
s t r a i n t  t o  croppin dur ing the k h a r i f  season i s  p r i m a r i l y  r e l a t e d  
t o  po in t s  (1) and 1 2)  mentioned above. 

Provid ing supplemental i r r i g a t i o n  on v e r t i  so l  s  tends t o  encour- 
age p l a n t i n g  o f  h igh  value crops such as wheat dur ing the r a b i  
season. Assured i r r i g a t i o n  dur ing  t h i s  per iod  w i t h  l i t t l e  t o  
no r i s k  o f  f l ood ing  a l lows more management con t ro l  by the  f a r -  
mers. Where fa1 1 owing has been prev ious ly  p rac t i ced  dur ing  
k h a r i f ,  more a t t e n t i o n  i s  needed t o  overcome the cons t ra in ts  
imposed by ti 11 age problems and temporary f 1 oodi ng. Thi s  would 
prov ide a means t o  double crop and maximize the bene f i t s  o f  
i r r i g a t i o n .  



I n  areas where r a i  n f a l l  i s  1 ow ((500 rm) and shal low t o  medium 
v e r t i s o l  s predominate, cropping on l y  dur ing  the r a i n y  season i s  
t r a d i t i o n a l l y  pract iced.  Soi 1 moisture reserves are i n s u f f i c i e n t  
t o  car ry  over f o r  a r a b i  crop and thus fa1 lowing i s  n o t  pract iced.  
Provid ing supplemental i r r i g a t i o n  t o  these areas encourages r a b i  
cropping i n  add i t i on  t o  the k h a r i f  crop. Because t i 1  lage and 
temporary f l ood ing  are l ess  o f  a cons t ra in t  t o  k h a r i f  cropping 
i n  these areas, i r r i g a t i o n  should prov ide an e f f e c t i v e  means t o  
double crop. 

On a l l u v i a l  s o i l s  and deep v e r t i s o l s  where major i r r i g a t i o n  pro-  
j e c t s  prov ide year round water, sugarcane product ion i s  preferred.  
Since medium p ro jec ts  do n o t  nonnal l y  prov ide water dur ing the , 

ho t  weather season and on l y  t o  a l i m i  t e d  ex ten t  dur ing k h a r i f  
season, sugarcane cropping i s  n o t  encouraged except where con- 
j u n c t i v e  use a l lows the fa.rmer t o  supplement canal i r r i g a t i o n  
w i t h  we l l  i r r i g a t i o n .  

The a v a i l a b i l i t y  of improved hybr ids,  espec ia l l y  sorghum, pear l  
m i l l e t ,  wheat, pigeon pea and chickpea have helped t o  boost 
y i e l d s  i n  recent  years. I r r i g a t i o n  has provided a means t o  
r e a l i z e  h igher  y i  e l  ds , p a r t i c u l a r l y  f o r  r a b i  crops, For example , 
about 50 percent o f  the wheat ( rab i  crop) i n  Maharashtra i s  
i r r i g a t e d .  A1 though, sorghum i s  a major crop i n  the  s ta te ,  
on ly  about 5 percent o f  i t s  area i s  c u r r e n t l y  i r r i g a t e d .  Sor- 
ghum i s  grown dur ing both the k h a r i f  and r a b i  seasons and being 
drought r e s i s t a n t  i s  b e t t e r  adopted t o  dry1 and ag r i cu l t u re .  
Nevertheless, HYV's of sorghum are  increas ing ly  being grown under 
r a b i  i r r i g a t i o n .  Other crops such as m i l l e t s ,  co t t cn  and g~ound-  
nuts are grown dur ing kha r i f  and ho t  weather seasons. These 
crops can b e n e f i t  from i r r i g a t i o n  provlded I t  i s  ava i l ab le  
dur ing  t h i s  per iod.  

I n  general, the a v a ~ i l a b i l i  t y  o f  i r r i g a t i o n  dur ing each o f  the  
growing seasons 1 arge ly  determines the  croppi ng pat terns.  Where 
water i s  a v a i l a b l e  year  round, farmers favor  sugarcane product ion. 
With l i m i  t ed  i r r i g a t i o n  (medium p ro jec ts ) ,  cropping pat te rns  are 
selected which prov ide the best economic re turns ,  Research i s  
needed which demonstrates su i  tab1 e a1 t e r n a t i  ves t o  1 ow value crops 
and provides a basis f o r  i ncreasi ng cropping i n t e n s i t i e s .  Soi 1 
and water managment p rac t ices  w i l l  vary depending on l o c a t i o n  o f  
p ro jec ts .  . , 

D. Agr icu l  t u r a l  Services i n  Ma harashtra 

1. Functions and Organizat ion o f  Ag r i cu l t u re  Department (AD) : 
Aur icu l  t u r a l  s e r v i  ces coverina (1 1 technical  extension. " . .  
(2) p l  anni n. /moni t o r 1  ng o f  i n p u t  requirements and d i  s t r l  - 
bu t ion  and 9 3)  so l  1 conservat i  on / l  and development works are 
the r e s p o n s i b i l i t y  o f  the AD. I n  addl t i o n ,  a !number o f  
s t a t e  sector  schemes such as h o r t i c u l t u r e ,  l i ves tock ,  
cash crops, e t c  are employed hy the AD. A t  the s t a t e  1 eve1 , 



these a g r i c u l t u r a l  services are  coordinated t o  serve area 
s p e c i f i c  o r  p r o j e c t  s p e c i f i c  rograms such as Command Area 
Developnlent Au tho r i t i es  (CADA ! o r  Drought Prone Area Pro- 
grams (DPAP), However, f o r  development p ro jec ts  such as 
medi urn and mi nor  i r r i g a t i o n ,  ag r i cu l  t u r a l  services operate 
through the normal organizat ional  network o f  the AD. I n  
the l a t t e r  case, a g r i c u l t u r a l  services are s t rong ly  i n -  
fluenced by Local Government p a r t i c i p a t i o n  i n  the planning 
process (Sec D.3). 

The AD cons is ts  o f  seven reg iona l  d i v i s i ons  cover ing exten- 
s ion  and i n p u t  planning and an add i t i ona l  f i v e  d i v i s i o n s  
devoted t o  s o i  1 conservat ion/ l  and development (Organizat ion 
Chart, D.10). These d i v i s i ons  are  responsible f o r  a g r i  - 
c u l t u r a l  services on a l l  MIPS as we l l  as r a i n f e d  areas 
throughout the  s ta te .  D iv is ions  are  headed by the  D i rec to r  
o f  Ag r i cu l t u re  who repor ts  d i r e c t l y  t o  t h e  Secretary o f  
Agr icu l  ture,  Regional d i v i s i o n s  cover three t o  f o u r  d i s -  
t r i c t s  and a re  headed by J o i n t  D i rec tors  o f  Ag r i cu l t u re  
(JDA's) ass is ted  by Deputy D i rec tors  o f  Ag r i cu l t u re  (DDA's) 
and Superintending Agr icu l  t u r e  O f f i ce rs  (SAO's) . Below 
t h i s  l e v e l  , responsi b i l  i ti es are coordinated w i  t h  d i s t r i c t ,  
block and v i  11 age 1 evel counci 1 s . P l  anni ng/moni t o r i  ng o f  
i npu ts  operates through the Agri  cu l  t u r a l  Development 
O f f i ce rs  (ADO'S), Block Development O f f i ce rs  (BDO's) and 
Agr i cu l t u re  Extension O f f i c e r s  ( AEO's) . AEO's a re  f ie1 d 
l e v e l  workers and are  nea r l y  synonomous w i t h  the Gram 
Sevaks who are  mu1 ti -purpose v i  1 lage 1 evel workers. Tech- 
n i  ca l  extension operates through the P r i  nc i  pal  Ag r i cu l t u re  
O f f i c e r  (PAO) , Sub-di v l  s iona l  Agri  cu l  t u r e  O f f i c e r  (SDAO) 
and AEO's. 

