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Improvement i n  Plain System Manerzement h a s  been i d e n t i f i e d  as a key t o  
Letter performance of i r r i g a t i o n  systems. This  aspect of I r r i g a t i o n  
Elanagement deserves more profess ional  a t t e n t i o n  and research.  

The obLiective of t h e  present  s tudy is to  document with a management- 
orient.ed approach t h e  r e a l i t y  of  main canal  opera t ions  with p a r t i c u l a r  
reference  t o  of t h e  planning and design of main systems on 
the  nnnagentent and performance of  t h e  systems. Main canal regu la t ion  has  
been ruialyzed from t h e  po in t  of view of  La) its impact on t h e  d i s t r i t j u t i o n  of 
flows from t h e  main canal, ( b )  its con t r ibu t ion  t o  t h e  manageability and 
ab i l i t s  t o  operate t h e  physics1 systems, and (c)  its impl ica t ions  f o r  t h e  
inanacerial requirements of  t h e  i r r i g a t i o n  agencies.  

t h e  implicat ions 

IT?lI has conducted a compsrative study of t h r e e  i r r i g a t i o n  systems i n  
S r i  I.anka and one i n  t h e  Phi l ippines ,  which d i s p l a y  d i f f e r e n t  planning and 
design f e a t u r e s  i n  t h e i r  main systems and canals .  These are: ( a )  t h e  
Kalanl iu t t iw Branch C a n a l  of the Galnewa Pro.ject i n  System H of t h e  Mahaweli 
Economic ikency of t h e  Mahaweli Authority of S r i  M a ;  ( b )  t h e  Right h l k  
Main Canal (RD’IC) of t h e  Kir indi  @a I r r i g a t i o n  and Sett lement Pro.ject 
IKOISP) of the I r r i e a t i o n  Department, S r i  Lanka; (c)  t h e  Ra.iangana P i l o t  
Dis t r ibu ta ry  C a n a l  of t h e  R s j w a r i a  I r r i g a t i o n  Scheme of t h e  I r r i g a t i o n  
Department, S r i  M a ;  and Id)  the S e t 0  Doming0 Area ISDA) Plain C a n a l  of t h e  
Upper Pampanza River In tegra te2  I r r i g a t i o n  System (UPRIIS) of t h e  National 
I r r i g a t i o n  Administration ( N U )  of t h e  Phi l ippines .  

The s tudy analyzes t h e  i m p z t  of t h e  physical  aspects of  t he  systems, 
inc ludinc  t h e  s t r u c t u r i n g  of main systems and canals, on ( a )  t h e  
organiza t ional  se tup  of t h e  I r r i g a t i o n  Agencies i n  charge of t h e i r  
opera t ions ,  and ( b )  t h e  m % g e a b i l i t y  of t h e  two i n t e r r e l a t e d  primary 
funct ions  of a main cana l ,  m e l y  t h e  conveyance of  water from a source of 
supply t o  remote places of delivery to sub-units of t h e  system. 

F i e l d  inves t iga t ions  and analyses have been conducted t o  examine ( a )  
t h e  a c t u a l  condi t ions  under rhi’-h canal opera tors  e x e r t  c o n t r o l  over t h e  
W i c a l  process. t.he flow Jf  water, and (b) t h e  a c t u a l  condi t ions  under 
which t h e  management p r w s  of dec i s ion  making t akes  place a t  t h e  var ious  
opera t ional  l e v e l s  of t h e  agency as required  f o r  =a1 regula t ion .  

Elost of t h e  information u t i l i z e d  f o r  t h e  s t a y  was c o l l e c t e d  during one 
i r r i g a t i o n  season i n  1988. This  was performed through ( a )  in tens ive  
aut.olnatic rwnrdim of m a 1  water l e v e l s  using e l e c t r o n i c  data- longer 
technology, a5 !<ell as classizal s tare- recorders  (a t o t a l  of 31 d i f fe ren t .  
sensing p i n t s  ‘%ere dispersed a t  key loca t ions  alone t h e  main canals and a t  
some branchine po . in t s ) ,  ( b )  c a r e f u l  f ie ld  moni tor im of canal  opera t ions ,  and 
(cl i n t e r v i e w s  of the  opera t ions  s t a f f .  The study a l s o  d r e w  upon pre\,ious 
work conducted by IPII on t h e  same systems as w e l l  as r e s u l t s  generated by 
s imula t ions  performed t h r o w h  ava i l ab le  mathematica1,mdels  of some of t h e  
cana l s .  
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A.  The I m p a c t  of Planning and Design on t h e  MBnagement 
Water i n  t h e  Main Canals Studied 

of t h e  Conveyance of 

The main. cana l s  s tud ied  correspond t o  subsystems of much l a r g e r  
pro.iect.s. With t h e  exception of t h e  K i r i n d i  Oya R i g h t  BRnlc b i n  C a n a l ,  which 
takes o f f  d i r ec t ly  from a main s t o r m e  r e s e r v o i r ,  the canals s tud ied  w e r e  
dewrident f o r  t h e i r  supply on an upper conveyance system. I n  t h e  case of t h e  
Kalankuttiya Branch Canal,  t h e  upper conveyance system c o n s i s t s  of a cascade 
of 3 tanks ,  namely, Kalanltutti.va, Mulannatuwa, and l i a l a w e w a .  The last tank 
is i tself  supplemented by a divers ion  from t h e  Mahaweli  River. In  t h e  case 
of t h e  S m t o  Domingo Area b i n  canal, t h e  upper conve,vance system is charac- 
t.erizthi by a cascade of 5 divers ions  a l o r a  t h e  50 km long water course and 
d ive r s ion  canal  (Dc#1) b e t w e e n  t h e  source of supply and t h e  head of t h e  
canal  s tud ied  (SDA Main Canal) .  I n  t h e  case of Rajangana t h e  canal  s tud ied  
is a d i s t r i b u t , a r y  canal  taking: o f f  t h e  upper reaches of a main canal. 

The following design characteristics w e r e  i d e n t i f i e d  as important 
parameters t h a t  c o n s t i t u t e  t h e  foundation f o r  more d e c e n t r a l i z e d o p e r a t i o n s  
a t  the head  of subsystems: 

A t .  Decentralized s to rage  capacities such as i n  Fiahaweli System H can 
improve the  manageability of extended systems. This  was evidenced by t h e  
higher l e v e l  of performarice achieved i n  System H ,  i n  terms of t h e  
q u a n t i t a t i v e  c o n t r o l  of  t h e  supply at  t h e  head  of t h e  subsystem, when 
compared w i t h  t h e  Diversion C a n a l  DcUl a t  UPRIIS. 

A t  Ih lanku t t iya ,  during ,&a (d ry  season) 1988 t h e  management of t h e  
l e f t  bank main canal  (convey,mce system) succeeded, with l i m i t e d  managerial 
e f f o r t ,  i n  r e f i l l i n g  t h e  l ialankutt iya Tank i n  due. time without a f f e c t i n g  t h e  
program of w a t e r  i s sues  f r m  t h e  tank. This r e s u l t ,  however, h a s  t o  be 
weighed a g a i n s t  the  d i f f i c u l t i , e s  experienced previously a t  a time of water 
shortage (&a, or w e t  season,  1986/87). This shor tage  put  exceptional 
s t r a i n  on t h e  conveyance syst'em and on its management, which found itself 
r e l a t i v e l y  unprepared t o  fa8ze such a s i t u a t i o n  with its usual  manarerial  
p rac t i ces .  

A t  the  UPRIIS, on t h e  con t ra ry ,  t h e  supply provided a t  t h e  head of t h e  
SDA Main Canal depends l a r g e l y  on the performance of t h e  upper conveyance 
system ( D c 3 1 ) .  In 1988, t h e  yupply a t  t h e  head of t h e  SDA was very irrerrular 
d e s p i t e  the considerable managerial e f f o r t s  deployed by t h e  s t a f f  of t h e  
Water Centra l  Coordinating Center of t h e  UPRIIS/NIA, assisted by t h e  District 
Hydrolocist and supported by an e f f e c t i v e  r ad io  communication system. The 
srtpply condi t ions  a t  t h e  head ,of t h e  system make it almost f u t i l e  f o r  t h e  
&ency t o  envisage d i s t r ibu t i ru :  water within t h e  Santo Dominso Area w i t h  the  
ob.jective of q u a n t i t a t i v e  flow con t ro l  as i n  t h e  case of Kalankutt iya.  
Ins tead ,  it was observed t h a t  t h e  d i s t r i b u t i o n  was implenimted with a r a t h e r  
high degree of success on t h e  basis of a "degraded" ob.jective, that,  is, t o  
s h a r e  whatever inflow is a v a i h b l e  i n  proport ion t o  t h e  p lanted  areas. 

,A2. The r a t i o n a l  use of hydraul ic  "controls"  (e .e . ,  lorn-crested w e i r s )  
across c a n a l s ,  i f  permitted by t h e  topography, as an a l t e r n a t i v e  opt ion  t o  
manual water l e v e l  con t ro l  t h r o w h  gated cross-res!ulators, was found t o  have 
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a significant impact on the staffing. and manageability of the systems. 
Reasons for this include: (a) simple hydraulics &d simple operations; (b) 
reduced room for decision making at the level .of the operators while 
nevertheless improvind the quality of the water level control in the main 
canal, which in turn conditions the decision making and operations at the 
offtakes aimed at flow control; ( C )  opportunity for decentralized operations 
of the delivery function, relatively uninfluenced by the operations related 
to the conveyance of water in the main canal. 

It was observed,' in Kirindi Oya, that the excessive operational 
flexibility available at the,diversion point from a main canal (gated cross- 
regulator plus lateral 0fftake)'wa.s abused to the detriment of conditions for 
effective management of the conveyance of water throughout the main canal. A 
likely e,xplanation the present concern of gate operators is limited 
to the distribution of water; they have little or no concern for the 
conveyance of water along the main canal. 

is that 

It was also observed that although "controls" are seldom used as level 
control devices, they are more readily used as measuring devices, but some- 
times with limited success. 

"Controls" in the form of duckbill weirs existing at the Kalankuttiya 
Branch Canal, (and on the Rajangana Pilot canal) were found to be effective 
in creating hydraulic conditions (control of level) suitable for the control 
of water issues at the offtakes while eliminating the burden of gate 
operations on the main canal and all its 'negative consequences. Under such a 
conditioning environment in the.main canal, further gain of performance in 
the control of flow could be envisaged through technological innovations such 
as baffle distributors, provided of course that the process of technology 
transfer has been adequately effected. 

B. Performance of the Conveyance System: A Conditioning Factor for the 
Control of Water Delivery 

The planning and design features referred to above were found to have an 
impact on of the conveyance of water along canals, a factor 
that conditions the control of the water delivery. Other managerial condi- 
tions required for the control of water issues that were examined were: (a) 
the availability of explicit delivery targets, (b) the possibility of 
obtaining feedback on the actual flows delivered, and (c) the availability of 
physical means for operations. 

B1. At the head of the canals studied, these conditions were generally found 
to Le adequate, with the exception of the SDA. The poor performance of the 
SDA bin canal in that respect was essentially conditioned by the 
inadequately regulated sources of its supply: (a) the local flow from a 
creek, and (b) the irregular sbpply from the upper conveyance system. As a 
result, the delivery objective within the Santo Doming0 Area during the 1988 
wet season (which in fact turned out to be relatively water short) was found 
to be limited to the equitable sharing of available water and apparently not 
the provision of controlled water issues like in the other systems. 

the performance 
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02. The general observation in,the systems studied was that the managerial 
conditions required for the control of delivery at the offtakes were 
deficient. the design features 
of the canals that' often include ineffective devices to assess the flow 
diverted. Of more importance, however, are the deficiencies of the present 
regulating mechanisms for the conveyance of water along the canals and the 
difficulties in achieving this with the current practices of operation of the 
gated cross-regulators, This gap was of particular significance at Kirindi 
0.w Right Dank Main Canal, as the hydraulics and the length of the canal make 
it difficult to perform efficiently the downstream mode of regulation 
attempted by the Agency. But even in the Rajangana Pilot Distributary C a n a l  
where this function could have liken performed more easily, the Agency did not 
seem to have taken advant&e olF the technology to manage the conveyance 
function better, and in particular to monitor the inflow-outflow water 
halance along the canal. 

This deficiency can be attributed in part to 

C. General Findings and Conc1us:ions 

As a result of the investiigations carried out in the four systems, some 
general conclusions were arrived at as follows: 

C1. The territorial maEhitude.of eTtensive irrigation projects is reflected 
in the dimensions of the or.ganii,cational setup of their management agencies. 

C2: The potential complexity o,P the management is not only determined by the 
size and structure of the organizations but also to a large extent by the 
layout of the main system and' the hydraulics of the canals. It may also 
happen, however, that even i n  a system of limited size with an organization 
of corresponding magnitude, such as the Kirindi Oya Right Bank Plain Canal, 
the canal h.ydraulics might still be highly complex. Appropriate managerial 
practices are therefore needed to cope with this The operation 
of systems in a dynamic w m e r  while maintaining the objective of an 
acceptable level of performance generally results in a higher degree of 
complexity of the management. 

C3. between the physical infrastructure 
of the irrigation main system and the superimposed organizational arrme- 
nients of the agency to manage tie wqter from the source to the various points 
of delivery. 

C4. The parallel refers to the relative degrees of centralization versus de- 
centralization available in 'both the agency and the physical system to 
control the complex process of 'ciaision making and the actions to be perfom- 
ed at various hierarchical levels with a view to the effective conveyance and 
distribution of water. The conveyance system df the Mahaweli System H, 
including a cascade of intermediate storage tanks, is an example of a main 
system with opportunities for decentralized operations of subsystems. In 
contrast, the conve,ya&e system that provides the supply to the Santo 
Doloingo i\rea Mai.n Cana1.i~ directly dependent on the operations of a central 
reservoir. 

complexity. 

There are both a parallel and a 

Fs.4 

J l  
g l  

I 

1 

1 

vperera
Next >> 

http://intranet.iwmi.org/Library/M/H_5430ii.pdf


C 5 .  The r e f e r s  t o  the  oppbr tuni t ies  provided, through the  layout  of t h e  
system and t h e  c h a r a c t e r i s t i c s  3f its hydraulic s t r u c t u r e s ,  f o r  more or less 
decentra l ized operat ions.  i . e . ,  the  degree of f r e e d m  ava i l ab le  t o  an 
operator  t o  make decis ions  i n  operat ing h i s  subsystem, within c e r t a i n  l i m i t s ,  
without beinrr constrained by the operat ions of  t h e  higher order system and 
without i n t e r f e r i n g  w i t h  it. 

CG. concern of t h e  
mmagement l e v e l  concerned with t h e  operat ions of main canals over long 
dis tances .  01! t h e  o the r  hand, t h e  de l ive ry  function is more l i k e l y  t o  be t h e  
concern of the  opera tors  at. t h e  of f takes .  The design and opera t ional  p rac t i-  
ces of agencies,  however, appear t o  lack a clear perception of  these  two 
i n t e r r e l a t e d  functions of a m a i n  canal .  The main canal tends t o  be perceived 
by i r r i g a t i q n  agencies and t h e i r  s t a f f  as a d i s t r i b u t i o n  system with .emphasis 
placed on t h e  de l ive ry  aspects. S t a f f  do not  o f t en  take expl ic i t  account of 
t h e  conveyance function i n  the  normal operat ions of main canals. A rational 
approach t o  t h e  management >f t h e  dynamics of t h e  water transfer is not  
present .  ' 

C7. .  A r a t i o n a l  approach t o  manyxement should o r i g i n a t e  a t  t h e  planning and 
d e s i m  s tage  with a clear r e c 3 m i t i o n  o f : '  ( a )  the  physical processes t o  be 
handled (conveyance and d e l i v e r y ) ;  ( b )  t h e  condit ions which are favorable or 
n o t  t o  t h e  e f f e c t i v e  con t ro l  3f these  processes ( a v a i l a b i l i t y  of e f f e c t i v e  
means f o r  in tervent ion,  a v a i l a b i l i t y  of  .means of feedback regarding t h e  
ongoing processes ) ;  and (c)  t h e  c o n s t r a i n t s  placed on t h e  management of each 
process by one another i f  p e r f o d ' s i m u l t a n e o u s l y  i n  the  same canal. 

One can expect the  conveyance funct ion t o  be the  primary 

The degree t o  which the  plSnning and design have provided t h e  structural 
decentra l ized operat ion of the de l ive ry  function was found t o  condi t ions  f o r  

he an imrmrtant f a c t o r  a f f e c t i n g  t h e  manageability of t h e  system. 