2. Technical Extension 

Maharashtra 's  extension services are  c u r r e n t l y  being i n ten -  
s i  f i e d  (beginni ng 1981 ) and reorganized through a Worl d 
Bank ass is ted  p r o j e c t  ( t o t a l  cos t  U.S. $ 33.3 m i l l i o n ) .  
The method01 ogy fol lows the  Tra in ing  and V i s i t  System 
which has already been adopted i n  several o ther  I nd ian  
s ta tes  over the l a s t  f o u r  o r  f i v e  years. The WB p r o j e c t  
emphasizes increased s t a f f i n g  w i t h  Subject Mat te r  Special - 
i s t s  (SMS) and V i l l a g e  Extension Workers (VEW), systematic 
farmer contacts and l inkage w i t h  research i n s t i t u t i o n s  fo r  
t r a i n i n g  and frnproved technological  t rans fer .  Farmers 
would be provided advice on proven f rming p rac t i ces  best  !I s u i t e d  t o  t h e i r  s p e c i f i c  cond i t ions  .- 
The in t roduc t i on  o f  the T & V system w i l l  focus a t t e n t i o n  
on the  technical  aspects o f  a g r i c u l t u r e  and w i l l  be imple- 
mented through the PAO/SDAO/AEO chain o f  command (see 

+i 3 
3.? 
-2-' 51 Maharashtra Ag r i cu l t u ra l  Extension p ro jec t ,  World Bank S t a f f  
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Organizat ion Chart  ' D. 10)  . The ADOiBDO/AEO/Gram Sevak organ- 
i z a t i o n  f u n c t i o n i n g  through the  d i s t r i c t  and b lock  l e v e l  
counc i l s  w i l l  e s s e n t i a l l y  remain una l te red .  Th ls  l a t t e r  
channel o f  command w i l l  con t inue  t o  be respons ib le  f o r  
p lann ing  and moni t o r i n g  o f  a g r i  c u l  t u r a l  i npu ts .  

An Add i t iona l  D i r e c t o r  o f  A g r i c u l t u r e  Extension, (ADA, 
Extension) has been appointed (August 1981 ) t o  manage and 
imp1 ement t h e  new T & V system. He w i l l  have a t e c h n i a l  
suppor t  s t a f f  o f  f o u r  sub jec t  mat te r  s p e c i a l i s t s  (SMS) 
a t  t he  rank of J o i n t  D i r e c t o r  o f  A g r i c u l t u r e  (JDA) . The 
major subjects  o f  t echn i ca l  expe r t i se  are p l a n t  p ro tec t i on ,  
h o r t i c u l t u r e ,  farm manager~ient and demonstrations/training. 
S i m i l a r l y ,  SMS w i l l  be added a t  t he  d i s t r i c t  and sub- 
d i v i s i o n a l  l e v e l  s  t o  p rov ide  addl t i o n a l  t echn i ca l  support  
f o r  the  P r i n c i p a l  Agr icu l  t u r a l  O f f i c e r s  (PAOs) and Sub- 
d i v i  s l ona l  Agr lcu l  t u r a l  O f f 1  cers  (SDAOs) . Other SMS w i  11 
be prov lded a t  the  d l s t r l c t  l e v e l  t o  cover s p e c l a l l r a t i o n s  
n o t  covered a t  the  subd i v i s i ona l  l e v e i  and which a r e  s i g n l -  
f i c a n t l y  impor tan t  f o r  a  p a r t i c u l a r  d i s t r i c t .  Th i s  cou ld  
i nc l ude  water management s p e c i a l i s t s  i n  i r r i g a t e d  areas 
and/or o t h e r  r equ i red  t echn i ca l  speci a1 i s t s  . 
Implementat ion of the  T  & V system i s  planned f o r  complet ion 
i n  t h ree  years and w i l l  cover a1 1  d i s t r i c t s .  Incremental  
s t a f f  add1 t i o n s  a t  t h e  var ious  l e v e l s  a re  shown i n  Table 1. 
Near ly  a l l  o f  t he  a d d i t i o n a l  manpower i s  a l l o c a t e d  t o  SMS 
and VEW which deal e x c l u s i v e l y  w i t h  techn ica l  mat te rs  and 
farmer con tac ts .  VEW's w i  11 be added as A g r i c u l t u r a l  
Assi s t an t s  ( AAs) , Agr i  c u l  t u r a l  Supervi sors (ASS) and 
A g r i c u l t u r a l  Extension O f f i c e r s  (AEO's) . New p o s i t i o n s  
w i l l  be added a t  t he  JDA l e v e l  and t h e  Ass i s tan t  Subdiv i -  
s i ona l  A g r i c u l t u r a l  O f f i c e r s  (ASDAO) l e v e l  t o  superv ise 
VEWs. 



Table 1  EXTENSION STAFF REQUIREMENTS * 

--Totall - 
Number Incremental 

Requi red  Avai 1  able Requirements 

Agri  cu l  t u r e  Assi s t a n t  (AA)/ 
A g r i c u l t u r a l  Supervisor (AS) 

A f r i c u l  t u r e  Extension 
O f f  i c e r  ( AEO) 

Subject Mat ter  S p e c i a l i s t  
(SMS)/Sub-divi s ion (SD) 

Subdi v i  s i  onal Ag r i cu l t u ra l  
O f f i c e r  (SDAO) 

Assis tant  Subdivisional 
Agr icu l  t u r a l  O f f i  cer (ASDAO) 

Subject Mat ter  Spec ia l i s t  
(SMS)/Distr ict  

P r i nc ipa l  Agri  cu l  t u r e  
Off i cer  ( PAO) 

J o i n t  D i r e c t o r  o f  Agr icu l  t u r e  
(JDA) 

Subject Mat ter  Spec ia l i  s t  
(SMS )/Headquarters 

A~ ld i  t i o n a l  D i rec to r  o f  
Ag r i cu l t u re  ( ADA]/Extension 

%reproduced from WB Report 3299-In 

3, Pl  anning/Moni t o r i  ng o f  Input  Suppl i e s  and D i s t r i b u t i o n  

The system of p rov id ing  a g r i c u l t u r a l  serv ices i n  Maharashtra 
i s  s t rong ly  i n teg ra ted  w i t h i n  and dependent upon the l o c a l  
d i s t r i c t  and block l e v e l  government s t ruc ture .  A l l  matters 
r e l a t i n g  t o  p lanning and d l s t r l  bu t i on  o f  a g r i c u l  t u r a l  i n p u t  
suppl i es , determining c red l  t requi  renients and cur ren t  a g r i  - 
c u l t u r e  extension a c t i v i t i e s q  operate through t h e  Z i l l a  
Par i  shad ( d i s t r i c t  counci l  ) and Panchayat Sami t i  (block 
counci 1  ) , 

6 /  I n  t he  fu tu re ,  techn ica l  a g r i c u l t u r a l  extension a c t i v i t i e s  w i  11 
operate ou ts ide  the purview o f  d i s t r i c t  and block counc i ls  as 
described i n  Sec D. 2. 



The d i s t r i c t  and b lock  l e v e l  counci 1 s i nc l ude  as t h e i r  
members t he  Chief Execut ive O f f i c e r  (CEO) and Block Develop- 
ment O f f i c e r  (BDO) who a r e  responsi  b l  e f o r  a g r i c u l t u r a l  
a c t i \ l + t i e s  and p rov ide  l i a i s o n  t o  t he  S ta te  Governments (see 
Organizat ion Chart  D. 2 .  ) . The CEO admi n i  s t r a t e s  a number 
o f  departments a t  t h e  d i s t r i c t  l e v e l  f o r  c e r t a i n  s t a t e  
sec to r  schemes such as cash crop programs, h y b r i d  seed 
and c e r t i f i c a t i o n  programs, s t a t i s t i c s  and census i n f o r -  
mation. Each c f  these schemes ma in ta i n  a cadre o f  tech-  
n i c a l  A g r i c u l t u r e  Ass is tan ts  ( AA's) who operate ou t s i de  
t he  r e s p o n s i b i l i t y  o f  the  b lock counci 1. I n  addl t i o n ,  
the  CEO i n  coq junc t ion  w i t h  the  d i s t r i c t  and b lock  coun- 
c i l s  and the  ADO/DDO formulate the  requirements and super- 
v i s e  the  distribution o f  a g r i c u l t u r a l  i npu t s .  They a r e  
ass i s ted  by a mu1 ti -purpose v i  11 age 1 eve1 extens ion worker 
(Gram Sevak) who r e c e i  ves gu i  dance f rom the  Agr i  c u l t u r a l  
Extension Worker (AEO) . Contacts w i t h  farmers a re  through 
the  AEO and Gram Sevak who a re  d i r e c t l y  respons ib le  bo th  
t o  t he  b lock  and d i s t r i c t  counc i l s .  

Est imates o f  i n p u t  requirements ( f e r t i  1 i zers  , seed and 
p e s t i c i d e s )  a re  prepared by spec ia l  comnit tees a t  t h e  
d l s t r i c t ,  b lock  and v i l l a g e  l e v e l .  Membership i n  these 
commi t t e e s  a re  shown i n Tab1 e 2. 

Table 2 

COMPOSITION OF DISTRICT, BLOCK AND VILLAGE COMMITTEES 

D l  s tri c t  Level Comml t t e e s  

Pres ident ,  Z i l  l a  Par i  shad (ZP)/Chai rman A g r i c u l t u r e  
Commi t t e e  

Chairman Ag r i cu l  t u r e  Comni t t e e  ZP 
D i s t r i c t  C o l l e c t o r  
Chief Execut ive O f f i c e r  ZP (CEO) 
Chai rman o r  r ep resen ta t i  ve o f  Di  s t r i c t  

Centra l  Cooperat ive Bank 
Chai rman o r  h i s  r ep resen ta t i ve  D i s t r i c t  

Sales and Purchase Organizat ion 
Execut ive Engineer, I r r i g a t i o n  Department ( ID)  
Representat ive o f  I r r i g a t i o n  Development Corp- 
o r a t i o n  o f  Maharashtra 

Deputy Reg i s t r a r  o f  Cooperat ive I n s t i t u t e s  
Deputy D i r e c t o r  o f  Agr i  c u l  t u r e  
Di v i  s i  onal  Sol 1 Conservat ion O f f i c e r  
Agr i  cu l  t u r e  Devel opment O f f i  ce r  (ADO), ZP 

Chai rman 

Member 
Member 
Member 

Member 

Member 
Member 

Member 
Member 
Member 
Member 
Secretary  
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Block Level Comi  t t e e  

President, Panchayat Sami t i 
Agricultural Development O f f i c e r  (ADO) 
Block Development O f f i c e r  (BOO) 
Deputy Engineer, I r r i g a t i o n  Department 
Manager Centra l  Cooperative BankLLocal 
Nat ional  i zed  Bank Branch 

Representative o f  D i s t r d c t  Deputy Reg is t ra t  
Cooperative Societ ies 

Representative o f  Tal uka Purchase and Sale 
Organizat io :~ 

Extension O f f i c e r  (Agri  cu l  t u r e )  

V i  11 age Level Comni t t e e  

Sar Panch (e lec ted  head o f  v i l l a g e  comni t t e e )  
Secretary, Cooperative Society 
Canal Inspector  (ID) ! 
V i  1 lage 1 eve1 worker 

Chai rman 
Member 
Member 
Member 

Member 

Member 

Member 
Secretary 

Chai m a n  
Member 
Member 
Secretary 
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3 I npu t  requirements f o r  both i r r i g a t e d  and non- i r r iga ted  crops 

-t a re  reviewed by the  comnittee o f  which representa t ive  members 
-& o f  t h e  I r r i g a t i o n  Department and the Agr i cu l t u re  Department 

concur. Primary responsi bf 1 i t y  f o r  f i x i n g  these requirements * 

3 r e s t s  w i t h  the  A0 as they are  responsible fo r  p lanning croppfng 
-.(1 

2 pat te rns  on both i r r i g a t e d  and non - i r r i ga ted  land. 

A f t e r  i n p u t  requirements have been determined, the  d i s t r i c t  
l e v e l  committees then re lease the estimates t o  the  various 
agencies and arganizat ions f o r  procurement and d i s t r i b u t i o n .  

a. - Seed: Although many farmers s t i l l  r e t a i n  and t rade t h e i r  
own seed suppl ies, the  use o f  HYV's i s  inc reas ing  due t o  
a workable and responsive system f o r  generat ing Breeder, 
Foundation and c e r t i f i e d  seed. Breeder and Foundation 
seed i s  produced by the  u n i v e r s i t i e s  a t  s e l e c t  seed farms. 
The seed i s  then m u l t i p l i e d  on a commercial basis f o r  
c e r t i f i c a t i o n  through the  Maharashtra State Seed Corp- 
o r a t i o n  (MSSC) , and t h e  Maharashtrs A g r i c u l t u r a l  Indus t ry  
Development Corporat ion (MAIDC). The MSSC and MAIDC 
operate through a network o f  sales centers, p r i v a t e  
dealers, and Tal uka (block) seed farms. Seed c e r t i f i c a t i o n  
i s  c a r r i e d  ou t  by t h e  Maharashtra State Seed C e r t i f i c a t i o n  
Agency by order o f  the  Seeds Act of 1966. 