D.  Recommendations for Improving Canal Regulation 

D1. From these  observations,  i t  is clear t h a t  planning and design play  a 
critical role i n  determining t h e  complexity of the  manaRement of t h e  
conveyance of rjater along canals. conveyance funct ion 
tends t o  have been neglected i n  the  design of main canals. This is related 
t o  the assumption t h a t  main canals  would usually operate under s teady flow 
condi t ions .  I f  t h i s  assumption w e r e  t r u e  t h e  problem of r e m l a t i n d  t h e  
conveyance would be eliminated. Observations, 'however, i n d i c a t e  t h a t  these  
condi t ions  r a r e l y  ex is t  i n  the canals studied. This problem is f u r t h e r  
aggravated when canal operat ions are expected t o  be more responsive t o  
changes i n  a g r i c u l t u r a l  water' demantI as w e l l  as changes i n  t h e  environment. 

D 2 .  i 2 m o r ~ s t  t he  range of opt ions  ava i l ab le  t o  an a e n c y  t o  improve t h e  
management of main canals  i n  a dynamic s i t u a t i o n ,  t w o  d i r e c t i o n s  have been 
i d e n t i f i e d ;  one dealim w i t h  improvements i n  t h e  realm of P l w n i w  and 
Design, and the  o the r  with Management Improvements. These improvements, 
which could be achieved under a Rehabi l i ta t ion  and Modernization program, 
include t h e  f o l l o w i a :  

The management of the  
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1. Structural improvements through better Planning, Desim, and 
Construction: 

1.1. Structuring the main system.in a functional way w i t h  due consider- 
ation for the primacy of the conveyance of water which has to be 
achieved through the nuiin canal, and providing buffer capcity 
(intermediate storage, ill-line canal storage, etc.) between the 
conveyance and distribut:i!on systems (but existing systems might have 
limited scope for such improvements). 

1.2. Simplifying the hydraulics of canals and their structures through 
the rational use of hydrau:iic "controls" (weirs) to substitute for h m  
control wherever permitted, by the topography. 

2 .  Phagerial improvements through Organization Design and Information 
Comniunica t ion : 

2.1.. Structuring the oi;ganization in a functional manner, again 
recognizing the primacy of the conveyance function and providim the 
corresponding administratitve-managerial unit, appropriately located 
within the hierarchy of the agency, whose sole responsibility will be 
the operation of the conve,pnce system; the staff of this unit should be 
'distinct from those engaged in operatim the subsystems. 

2.2. Coordinating and tigh;ening the operations of structures along main 
canals through more integkated management at the &in canal level; the 
ability to monitor, proceris, and communicate information in real-time 
between the operators and management is a key element; the widest 
possible range of management techniques and technology should be 
explored for this purpose :including both hardware and software options. 

D3. Sgecific recommendations to cover both aspects (Hardware and Software) 
are outlined with respect to each of the four subsystems studied: 

1. Elahuweli System H - Kalawewa LB Plain Canal - Kalankuttiya Branch Canal 
1.1. Improving downward coimunication between the Mahaweli Authority of 
,Sri Lanka (MASL), in Colomlm, and the Project level at Galnewa. 

1.2. Control of the distribution from the Kalawewa Left Eiank Main Canal 
between Iialawewa Tank m d  Meegalewa Tank and remulation of the 
conveyance between tanks. 

1 . 3 .  Regulation of the Knlanhuttiya Branch Canal making use of water 
flow information at the t a i l  end of the canal. 

2 .  Icirindi @a Right Bank b i n  Canal ( m C )  

2.1. Improve upward communication to the Water Management Feedback 
Center regarding progres,s of cultivation in the command area and 
rainfall, 
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2 . 2 .  Improve dokmward  communication from t h e  Ileadworks to the  Resident 
Engineer, Right Bank. 

2 .3 .  Sulipress the v a r i a b i l i t y  of flow associated with t h e  maint.enance of' 
the syphon ~ 

2 . 3 .  h p r o v e  the nlanazeability of  t h e  RDMC: Develop a set of s p e c i f i c  
procedures for more e f f e c t i v e  operat ions of t h e  main canal. 

2.5. Improve the con t ro l  of w a t e r  i s sues  a t  t h e  o f f t akes .  

2 . 6 .  Explore prospects  t o  improve t h e  regula t ion  of t h e  canal. 

UPfiIIS - Diversion Canal K t l  - Santo Doming0 Area (SDA) Main Canal 

3.1. .Improve t h e  con t ro l  O P  water i s sues  a t  t h e  head of t h e  SDA. 

3.Z1 Improve t h e  . regula t ion  of t h e  water conveyance through t h e  
Diversion Canal LW1. 

3 . 3 .  1inproi.e t h e  d i s t r i b u t i o n  of water within t h e  Santo Dominno Area. 

Rajarimna P i l o t  P ro jec t  

4 . 1 .  Restore openness regarding t h e  d i s t r i b u t i o n  of flow within t h e  
p i l o t  area. 

4.2. Reconsider t h e  ob jec t ive  of a r o t a t i o n a l  m o d e  of de l ive ry  i n  t h e  
p i l o t  area. 

4.3. ELmage t h e  t r a n s f e r  of technology. 

Details regarding each o f  t h e  r ibve  recornendations are described i n  t h e  
fo l lowim s e c t i o n .  
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I ~ A T I O N S  

The conclusion of the present comparative study of the interactions 
between the design and the mana)<ement of main systems, emphasized the need 
for  improving performance of the regulation of the water conveyance throunh 
t,he main canal as a precondition toward the control of water issues, hence 
improving the ma.nageabili,ty of .the system with respect to this objective. 

The importance of the ba13ic concepts involved in canal regulation and 
their implications is not a discovery in itself, but the pradox is that they 
have not received enough professional attention and actual application. 

Through the study, there have been opportunities to observe that even 
new irrigation projects planned and designed the latest design 
standard of agencies do not ditferentiate between the conveyance and distri- 
bution systems (liirindi ma); extensive win systems have sometimes no inter- 
rnedi.ate storage capacities and hydraulic control is minimized (VPRIIS); aMll 
key decision nlalters of agencies and designers still trust that 'the main 
canal operates under the pr(?vailinq steady flow conditions for which the 
canals have been designed. At the other end of the hierarchy, Irrigation 
Laborers  rightly distrust measiring gages which frequently turn out to be 
submerged, and a plethora of gates often tends to substitute for the concept 
of flexible a contrNdled manner - in others words ,  mnageability. 
The rational approach to addre:ss the question of managing the & m i c s  of 
water transfer in a canal is generally not well perceived. Ekisting 
operational procedures to do this, if any, tend to let the operators manage 
t h e  conveyance task (maintaining full supply depth, FSD, by standing order) 
and fail to consider that it i:j essentially an operational task  for the 
iiitermediate level making in a position to oversee a canal as a 
thole. The result is that the feedback provided to this level is often 
inadequate to serve for canal regulation. Finally, extensive and expensive 
projects financed by donors are designed in such a way that when the need 
arises to improve the regulation of flow, it is almost an impossible t a s k  
unless there is dramatic upgrading of the w e r i a l  capacities of agencies. 

according to 

supply in 

of decision 

With t h e  growing concern t,D manage water resources more efficiently and 
t.o provide better water distribution services to fanners,, for diversified 
cropping in particular, the time is opportune to create more almreness 
amongst irrigation agencies their staff regarding: (a) the concepts 
implied by Canal Remlation and the general principles to be applied; and (b) 
the changes to be introduced in the managerial practices of agencies as well 
as in the planning and design, of a nature to facilitate the subsequent 
operations of main systems with the objective of improving canal regulation. 

. .  This study is a modest contribution to that end. The reference to 
existing systems in S r i  Lanka and the Philippines and to the actual 
operational practices of the agencies might help bring awareness amongst 
those agencies of the concepts associated with canal regulation. But the 
subject mrltter deserves a more comprehensive approach to transfer available 
knowledge and canal regulation technologies to their potential users. 

I 

i 
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The following is a list of s p e c i f i c  areas i d e n t i f i e d  f o r  t h e i r  p o t e n t i a l  
t o  improve the  manageability and t h e  performance of t h e  systems studied.' 
These are p s s i b l e  d i r e c t i o n s  f o r  f u r t h e r  focused s t u d i e s  t o  improve 
r e h a b i l i t a t i o n  and management of these..systems. 

Locat ion-speci f ic Recomnendatio,ns 

Elahaweli System H - Kalawewa LA b i n  Canal - Kalmkut t iyn  Branch C a n a l  

1. Downward comniunication between t h e  Mahaweli Authority of S r i  ma 
(MASL), Colombo, and t h e  Galnew% Project l e v e l  - The a c t u a l  t r a n s f e r  of water 
d ive r t ed  from Polgol la  Dam t o  Kalawewa Dam is const ra ined by t h e  p r i o r i t y  
usage of t h e  P a h a w e l i  River wat,m?r for hydropower generat ion.  AS a r e s u l t ,  
t h e  supply is n o t  f u l l y  predictable a t  the  Project l e v e l  and it 
does no t  t a l l y  with t h e  Seasonal Operation Plan (SOP) which never the less  is 
used b s  PIG1 f o r  t h e  p o s t s e a s o i d  evaluat ion  of t h e  water management. This  
p r t u r b s  t h e  planning of water r i l l m a t i o n s  by t h e  System H Water Management 
Panel ,  , t h e  formulation of tariiets for t h e  w a t e r  conveyance downstream, and 
f i n a l l y ,  'the d i s t r i b u t i o n  of wter. 

to  lblawewa 

Contractual  arrangement a t  t h e  h ighes t  l e v e l  between t h e  t w o  main use r s  
of t h e  wat.er - Power and Agriciilture - a t  t h e  onset  of an i r r i g a t i o n  season, 
u @ a t i w  information regarding ,;he water resource a v a i l a b i l i t y ,  and conunwi- 
c a t i o n  by the MiWL of t h i s  infoimation t o  t h e  Galnewa p r o j e c t  l e v e l ,  would be 
coliducive t o  optimal w a t e r  a l l o c a t i o n s  and achievement of targets with 
respect t o  t h e  water distribut:l:on within Mahaweli System H. I n  any case, it 
would be advisable  a t  t h e  l e v e l  of t h e  System H Water Management Coordinating 
Panel to  develop seasonal  s t r n t e g i e s  for t h e  use  of Kalawewa Tank water f o r  
d i f f e r e n t  scenar ios  of a m n i x t i o n  through Polgolla .  This  mihht lead t o  
dec i s ions  regarding a l l o c a t i o n  of w a t e r  from Kalawewa t h a t  mag d i f f e r  from 
the Seasonal Operation Plan estzrblished a t  t h e  macro l e v e l  by t h e  MASL. 

2 .  Control of the d i s t r i b u t i o n  from t h e  Kalawewa Lef t  .Bank Main Canal 
(15N€) between Kalawewa Tank and Meegalewa  tank^ and regu la t ion  of B=! 
coiiveyiince betiieen t a n k s  - Inadequate con t ro l  and supervision a t  t h e  o f f t a k e  
t o  t h e  Galnewa Block along t h e  na in  canal jeopardizes t h e  conveyance of water 
t o  t h e  tank downstream. of the LBm: 
Unit would need t o  be strengthened with: ( i )  a Unit Head en t rus ted  with a 
l e v e l  of a u t h o r i t y  and s e n i o r i t y  higher than t h e  I r r i g a t i o n  Ennineers of t h e  
blocks;  ( i i )  adequate s t a f f  f o r  opera t ions  and supervision at  t h e  o f f t a k e s ;  
( i i i )  d a i l y  feedback regarding water l e v e l s  o f ,  and i s sues  from, Kalawewa, 
P leega le~~i ,  and Kalanltuttiya tanks, t o  keep t r ack  of t h e  actual volumes 
t r a n s f e r r e d  d i l y  and observe pcissible devia t ions  from t h e  t a r g e t s .  

The optirational and managerial c a p c i t y  

1 The cana l s  s tud ied  are: Kalankuttiya Branch C a n a l ,  Santo DominrZo 
Area X a i n  Canal,  Kir indi  Oya Right Bank Main Canal, and Rajwana P i l o t  
Dis t r ibu ta ry  C a n a l .  1mprovemenl.s a t  t h e  l e v e l  of t h e  canal studied of ten  
depends on hj,gher l e v e l s  i n  t h e  main system which have no t  
k e n  inves t iga ted  w i t h  t h e  Sam! amount of detai l  i n  t h e  studY. They are 
mentioned however i n  t h e  list of p o t e n t i a l  areas for improvement. 

in tervent ions  at 
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3.  t h e  k l a n k u b t i y a  Branch canal - The d i v i s i o n  of r e s p n s i -  
b i l i t i e s  for  t h e  operat ions of the branch canal between two blocks ,  Galnewa 
and Mecgalewa, as a t  present  would no t  f a c i l i t a t e  t h e  r e m l a t i o n  of t h e  
c a n a l ,  should t h i s  be at tempted'by t h e  agency. A channel of communication 
would have t o  be es tab l i shed  to permit regular  communication of  information 
r e G a r d i n C  the s t a t u s  of flow a t  t h e  tail 1307-D3), as w e l l  as t h e  r a i n f a l l ,  
t o  the I r r i r e t i o n  Engineer responsible f o r  t h e  headworks. Unlike o the r  
systems, t h e  re,kulation of t h e  branch canal can be achieved w i t h  feedback 
focusinf essen t ia l ly  a t  the  ta i l  of  t h e  canal. I n s t a l l a t i o n  of a s t a g e  
recorder a t  t h e  tail as o r i g i n a l l y  planned i n  t h e  design would prove use fu l  
t o  t,tiat end to ' r e \ - ea l  anoma1ies:in t h e  d ive r s ion  of water a t  t h e  d i s t r i b u t a r y  
channels from t h e  branch cana l .  Other suggested improvements include:  I i )  
wpaii- of t h e  headgate mid sea.ling of a leak which represented 13 percent  of 
the t o t a l  water i s sues  f o r  p& (dry  season) i n  1988: ( i i) upgrade t h e  cali- 
bra t ion  a t  t h e  hump gage of o f f t akes  where t h e  w e i r  boxes are phys ica l ly  and 
h y t r a u l i c a l l y  f i t ,  and c a l i b r a t e  .gate o r i f i c e s  as an a l t e r n a t i v e  wherever 
weirs are destroyed or sutmitrged; (iii) supervise more c l o s e l y  t h e  e i g h t  
of f takes2  which do no t  b e n e f i t  :P rom t h e  regula t ing  e f f e c t  of duckb i l l  w e i r s :  
l i v )  d e l i v e r  simultaneous water i s sues  to a l l  d i s t r i b u t a r y  canals along t h e  
branch canal  ins tead  of s h i f t i w t  supply between t h e  upper and t h e  lower 
por t ions  as was done i n  t h e  pas';. 

g&ndi (?va Right Dank Main Cannil (WI 

4 .  Improve u w a r d  communication t o  t h e  Water Management Feedhack Center 
- r e s a r d i n g g r o g r e s s  of c u l t i v a t i o n  i n  t h e  command area and r a i n f a l l  - I n  order  
t o  optimize water a l l o c a t i o n s  :?ram Lunugamwehera Rqservoir,  and to  determine 
water i s s u e s  a t  t h e  head of t h e  system, as w e l l  as a t  t h e  var ious  o f f t akes .  
along t h e  RBPC during t h e  season, monitoring and feedback procedures from t h e  
Resident Ewineer Right Bank's ''RE-RB) o f f i c e  t o  t h e  Water MRnaFfement Feed- 
bsck Center need improvement. In  p a r t i c u l a r ,  r a i n f a l l  information a t  
Weerawila would need t o  be cons:rdered as it my d i f f e r  widely from t h e  r a i n  
observed a t  Lunuganiwehera. The capac i ty  of t h e  RE-RB o f f i c e  t o  monitor, on 
a w e e k l y  b n s i s ,  t h e  progress of  t h e  c u l t i v a t i o n  i n  each u n i t  cornnand area and 
t o  process t h i s  information i n  a t imely manner, might need s t r e n g t h e n i w .  
S imi la r ly ,  t h e  Center could ass:.st RE-RE3 i n  b u i l d i m  and maintaining a data- 
base of t h e  key parameters needed f o r  t h e  RBMC opera t ions  such as: t h e  cali- 
bra t ion  of t h e  weir or g a t e  opening a t  t h e  o f f t akes ,  better assessment by 
f i e l d  measurement, of adequate a t  the  head of d i s t r i b u t a r y  
cana l s  from t h e  main,  given t h e ' a c t u a l  disparities i n  s o i l  condi t ions ,  etc. 