District and  block level seed requirements are deter- 
minted by the d i s t r i c t  committees and demands are 
usually met through the local taluka seed farms. The 
d i s t r i c t  councils purchase seeds a t  a fixed rate  set  
by the SAO. Surplus seed i s  sold in the open market. 

able 3 
ORGANIZATIONS RESPONSIBLE FOR CERTIFIED SEED 

Name of the Organizations Districts t o  be covered 

1. Maharashtra State Seeds Corp- Akola, auldana, h r a v a t i  , 
oration (and i t s  authorized Jal gaon , Parbhana and Nanded 
sale  points) 

2. Maharashtra Agricultural . Dhule, Nasi k ,  Thane, Kulaba, 
Industry Development Corp- Ratnagi r i  , Pune, Ahmednagar, 
oration (and i t s  authorized Sholapur, Kol hapur, Satara, 
sa le  points) . Sang1 i ,  Aurangabad , Beed, 

Wardha, Usmanabad, Yeotmal , 
Nagpur, Chandrapur and 
Bhandara 

b. Ferti 1 i zers and Pesticides : Ferti 1 i zer and pesticide 
reauirements 15 ke other inputs, are  planned in advance 
of 'the growing season by the d i s t r i c t  committees~fn 
conjunction with AD o f f ic ia l s .  Fertil i zer coordination 
committees are  se t  up a t  the village level to  insure 
sufficient suppl ies  and distribution out1 e t s .  

Chemical f e r t i l i ze r s  are channelled through the Maha- 
rashtra State Marketing Corporation (MSMC) , the NAIDC 
and Vi darbha Cooprati ve Marketing Societies. Local 
sales points, agri cul tural centers and private dealers 
briny suppl les into contact with village farmers. 

Ferti l izer use averages about 19.4 kg.ha o f  the gross 
cropped area. This ranges from 4 kg/ha in less  developed 
areas and under dry land farming conditions to  more than 
150 kg/ha for  areas of more intensified irrigated farming. 
Estimates by the World Bank suggest that  nearly 55 percent 
of f e r t i l i z e r  use occurs on irrigated land. Total fer- 
t i l i z e r  con.%imption for Maharashtra Gas 580 thousand tons as 
of l978/79. 

The import, manufacture, sale ,  transport, d fs t r i  butioq, 
use and quality of pesticides i s  regulated by the 



f n s e c t i c i  des Act o f  1969. Manufacturing o f  pes t ic ides  
i s  concentrated i n  the Bombay area. D i s t r i b u t i o n  i s  
throu h MAIDC from which l oca l  sales agents and Z i l l a  
Par is  1 ads ob ta in  supplies. Pest ic ides are used p r i  - 
mar i l y  on improved v a r i e t i e s  and cash crops l i k e  
cotton, sugarcane, hybr id  sorghum and wheat. Very 
l i t t l e  pes t i c ide  use i s  evident on t r a d i t i o n a l  low 
y i  e l  d ing crops. 

As r i  cu l  t u r a l  Production Strategy-Maharashtra s t a t e  &espon- 
s i b i l i t y  f o r  planning product ion s t ra teg ies  i n  the State o f  
Maharashtra i s  vested i n  the AD and d i s t r i c t  counci ls.  The 
s t ra tegy  requires coordinat ion between o f f i c i a l  s o f  the  AD, 
D i s t r i c t  Administrat ion, Credi t  lending banks, v i l  lage Panch- 
ayats, d i s t r i c t  and v i l l  age leve l  coordinat ion c o n i  t t ees  and 
the  a g r i c u l t u r a l  extension u n i t s  down t o  the v i l l a g e  l e v e l .  

The AD, i n  consul t a t i o n  w l t h  i t s  regional  and d i s t r i c t  
o f f i c e s  and d i s t r i c t  1 eve1 coordi na t ion  committees , and on 
t h e  basis o f  experience, success and const ra in ts  encountered 
dur ing the  preceedi ng years, prepares annual Agricul t u r a l  
Production s t ra tegy  programs f o r  each o f  the growing seasons 
(hot  weather, kha r i f  and r a b i  season), The program for  each 
season normally covers the fo l l ow ing  : 

Project ions o f  the area coverage f o r  d i f f e r e n t  crops 
under hyb r id  o r  h igh y i e l d i n g  v a r i e t i e s  (HYV 's )  . Thrust 
i s  made on the  main crops. Area coverage i s  decided 
on the  bdsi s o f  performance dur ing  the  preceedi ng year. 
S i m i l a r l y  p ro jec t ions  are made f o r  h o r t i c u l t u r e  develop- 
ment. 

Requi rement o f  hybr i  d and h i  gh y i  e l  ding v a r i e t i e s  o f  
seeds, f e r t i l i z e r ,  pest1 cides, etc. and organizat ions 
responsible f o r  t h e i r  d l  s t r i  but ion.  

C red i t  reqbl  rements (crop w i  se) f o r  seeds, f e r t i l  i zers 
and pest ic ides  and organizat ions responsible f o r  c r e d i t  
1 ending . 
Training requi  rements o f  the  o f f i c i a l s  concerned/i nvolved 
w i t h  the  program. O f f i c i a l s  from the AD, d i s t r i c t  l e v e l  
admin is t ra t ion  and a g r i c u l t u r a l  extension are  required 
t o  undertake t r a i n i n g  on spec ia l i zed subjects/ topi  cs 
which have d i r e c t  bearing on i ncreasi ng crop product ion 
dur ing t h a t  season. .Decision i s  a lso  made on assigning 
responsi b i  1 i ti es t o  a g r i  cu l  t u r a l  u n i v e r s i t i e s  and 
col leges t o  cover districts i n  t h e i r  region. 

Requi rement of crop demonstralior~s , l h e i  r nu111bcr. i ~ r d  
area under demonstration. 

%$- 
+,' ... Z/ For the  responsi b i l i t i e s  o f  the AD/SC f o r  the implementation o f  Par t  I 

-3, 

.,..* and I 1  works r e f e r  t o  page 4 - 23. 
*. 8 $! 
#j-!- -+. 2 
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Responsi b i  1 i t y  o f  a g r i  cu l  t u r a l  extension f o r  s t ress ing  
needs f o r  increasing product ion through improved 
c u l t i v a t i o n  techniques, optimum dates o f  sowing, use 
o f  p l a n t  p ro tec t i on  measures, seed rates,  s u i t a b i l  i t y  
o f  v a r i e t i e s  on regional  basis, etc. 

Other m i  scel 1 aneous a c t i v i t i e s  1 i ke d i s t r i b u t i o n  o f  
biogas p lan ts ,  etc. 

Beginning 1980-81 , emphasis wi 11 be d i  rected toward 
e f f i c i e n t  u t i l i z a t i o n  o f  s tored water f o r  h igh  y i e l d i n g  
k h a r i f  food crop, 

As an example, t ! ~ e  a g r i c u l t u r a l  product ion st rategy dur ing 
khnr i  f 1900-81 st resswi  coverage under hyhr i  d lh lgh  y i e l d i n g  
v a r i e t i e s  as i l l u s t r a t e d  I n  Table 4. This in format ion shows 
proposed , area coverage dur ing kha r i  f 1980-81 , achievements 
dur ing preceding year and the t h r u s t  o f  the  types o f  crops: 

Table 4 
AREA TARGETS OF AGRICULTURAL PRODUCTION STRATEGY.. 

Program (khar i  f 79 - 80) Program 
Long Range Achieve- 1980-81 

Name o f  t he  Crop ~ a r g e t -  Targets ments .Targets 
(area - m i l l i o n  ha) 

-a L 
-0 

- 
-3, 

High y i e l d i n  paddy 9 1 .oo \9 1.78 0.85 1.04 Y Hybrid ~ o w a r l  1.46 1.80 
5 
.z+ 

High Y ie ld in  Jowar B 0.23 I 0.20 0.27 
-F -- 
6' Hybrid ~a jra-/ 1.78 0.38 0,41 0.70 
* - Hybrid Maize 0.52 0,28 0.55 -- -- 
a* 

3 Hybri d Cotton ---- - 0.39 a 0.39 0.40 
3 High Y ie ld ing  Cotton ---- 1.71 1 .71 1.60 
%, - 

zq 
--. 1 / 
21 Sorghum 
3: 

-A! 21 Pearl M i l l e t  
L 

2 Above f i gu res  are a statewide summary. D is t r i c t -w ide  pro- 
$, 
3 
3 

j ec t i ons  are a lso  made f o r  the purpose o f  micro- level t h r u s t  
-3 * 
<, and f o r  t he  guidance o f  d i s t r i c t  l e v e l  administ rat ion.  

Based on area wide estimates o f  c u l t i v a t e d  areas, the  
required inputs  are ca lcu la ted according t o  norms adjusted 
t o  y i e l d  po ten t ia l s ,  seeding ra tes  and recomnended f e r t i l -  
i zer /pes t i c i  des dosage. 

Current agronomic recornendations (Tab1 e 5) are general 
and f o r  t he  most p a r t  represent average condi t ions o f  
crop growth. They do not  take i n t o  account s i  te-speci f ic  



f ac to rs  o f  product ion such as water management, so ' i l s  
o r  cropping pa t te rn  a1 te rnat ives .  Recommendations 
s p e c i f i c  t o  condi t ions o f  i r r i g a t e d  areas i n  MIPS  need 
t o  be t a i l o r e d  on a regtonal basis. This w i l l  requ i re  
addi t l o n a l  emphasis on designing appropriate farm 
t r i a l  s/demonstration studies under d i f f e r e n t  resource 
and management a1 t e r n a t i  ves . 



m
o

 
o
m
 

m
m

 
m

m
 

o
m

 
e

m
 

m
h

l 
n

I
#

-
 

*
*
 

u
lm

 
0
 

In
 

0
 

0
0

 
0

0
 

o
m

 
In

N
 

0
 

o
m

 
L
n
m

 
I
_
 

N
(
U

 
0
 

N
r

 
N

W
 

N
N

 
m

 
I

I
 

1
1

 
I 

I 
I 

I 
I 

I 
0

0
 

L
n
L
n
 

0
 

O
L
n
 

0
0

 
%

E
 

N
N

 
h

r- 
a
 

o
h

 
m

 ~
n
 

~
8

-
 ~

1
-

-
 

N
r

 
W

r
 

n
l 

0
0

 
o

m
 

I 
I 

L
n
L
n
 

L
n
In

 
N

N
 

r
-
r
-
 



Table 5 (con't) 
Output (Yield) 

Seeds Manure Chmi ca'l per ha i n  
Name of C r o ~  i n  Kqs. i n  Kqs, in .  Kgs . Insecticides* quintals 

6. Su arcane 
b i  (18mnth  crop) 2500 4000-5000 
b. Pre-seasonal 2500 3000-4000 
c. Suru 2500 2000-2500 

7. O i  1 seeds.: 
a. Groundnut 
b. T i1 
c. Sunflower 
d. Soyabin 

80-1 00 5000-6000 75-1 00 
N.A. 5000-6000 40-50 

10 5000-6000 120-140 
75 5000 100 

- 8. Cotton 
a. H-4 2.5-3.75 25000 175-200 
b. Var-Laxmi 2.5-3.75 25000 140-1 60 

9. Pulses 
a. Tur 
b. Mug 
c. Udid 
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Table 5 (con't) 
Ferti 1 i zers Yield/ha 

No. of Manure Chemical Insecticides Year i n  
Name of Frui t  TreesIHa i n  Kgs. i n  Kgs. and Pesticides* Quintal s 

6. Grapes 

7. Coconuts 

Before o r  a t  the time of 
pl antat i  on 

From subsequent year a f t e r  
f u l l  growth of every t r ee  
2700-2800 

Before o r  a t  the time of 
plantation 

20-25 kg/ trench 3 kg trench 
. . 

After fu l l  growth 
25 kg/trench 5OCl gms/trench 

Before o r  a t  the time of 
plantation 
1000-1 200 400 

After f u l l  growth of each plant 
1400 

8000 No. 

* Data not avai lab1 e fo r  insecticides 



Table 6 INFORMATIOK REGARDING THE TRIAL-CUM DEMONSTRATION FARMS UNDER THE CONTROL OF THE 
DEPARTMENT OF AGRICULTURE, AGRICULTURE UNIVERSITIES AND C W N D  AREA DEVELOPMENT 

AUTHORITIES I N  THE STATE 

Name o f  the Name of the 
S r .  Name o f  the I r r i g a t i o n  Control 1 i ng Irri- Uncul ti - 
No. T.C.D. Farm 3 s t r i c t  Pro ject  (major) Authority gated Dry vated Total 

Khopol i 

Pimpri 
Gara j 
Bi  ndusara 
!?at01 i 
Songi ri 
She1 apur 
Pai 1 pada 
Sel oo 
Repol i 
Go1 egaon 
Kashti 
Bhadgaon 
Mhal i 
V i  hamandva 

?ai gad 

q a s i  k 
*&wangabad 
Beed 
bnded 
kanabad 

'3ul  dhana 
:ko 1 a 
Kardha 

* ?ai gad 
Parbhani 

* w d n a g a r  
2al gaon 
Bandhara 

*Auranga bad 

Koyana Ta i l  
Race Water 
Gangapur 
Dheku 
Bendsura 
Manar 
Khasapur 
Nal ganga 
Katepurna 
Bor 
Kal 
Purna 
Ghod 
G i  rna 
Bag h 
Js i  kwadi 