5 .  Improve downward communicntion from t h e  Headworks t o  t h e  RE-RB - A l l  
i~n te rven t ions  t o  Le nlade a t  the RBMC headworks should be communicated w i t h  
pi:ior n o t i c e  In few hours prefei-ably) t o  t h e  ind ica t ions  of t h e  
flow intended a t  t h e  main s1u:tce before and a f t e r ,  and t h e  intended time. of 
the int .ervention.  This  is necessary f o r  RE-RB t o  i n s t r u c t  each gatekeeper 
i n  charge of the  cross- regula tors  and of f t akes  of t h e  t inlely maneuvers which 
they should perform (re: Recommf?ndation 7 below) a 

Regulation of  

supply discharge 

RE-RB, with 

2 These include t h e  3 of f t akes  at  t h e  head, t h e  3 of f t akes  a t  t h e  
t a i l ,  p lus  305-D4 and 309-Dl i n  t h e  middle por t ion  of t h e  branch canal. 
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6 .  variability of flow associated with the maintenance o m  
&vb - The design of the grill which protects the entrance of the syphon is 
inadequate and This has been a frequent source 
of disturbance for the downstream portion of the canal, provoking occasional 
overtopping of the bank. This grill should be removed, and other means to 
eiisure pople's safety should ke used, such as a floating cable anchored 
across the canal some distance upstream of the syphon entrance, fencing, 
ladder, etc.. 

Suppress the 

gets clogged dsily by weeds. 

7 .  Improve the manageability, of the RBMC: Develop a set of specific 
procedures for more effective operations of the main canal - Because the 
hydraulics of the.RBMC are excessively.complex, operational options should be 
investigated by simulation through a mathematical model3 of the canal. 

(a) option includes the development of a set of timely operational 
procedures with the objective of stabilizing more quickly than at present the 
regime of flow in the w i n  canal after any substantial change of target 
delivery at the head or at: an offtake, while keeping water at Full Supply 
k p t h  i n  the various reaches. Results anticipated will be a minimum of 
interventions at the cross-regulators. Intervention would be timely and 
guided by the prior knowledge of the final setting of the gates corresponding 
to a given pattern of steady distribution of water, hence improving on the 
current trial and error mode of operations at the regulators. Current canal 
operation practices h,hich emph,asize the maneuver of cross-regulators are 
expcted to shift, with more attention Fid to the control of flow at the 
offtake ire: Recommendation 8 b'elow). 

lb) Other possible optibns to bse investigated in view of the regulation of 
the canal are associated with (i) upgrading the cmunication facilities to 
permit feedback regarding the hydraulic status of the canal in real-time (or 
alike) and improvement of direct communication with operators along the 
canal, or (ii) explorim the pr'xpect of creating lateral storage on the side 
of the a n a l  at some intermediate section (re: Recommendation 9 below). 

! 

I A first 

i 

1 
i 
I 

6 .  Improve the control of water issues at the offtakes - The current weir- 
box-cum-baffles provided by,the design to assess the flow diverted have 
proven inadequate. M y  of th,lem have already been destroyed, and the agency 
envisages replacing them by 13road-Crested Weirs ( E X 3 1  said to be less 
sensitive to submergence. #:Considering the limited head loss available 
between FSD in the main canal and the offtake canal kd, Parshall flumes 
might be advisable, and this option should be explored. 

9. Explore prospects to imprave the regulation of the canal - 

( a )  First direction: A major difficulty in regulating the canal in ways 
that would be responsive, is 'the absence of intermediate storage capcity 
t,hat. can be mobilized for the regulation of the canal. These present 

3 Such a model to simul4te stea& and unsteady flow has already been 
developed by IIMI throwh a slpecial project supported by the Government of 
France. The mdel is currently calibrated and operational. 
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d i f f i c u l t i e s  are e x p c t d  t o  be exacerbated with the  operat ion of Phase 11, 
now under const ruct ion,  t h a t  will extend t h e  length of  t h e  main canal t o  be 
regulated. I t  would be advisab:.e t o  explore  the prospect  of c r e a t i n g  a t  some 
point  on t h e  r i g h t  side of the  w i n  canal s e e  lateral s t o r a g e  capac i ty  which 

.can act as a buffer .  The operat ion of the  -1 would have t o  be modified i n  
accordance, t o  manage the  fi1l.i- of such an intermediate s to rage ,  bu t  t h i s  
i s  exwcted t o  improve s u b s t a n t i a l l y  the  po ten t i a l  manageability of t h e  
system i n  the  newly extended port ion of the  tail of t h e  RBMC. Inves t igat ions  
regarding t h e  change i n  operat ions required t o  regu la te  t h e  system with the  
inclus ion of t h e  lateral s to rage  would best be undertaken by means of t h e  
ava i l ab le  simulat ion model of t h e  canal. 

( b )  Second d i rec t ion :  . the re  1.s present ly  a g r e a t  deal of  "downstream" 
con t ro l  of t h e  system through t h e  cur ren t  practices of the I r r i g a t i o n  
h b o r e r s  who tend t o  a d j u s t w a t w  i s sues  a t  t h e  o f f t a k e  i n  a way t h a t  can 
s a t i s f y  farmers'  "demands." 111 the  f u t u r e ,  t h e  need for .more f l e x i b i l i t y  i n  
t h e  scrpply of water a t  t h e  o f f l ake  is expected t o  increase  as t h e  p r o j e c t  
moves t o  more crop diversif icat : .on as intended. Considering t h e  d i f f i c u l t i e s  
an t i c ipa ted  i n  t h e  upstream type? of regula t ion of t h i s  system, given t h e  
p a r t i c u l a r  des ignp it would be advisable t o  explore t h e  prospects  f o r  
employing a downstream t y p e  of i*egulation and t o  i d e n t i f y  the  changes t h a t  
would be required:  ( i )  i n  1;he r u l e s  of operating the canal; (ii) i n  t h e  
communication of information; arid (iii) i n  t h e  regula t ing s t r u c t u r e s  and 
embankment o f  the  canal .  I ' a r t icular  a t t e n t i o n  should be paid t o  the  
e f f e c t i v e  con t ro l  of the ,wa te r  i s s u e s  a t  the of f t ake  and t h e i r  supervision t o  
prevent abuses. This type o f ' i n v e s t i g a t i o n  would be best conducted t h r o w h  
the  ava i l ab le  simulat ion model of the  canal. 

UPRIIS - Diversion Canal DCfl - Santo Domingo Area (SDA) Main Canal 

10. Improve t h e  control  of watw i s s u e s  a t  the  head of SDA - Regulation of 
t h e  supply a t  t h e  head of the  SDA Main C a n a l  has been i d e n t i f i e d  as a key 
area with po ten t i a l  t o  improve 6,ffectiveness i n  t h e  t h e  water 
within the Santo Domingo Area while optimizing use of t h e  local flow. But 
t h i s  also depends t o  some ex ten t  on the  l e v e l  of improvement which would be 
poss ib le  t o  achieve i n  t h e  regula t ion of t h e  Diversion C a n a l  E # 1  (re :  
I&commendaLion 1 I below). 

management of 

A t  t he  head of SDA, better achievement of t a r g e t ' w a t e r  i s s u e s  and reduc- 
t i o n  of the  v a r i a b i l i t y  of the  inflow can be expected with the  followinrt: ( i )  
Improve monitoring of the  inflow t o  SDA a t  5-Bay Checkgate. The upgraded 
Ta l ib ra t ion  of t h e  main Farrrhall flume performed by IIMI can be used, 
although t h e  flume is o c c a s i o n d l y  sutmerged. A n  a l t e r n a t i v e  would be t o  
c .a l ibra te  the  o r i f i c e  of t h e  'IDA headgates (never operated) and assess t h e  
flow from a measure of the  d i f f e r e n t i a l  head through these  ga tes .  The 
i n s t a l l a t i o n  of a stage recorder a t  that locat ion would a l s o  be advisable  t o  
monitor the  adequacy of the  supply t o  SDA; (ii) upgrade t h e  communication 
o f  information between t h a t  locat ion and the .opera tor  of the.SDA supply 
headgate  from E # l .  This operritor should receive  a t  least daily feedback 
regarding the a c t u a l  inflow at  t h e  SDA headgate; (iii) develop t h e  procedure 
t o  be followed by the  operator  of t h e  SDA supply h e d a t e  and assim t h e  
following t a s k s :  ( a )  estimate the  d a i l y  local flow i n  the  creek from t h e  
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difference between the inflow monitored at the SDA hedate and flow diverted 
(existine measuring station maintained by the Nydrologist); and (b) adjust 
the diversion of water from N'#1 to supplement the local flow so as to meet 
the delivery target set for the Santo Doming0 Area by the Hydrologist. 
Plonitoring and evaluation of the compliance of the operator with this task 
could be achieved by the Hydrcdogist on the basis of records of the inflow at 
the head of the SDA Main Canal. 

11. Improve Che regulation of the water conveyance through the Diversion 
Canal Dc#1 - Improving the control of water issues taking off from the 
Diversion canal should be a priority. The present level of supervision along 
Dc#1 does adequate to achieve any sort of regulation of the canal. 
It minht be desirable to strengthen the operational capacity of the Water 
Control Coordinating Center (WCCC) , with adequate staffing, including 
gatekeepers and supervisors, to be placed under the WCCC authority and 
payroll. Considerim the far-reaching impact on the overall performance of 
the system of the regulation of a large canal like Dc#1, it might be 
justified for NIA to concentrate efforts and means to regain what seems to be 
a loss of authority and to eradicate illegal interventions of the magnitude 
of those observed at Radial Gste RG#3, for instance. Further improvement of 
prformance in water management appears highly dependent in respect of law 
and order at the level of DC#l. 

not seem 

The principle und&lyin$'the operation of the diversion canal is that 
Dc#1 should supplement local flows eventually available at the head of the 
various irrigation subsystem. Although not investigated in the present 
study, the control of water issues at the head of each subsystem should be 
expected to follow operation principles similar to those quoted above (re: 
Recommendation 10). If this were to be applied, the diversion canal Dc#1 
should preferably be regulalted in a downstream mode which means that the 
operation rules at each Radial Gate along Dc#1 should be to fill the 
downstream reach. The prospst of implementing such a mode of regulation 
should be investigated, preferably on the basis of hydraulic simulations of 
the flow in the canal. 

If feasible, this option would greatly improve the responsiveness of the 
system and facilitate the manac!ement of the conveyance and the comunication 
of information associated with it. However, there are two conditions for its 
feasibility: (i) effective conlirol of water issues from DC#l and associated 
"policing" along the canal (as mentioned above); and (ii) flexibility in the 
quantity of water released fronii Pantab.w?an Dam, to be adjusted takinp; into 
accodt the variation of the writer "demand" of Dc#1 and monitored at the head 
of it. 

12. Imnrove the distribution of water within the Santo Doming0 Area - So 
far. the regulation of the simuly at the head of the SDA subsystem is poor. 

.I ' 
Some limited- improvement cbulci -be achieved by fine-tuning the quantity of 
water diverted from W#1, but. it does not seem realistic to envisage any 
regulation of the water transfer along the SDA Main Canal. This is because 
of the current design of the canal which provides an excessive number of 
opportunities for ad-hoc checking, ruling out possibilities for coordinated 
operations along the canal. Therefore, the system seems bound*to be operated 
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under a rather large variabili.ty of flow, increasing .from the head to the 
tail of the main canal. 

Under these circumstance!; the actual mode of distribution adopted by 
NIA's staff at the lateral, i.e., sharing the water in proportion to the area 
under command of the ma.jor canals, seems appropriate and might remain, though 
the large variability of flow is expected to have a negative impact on the 
erosion of the canal banks and :;tructures. 

However, the design of the structure at a branching point does not fit 
the present ' water di,stribution principles (although gatekeepers, with 
experience, succeed to m e  the division of water through the operation of 
the undershot, gated cross-reguhtors). Given the fact that most of these 
structures are currently in a critical state of disrepair, it seems 
appropriate to envisage their replacement by proportional flow dividers in 
the course A refinement of the design would be 
to provide dividers which can tx adjusted. This would permit fine-tuning of 
the division in accordance wi.th the cultivated area in both branches with 
consideration for the expected .conveyance losses, etc., and would allow 
adjustment of the proportion to eventual changes occurring from season to 
season in the extent of the area cultivated under a branch. 

F&i.janzana Pilot Pro.ject 

13.  Restore openness regarding the distribution of flow within the Pilot 
Area - The hydraulic level control at the tail of the Pilot canal should be 
restored as it is essential for the equitable distribution of flow amongst 
field canals along the Dc. Thii3 should be done simply by restoring the width 
of the last duckbill weir, whose function is to provide hydraulic control of 
the water required for the correct functioning of the three baffle 
distributors located at the tail of the pilot DC. This weir therefore'is not 
a good measuring device. However, some kind of flow monitoring at the tail 
is essential, as this should !3e the main indicator to be used by the 
Irrigation Laborer for canal supervision. 

of a rehabilitation program. 

level as 

Therefore, such monitoring should not be viewed by the operator as being 
only for the purpose of filing ti record, but as a means to oversee easily the 
regulation over the canal and to detect any unexpected alteration of the 
distribution. 

Openness regarding the distribution of flow within the Pilot area was 
the main thrust of the experiment toward improved manageability. This should 
be restored if any lesson i,3 to be learned by the &ency from this 
expriment. 

14. objective '2f a rotational mode of delivery in Pilot area 
- A nlajor source of the difficulties faced in the operation of the Pilot 
canal related to the initial objective set by the Irrigation Department 
regarding the introduction of ,a rotational mode of delivery in a water 
surplus environment. This ms not conducive to the adoption of such a 
practice which has been rejected by the farmers. Drawing lessons from this, 
it would be advisable to revise the unrealistic objective set for the pilot 

Reconsider the 
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pro.ject as it rms for the rest 3f the scheme. This would lead to replacement 
of the %inch pipe farm outlet provided in the Pilot area by the previous 3- 
inch plpe which farmers favor f83r the continuous water issues which they are 
goiw to implement anyway. 

15. Phage the transfer of technology - A number of shortcomings were 
identified in most phases of th,: Pilot Project implementation: planning and 
design, construction, operation, maintenance of the technology, including the 
process of monitoring and evaluation of an experiment intended to generate 
training. Most of these difficulties are in the realm of the management of I _ ~  

the Transfer of Technology, but. this stretches beyond the scope of the 
present study. 

; ]  
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I r n r n I c N  

Main System ManaSement (E13M) has been pointed out as a "blind spot" to 
be investigated which holds the key to better performance of irrigation 
systems. Main 
system manmement has however not been a subject that has received much 
professional attention. Professional gaps have been identified in the 
training of irrigation engineers, in engineers' ideas, as well as in social 
scientists' preoccupation with local-level social and organizational issues 
(Chambers, 1988). 

Its potential has bem confirmed by research and experience. 

These gaps are reflected in the literature by the relatively little 
information readily available rsgarding the manageability of main systems and 
the performance achieved at thst level, when compared to the number of 
studies of the water distributim at the farm outlet and canal turnout. 

This present comparative study is an attempt to fill this void by 
documenting with a management-oriented approach the reality of main canal 
operations with particular reference to the implications of the planning and 
design aspects for the manageability of the systems, for their performance, 
as well as for the organization of the irrigation agencies. 

The analysis has been conducted at three irrigations systems in Sri 
Lanka and one in the Philippines, displaying original features in the design 
of their main canals. The methodology adopted refers to a dual approach in 
the realm of: a) Performance Control for Frofessional m e m e n t ,  and b) 
Control of Deliveries and Canal Regulation. 

Much of the information mobilized fo7 the study was collected in 1988 
during one irrigation season only. This was done through (a) intensive 
automatic recording of canal water levels using modern data-logger technology 
procured under a grant by the Government of France to IIMI, mainly for the 
purpose of the study, and (b) careful field monitoring of water flow and 
canal operations. The study also drew upon previous work conducted by IIMI 
on the same systems as well as results generated by simulations performed 
through available mathematical models of the canals. 

1.1 TEREis OFREFERENCE 

The subject of the study refers to the interactions between the design 
and the management of main systems and their impact on performance. 

The tern of reference for this activity relate broadly to the notion 
of regulation of main canals, its impact on the distribution of flows from 
the main canal, its contribution to the manageability and ability to operate 
the physical systems and the ilrplications in terms of m e r i a l  requirements 
for the irrigation agencies. 
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Further elaboration on the concepts of Canal Regulation and 
Pianageability is given below to better define the focus and scope of the 
study. 

1.2 DEFINITIONS 

win system management resfers to the management or software aspects of 
the capture, allocation, scheduling, and delivery of water on main systems 
dorm to, and including, outlots, and the disposal of water in drains. It 
includes planning, decision making, the operation of controls, and 
communication both upjards 1.0 managers and downwaid to uroups of farmers 
(Chambers, 1988). 

Regulation is the process or act of manipulating and distributing water 
supplies available source of supply as per the demands of the users, 
between different offtaking canals or amongst branches, laterals, and 
distributaries on the same canal, the main purpose being equitable 
distribution of water, control of harmful silt entry into canals, delivering 
of required discharge at eversf point in the network and facilities for their 
measurement, and in the case of untoward incident or false operation, 
limiting of water losses and avoiding of any d x e  (ICID, 1967). 

at the 

1.3 CONCEPIS AND APPROACH 

Canal Regulation - The concept of canal regulation encompasses both the 
formulation and the execution of an operating plan for the use of water in a 
canal system. It includes the operation of storage and diversion works to 
adjust water levels in canals rind in reservoirs and changes in streamflow. 
T h i s  process which comprises the definition of objectives, setting targets, 
operations of structures and feed-back regarding the attainment of targets 
with a view to further operai.ions, adjustments and/or changes in targets is 
referred to as a control proce:E. This notion of a control process is one of 
the concepts utilized in the analysis. 