Agri. Dept. 5-1 0 1-1 7 8-33 14-60 
Agri .  k p t .  21 -50 -- 3-49 24-99 

Agri. Dept. 1 5-35 5-29 0-13 20-77 
Agri. Dept. 13-75 - - 3-50 17-25 
Agri. Dept. 1 5-26 -- 2-92 18-18 
Agri. Dept. 18-20 0-40 5-33 23-93 
Agri . Dept. 14-04 0-60 5-36 20-00 
Agri. Gept. 1 5-00 4-48 3-64 23-12 
Agri. Dept. 16-30 -- 4-45 20-75 
K.K.V. Dapoli 6-00 8-30 10-73 22-03 
M.K.V. Parbhani 60-00 12-04 18-72 90-76 
CADA, Pune 14-16 4-1 0 5-45 23-71 
CADA, Jalgaon 16-20 - - 3 -81 20-01 
CADA, Sagpur 10-00 1-20 7-08 18-28 
CADA, Aurangabad (Information not  ava i l  akle) 

*D is t r i c ts  where USAID supported MIPS w i l l  e x i s t  



Exrens ion method01 ogy has a ma jo r  focus on devel o p i  ng recommenda- 
t i o n s  f o r  s p e c i f i c  ag roc l  i m a t i  c  zones. The recommendations should 
t ake  i n t o  account cropping pa t t e rns ,  water management a1 t e r n a t i v e s ,  
farmers s k i 1  1  s, farmers resources and so i  l / w a t e r  resources. 
Whereas t h e  u n i v e r s i t i e s  and o t h e r  research i n s t i t u t e s  a re  respon- 
s i b l e  f o r  bas ic  and app l i ed  research i n  va r ious  sub jec t  ma t t e r  
d i s c i p l i n e s ,  ex tens ion  exphasizes mu1 t i  -1ocat iona l  v e r i f i c a t i o n  
t r i a l s  which lead  t o  s i  t e  spec! f i c  recommendations. Under t h e  
new ex tens ion  TIV system, t h e  farm t r i a l s  program w i l l  be planned 
a t  d i  s t r i c t  monthly workshops and subsequent ly executed by SMS 
and AA/AS on farmers f i e l d s .  The u n i v e r s i t y  ex tens ion  agronomist  
w i l l  t a ke  an a c t i v e  p a r t  i n  t h i s  process. Resul ts  of t he  farm 
t r i a l s  w i l l  be analyzed a t  t h e  month ly  workshop and formulated 
i n t o  recommendations. P a r t i c i p a t i n g  farmers would bear t he  c o s t  
o f  t r i a l s  un less i n p u t  cos t s  a re  g r c a t c r  than h i s  p resen t  p r a c t i c e  
i n  which case cos ts  w i l l  be horn  by the  AD. 

The AD, working i n  con junc t i on  w i t h  t h e  a q r i c u l t u r a l  u n i v e r s i t i e s  
and CADA' s  have i n i  t i a t e d  a number of t r i a l  -cum-demonstration 
fsrms i n  major i r r i g a t i o n  p r o j e c t  areas (Tab le  6 ) .  These 
demonst ra t ion farms represen t  f i f t e e n  d i f f e r e n t  d i s t r i c t s  i n  Maha- 
r a s h t r a  o f  which seven w i  11 a l s o  have USAID supported MIPS. 
I n f o rma t i on  f rom these t r i a l  "demonstrat ion farms should  be use fu l  
and a p p l i e d  t o  MIP areas where poss ib l e .  However, due t o  i nhe ren t  
d i f f e r e n c e s  between major  and medium i r r i g a t i o n  p r o j e c t s  ( l and -  
scapt 1  oca t ion ,  c ropping p a t t e r n s  and water de l  i ve ry )  , agronomic 
recommendations may n o t  n e c e s s a r i l y  bc t r a n s f e r r a b l e .  

6. L inkage o f  Extens ion t o  Research: Linkage between research and 
ex tens ion  has n o t  been w e l l  coord ina ted  i n  t h e  uas t .  Th i s  
l i n k a g e  w i l l  be s t rengthened under t he  TBV approach. Month ly  
d i s t r i c t  workshops w i l l  be u t i l i z e d  f o r  systemat ic  t r a i n i n g  o f  
AA/AS as w e l l  as f o r  f o r m u l a t i n g  t h e  farm t r i a l s  program. The 
PA0 and U r i v e r s i  ty ex tens ion  agronontist w i l l  he r espons ib l e  f o r  
o rgan i z l ng  workshops. Workshops w i l l  I n c l ude  t h e  p a r t i c i p a t i o n  
o f  d i s t r i c t / s u b d l v i s i o n a l  SMS and u n i  v e r s i  ty research s t a f f .  

I n  a d d i t i o n  t o  month ly  workshops, seasonal zonal workshops w i l l  
be arranged a t  each o f  t h e  fou r  u n i v e r s i t i e s .  The zonal  work- 
shops rev iew pas t  recomn~endations and assess t e c h n i c a l  p r i o r i -  
t i e s  f o r  t he  farm t r i a l s  program. The D i r e c t o r  o f  Research 
( u n i v e r s i t y )  and t he  ADA (ex tens ion )  organize zonal workshops 
which i n c l u d e  p a r t i c i p a t i o n  o f  zonal  JDA's, PAO's, D i s t r i c t  SMS, 
D i r e c t o r  o f  Extension, se l ec ted  department heads, c rop  coord ina-  
t o r s  and ex tens ion  agronomists.  



7 .  &r* fcu l  t u r a l  Research and Tratlning: Baslc and appl l e d  
a g r i c u l t u r a l  research are the r e s ~ o n s f b i l i t i e s  o f  the  
f o u r  main u n i v e r s i t i e s  i n  the ~ a h e r a s h t r a  (Mahatma 
Phule K r i s h i  Vidyapeeth a t  Rahuri , Marathwada Agr i -  
c u l t u r a l  Uni ve rs i  ty a t  Parbhani , Konkan Kri shi  Vidya- 
peeth a t  Dapali and Punjabrao K r i s h i ,  Vidyapeeth K r i s h i  
Nagar a t  Akola). Most r e w a r c h  i n  the p a s t  has been 
I i m i  ted  t o  r a i n f e d  a g r i c u l t u r e  condl t lons ,  se lec t i ve  
crop schemes and o ther  a l l - I n d i a  coordinated programs. 
Research e f f o r t s  have su f fe red  frcin a 'lack o f  coord ina t ion  
between the u n i v e r s i t i e s  r e s u l t i n g  I n  some dupl i c a t i o n  of 
e f f o r t s  and an i n a b i l i t y  t o  extend research r e s u l t s  ou t -  
s i de  the immediate sphere o f  the s ta t i on .  

Recently, the  u n i v e r s i t i e s  have begun t o  focus more a t ten -  
t i o n  on in tegra ted  research and problems o f  i r r i g a t i o n .  
Cur ren t ly  a range o f  s tudies are  d i rec ted  toward s p e c i f i c  
aspects o f  i r r i g a t e d  a g r i c u l t u r e  such as crop water requ i re -  
ments, methods o f  i r r i g a t i o n ,  drainage, etc .  There i s ,  
however, a tendency t o  conduct these studies o n l y  under 
i dea l i zed  condi t ions.  Considerable work i s  needed 
(adapt ive research) which attempts t o  r e l a t e  research 
f i nd ings  t o  the dynamics o f  p r a c t i c a l  i r r i g a t i o n  and 

oduct ion resource cons t ra in t s  under l ess  than i d e a l -  

The u n i v e r s i t i  es mainta in a network of about 20 main 
research s ta t i ons  and 30 substat ions. Here, most research 
i s  c u r r e n t l y  o r ien ted  toward crop improvement schemes 
( a l l  I nd ia  Crop Improvement Programs) such as wheat, sugar- 
cane, o i  1 seeds, sorghum, pear l  m i  11 e t  , co t ton  and pulses . 
Considerable scope e x i s t s  f o r  developing the  adapt ive 
research focus a t  t he  s t a t i o n  and sub-stat ion l e v e l  because 
resource cons t ra in t s  can be more c l e a r l y  defined. A f o r t h -  
coming statewide research review by the  GOM/ICAR i s  expected 
t o  he1 p c l  a r i  fy research p r i o r i t i e s .  

The fou r  u n i v e r s i t i e s  and s f x  add i t i ona l  a g r i c u l u t r a l  
co l  leges graduate about 1,000 s t~ iden ts  each year w i t h  
B.Sc. degrees. Nearl)~ 300 rece ive  M.Sc. degrees. Pre- 
sent ly ,  AA (extension workers) ob ta in  twc years of t r a i n i n g  
a t  one o f  25 a g r i c u l t u r a l  schools. Gram Sevaks get  s i x  
months t r a i n i n g  a t  f i v e  spec ia l  t r a i n i n g  centers. 

As p a r t  of the emphasis t o  strengthen the extension pro-  
gram ( T  & V System), add i t i ona l  t r a i n i n g  and educt ion i s  
being planned. Newly r e c r u i  t ed  subject  mat te r  s p e c i a l i s t s  
would be requi red t o  have M.Sc. degrees and AEO's t o  have 
B.Sc. degrees. Add i t iona l  i n -se rv i ce  t r a l n i n g  and spec ia l  
programs would prov ide avenues o f  regu la r  advancement fo r  
extension personnel. 



8. 

Table 7  

C r e d i t / M a r k e t j x :  Shor t ,  111ediu111 and l ong  term loans a re  made 
a v a i l a b l e  t o  farmers through coopc ra t i v c  c r e d i t  s o c i e t i e s  and 
c o m e r c i a l  banks. The l ieserve IZartk of I n d i a  prov ides loans 
t c  the  Apex I hnks  ( l e a d  Ilanks) a t  s i x  pcrccmt which i n  t u r n  
lend  t o  Centrc.1 Cooperat ive lldrlks a t  t;.?!; (wrcc!r~ t .  The Ccn trill 
Cooperat ive Uanks a re  d i s t r i c t  l e v e l  banks whcre t h e  amount o f  
f i n a n c l n y  which i s  t o  be p rov ided  f o r  c rop  loans i s  decided 
each year  f o r  each d i s t r i c t .  Th is  i s  done b,y an "Experts 
C o m i  t t e e "  coniposr!d o f  t he  D i s t r i c t  Ag r i cu  l t u r e  O f f i c e r ,  Deputy 
R e g i s t r a r  o f  Coopcrat i  ve S o c i e t i e s  and a r e p r c s c n t a t i  ve o f  the 
Centra l  Cooperat ive Bank as Chairman. 

Cent ra l  Cooperat ive Banks lend  t o  t he  Printary A g r i c u l t u r a l  
Cooperat ive C r e d i t  Soc ie t i es  (PACS) a t  8 percen t .  These p r imary  
s o c i e t i e s  number about 18,372 (1980) i n  r laharashtra and a re  t he  
main sources o f  c r e d i t  f o r  s h o r t  and medium term loans t o  farmers.  
Current  membership i s  approx imate ly  5,200,000. 

Crop loans a re  q i ven  on a  s h o r t  term bas i s  and rrlust be r epa id  
w i t h i  11 one *year ((!ilch 31 s t  March) exccy.1: f o r  lonq season sucldr- 
cane which i s  II! 111onths. Shor t  tern1 loans c o n s i s t  o f  il cash 
o u t l a y ,  perrni t s  f o r  secur ing i n p u t s  ( f e r t i  1  i z e r s ,  seed and 
pest ic! 'des) and p o s s i b l y  an a d d i t i o n a l  amount f o r  s p e c i f i c  needs 
o f  an a g r i c u l t u r a l  opera t ion .  These loans a rc  p rov ided  t o  
farmers a t  11 percen t .  C r e d i t  l i m i t s  f o r  d i f f e r e n t  crops a re  
shown i n  Table 7. 

CREDIT LIMITS-FOR DIFFERENT CROPS 
.--- - --.- -- --. 

-. c r e d i F 7  n  K ind = I n s e c t -  C r e d i t  
Name o f  Crop Seed l i z e r  i c i d e s  i n  Cash To ta l  

H igh y i e l d i n g  paddy 75 700 225 - - 1000 
Hyb r i d  jowar  (sorghum) 6  0 640 100 - - 800 
Hlgh y i e l d i n g  jowar  

(sorghum) 2 5 4 50 125 - - 600 

H y b r i d b a j r a ( p e a r l m i l 1 e t )  25 425 
Hyb r i d  maize 7 0 600 
Pigeon Pea (pu l se )  6  0  7  5 
Moong (pu l  se) 60 75 
B l  ackgram (pu l  se) 60 7  5 
Groundnu t 5  00 275 
Sesamum ( o i  1 seed) 25 300 
Hyb r i d  c o t t o n  ( i r r i g a t e d )  2 50 000 
Hyb r i d  c o t t o n  ( u n i  r r i g a t e d )  350 400 
Ord inary  c o t t o n  50 200 



Thc r l r f i n i  f:.lon of S I I I ~ I ~  'I , 11largi rid'l ar~cl 1 i l r r l r?  fn r r l~c rs  va ry  
accord i  ny Lo sctlel~les ( I R D P ,  DPAP, RRUC) . The drought  prone 
a r m  d w c l  npnlrnt p r q r a n i  (I)PAll) do f  i ncr, m n l  1  f nrtncrr, a s  
non- i r r i ga , t cd  3 .30  - 7.20 acres and irrigated 1.35 - 3.30 acrcs;  
marg ina l  farmers as n o n - i r r i g a t e d  O - 3.3 acres and i r r i g a t e d  
0  - 1.35 acres.  Normal ly,  smal l  farmers a re  cons idered as those 
earn ing  l e s s  than 3,500 Rs/year / fnn i i ly .  The r~trmber o f  drought 
prone t a l ukas  cover ing  10 d i s t r i c t s  i n  Maharashtra i s  87 ( l e s s  
than 750 mm r a i  n f a l  1  /yin). 