E'unctions of bin Cana:l, - The essential role of a main canal is to 
convey the water from a source of supply to often remote places of primary 
deliverv. This encompasses two functions: the transport of water along the 
canal and the issue of water a'; some locations. Depending on the order and 
dimensions of the canal, one or the other function might predominate and the 
canal might be viewed either as a conveyance system or as a distribution 
system. Yet, main canals arc often called upon to perform both functions 
simultaneously. In such awes the adequate regulation of the water 
conveyance becomes a condition_for the control of water issues. 

Investigating whether aid how these aspects have been taken into 
consideration (a) in laying out and designing main system and main canals, 
and (b) organizational setup of the irrigation agencies in charge of 
operating these canals provide the framework of the study. 

in the 
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?hnaneabilitp - The notion of manageability has been tentatively 
elaborated from two different pzrspectives in the stuAy: 

a) the inanadeability of thl? system in terms of' t.he difficulties and 
constraints faced by the irrigation agencies in handling the managerial 
process - the flow of informat.ion associated with decision malting - which 
takes place at the various leiels of responsibility within an agency, given 
the structure and procedures of the organization, the capacities and 
motivations of its staff, the facilities available to them to communicate 
information, etc. This process is required .for the canal regulation 
throughout, extensive main systeins; and 

b )  the manageability of the system in terms of the difficulties and 
constraints faced by the operator in the control of the physical process- 
t,he flow of water - given the :?hysical conditions of the control structures, 
storage capcities if any, the information available to him in respect of 
both delivery targets and actual water issues, and in particular, volume 
delivers. 

Thus, one approach adopted for the stdv has been to analyze how the 
agencies have organized tliemselves for.the management of main systems. 
The various administrativ,~-managerial levels involved were identified, 
starting with the level where the concept of regulation of the canal 
system as a whole is being formulated, to the level of the operators. 
This included the analysi;3 of the decision making taking place at each 
level including the participation of others in the decision preparation 
phase, the information awsilable, the messages communicated to the next 
level of decision, and the monitoring of the effects. 

Another approach which was followed consisted of assessing whether the 
.conditions for effective control of water deliveries and for  the 
regulation of the conveyarce of water were available at the appropriate 
levels in the canals studied. These conditions include a recognition 
of whether operational tar;gets are explicitly formulated and known bs, 
the operators,, whether they have the possibility to obtain reliable 
information on water flows (and volumes), and whether they have the 
means to intervene on thte water issues or the water stored, or both. 
Particular attention has b?en devoted to analyze the role that the 
layout of main systems and the design of main.canals can play in the 
creation of more or less favorable conditions for the control of the 
delivery and conveyance functions 

Operators are normally not expected to make decisions but to comply 
with standing orders, execute instructions received, and report. But field 
observations indicated that the room for decision making at the level of 
gate-keeprs. irrigation laborers, etc., is often greater than expcted and 
this,has implications for the overall management of the system. 

The analysis of the operational flexibility provided by the design and 
its implications on the room left to the operators for decision making 
measured against the information available to them regarding the complexity 
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of the  p a r t i c u l a r  process whic:h they have t o  deal  with is c e n t r a l  t o  the  
study. 

F ina l ly  t h e  quest ion to be addressed is: that kind of  f l e x i b i l i t y  is 
s t i l l  manageable? 

1.4 STUDY FOCUS AND SCOPE 

Focus - As indica ted  above, t h e  focus of the  study has been defined t o  
address t h e  following issues :  

The i m p a c t  of planning and design c h a r a c t e r i s t i c s  of t h e  systems on: 

* the  Administrative-Managerial se tup  of t h e  I r r i g a t i o n  Agencies; 

* the  Manageability of t h e  systems: i )  Control of t h e  de l ive ry  funct ion 
and .ii 1 Regulation of the  conveyance funct ion;  

* the  Performance of main ca,nals: i l  Control of  water l e v e l  a t  s p e c i f i c  
locat ions ;  i i )  Control of water flow del ivered at  d i s t r i b u t i o n  po in t s  
along t h e  main canal. 

scol>e - The study c o m p r e s ' t h e  following i s sues  across  the  four  systems 
s tirdied : 

* Identifyincr the  fea tu res  ,,>f main systems layout and main csnal design 
which are s i g n i f i c a n t  from the  point  of view of the  regula t ion of t h e  
water conveyance and t h e  cmmtrol of d e l i v e r i e s ;  

* Ident i fy ing t h e  l e v e l s  of decision making regarding canal opera t ions ,  
the  t a sks  of  t h e  s t a f f ,  and t h e  communication of  information taking 
place i n  t h a t  process;  

* Inves t igat ing t h e  a v a i l a b , i l i t y  and clarity of the  ob jec t ives  regarding 
the  d i s t r i b u t i o n  of  water, and t h e  a v a i l a b i l i t y  of opera t ional  t a r g e t s  
for  t h e  con t ro l  of  water i s s u e s  a t  t he  head of t h e  subsystem s tud ied  
as w e l l  as from t h e  main nmals; 

t Assessing the  a v a i l a b i l i t y  of information regarding water flows along 
main canals and at the  o f f t akes ;  ident i fy ing t h e  c o n s t r a i n t s  and 
exploring possible ways t o  improve t h e  r e l . i a b i l i t y  and t h e  
e f fec t iveness  of  the  monitoring of water flows; 

1 Assessing t h e  a v a i l a b i l i t y  of means f o r  influencing the  flows at  t h e  
offtalres;  ident i fy ing t h e  opera t ional  c o n s t r a i n t s  given t h e  physical  
s t r u c t u r e s  ava i l ab le ;  exihining the room f o r  decis ion making l e f t  t,o 
t h e  opera tors  given t h e  f l e x i b i l i t y  of t h e  system; 

X Examining whether t h e  notion of dynamic t r a n s f e r  of 
w i n  canals is perceived as an explicit ob jec t ive ;  

water volumes a l o m  

I '  
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* Assessing the p o s s i b i l i t y  of mobilizing intermediate s to rage  i n  tanlts 
and/or canals as buf fe r  capacities; 

* Assessing t h e  appropriateness of t h e  e x i s t i n g  means of communication 
and t h e  provision of feedback t o  t h e  decision-making l e v e l  t h a t  
oversees t h e  cana l ;  and 

f Evaluating the  l e v e l s  of performance achieved through main canal 
opera t ions  i n  terms of x3ter l e v e l  con t ro l  and equ i ty  of t h e  primary 
d i s t r i b u t i o n  of flow along t h e  main canal. 

Besides the  above, t h e r e  ,3re o the r  important i s sues  re levan t  t o  C a n a l  
Regulation, which are beyond the scope of the  present  s tudy;  i n  p a r t i c u l a r ,  
t h e  management processes taking place a t  the  system l e v e l  i n  regard t o  the  
rese rvo i r  management and t h e  mter a l loca t ions .  This includes procedures t o  
( a  I assess and forec.ast t h e  water resource a v a i l a b i l i t y  using hydrological  
information, and ( b )  monitor the progress of i r r i g a t i o n  c u l t i v a t i o n ,  assess 
wter  requirements, and aggregate t h e  demand up t o  the  system l e v e l .  

These are a l l  important malagement processes from t h e  point  of view of 
canal regula t ion because t h e  de- is ions  made through these  processes inf luence  
t ,he~formulat ion of t h e  operatirsnal plan and the  d e f i n i t i o n  of t h e  t a r g e t s  
required f o r  t h e  conveyance and d i s t r i b u t i o n  of rater within t h e  main system. 

With respect t o  t h e  present  st@y, t h e  a v a i l a b i l i t y  of  t a r g e t s  as set  by 
the  agencies w i l l  be considere l  as one of t h e  condi t ions  required for the 
con t ro l  of  the  d i s t r i b u t i o n  and as a reference f o r  the  evaluation of perfor-  
mance. But t h e  v a l i d i t y  of the:;e t a r g e t s ,  t h e  ways i n  which they are defined 
and eventually updated w i l l  not, be questioned under t h e  present  study. 

1.5 METHODOLOGIES 

Four i r r i g a t i o n  pro.jects were selected f o r  the  study by IIMI - t h r e e  i n  
S r i  L s l l l ~  and one i n  t h e  Phi1ip:Jines. The choice was c a r e f u l l y  made so t h a t ,  
(in the whole, a d ive rse  se t  of  canal regula t ion technologies was represented.  
The list o f  t h e  canals studied and t h e i r  pos i t ion  .vis-a-vis t h e  p r o j e c t s  and 
the  l a r g e r  systems is indicated  i n  Table 1-1. 

The s a l i e n t  f e a t u r e s  of th,. layout  of these  systems and of t h e  design of 
the  main canals s tudied are pre:aented i n  Chapter I1 of t h i s  report. 

Specia l  mention h a s  t o  be made regarding the Rajangana P i l o t  Area. This 
r e f e r s  t o  a srmll area of about hundred hectares  under t h e  command of a 
d i s t r i b u t a r y  c a r d  located on t h e  l e f t  bank main canal of the  Rajanaana 
i r r i g a t i o n  scheme. This canal was considered as an a l t e r n a t i v e  t o  a similar 
P i l o t  Area of comparable s ize  e:Kisting at t h e  HurulurJewa i r r i g a t i o n  scheme, 
which was o r i g i n a l l y  in tende l  t o  be t h e  four th  subsystem i n  t h e  present  
comparative studv. This idea :?ad t o  be abandoned because a se r ious  uater 
shortage prevented any c u l t i v a t i o n  being undertaken i n  t h e  Huruluwewa 
i r r i g a t i o n  scheme during the  period of t h e  stucly. Both P i l o t  Areas are part 
of the  Major I r r i g a t i o n  Reh.3bilitation Pro jec t  (MIRP) undertaken by t h e  
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I r r i r a t i o n  Department with t h e  support  of t h e  World Bank. One of t h e  PIIRP 
P i l o t  Areas was considered OF i n t e r e s t  for t h e  comparative s tudy because of 
the s i x c i a 1  design p r inc ip les  md con t ro l  technologies adopted for  t h e  water 
d i s t r i b u t i o n  in  d i s t r i b u t a r y  and f i e l d  canals .  

Table 1.1. L i s t  of cana l s  s tud ied  w i t h  reference t o  t h e  p ro jec t s  mid svstems. 

,, ,,, .,,.,,, ., ,, , , , , , , , ,. ,.,, 

i PROJECTS 

:: In tegra ted  ,: ;idministrati,>nii r e se rvo i r  I/ (District I. 
1: I r r i g a t i o n  ( NIA ) , .i 
'System (UPRIIS) Phi l ipp ines . ,  1: 

:I Galnewa h o , j e c t  i: Plshaweli :I Kala!<ewa Tsnk 
:i i n  khhar<eli I Economic :: (supplemented 
,!System H .! )%ency (PIFA], :/ by divers ions  

.i S r i  Lanlta. , /  from Mahaweli 
/I River)  

i/ Kir indi  Oya i I r r i g a t i o n  i Lunuganiwehera 
:I I r r i g a t i o n  6 Depwtment, i! Reservoir 
i; Sett lement S r i  M a .  I 

:j Raiaricaria 
:' I r r i g a t i o n  i Department, 1; Reservoir P i l o t  Area 
: Scheme .i S r i  Lanka 

The same analytical appro,Elch t o  assess t h e  i m p a c t  of t h e  p l a n n i i ~  and 
des ien  charact.eristics on t.he m m r t e a b i l i t y  of t h e  system (Chapter IV) I ~ ~ ~ C I  

dpplied t,o each  of t,he four  canals st,udied i r r e s p e c t i v e  of t h e i r  s i z e .  

As mentioned i n  t h e  m p t i o n  Rerxi-t ,  February 1 2 .  t h e  bulk of the  
research ef.foi-t has heen conc.e:ntrated on trio primary systems which exhibit.  
w r y  d i f f e r e n t  concepts  f o r  cma l  regula t ion:  Santo Domiwu %in Canal i n  
UPRIIS (Phi l ippines1  , and Ik lan lmt t iya  Branch Canal i n  Plahaweli System H ( S r i  
Lanlia 1 . ;ilthough noi. envisi5ged i n i t i a l l y ,  a case s tudy t o  address t h e  
nrn'cuiizationsl aspects of t h e  regula t ion  of t h e  I i i r indi  @a Right, Bsnk ?lain 
Can31 (R9NC) r i a s  a l so  performed. This case study was carried out. wit.h t h e  
support of t h e  Dutch Government and the  results made ava i l ab le  f o r  use i n  
the present  conipsrati\re s tudy.  

Intensi\ ,c f i e l d  monitoring has been performed throughout t h e  i r r i g a t i o n  
season a t  t h e  two primary syste:ars considered for  t h e  study.  A t  t h e  trio o the r  
syst.eins; the f i e l d  monitorinn' h ' i s  been concentrated a t  s p e c i f i c  loca t ions :  a t  
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the head of the pilot distributlry canal at Rajangana (and also at a control 
distributary canal used by the Irrigation Department as a reference) ; and at 
two cross-regulators and diversions along the Kirindi Oya Right Bank Main 
Canal. This made it possible to enlarge the range of the regulation 
technologies being studied. 

IIMI staff performed field monitoring of water floras and gate operations 
in the course of one irrigation season in 1988 as follows: 

- Santo Doming0 Area: July to October 1988 (Wet irrigation season) 
- Kalankuttiya BC: May to September 1988 (&, or dry season) 
- Iiirindi @a WE: March to July 1988 (&, wet, t intermediate season) 
- Rajamana Pilot Area: in Aujfust 1988 (& season). 

This monitoring effort was considerably strengthened by the installation 
of 12 automatic recording stations over the four sites, using electronic 
data-loggers, as well a$ classical stage-recorders. Altogether a total of 31 
different sensing pints were dispersed at key locations along the main 
canals studied and at particular branching points. Table 1.2 shows the 
location of the various recording stations installed for the purpose of the 
study in each canal. These data, together with information obtained from 
other sources and from interviews of the operations staff, have generated a 
substantial b d y  of information regarding the actual operational practices of 
the control structures and have made it possible faithfully the 
flow conditions prevailing in these main canals. 

to document 

However, the analysis of the data collected on the two primary sites I J ~ S  
process as a 

the late termination of the irrigation season when compared to the 
constrained by the limited time which became available for this 
result of 
schedule imposed by the time frame of the study. 
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CwPTER I1 

PLANNING AND DESIGN CHARACPERISTICS OF 'IRE IRRIGATION SYSTEMS 

The four systems considered in the study are actually part of larger 
reservoir-based irrigation projects originating at dams which are g o d  
examples of Filipino.and Sri I&an engineering expertise. References to 
these projects, their managing agencies, and the definition of the subsystem 
considered for the study have atread.. been made in Table 1.1 on page 6 .  

Spcial mention has to be made regarding the Rajanaana Pilot Area which 
is by far the smallest in size of the four subsystems studied. The Pilot 
Area refers to the 91 hectares [ha) under the command of a distributary canal 
(El) located in tract 2 of the left bank main canal of the Rajmana 
Irrigation Scheme. This site was included in this comparative study because 
of the particular features displayed by the design of this canal. Despite 
the enormous difference in size of this canal compared with the other three, 
it has been possible to apply the same analytical approach to all four 
systems considered in this study. 

2.1  PROJECT DIMENSIONS AND LO(XTI0N OF THE CANALS STUDIED WITHIN THE WHOLE 
SYSTEM 

There are disparities in tlie sizes of the larger projects to which the 
subsystems studied belong. It is important to consider these aspects as 
well as the location of the caniils studied with respect to the main system of 
which they are a part. 

In terms of size of the corrrmand areas under (i) SDA Main Canal, (ii) 
Iinlawewa Left Bank Main Canal, liii) Kirindi Oya Right Bank Main Canal and 
(iv) Rajanaana Left Bank E.lsin Canal, the four range between 4,000-10,000 ha, 
but the most simificant differences are in tenns of: 

t the design features or  the conveyance system and its extent up to 
the head of the subsystem studied. In prticular, the distance to the head 
of the subsystem studied from the principal source of water - a storage 
reservoir in general - and the availability of intemediate storage in 
between are essential aspects f<>r the regulation of the transport of water 
from the source to the delivery point of particular interest - the head of 
the subsystem studied. 

t the density and the type of the facilities provided by the design 
for the regulation of flow within the subsystem - including intermediate 
tank storage - and for the diversion of water off the main canal. 