The amount o f  l end ing  f o r  i r r i g a t e d  crops (canal  i r r i g a t i o n )  
i s  about two t o  t h ree  t imes h igher  than f o r  n o n - i r r i g a t e d .  For 
example, a  farmer can o b t a i n  about 1500 Rs/ha f o r  n o n - i r r i g a t e d  
co t t on  and 2700 Rslha f o r  i l - ~ i g a t e d  cottor! .  Genera l l y ,  t h e  
a d d i t i o n a l  amount loaned fo: any crop under i r r i g a t i o n  i s  s i m i l a r  
and does n o t  depend on s p e c i f i c  c rop  requirements.  

M ~ d i u m  tern1 loans arc! a v n i l a h l r  f o r  such i tt?ms as smal l  pump 
S C ~ S ,  ~ l v c t r i ( :  ~~mf .o r s ,  (?LC. and ilr(? t o  IIC r[!paid i n  th ree  t o  
f i v e  years.  The r a t e  o f  i n t e r e s t  i s  14 percent  and requ i r es  
no l and  mortgaging. These loans a re  a l s o  p rov ided  through 
t h e  p r imary  a g r i c u l t u r a l  coopera t i ve  c r e d i t  s o c i e t i e s  (PACS) . 
Long tens loans, r e q u i r i n g  repayment between 10 - 15 .years and 
l and  mortgaging a re  ava i  :ab le  o n l y  through t h e  Land Development 
Bank. The Land Developnlent Bank has approx in la te ly  250 branch 
f a c i l i t i e s  i n  Maharashtra and loans are p rov ided  f o r  such i tems 
as bu l l ocks ,  t r a c t o r s ,  pumps, d i gg ing  o f  w e l l s  and l a n d  develop- 
ment costs .  

Besides the  PACS, t he re  a re  non-agr i cu l  t u r a l  c r e d i t  s o c i e t i e s ,  
market ing s o c i e t i e s ,  process ing and p roduc t i on  e n t e r p r i s e  
s o c i e t i e s  and mu1 t i  -purpose coopera t i ve  s o c i e t i e s .  A1 toge ther ,  
these t o t a l  about 57,352 ( i n c l u d i n g  PACS) coopera t i ve  s o c i e t i e s  
w i t h  a  member sh i p  o f  14,600,000. 

Market inq o f  aq r i c t r l  t u r a l  producc! i n  Maharashtra operates through 
a rietwork o f  rc?rlul;ltcd r t l a r k ~ t s  w i t h  i n t l l v i d u o l  t r a d e r s  (commission 
agents) and 111ilrkcl: s o c i c t i  cs p rov i i l i nq  who lesa le / r e ta i  1  se rv ices  
between farmers and consuwrs .  The Food Corpora t ion  o f  I n d i a  
sponsored by the  GO1 procures marketab le  su rp lus  f o r  t h e  c e n t r a l  
pool and requ ld tes  p u b l i c  d i s t r i b u t i o n .  

The Maharashtra A g r i c u l t u r a l  Produce Market ing Ac t  o f  1963 
es tab l i shed  a  llieans t o  r e g u l a t e  t he  market systern and add new 
market cen te rs  as denlands a r i ses .  The Ac t  p rov ides  funds and 
powcrs t o  for111 ni i lrket conimittees respons i l ) l c  f o r  s c - t t i n g  up 
new market centers .  Market committees a re  de legated t he  
a u t h o r i t y  t o  purchase lands  and c o n s t r u c t  f a c i l i t i e s  (sheds, 
o f f i c e s ,  sa les,  e t c .  ) f o r  opera t ing  l o c a l  sa les  yards. . Committees 
a re  represented by growers, t r ade rs ,  l o c a l  and s t a t e  government 
a u t h o r i t i e s .  Normal ly,  market committees serve severa l  v i l l a g e  
u n i t s  o r  a  t a l u k a  ( b l o c k ) .  



Cur ren t l y ,  t he re  a re  227 r m r k c t  GOIIII~I~ t t c c s  hav i  ncj 227 market 
ya rds  and 290 subs id i a r y  a~ilrkel; cen te rs  t t i rougt io~r t  t h ~  s t a  t c .  
New market cor~rlll t t e o s  and ~ ~ l a r * k ( l  I; c !rll.c!r.s wi 1 1 Iw cs ttl t ) l  i stlctl 
i n  i r r i g a t e d  col~lriiand areas i ls dc~~land n r i  sc!s. 

9. S o i l  Surve s: The D i v i s i o n  o f  I r r i g a t i o n  Research and Develop- 
i d n  of t h e  Maharashtra Irr i  a t i o n  Department conducts 
d e t a i l e d  s o i l  surveys ( s e r i e s  l e v e l  4 i n  a l l  MIP command areas. 
Surveys a re  done accord ing t o  procedures and methodology se t  
f o r t h  by t he  Nat iona l  Bureau o f  S o i l  Surve.y and Land Use Plann- 
i ng .  These surveys a r c  completed p r i o r  t o  t t ic  i n i t i a t i o n  o f  
Land Develop~llcnt Clorks. Copies a re  providccl t o  thc AD f o r  use 
i n  develop ing rev i sed  c ropp ing  p a t t e r n s ,  l and  l e v e l  i ng ,  grad- 
i n g  znd l o c a t i n g  su r face  d ra i ns .  

1r1 a d d i t i o n  t o  p r e - i r r i g a t i o n  s o i l  surveys, DIRD conducts 
b iannual  i n s p e c t i o n  o f  se l ec ted  we1 1 s  and checks suspected 
areas f o r  poss ib l e  wa te r loqg inq  and/or sa l  i n i  ty  problems. 
I n  cases where wate r loqq ing  begins t o  develop s ~ ~ b - s u r f a c e  
dra inage schemes a rc  t lesi  gncd and cons t ruc ted  by the i rri - 
g a t i o n  c i  r c l e  respons ib le  f o r  t h e  problem area. 

9IRD a l s o  undertakes s p e c i a l i z e d  research s tud ies  p e r t a i n i n g  
t o  s o i l  and water management problems w i  tPcn i r r i g a t i o n  p ro -  
j e c t s .  Research s tud ies  a re  c u r r e n t l y  a i w d  a t :  ( 1 )  co r -  
r e l a t i n g  s o i l  survey i n f o r m a t i o n  w i t h  i r r i g a b i l i t y  c l a s s i f i c a -  
t i o n ,  ( 2 )  t he  u t i l i t y  o f  p e r c o l a t i o n  tanks, ( 3 )  improved 
des ign o f  drainage schemes and (4)  crop water requirements.  
Increased s t a f f i n g  and t ra in i1 ;g  o f  DIRD would inc rease  t h e  
b e n e f i t s  accrued f rom these research  s tud ies  (See Volume 11, 
Chapter 4, 8.2.9. S o i l  Surveys) .  

The AD/SC a l s o  c a r r i e s  o u t  s o i l  surveys i n  n o n - i r r i g a t e d  
areas accord ing t o  t he  same methodology used by DIRD. These 
surveys a re  used :a develop c ropp ing  p a t t e r n s  and o t h e r  l and  
use p r i o r i t i e s .  