Firwre 11.1 is a comparative presentation of the schematic layouts of 
the main systems considered, hiqhlighting the locations of the canals studied 
within the whole system. 
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2.2 THE UPPER coNvCIANcE SYS'I'DS AT THE HEAD OF THE SuBsYsTEM SlUDIED 

The upper portion of the larger system be considered as a conveyance 
system with respeat to the location of the head of the subsystem studied. 
Some key parameters describin# those systems are summarized in Table 11.1. 

The Kirindi Gya Right I Bank Main Canal. takes off directly from the 
LunugamrJehera Reservoir and therefore the mobilization of the water resource 
into the canal studied does nc't depend upon any conveyance system at a higher 
level. Figures 11.2 and 11.3 dndicate the site location and the issue tree 
diagram of the right bank main canal. 

The Rajangana Pilot Area covers the CoMRand area under distributary 
canal No.1 (El) taking off the left bank main canal (LBMC) in its upper 
reach (tract 2). Thus the conveyance system from the dam to the head of the 
Pilot canal is only 5 km long and this is of limited practical consequences 
for the transport of water. The Rajangana Tank is a main storage reservoir 
for  the area under command but it has to be pointed out that it also receives 
substantial drainage water from the Mahaweli System H, the Galnewa and 
Meegalewa regions in particular, located between the left and the right bank 
canals of the Kalawewa Tank (see Figure 11.4). 

The Kalhttiya Branch %rial is actually the tail section of a lateral 
branch of a main canal that riginates from the left bank of the Kalawewa 
Tank in Mahaweli System H ( s e e  Figures 11.4 and 11.5). System H is itkelf a 
component of the vast Mahaweli Ganga developent project for hydropower and 
irrigation. The Kalawewa 'rank's own resources are augmented by Mahaweli 
Ganga water through transbasin diversions at Fblgolla and Bowatenna. A cas- 
cade of intermediate tanks - Galnewa, Mulannatuwa, and Kalankuttiya - spread 
along a 25 lon long main canal is the salient feature of the conveyance 
system. 

The Santo Doming0 Area (District I, Zone 3) is located more than 50 km 
army from the Pantabmuan Resei-voir - the only storage of 
River Integrated Irrigation System (UPRIIS). Figures 11.6 and 11.7 indicate 
the locations of the San to  Domi.ngo Area (SDA) in relation to the UPRIIS 
service area. Pantabangan is a major reservoir constructed to generate 
hydropower and to supplement a series of run-of-the-river irrigation systems 
existing prior to its construclion. As such, the supply of the Santo Domingo 
Area is from the Sapang Kawayari Creek, a natural water course which receives 
the drainage water from the Talavera River Irrigation Systems (TRIS: District 
I, Zone 2 and UTRIS: District I, Zone 1). Figure 11.8 is a schematic 
representation of the irrigation network of the SDA. 

the Vpper 

From Rizal Dam on the F'aqmnga River, a 23 h transbasin canal (DC#l) of 
45 m3/s  maximum capacity, coriveys the water released from the Pantabanpan 
Reservoir and delivers it th1'0ugh 5 major diversions along the way to the 
following areas: hmpenga River, Area, Rim1 Munic Area, Vaca Area, Lower 
Talavera Area, and finally Sant,o Doming0 Area. These areas belong to the two 
separate administrative districits: District I and District 11. Dc#1 first 
serves District I1 before entering District I. The Santo Domingo Supply 
Headgate itself takes off from the transbasin canal Dc#1 near its tail. 
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Thus, the sa l i en t  feature of t h i s  conveyance system t h a t  ends a t  t h e  
head of the Santo Doming0 Area i s  a cascade of 4 major diversions: Rizal Dam, 
mil  Heacleate, SDA Supply Headgate taking off IY31, and f i n a l l y  5-Bay 
Checkgate where tlie head of the SDA Main Canal is located. 

2.3 IMPACT OF THE L 4 Y m  OF 'THE CONVEYANCE SYSTEM ON THE A V A I M I L I T Y  OF 
WATER AT THE HEAD OF THE SUBSYSENS STUDIED 

A t  Kirindi @a, the water is immediately available at  the head of the 
subsystem studied as long as the resource is avai lable  i n  the Lunwamwehera 
Reservoir. The volume of water stored i n  the  reservoir a t  the start of the 
i r r iga t ion  season studied (&g, w e t  season, 1988) ,,as adequate but the area 
had eqer ienced  severe water s h x t a g e s  during the  two previous seasons. 

The Rajawana i r r iga t ion  scheme, as a r e s u l t  of its geographical 
location i n  re la t ion  t o  Phhaweli System H ,  is reputedly a water surplus area. 
There was no constraint  of any sor t  w i t h  respect t o  the ava i l ab i l i t y  of water 
resources in  the  p i l o t  area. Towards the  end of t he  season studied (m, 
dry seasQn, 1988) it was even observed tha t  the Agency had d i f f i c u l t y  t o  
empty the reservoir fo r  carrying out some repairs at  the headgate even thowh 
the water issues in to  the l e f t  bank main canal were maintained a t  a very high 
level for  a long period of t ime .  On the  other hand it was observed t h a t  the 
Raj3nCana l e f t  bank main canal, being a s ingle  bank canal, received appre- 
c iab le  quant i t ies  of water BS runoff during r a i n f a l l ,  even i n  the upper 
reaches. This, coupled with temporary closures of the main canal, are 
sources of var ia t ion i n  the water depth i n  the  main canal a t  the head of the 
p i l o t  canal. The design of the p i l o t  project ,  with the provision of an 
automatic hydro-mechanical gate  (AVIO type) at  its head, aims at  a l lev ia t ing  
t h i s  d i f f i cu l ty .  Hydraulic con(iitions that are appropriate fo r  the  control 
of flow in to  t h e  d i s t r ibu tary  canal are restored, i r respect ive of the level  
var ia t ions i n  the main canal. his point is fur ther  discussed i n  Section 4 . 2  
of t h e  present study. 

The layout of the bhawel i  conveyance system t h a t  includes a number of 
large and intermediate storage tanks, together with the current management 
practices of t h e  agency with respect t o  t h i s  conveyance system apparently 
makes it possible t o  ensure the  ava i l ab i l i t y  of resources at 
Kalawewa and a t  Iialankuttiya, a t  least when the hydrology is normal. There 
w a s  however a notable exception recently,  during maha The f a i l u r e  
of the did  not permit adequate natural f i l l im of the  Kalawewa 
Tank, which resulted i n  a higher water demand placed on the  transbasin 
d iwrs ions  and on the overall  management of the conveyance system. In the  
case of t h e  season during which t h i s  study was undertaken ( p l a  1988), it 
appears t h a t  the  resource available at  Kalawewa and I fa lankut t ip  w a s  
re la t ive ly  abundant. 

adequate water 

1986-87. 
monsoon r a in  

The UPRIIS conveyance system is basical ly  d i f fe ren t  from the  Mahaweli 
conveyance system i n  tha t  water is carried t o  supplement run-of-the-river 
systems instead of t o  supplement the  stored resource of tank-based irrigation 
systems as i n  t h e  Mahawel i .  Unlike the Kalankuttiya Tank which permits an 
almost irmnediate response t o  requests for  water from the  connnand area, it ma>' 
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take up to two days for the "pure" water (from Pantabangan Reservoir) to 
reach the Santo Domingo Area with a non-negligible risk of "mishap" on the 
way, despite the efforts exerted by the staff and the means of communication 
available to them to coordinate operations in real-time. 

Furthermore, the resource available in the P a n t a w a n  Reservoir was 
exceptionally low in July 1988 at the start of the wet season during which 
the study was conducted. By mid-September, the situation became critical 
because of the failure of the August rains (93 mm against 400 m expected 
according to past records). Thus, the reservoir did not refill and the level 
was at its lowest since 1983. This situation impinged dramatically on the 
mter availability at the head of Santo Domingo Area. This is further 
discussed in Chapter IV of the present report. 

Preliminary coiiclusions : 'The overall ' storage capacity provided for by 
the design of irrigation main s,ystems in relation to (a) the hydrology, and 
(h) the. extent of the program area, is an important parameter as it, 
conditions to some extent the ability to mobilize the water resource in the 
course of the irrigation season, particularly at the beginning. 

The provision of some intermediate storage facilities (e.g., tanks) 
close to the areas to be irrimt,ed plays an impprtant role in facilitating 
the management water transported in the main system towards the head 
of individual subsystems. 

of the 

These situations are illustrated by the comparison of the Kalankuttiya 
Branch Canal with Lateral B i:ii the Santo Domingo Area, both of which have 
cormnand areas of similar size. Quantitative control of water issues is 
achieved reasonably well in t'he first case, while only proportional sharing 
is achieved in the second. (cf. Chapter IV in the present stdy.) 

As a result of the planniiw and design process, systems are provided 
with a layout that could i,i?clude facilities for the storage of water. 
Depnding on this layout, the regulation of the conveyance system might 
require efforts that cannot be met by the current managerial capacity' of the 
agency. The availability of soine storage capacities close to a supply area 
of limited been sbwn to simplify the regulation of a conveyance 
system aiming at ensuring adeqwate and timely water the head of 
these subsystems. In other words, the complexity and difficulty involved in 
managing a main system in an effective and responsive m e r  increases 
rbunatically as the buffer capacity available between conveyance arid 
distribution decreases. The m1:x-e extensive the project, the more relevant 
are these aspects. In the abse,nce of decentralized storage, regulation calls 
for more sophisticated techniqu,!zs in the realm of automatic control and real-. 
time communication of infonnatilsn. 

extent has 
delivery at 

Significant discrepancies !:xist in respect of the actual availability of 
(stored) water at the start of an irrigation season and the hydrological 
changes observed thereafter, from site to site and from season to season, 
even in the case of the larger reservoir-based systems studied. This 
indicates. that in any event, given the facilities provided by the design for 
water conservation, there is a critical management domain to be dealt with 
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at the system level involving water resource management, strategic plaming 
and h.\.drological forecasting. However, it is not intended to elaborate on 
these aspects in the present stdv whose focus is more limited. 

2.4 ShLIENT DESIGN FEAT1;IRES OF THE MAIN CANALS SlWDIED 

A wide range of, parameters can be used to characterize the design of 
irrigation canals, but there ars some that have particular significance for 
(a) the hydraulics of the canils, and lb) the constraints generated for the 
effective operation of the cmtrol structures under the different flow 
conditions that prevail in t h e  canal. The physical characteristics of the 
canals studied are indicated in Table 11.2. 

Longitudinal gradient, density of cross-structures, and location of 
offtakes. Besides the physicd characteristics listed in Table 11.2 ,  other 
important parameters are: (a) Longitudinal gradient, (b) density of cross- 
structures, and (c) location of the offtakes. 

The topography of the c o m d  area and the gradient available for 
t,racing nmin canals determine, to a large extent, the possibilities to erect 
iumlrltors, weirs, or  drop structures along the canal. 

There are significant differences amongst the canals studied, with 
respect to the average slope of the canal, and type and density of cross- 
resulatina structures. 

Table 11.3. 
across the canals. 

Lengths and slope!; of the main canals and density of structures 

' Canal I Length ; Average I Cross- I Density ; 
I slope : structures I p e r h  : 

I l h )  I lm/lon) I (unit) I (no./km) I 
! Kalankuttiya BC I 10.9 : 1 .4  : 12 : 1.10 
I SDA Main Canal I 24.4 I 0.9 : 46 1 1.88 
' Kirindi Oya RBEK I 24.5 I 0.3 : 14 I 0.57 
I Rajanrrana Pilot DCI 1.3 I n.a : 3  I 2.3 

The contrasting longitudinal gradients of the Kalankuttiya Branch Canal, 
the Kirindi m a  Right Bank h:tn C k l  and the SDA Main Canal are clearly 
visible in Figure 11.9. Iblanlrdttiya Branch Canal has the steepest slope 
while Kirindi Oya RBMC has the mildest. The impact of these slopes on the 
design .features of the canals is$ discussed below. 

Figures 11.10, 11.11 and I I .12  indicate the locations of the offtakes 
on the mainbranch canals with respect to the and the 

Loneitudinal profiles of each o:? these canals. 
regulating structures 
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Table 11.4. Potential flexibility for "checking" provided by the design. 

The Santo Doming0 Area (SIIA) Main Canal has similar crbss-regulltor 
arrangements at each of the 11 major diversions to Laterals. The regulators 
do not have side-walls but the gates can be overtopped. Maintaining full 
supply depth in the canal no longer seems to be the rule for operating the 
canal. Instead, the current practice is to shut the gates of the regulator 
(or "check") to issue water to the lateral and to reopen the regulator gates 
when no diversion is required to the lateral. Controlling the flow at the 
lateral through the operation of cross-regulators tends to be the general 
practice and in some places it is actually the only feasible option since the 
gates of the lateral are missing (e.g., Lateral A ) .  The SDA Main Canal has 
been constructed some 15 years IUO and there are now only 6 gates actually 
operated at the cross-regu1ato.s out of 23 provided initially by the design. 
Even the gates that are operated afe in a very critical stage of disrepir. 

In addition to these, the design has provided a number of "checks" or 
"thresher crossings". These st xtures, evenly spaced every 500 meters, were 
apparently intended (a) to raise the water level at specific locations in the 
main canal, as required by the farmers, to facilitate diversion into the 
offtakes supplied directly from the main canal, and (b) to provide means for 
crossing the main canal. Thes3e structures consist of several bays, but no 
gates. They provide opportunities for ad-hoc checking by means of flash- 
boards, banana trunks, etc.. Observations indicate that farmers and agency 
staff place or remove checkjr more or less frequently although these 
operations are particularly inconvenient, cmbersome, and possibly dangerous. 

Altogether, the cross-ri?gulators and checks provide considerable 
flexibility and opportunities fllr intervention on the SDA Main Canal. 

Preliminary conclusion: Amongst the canals studied, there are extreme 
situations with respect to the degree of flexibility provided by the design 
to adjust the water level. But the absence of this particular type of 
flexibility at Kalankuttiya and the Rajangana Pilot Canal appears to be more 
an advantage than a disadvantage from the point of view of the manageability 
of the system. (This point is further discussed in Chapter IV of the present 
study.) 
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than 2,000 meters upstream of the nearest downstream The degree 
of level control achieved by the manual operation of the gated cross- 
remlators has been studied at two locations GR3, at the head, and GR12, at 
the tail, of the main canal. (See Figures IV.34 and IV.35 for a schematic 
Layout of these measurement loclitions.) This aspect of level control will be 
discussed in greater detail in Chapter IV of this report. 

regulator. 

The distance of some of tlie offtakes from the next regulator downstream 
results in a relatively large wrriation of the water level above the sill of 
these offtakes. The results of a computation of surface water profiles under 
different steady flow regimes a:.ong one reach of the main canal is provided 
as an illustration of the importance of the level variations affecting the 
flow diverted at the farthest ol'ftakes (see Figure IV.41). 

Neither the topography of the Rajangana left bank main canal nor of the 
pilot distributary The main canal, which 
is a single bank canal, appears to have a low density of cross-structures. 
Considering the pilot distributary canal, the design is based on similar 
principles to the Kalankuttiya Iikanch Canal although the dimensions of canals 
and command areas are smaller, Three small duckbill weirs have been cons- 
tructed across the distributary canal to provide adequate level control as 
needed for distributors which equip the head of each field canal 
that takes off this distributary canal. 

canal was available for the study. 

the baffle 

Flexibility provided for "c:hecking" across main canals. As mentioned 
above, the design of the Kdankuttiya Branch Canal does not provide much 
flexibility for manual adjustment of the water level along the branch canal. 
There is actually only one gated cross-regulator ( 2  bays) built near the head 
of the canal and this gate is intended to permit water issues to the first 
two distributary canals, 305D1 and 308D1, when the rest of the canal is shut 
off D 

This design configuration is comparable to that of the pilot distri- 
butary canal Dc1 at Rajangana, where there is not a single gate along the 
distributary apart from the shutters of the main baffle distributor at the 
head of the distributary canal. 

As indicated in Table 11.4, there is a marked contrast when compared to 
the high density of "checks" anc gates provided in the original design of the 
SDA bin canal as well as Kirinci Oya FEW. 

At Kirindi Oya, the regulators consist of a combination of multiple 
gates of the undershot t p  (1-5 depending on the discharge capcity of the 
canal at the regulator locaticn) with short side-walls whose crests are set 
at the design full supply depth (FSD). These side-walls, as well as some of 
the gates, are usually overtopped when the regulator is fully closed. The 
Kirindi Oya Right Bank Main Cans1 is a newly constructed canal and most of 
the 61 the regulators are still in working condition, many of them 
operated. Although the cross-regulators are operated in such a m y  that 
water overtops the side-walle, these weirs are too narrow to provide 
effective hydraulic level contrcml. 

gates of 
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At Kalanltuttiya the .availtible gradient, uneven in certain portions of 
the branch canal, was exploild to build a series of nine "duckbill weirs," 
two additional drop structures and one gated cross-regulator located about 
150 meters below the head of the canal. These weirs, whose crests range from 
4-25 meters in length, are des:.gned to provide some degree of control over 
the water level upstream of lhe weir. This hydraulic property is further 
exploited by locating offtakes near the weir so flow diverted into 
the secondary canal is pt4marily dependent on the offtake opening 
irrespective of flow variations: in the parent canal. 

that the 

Thirteen of the 20 distrilutary canals on the branch canal are located 
either next to the duckbill rreirs o r  within a distance less than 200 meters 
upstream (see Figure 11.13). Previous studies (Berthery, Sally, and 
Arumugam, 1989) have indicated that the degree of level control permitted in 
the proximity of the duckbill weirs is of the order of 6-12 percent, 
expressed in terms of the ratio between the range of water level variation 
observed and the mean depth of water above the sill of the offtakes. This 
relative variation is about f'our times greater at the offtakes located at 
some distance from the weirs ard benefiting less from the level control. The 
essential feature of the design of the Kalankuttiya Branch Canal is that it 
takes advantage of these aspects of level control in the primary canal to 
ensure control of flow into a nlajority of its distributary canals. 

Figure 11.14 shows the maximum range of water level variation (obtained 
through a flow simulation model of the Kalanhuttiya Branch Canal used in the 
stud.. mentioned above) that could be expected above the different offtake 
invert levels when the flow released at the head of the branch canal varies 
from 0.5-6 m3/s. This figure clearly demonstrates that maximum water level 
control is obtained in the immediate vicinity upstream of a duckbill weir and 
that the regulating effect soor disappears with distance. 

Figure 11.15 (also taken from the above study) compares the simulated 
and observed relative range of water level variation at the distributary 
canal offtakes (field observations existed only in respect of 9 distributary 
canals). Similar conclusions regarding the comparative assessment of the 
design-related conditions affecting the water delivery at the offtakes, in 
t,erms of level control in the parent canal, can be reached, either through 
direct field observations or by model simulations. 

The SDA main canal, on the other hand, exhibits a very high density of 
structures across the main canal apparently built to provide maximum 
flexibility. It includes 11 gated cross-regulators at the head of each 
major lateral canal and some 35 "checks", also called "thresher crossings". 
The checks are evenly spaced, about every 500 meters, throughout the length 
of the main canal to benefit the offtakes which are also spread evenly. 

At Kirindi Oya, the gentle slope of the area was obviously a major 
constraint in the design of the right bank main canal which nevertheless 
provides 14 gated cross-regulators, fairly evenly spaced along its 24.5 h 
length. At least one distritutary or branch canal is located immediately 
upstream of the cross-regulators. The other secondary canals are spread over 
the entire length of the main canal, sometimes located at a distance of more 
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As a research hypothesis and a direction for further studies, it would 
appear that some of the flexibility of the "regulators" and the redundancy of 
some of the adjustable structlxes provided by the design is meant, to some 
extent, to cater to some foreseeable degradation of these structures and to 
provide back-up. Construction costs of gated regulators might be expected to 
be less expensive than solid weirs even if some of the gates are redundant. 

Stdying the economics of various types of regulating structures 
including the associated operation and maintenance costs weighed against the 
degree of performance achieved in terms of level control might be a promising 
avenue of research. 

Availability of "controls: - his terminology refers to the hydraulic 
notion of "controls"1 and critical flow* (see Figure 11.16). Both are of 

Figure 11.16 Hydraulic "control" and critical depth. 

HYDRAULIC CONTROL 

Critical depth a1 
-"I----- 
" L  --------- 

W 

'0.. (T)he cross section in a waterway which is the bottleneck for a 
given flow and which determines the energy head required to produce the flow. 
In che case of open channels, it. is the point where the flow is at critical 
depth; hydraulic conditions abclve the point being wholly dependent upon the 
characteristic of the control section and entirely independent of hydraulic 
conditions below the point ..." (ICID). 

e,.ists where the elevation of the water surface 
above the control is entirely irldependent of the fluctuations of water level 
downstrean of it (ICID). 

Complete control 

2 Critical flow: That velocity of flow at which the energy of flow is 
In other worcls, the maximum discharge per unit width for a 

Sub-critical flow j s  produced by downstream control, and super- 

a minimum (ICID). 
given specific energy. 

critical flow by upstream contrctl (Henderson, 1966). 
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paramount importance in open channel hydraulics. It is not our intention to 
present a detailed discussion of the scientific bases underlying these 
notions. However, it is necessary to highlight the practical consequences of 
the hydraulic peculiarities of the canals that have resulted from their 
respective designs 

Most irrigation canals are equipped with gated cross-regulators built 
across the canal in order to raise the water head above the c o m d  area. 
But it is important to note that gated regulators are as per 
the above definition. Gated-regulators produce sub-critical flow upstream, 
hence a bsckwater effect which might extend, depending on the canal bed 
slope, up to the next regulator and possibly interfere with the hydraulic 
conditions governing the flow through its gate orifice. This situation has 
the potential for creating hydraulic interdependency between canal reaches. 
An example of this situation has been observed at Kirindi Oya. 

not "controls" 

There are two operational constraints resulting from this situation: 

a )  the operations of gated cross-regulators might have unexpected 
impact on the upper reaches of a canal as well as downstream: 

b) the assessment of flow is not always a feasible option in canals 
equipped with gated cross-regulators and the location of measurement sections 
will require special attention. 

Natural obstructions or man-made structures such as weirs or drop- 
structures built across canals or steep changes in the canal bed profile 
could create hydraulic conditions (critical and super-critical) which are of 
practical interest for the operations of canal systems. 

Practicing engineers often use as a memory device the fact that in 
super-critical flow "the water doesn't know what's happening downstream" 
(Henderson, 1966) and this is what is important in "controls." 

Design of irrigation canals may harness these hydraulic peculiarities 
in many ways to: 

a) provide means for the assessment of the flow in canals; 

b) provide opportunities for flow control at lateral canals through 
improved performance in terms of level control at some section in the main 
canal; and 

c) provide opportunities for decoupling the different reaches of the 
main canal, in particular preventing the downstream reaches (and associated 
laterals) from influencing the upper reaches, thereby creating the hydraulic 
conditions that fit the upstream control type of regulation prevailing in the 
irrigation systems studied. 

The following analysis aims to identify whether "controls," either 
complete or partial, are available at some locations within the subsystems 
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studied and whether they are contributing to some of the aspects quoted above 
towards improved manageabj lity of the system. 

Kalankuttiya Branch Canal - The1.e are several obvious complete "controls" 
along the Kalankuttiya Branch Canal, and each duckbill weir is one of them. 
The design of the Kalankuttiya Ilranch Canal takes advantage of this aspect in 
the control of flow into the distributary canals. In addition to these, a 
natural rocky constriction located 2.8  h downstream of the tank was 
identified as the effective control over most of the first reach of the 
canal. The impact of this coilstriction was evidenced through the water 
surface profiles computed foi' different steady flow regimes through a 
mathematical flow simulation model of the branch canal. 

Other "controls" have been utilized in the design of the Kalankuttiya 
Branch Canal in the form O P  the "weir-box" installed at the head of the 
distributary canals to assess the flow diverted. However, a survey indicates 
that only 30 percent appear to be operating under hydraulic conditions 
capable of providing complete control. possible in 
40 percent of them, hence limiting the reliability of the water flow 
assessment at the offtakes. 

Partial control might be 

Degradation of the "contr(3ls" and occasional suhergence was observed 
for various reasons, some of which are: temporary closure of a distributary 
canal downstream of the head to restrict'the collllllsnd area cultivated during 
the dry season, littering OF a downstream culvert, siltation of the 
distributary canal, etc. Total loss of the "controls" initially present 
results from destruction by the farmers of the weir in the weir-box.(15%) 
and/or permanent suhersion of the weir (15%). 

Rajangana Pilot Area - Similar "controls" exist along the pilot distributary 
canal in the form of 3 duckbill weirs constructed to provide level control in 
the distributary canal and thereby flow control into the field canals. 
Daffle distributors or "modules" are installed at the head of each field 
canal and at the head of the pilot distributary canal itself. The "modules" 
provide additional "controls" provided that their installation and 
.operational specifications have been respected. "Modules" consist of 
precast, standard hydraulic devices providing complete control associated 
with a particularly steep head-discharge relationship that renders the flow 
diverted relatively insensitive to head variations within an acceptable 
range (Figure 11.17). 

Santo b i n g o  Area Main Canal - The design of the SDA Main Canal does not 
provide "controls" as such for the diversion of water into the major Lateral 
canals. Instead, this was su~posed to be achieved through the combined 
operation of gates at the cross-regulator and at the offtake. But there has 
been an intention to have some means of raising the through the 
provision of 35 "checking" oppx-tunities along the main canal that permit the 
minor canals to abstract water directly from the main canal. 

water level 

Partial "controls" were aylprently envisaged in the design as indicated 
by the provision of Parshall Flumes at some key locations: the head of the 
main canal and at the heads cif the laterals. But careful observations 
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indicate that several flumerli (Headgate flume, Lateral G) are either 
frequently or permanently submeipged (Lateral F )  and unable to perform as 
complete "controls." The NIIA Water Measurement Table, which is used to 
compute flow through the flumes,, provides correction factors to be applied to 
compensate for different degrees11 of suhergenoe. 

Kirindi Oya Right Bank Main Czlnal - There are no real "controls" along the 
Kirindi Oya right bank main carlial but some exist at the offtakes for the 
purpose of assessment of flcliw. But many of them provide only partial 
control if any. The Irrigation Department intends to gradually replace the 
existing standard weir-box cwn baffle-wall which has been found to be 
unsatisfactory, with another tjlpe of "control," a modified Broad-Crested 
Weir (W). 

Preliminary conclusion: The design of the Kalankuttiya Branch Canal as 
well as the Rajangana Pilot distributary canal provides a number of hydraulic 
"controls." This indicates a cldear and systematic intention of the designer 
to harness these hydraulic features to provide more control of the water 
delivered at the offtakes. 

the water Control of surface profile in the parent canal and judicious 
lccations of the offtake in accclirdance with the profile appears to be a 
stumbling block towards acbhieving the distribution objective whilst 
simultaneously relieving the builden of the operator. 

In the case of the Kirindi ,Oya Right Bank Main Canal and the SDA Main 
Canal, the search for operatiomlrl flexibility on the main canal prevails. 

In these systems, "contiPols" are provided by designers for the main 
purpose of assessing the flow delivered at the offtake and monitoring. 
Monitoring appears, at least all: Kirindi Oya, as the principal thrust towards 
achieving the distribution objedktive. But this implies more intensive human 
interventions and increased 1I)urden for the staff if it is going to be 
implemented. 

;, 
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CXAmER I11 

ORGANIZATION AND DECIS[ON MAKING FOR MAIN CANAL OPERATIONS 

3 . 1  I r n r n I O N  

This section describes and analyzes the organizational framework and the 
decision-making processes that tire central to the management of the main 
canal in studies - the Kalankuttiya Branch Canal of the hlawewa 
Left Bank in System H of the Maliaweli Authority of Sri Lanka, the Kirindi oya 
Irrigation and Settlement Project under the 1rrigation.Department and the 
Ministry of Lands in Sri Lanka, and the Santo Doming0 Area (SDA) of the 
Upper PamrJanda River Integrated Irrigation System (WRIIS) of the National 
Irrigation Administration (NU) in the Philippines. 

ManaEiN any irrigation spitem are individuals exercising control at 
different points. They are mtmbers of a formal organization comprising a 
hierarchy of levels. Within (his framework are managers at each level 
entrusted with certain funct:.ons, the performance of which will entail 
decision making regarding the manaaement of the physical system towards 
achieving its goals, objectives, and targets. This decision making is 
influenced by the following key issues - the information available to the 
management at e&h level of the organization, the messages comicated 
between the levels, and the mon..toringaf the effectiveness of performance of 
the management based on this :.nformation. Wther, in this study we will 
examine the implications when the physical layout fits the organization 
managing the irrigation system and when it does not. An additional issue to 
be explored is the impact of tht, decentralized or centralized nature of this 
organization on the operation oj' the main canal. Decentralization is defined 
as a method of organizing that disburses power and authority for decision 
malting to multiple levels in ihe organization while a centralized organi- 
zation concentrates this at the top of the hierarchy. 

three case 

I 

3 . 2  THE FORMAL ORGANIZATION 

3 . 2 . 1  Galnewa Project: Ka1ankui:tiya Branch Canal 

The Galnewa Project is manrrged by the Mahaweli Economic Agency (MFA) of 
the Mahaweli Authority of Sri hmka (MASL). 

Heading the central admin.rstrative hierarchy is the Director General of 
the Mahaweli Authority of Sri Lanka (see F i w e  111.1). The Mahaweli 
Economic Agency agency under the M4SL and is responsible for settle- 
ment of farmers and the managt!ment of the irrigation system. To perform 
these tasks the MFA must wdrk in liaison with its sister agencies, in 
particular, the Water Managemenir Secretariat. 

is one 

At the MEA (see Figure 11:(.2), Project Coordinators are in charge of 
the different areas of the Maliaweli Project known as Systems. The Galnewa 
Project is located in Mahaweli 3ystem H (Filfure 111.3). From the perspective 
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of control over the water reisource at Kalankuttiya Branch Canal, at this 
level, the diversion at Bowatenneobecomes significant. The Bowatenna complex 
is manared by the Headworks lMministration, Ope rations and Maintenance 
Division of the MASL which is reslpnsible for controlling the sluice at this 
point. This has a direct impaclt on storage at Kalawewa. This organization 
as seen above results in a compllex multifunctional hierarchical ordaniza- 
tional setup at the central levlel and this is replicated at the Field level 
too. 

Systems are divided into prlojects, each under the supervision of a 
Resident F'ro.iect Mmager with sulpportim staff (see Figure 111.4). Projects 
generally cover an area of 8,000-12,000 hectares (ha). At this level, the 
Flow Monitorim Unit evaluates the performance of the administrative level 
below on the basis of the water dluty. 

Each project is in turn divlided into administrative blocks, covering 
about 2,000 ha under the supervislion of a Block Manager. At the c o m d  area 
of the Left Bank at the Galnem Project there were three Administrative 
Blocks prior to January 1988 and only two thereafter. A Block Manager is 
assisted by various specialized olfficers as shown in Figure 111.5. Each 
Block is further subdivided intlo units, each covering approximately 250 ha, 
under a Unit Manager who is assislted by two specialists, for water management 
and agricultural extension. 

I 

Prior to January 1988, theire was a correspondence between the physical 
layout and the management, when tlhe Kalankuttiya Branch Canal was managed by 
the Kalankuttiya Administrativie Block, (Figure 111.4). The official 
decision-making apparatus in contlrol of the physical system is shown in 
Figure 111.5. The Irrigation Ehgineer is responsible for water management 
in the whole block from the tank1 to the field channels. His other duties 
include contract supervision, building maintenance, labor management, and 
preparing bdgets for construclkion and maintenance. Under him are 
mineerind Assistants who are responsible for construction and maintenance 
of the irrigation structures, inclhding roads and culverts, water management, 
and making estimates for irrigaltion works. Below the Engineering Assistant 
is the Technical Officer whose dLlties include supervision of construction and 
maintenance, camp maintenance, labor supervision, and water management. 
Below the Technical Officer is the Irrigation Laborer. Two Irrigation 
Laborers operate the Branch Canall from the main sluices to the distributaries 
under the instructions of the Tecllhnical Officer. 

In January 1988, the orgElmization as described above, underwent a 
change. As a result of administ1,rative reorganization, the ME4 abolished the 
hlankuttiya Administrative Block. The cotmnand area under the Kalankuttim 
Branch Canal was divided betwetltn the two remaining Blocks. The head end of 
the Branch Canal became the irespnsibility of the Irrigation Engineer, 
Galnewa and the tail end that of the Irrigation EnBineer, Meedalewa. As part 
of the new institutional arrangeflients, the Left Dank Main Canal Unit (Figure 
IV.6) was created to coordinattll water issues between the remaining Blocks 
which were now jointly respons1,ble for the management of the KalankUttiw 
Branch Canal. The most ret1;ent reorganization of the admihiStratiVe 
arrangements with reference ttl) the Kalankuttiw Branch Canal is the 
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redefinition of the boun&rit:s of authority for the Left Bank Main Canal 
Unit, the underlying principle being that if more than one administrative 
block has to share the water delivered by the physical system, it is a 
conveyance system and comes under the control of the Left Dank Main Canal 
Unit. The Engineering Assistant heading this unit are responsible for the 
operation and maintenance of tho Main Canal. By this definition, the Main 
Canal Unit is also respnsjble for controlling the offtakes to the 
distributary channels in the Galnewa Block as they are direct offtakes from 
the Main Canal. 

The Ralankuttiya Branch Canal is divided into five irrigation zones 
(305, 306, 307, 308, and 309). Distributary channels off the branch canal 
are labeled, for example 305-D1, which means the first distributary in 
irrigation zone 305. The rm:e of the number of field channels along 
distributaries is 2-23. Field channels in turn may irrigate 6 to 23 farm 
allotments, though the average j s  10 field allotments per field channel. 

Superimposed on this physical system are the Administrative Units, 
oriRinally eight Each is under a Unit Manager 
assisted by an Irrigation Laborer for Water Management and a Field Assistant 
for  agricultural extension. At the distributary, water management is the 
responsibility of the Unit Managlet-. 

3.2.2 

in number and presently five. 

Kirindi Oya Irrigation ard Settlement Project: Right Bank Main Canal 

The Kirindi Oya Irrigation and Settlement Project (KOISP) is managed by 
the Irrigation Department. The organizational setup of the project (Figure 
111.6) is typical for a construc%ion project of the Irrigation Department. A 
description of the tasks and responsibilities of the staff in a construction 
project in general is Riven in the Irrigation Department Manual (Irrigation 
Department, 1984). 

The project is headed by the Chief Resident Engineer, who is responsible 
for the ongoing construction of phase I1 as well as for the water management 
and maintenance of the whole project. During the construction period the 
Chief Resident Engineer is assi:ited by four Resident Ebgineers; the Resident 
Engineer Head Works, the Resident Ewineer Right Bank, the Resident Wineer 
Left Bank, and the Resident Eng,neer Rehabilitation. Listed below are their 
responsibilities with respect Lo water management as well as to the Water 
Maement Feedback Center that functions directly under the Chief Resident 
Engineer. 

The Resident Eric! ineer Head Works. The Resident Engineer Head Works is 
through which water is 

The quantities and timing of 
Senior Irrigation Enaineer of the 

responsible for the actual operzttion of head sluices 
issued from the reservoir into %he main canals. 
these issues have to be authori::ed by the 
Water Management Feedback Centei-. 

The Resident Ihg ineers, The Resident Engineers, Right Bank and Left 
I3ank are responsible for the ac:ual canal operations in the connnand areas of 
the Right Bank and Left Bank main canals; this refers to the structures in 
the main canal, and offtakes to distributary and field canals. These 
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owrat ions have t o  be i n  acixlordance with t h e  operational plans t h a t  are 
derived by t h e  Resid'ent M i n e e m  from t h e  water schedules as prepared by the  
Water Management Feedback Center. 

The Water Management Feedtilack Center. Allocatillg. water t o  t h e  main, 
d i s t r ibu tary ,  and f i e l d  canals is planned by t h e  Water Management Feedback 
Center ,  based on assmptions with respect t o  the demands of t h e  water users 
and t h e  estimates of the supplr from t h e  reservoir.  The assumptions w i t h  
respect t o  the  demand s ide  a r e  based on calculations of the crop water 
requirements, t h a t  include estjlmates of evapotranspiration, ra in ,  seepage 
losses, conveyance losses ,  teltter use during land preparation, percolation 
r a t e s ,  e tc .  Water users and Resident Engineers are not involved i n  t h i s  
wLer scheduling process. llhe water schedules  t h a t  r e su l t  from these 
cqlculations a r e  s e n t  t o  t h e  Reri,ident Ehgineers, who are assumed t o  operate 
t h e  s t ructures  i n  t h e i r  comlrand areas conforming t o  these schedules (by 
calculating the required gate  opmings). 

A p a r t  from t h i s  s chedu l iq  t h e  Water Management Feedback Center is 
expected t o  monitor the actual1 water issues through the offtakes from the 
main and d is t r ibu tary  canals, arlid through t h e  feedback of the  da i ly  measure- 
ments of these i s s u e s  by the s t a f f  of t h e  Resident Engineer Right Bank. 
Measurements of cer ta in  parametw-s t h a t  are used fo r  the calculations of the  
water schedules, l i k e  s e e w e  ,I.osses, r a in fa l l ,  percolation rates as w e l l  as 
t h e  establishment of rating cui~ves fo r  t h e  cal ibrat ion of the measuring 
s t ructures  i n  the whole sytlrtem are the responsibi l i ty  of the  Water 
Management Feedback Center.  

Administratively, the Wateip Management Feedback Center has  no responsi- 
b i l i t y  w i t h  respect t o  t h e  operations i n  t he  whole system. Technically, 
however, it has t h e  complete regrpns ib i l i ty  for the  a l locat ion of water t o  
t h e  d i f f e ren t  hydrological subsystems. As t h e  Resident Engineer Right Bank's 
s t a f f  has been concentrating on construction a c t i v i t i e s  during maha 1987/88, 
a t  the expense of water mananagerlient, t h e  Water Management Feedback Center was 
delegated " t h e  f u l l  authori ty  wl,th respect t o  the operation" i n  the system, 
while t h e  operations s t a f f  rerllained under the Resident m i n e e r  Right Bank, 
both technically and administrakively. T h i s  led t o  eonfusing s i tua t ions  as 
w i l l  be shown later. 

3 . 2 . 3  Upper Pampanga River Integrated I r r iga t ion  System (UPRIIS): Santo 
Doming0 Main Canal 

The National I r r iga t ion  Administration ( N I A ) ,  w i t h  headquarters i n  
Manila, is i n  overal l  control olP the  pol ic ies ,  planning, and personnel of t h e  
Santo Doming0 Area (SDA) command area.  It is a s imle - in t e re s t  bureaucracy 
i n  the business of deliverill- water. I t  is a decentralized organization 
where power and authority fo r  d15cision making with reference t o  mWaalllg. t h e  
water resource rest w i t h  the IProject, and is done i n  par t ic ipat ion with t h e  
farmer organizations or I r r i g a t x  Associations below the lateral. Between 
t h e  N I A  a t  t h e  top and the ditl-htender sections a t  the bottom a r e  four other  
key levels  of organization: the pro.ject, t h e  district, the zone, and the 
division. (Figure 111.7) .  
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,The Santo Domingo Canal i:3 located,'in District 1 of the UPRIIS Project. 
Ebnagement at this level is headed by a District Chi.ef and his principal task 
is to supervise the area prog::ammed for a cropping season (Figure 111.8). 
In performing this task he is itssisted by a number of task specialists as 
,well as general administrative staff for accountim and.genera1 adminis- 
tration. The Operations Faginlter and the Hydrologist are the key task 
specialists. is alcivil emineer and the latter an agricultural 
engineer: both are on the payro:ll of the District Administration and perform 
tasks within the boundaries of -the District. 

The former 

The Ope rations Engineer is responsible for the overall operation of 
irrigation systems' in the Dis.;rict. He supervises and coordinates opera- 
tions of the irrigation sys';erns as performed by the three zone engineers 
under him. 

The Hydrologist as given in the organization chart is immediately below 
the Operations Engineer and is. the representative of the Water Control 
Coordinating Centre (WCCC) at the District level. . He establishes and ensures 
a tardeted volume of water for his District and acts as liaison between the 
WCCC and the District. He is assisted by a group of minor officials known as 
gatekeepers. 

The next organizational level is the B ,  and the Santo Doming0 Canal 
is located in zone 3 .  At th:is level a Zone hgineer is responsible for 
operation and maintenance of .;he irrigation network under him and for the 
timely supply of water to the command area. In. these tasks, he is assisted 
by minor officials also known a!3 gatekeepers. 

Each zone is composed of a number of divisions and this' is under the 
management of the Water Management Technician (typically a division is a 
lateral, but 'a large lateral rnay be under the charge of more than one such 
technician) who is assisted in his tasks of operation and maintenance by 
ditchtenders who are'in turn re!;ponsible for  the smallest unit of management, 
the division. 

3 . 3  DECISION MAKING 

In each of the three cases, our focus of study is the. following: the 
hlankuttiya Branch Canal; the Kirindi Oya Right Bank Main Canal; and the 
Santo Domingo k i n  Canal. From this vantage point, in order to examine 
decision making associated with these canals in an effective manner, we must 
lccate the effective boundaries of analysis, first, at the levels of decision 
rilahirlf associated with the control of the water resource and second, at the 
interface from above as well as at the level of the Main Canal. As a result 
vf this, we have identified t:le following key levels of decision makinR for 
the three systems (Figure 111.9) from the highest level to the lowest. 

3 . 3 . 1  Mahaweli System H: GalneJa Irrigation Project 

The MahhWeli/Polgolla Dam: The Water Management Panel at the Mahaweli 
Authority of Sri Lanka office in Colombo mkes the decisions regarding the 
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allocation of the water resoumiss of the Mahaweli River Project taking into 
account first, the demands of lhydropower and irrigation and then, the issues 
for irrigation between the difflrrent Systems. The membership of this Panel 
includes representatives from the MASL, the MEA, the. Water Management 
Secretariat, the Ceylon Electri1:ity Board, as well as representatives from 
the Irrigation Department and ilninisterial representatives from the political 
realm. Its function is to dis~:uss and approve the Seasonal *rating Plan 
for a cultivation season. 

Decision making is mid{& by two computer models at the macro- and 
micro-levels. The macro model is system-wide and takes into consideration 
policy options between allocatltng water for irrigation and hydropower. The 
micro model w a s  developed for ulse in System H and is for the simulation of 
irrigation scenarios only - folo evaluating the response of the system, tank, 
and canals in irrigated areas. 

Once the cultivation seasol? begins, problems may interfere with water 
issues, as for example, in 1986/87. Mechanical problems limited the 
anticipated diversions from lthe Mahaweli River to System H .  This 
necessifates a weekly review lpf the situation and changes being made in the 
volunie of water to be issued. 'Ime forum for making decisions is the weekly 
meeting between the Chief Irrigation Engineer of MEA and representatives of 
the Water Management Secretarialt. 

Kalawewa Reservoir: The Slystem H Water Management Coordinating Panel. 
The System H Water Management Coordinating Panel controls water issues from 
the Kalawewa Reservoir. This panel comprises the Deputy Resident Project 
Manaer (Water Management), Galnewa Project, Chairman; the Irrigation 
Engineer, Flow Monitoring Unlit, Galnewa, Secretary; and the Irrigation 
Engineers responsible for the mlain sluices of the reservoir. 

The functions of the pan1.1 are: 1) to discuss and decide weekly sluice 
issues, taking into account thl? availability of water; 2) to insure, with 
assistance from others, that imly the allocated quantity is taken from the 
reservoir and is distributed plroperly within the irrigable areas: 3 )  to 
increase efficiency by varying diversions within the system; 4 )  to subnit 
data regarding reservoir levels, sluice issues, rainfall, and inflows into 
the system daily basis tlhrough the secretary of the p e l  to the Chief 
Irrigation Engineer, MEA, who uipn presenting the situation to the Water 
Management Secretariat, would Ithen obtain the required diversions into the 
system; and 5) through the secrletary of the p e l ,  to maintain close contact 
with the Bowatenna complex anli bring to the notice of the Chief Irrigation 
Ehgineer any problems regarding diversions. 

on a 

Water issues are limited to the c0-d area sanctioned under the 
Seasonal Operating Plan. Iniltial water issues are based upon the extent of 
land prepared during the lalnd preparation period as allocated in the 
cultivation calendar. Subsequlently, for each rotational issue there is a 
standard allocation of water folr the total extent under cultivation. A 
further computation is made flor seepage and percolation (5 percent) and for 
conveyance losses (10 percent) in the command area and the main canal. 
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Losses at the level of the dktributary channel are discounted as they are 
assumed as seeme on the farm. 

The secretary to the commi":tee explained the role of the panel thus: 

The subject of discussion at these Setings was operations (for water 
management) for the upomin&( week in the H area. The official in charge 
o'f the w e m e n t  of a particular,section of the main system is 
responsible for presentid the relevant details regarding rainfall and 
stage of crop growth, and :indimtip how much water is required for his 
area. The Irrigation Engineer (Flow Monitoring Unit) is responsible for 
submitting information on rainfall in the Kalawewa catchment, water 
through diversion, and 'Ae balance in the tank at the end of the 
previous week. Based on tliis information a decision is made on how much 
to issue at the field le.'fel, with an eye towards stretching the water 
until the last issue for the season as decided upon at the cultivation 
meeting at the beginning o:? the agricultural season. A decision is also 
made regarding the amount ':o be issue&to each sluice for the next week. 
The distribution amount within. the project is the function of 
the operating staff. So long as they,,do not exceed the weekly average, 
they can decide whether -:o distribute the given amount of water in two 
or five days, or to reduce issues if there is adequate rainfall. 
addition, these meetings are also a forum for reviewing the previous 
week's operations from the perspective of how decisions were implemented 
with reference to the dec:isions made. Underlying these operations is 
the assumption that canal control ,of water issues alone is not enough, 
that the efficient distribution of water within the block is important, 
and that be achieved only with the cooperation of block-level 
officials such as the block Irrigation Engineer and his engineering 
assistants as well as the farmers. 

of this 

In 

this can 

9 

This committee was created in January 1987 in response to the drought 
and the resulting sharp drop in the reserVoir level. It held regularly 
scheduled weekly meetings and performed its functions systematically. 
However, in yala (dry season) 1!')88, possibly due to the less acute situation 
in reservoir levels, meetings were less frequent. Nevertheless, the 
secretary to the panel continued to act with cmittment and efficiency, as 
liaison with the higher level oif management. 

Kalawewa Left Bank Main Canal: Office of the Resident Project Manager, 
Galnewa. Prior to the administ11-ative reorganization in 1988, Kalawewa Left 
!3ank Main Canal was the principal conveyance system delivering water to 
three administrative blocks in the Galnet& Project (Figure 111.10). These 
are Galnewa, Meegalewa, and Kalankuttiya. The Deputy Resident Project 
Manager (Water Management) Galnewa Projectiw is in overall comnand of the 
Left Bank under the coordination of the Resident Project Manager, Galnewa. A 
water issue schedule at this level is based on the acreage to be irrigated 
for the Left Bank as sanctioned by the Seasonal Operating Plan. In consul- 
tation with the Irrigation Engineers at the Administrative Block, the Deputy 
Resident Project Manager estimates the water requirements of the respective 
blocks, adds it together with am additionhl 25 percent for conveyance loss, 
and makes his request for the Left Bank from the System H Water Manasjement 



Coordinating Panel. =a 1986/187 (wet season) illustrated the consequences 
of failure of the conveyance isystem to deliver what is allocated to Kalan- 
kuttiya administrative block (&by and Merrey, 1989) under drought 
conditions. This was due to the absence of a systematic management to 
control and monitor water allocistions to the administrative blocks along the 
Left Bank Main Canal. 

In yala 1988, despite the1 new institutional arrangements, management of 
the Kalankuttiya Branch Canal clontinued much as before. The Kalawewa Left 
Bank k i n  Canal Unit was nlot involved either in Kalankuttiya tank sluice 
operations or its Branch Canal ,operations. The Irrigation Engineer Galnewa 
with the an Irrligation Laborer under him set. the Kalankuttiw 
Tank sluice daily discharge to, the Branch Canal, as well as the daily 
settings of the Distributary Clanals in the section of the Branch Canal under 
him. In the section of the Brslnch Canal under the Meegalewa Administrative 
Block, the management was in the hands of an Engineering Assistant who had 
previously also managed this slection as an Engineering Assistant in the 
defunct Iialankuttiya Mministriative Block in consultation with the de facto 
managers of the upper section olf the Branch Canal. 

assistance of 

The role of the Main Canal Unit was limited to ensuring 'that the tank 
level at nlpt fall to a level where it would be unable to 
make issues to the Branch Canal. A Technical Officer at the Main Canal Unit 
who was responsible for the sliuice operations of the Kalankuttiya Main Canal 
under the previous management hlas entrusted with this task to be performed in 
cooperation with the Engineerinlg Assistant Main Canal Unit and the Irrigation 
Engineer Meegalewa. 

A redefinition of the bouni+ries of the Main Canal is planned for the 
future. If previously, the' Kalawewa Left Bank Main Canal extended from 
Kalawewa Reservoir to Mulannatulva Tank and from there to the Meegalewa Block, 
now it would include the physlioal system up to Mulannatuva and then diver- 
sions from this t ank  to Kalankulptiya Tank and then to what was Kalankuttiya 
Branch Canal up to the point ofi the administrative boundaries between the two 
blocks that manage the Branch Clanal. The mineering Assistant heading this 
unit will be'responsible for the operation and maintenance of the Main Canal. 
By this definition;the Main Canal Unit is for controlling 
the offtakes to the distributlary channels in Galnewa Block. Moreover, the 
Flow Monitoring Unit will perfoirm its role of monitoring through measurement 
along the Left Bank Main Canal ,as well as along the Branch Canal no.1. 

Kalankuttiya would 

also responsible 

The decision-making prcceslses resulting from this change in hydrological 
boundaries was explained by'thei Irrigation Engineer (Flow Monitoring Unit) as 
follows: The System H Water Flanel will allocate water to the Left Bank on a 
weekly basis. The Block Irrigaition Engineer will attend these meetings as 
observers so that they will, know and understand on what basis the panel 
allocates water so that they can make their requests from the main canal 
unit, on the same basis. Thle Block Irrigation Engineer will request the 
required amount of water from the Engineering Assistant, Main Canal Unit who 
will then total the amount fcir the command area and request this from the 
Panel. Based on what the Pane11 allocates and what is requested by the 
respective Irrigation Engineem., the Engineering Assistant will prepare an 
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i r r i c a t i o n  schedule f o r  t h e  Lef t  Dank. In the  event of problems oi- 
shor tages ,  he w i l l  consul t  i<i.:h the  Pro jec t  W i n e e r ,  Lef t  M i  (formerly 
known as Deputy Resident Pro,iect Phnager) . 

'l'he Flow Monitoring Unit at  Galnewa monitors the  water use of thr 
:'.dnlinistr:%tive Block i n  terms ok the monthly water duty.  Blocks are compared 
acd ins t  the  perfornwce of othe:: Blocks as well as aga ins t  t h e i r  o m  t a rge ted  
values under t h e  Seasonal Operating Plan. A monthly report is submitted t o  
t h e  bhhaweli Economic hzency as part of its moni tor im opera t ions .  

!ial.ullrutt.i\is Branch C a n a l  : The Block Off ices  a t  ILalanliuttiya~,, ~.G&neya 
and Pkegalewa. P r i o r  t o  January 1988, at the  Branch C a n a l ,  t h e  I r r iga t ion  
Engineer had divided t h e  water he had received,  supplemented w i t h  what was 
already a v a i l a b l e  i n  t h e  tank, equi tably  among t h e  20 Dis t r ibu ta ry  Canals 
offt.aliinr from t h e  Branch C a n ' s l .  H e  had a d i s t r i b u t i o n  schedule based on 
the  i r r i g a t e d  command area and x o p  water requirements. However, dependine 
on ~ h r t t  .was ava i l ab le  i n  the  Kalankuttiya Tank he ad.justed t h i s  schedule. 
Thr  T;eekl? Llock meeting where he meets t h e  Unit Managers is t h e  forum f o r  
I,!w 1i.i-imtion Enzineer t o  evaluate the  weekly opera t ional  water schedule. 
mtci d u t y  is c.omputed f o r  each Dis t r ibu ta ry  and comparisons are made between 
oi,i:inal. t a r g e t s  based o n ' t h e  i r r i g a t e d  command area and the  standard weekly 

up wter  requirements of 2 .5  inches 163.5 m i l l i m e t e r s  ( m m ) l  and a c t u a l  
11*311!, The Unit Managers are informed of any changes i n  t h e  i r r i g a t i o n  
scliediiles and t h e  l a t t e r  may a l s o  brine up any add i t iona l  reques ts  f o r  water. 
T l i i s  is normally done as an ' extension of a r o t a t i o n .  b h a  1986/87 i l l u s -  
t r a t e d  cases where the  expected amount of water w a s  not  conveyed t o  
ILalulkuttiya Tank and as a r e s u l t ,  t h e  I r r i h a t i o n  Engineer and h i s  s t a f f  were 
forced t o  draw from t h e  tank till it reached dead stora&!e. A similar 
s i t u a t i o n  has not  a r i s e n  i n  yala 1988. 

1 .  

Dis t r ibu ta ry  o f f t ake :  The-. A t  t h i s  l e v e l ,  though t h e r e  is some 
corres-pondence betueen con t ro l  of d i s t r i b u t a r y  o f f t a k e  and con t ro l  of u n i t .  
t h i s  is not  always t h e  cas'e. In  Kalankuttfya t h e r e  are cases where the 
con t ro l  of t h e  d i s t r i b u t a r y  o f f t ake  is i n  the  domain of one u n i t  manager hut  
t h e  water i s s u e s  are common t o  two u n i t s .  This w i l l  at t i m e s  cause 
complexity i n  t h e  tacks of de l ive ry  and i s sue  of w a t e r  a t  t h i s  l e v e l .  

As documented for 1986/87, a t  the  Unit,  the I r r i g a t i o n  Laborer of the  
Block Off ice  who is i n  cha,.me of the  head of the  d i s t r i b u t a r y ,  t h e  Unit 
Planacer, tlie I r r i g a t i o n  Laborer. of t h e  Unit,  and t h e  farmers and t h e i r  
leadership  i n  some cases t r y  t o  ad.just what is perceived by management and 
farmer-- as an i.nadequate suppls. by ex tend im the  7-day r o t a t i o n  o r  12 
&ys and beyond (Raby and Mer,rey, 1989). This necess i t a t ed  some add i t iona l  
reques ts  f o r  rqater from t h e  mar.azement l e v e l  a t  t h e  Lef t  Bank. 

t o  10 

Tlle Unit, Manager receives  h i s  information on water schedules from t h e  
Eluclr  Of f i ce ,  hu t  he implements; t h i s  schedule t h r o w h  t h e  I r r i g a t i o n  Laborer. 
Ni! h s  standing orders  on the  mnount of water he must i s s u e  as determined b\r 
the  I r e i ~ h t  of t h e  s t a f f  g a u g c a t  t h e  head of the dis t r ibu ta r s? .  The twical 
Lrrio'ation h h o r e r  st t h e  Dizitributary o f f t ake  a t  Iialankuttiya is a l o c a l  
r e s i d e n t ,  himself a cu l t iva to i ,  and has on t h e  average, 10 years of se rv ice  
ax3 nm.nac?̂ "cs, the  d i s t r i b u t a r y  o f f t ake  as well as d i s tx ihu t ion  a t  t h e  f ie ld  
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channel turnout based on his exxrience and farmer demand. But this is not 
always the case; the Unit I4anager is expected to keep him informed of 
decisions made at the Block melting and the Irrigation Laborer is expected to 
discuss problems with refereilice to water issues. More typically, the 
Irrigation Laborer may take up issues of shortages with his counterprt at 
the Block or the Engineering Assistant responsible for water mansgement at 
the Block. Commonly, however, Ithe Irrigation Laborer will suhit his request 
to the Block through a notjl? from the Unit Manager validating his verbal 
demand. 

Preliminary Conclusion: Im-t slpf Organization and Decision Wing on Canal 
Operations 

A supply based plan thlis becomes demand driven. 

A corollary to the siz'l? of the Mahaweli Project is its centralized 
apparatus of organizat.ion/decision making. The planning and the subsequent 
adjustments of the simulated plan for seasonal operations at the Galnewa 
Project are undertaken at the Ctlmter in the the Mahaweli Authority 
of Sri M a .  During the courlse of the season, the operational plan in real 
time as well as its djustments are dependent again on the Center, but now in 
the hands of two members of Ithe Mahaweli family of agencies - the Mahaweli 
Economic Agency and the Watelr Management Secretariat. The density of 
management between the unit of study (the Kalankuttiya Branch Canal) and its 
rater resource (Polgolla Dam) ,is reflected in the number of agencies ( I ) ,  
the number of levels ( 4 )  and finally the number of individuals involved in 
decision making through whom information must be accessed above Galnewa 
Project (Figure 111.11). This is categorized as the number of interest 
groups and individuals participliting in decision making related to the water 
resource. This centralization and densitx make for complexity of management 
in terms of response time to fill the Kalawewa Reservoir. This becomes 
problematic particularly in a water-short season. The availability of tele- 
phone and radio communication flicilities with the levels abve makes for 
some ease in this situation alt Galnewa. But the nonavailability of similar 
comunication facilities betweeill the Project and below makes for 
difficulties in communication. 

hands of 

the levels 

At the Galnewa Project, thjl2 nature of the apparatus for organization and 
control of the sluices of the Ilblawewa Reservoir is single interest and is 
therefore simpler and when coilitrol is exercised, as in the drought-ridden 
period in 1986/87, the Water Mlmagement Coordinating Panel is an effective 
mechanism . 

Below this level, while lthe agency remains the same, complexity is the 
result of the number of decisioii centers influencing decision making at the 
Block - originally the threl? Block Offices at Galnewa, Kalankuttiya and 
Pleegalewa and subsequently, the Main Canal Unit with Galnewa and Meegalewa 
( 3 ) .  A t  t,he Unit any such coilnplexity in communication is the result of (a) 
sharing of the Distributary C a n l i l  offtake between two Units and (b) communi- 
cation between the Unit Manag4.r and his Irrigation Laborer. Communication 
for operation is largely infonlwl and verbal, supplemented by the periodic 
meetings for progress evaluatioli of the cultivation plan. 
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The object of monitoring is the water duty based upon water'issue/supply 
compared with the seasonal targ!ti?t under the Seasonal Operating Plan for  the 
System; for' the Left Bank/F'ro,ject; for the Bl'ock; and for.the Distributary 
as implemented through the standing orders. But canal operations during a 
cultivation season are in fact demand based. ' Further, at the unit level, in 
emphasizing the multiple aspectlit of the, perfonnance of a unit manager, for 
,example, are health or housing for the settler, or operation, maintenance or 
construction in the case of the Irrigation Engineer. There is actually a 
trade-off in the emphasis given to the water management function of a Unit 
Elsnager. complete absence 
of monitoring perfommice and he manages the'Distributary Canal off- 
take based on his experience and the information he may receive on an 
informal basis. 

At the level of the Iii!rigation Laborer there is a 
of his 

3.3.2 Kirindi Gya Irrigation mid Settlement Project: Right Bank bin  Canal 

Broadly three levels of decision making can be recognized in the Kirindi 
CWa Irrigation'and Settlement hi-oject. ' The highest level is the Senior 
Irrigation EnRineer of the Wai';er Management Feedback Center, as he controls 
the water issues from the head sluice. The Resident Engineer Head Works, 
whose staff operate the Head Works, can be considered at the next level as he 
only implements the decisions of the Senior Irrigation The third 
level is the office of the Resident Engineer Right Bank in which the Resident 
Engineer Right Bank himself, the Irrigation Engineer and the Technical 
Assistant are all involved in,the supervision and monitoring of the canal 
operations. Due to the fact that all of them were more occupied with 
construction activities, their involvement with water management has been at 
a minimum and a separation of their responsibilities would not reflect the 
actual situation. The loweiiit level of decision making is that of the 
Irrigation Laborer who actually operates the different structures. 

Engineer. 

The Water Management Feedlxpck Center and the Resident Eng ineer Head w. The responsibility of 'the Senior 'Irrigation Engineer of the Water 
Management Feedback Center with respect to'canal operation is not very clear. 
Whereas the Senior Irrigation Engineer till June 1988 did not have f o m l  
responsibilities with respect to canal operation, he was expected to monitor 
the actual .water issues .and the canal operation. As the Resident Engineer 
Right Bank's staff was very involved with construction activities, an 
informal arrangement was made so that the Senior Irrigation' Engineer could 
give instructions to Irrigation Laborers, who' were administratively under the 
Resident Engineer Right Bank's,office. In June 1988, this informal arrange- 
ment was formalized through a lhtter from the Chief Resident Engineer in 
which he delegated the "fu1:il authority over the operation" to the Senior 
Irrigation Engineer of the Wa';er Management Feedback Center. However, no 
reference was made to any means by.which,to effectuate this full authority 
and in practice, no means whatsiiiever were allocated for this purpose to the 
Senior Irrigation Engineer. 

The informal as well as .':he formal arrangements were not well defined; 
the Senior Irrigation Engineer'iij authority was sometimes openly questioned by 
the Irrigation Laborers. Thu:i; the actual canal operation has been rather 
chaotic during maha 1987/88 and yala 1988, as nobdy was really responsible 
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for the canal operation. Monittoring of the canal operation by the Senior 
Irrigation Engineer and his starf sometimes led to direct instructions by the 
Senior Irrigation Engineer to tll~e Irrigation Laborers, and in other cases led 
to letters from the Senior Irrirlfation Engineer to the Resident Engineer Right 
Bank concerning the canal operakion. 

The actual allocations from the reservoir have to be authorized by the 
Senior Irrigation Engineer of l;he Water Management Feedback Center. In 
practice, this means that if ,I! substantial change of the discharge in the 
main canal will take place, the Senior Irrigation Engineer sends a note to 
the Resident Engineer Head Worllrs, with a copy to the Resident Engineer Right 
Bank. In this notification he ilnentions the date of the envisaged change, the 
envisaged new discharge itself: and a request to the Resident Engineer Right 
Bank to alert the Irrigation Lallmrers to the envisaged change. The opera- 
tions of are then done by the staff of the Resident Engineer 
Right Bank. 

the structures 

Several standing orders (i>f the Irrigation Department apply to the 
operation of water flows in the main canals of the Kirindi Oya scheme: 

1. Upstream of a cross-regulalior, the level of tlie main canal always has to 
be maintained at full supply leIJel. In this way a stable discharge can be 
supplied through the offtakes tli) the distributary canals. 

2 .  If the discharge through lthe main canal increases, the excess discharge 
has to be released gradually thlrough the gates of the cross-regulator. 

3 .  The released discharge has lto be spread evenly over the parallel gates of 
the cross-regulator to prevent erosion of the canal bund, and to extend the 
life of the cross-regulator. 

In the opinion of the staff of the Kirindi Oya scheme these standing 
orders are sufficient for prolper operation of the main canal provided the 
Irrigation Laborers have some elwperience in these operations. 

Because of some lacunae in the quality of the construction of the down- 
stream developnent of the Kirilidi Oya scheme and because of a higher percen- 
tage of upland soils in the coilnmand area than assumed before the construc- 
tion, the full supply depth dl>es not give enough head to issue enough water 
through the distributary canal 1,fftakes during land preparation. Thus it is 
necessary to raise the leveils in the canal (in same cases with 12 
centimeters) during land preparirtion through overflowing of the side walls of 
the cross-regulators, A permallent overflow is necessary in some oases where 
the required head cannot be re.a?hed at all. 

In these cases the firslt decision to operate the canals in this 
was taken by tile Resident Engineer Right Bank, whichever way particular way 

'During the off-season beltween yala 1988 and the coming maha season, 
the cross-rlsgulators were planned to be raised to correct the side walls of 

the faulty full supply depths. 
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they were applied, with the con:iient of the Senior ITrigation Engineer of the 
Water Management Feedback Center. In some instances, however, the Senior 
Irrigation Engineer has taken .the initiative for a new instruction with 
respect to the operation of the structures in the main canal of which two 
examp1,es are given below: 

1. With rainfall, the dischargtir through the &in canal increases mainly 
because some Irrigation Laboreirs reduce the discharge to their distributary 
canals. For that reason, the d:l,scharge that is released from the head sluice 
is usually reduced (on the insi1;ruction of the Senior Irrigation Engineer) by 
5 to 10 cusecs (0.142 to 0.283 m3/sec"but in case of (more than 
7 5  m whole connnand arwa of t+e Right Bank Main Canal) the discharge 
may &,stopped entirely for 5 dqys. If the discharge is restarted after a 
heav rain, the Irrigation Lallmrers (probably on request of the water users 
in their distributary canals) tend to keep water as much as possible for 
their own distributary canals, which delays the conveyance to the tail-end 
tracts. has instructed 
the Resident Engineer Right [Bank to refrain from operating the cross- 
regulators after a heavy rain, :,p order to stabilize the main canal sooner 
after the rain (even if that mezims that the cross-regulators will overflow). 

heavy rain 
in the 

To solve this problem the .Senior Irrigation Engineer 

2. Another aspect of the cariial operation that has been taken up by the 
Senior Irrigation Engineer is the aggravation of the destabilization caused 
by the cleaning of the siphon. The entrance of the siphon is equipped with a 
grill, to prevent human beings being pulled into the siphon. Every morning 
the grill is cleaned, and the resulting decrease of friction causes a daily 
drop of the level in the main aim1 upstream of the siphon by approximately 
0.45 meters. Senior Irrirlfation Engineer has signaled the problem as it 
also increased the risk of ovei!rtopping of the main canal upstream of the 
siphon, and advised the Resident Engineer Right Bank to remove the grill, and 
to install a fencing of barbed wire around the entrance of the siphon. 

The 

Little information is available to the Senior Irrigation Engineer 
regarding the The discharges in the main 
canals and distributary canals are not reliably known (only the discharge 
released through. the head sluice is reliably known). The information that 
the Senior Irrigation Engineer will get with respect to the behavior of the 
main canal the incll.,dental information about problems that occur- 
for example, the overflowing of the main canal or the drainage of excess 
discharge through Branch Canal 2. Daily information on variations in flow 
arid its consequences through feedback from Irrigation Laborers or water 
users will not reach the Water Management Feedback Center as that information 
goes to the Resident Engineer Right Bank's staff. Only indirect information 
through feedback of the measwements by the staff of the Resident hgineer 
Right Bank will reach his officti?. 

actual behavior of the main canal. 

is through 

This feedback system is not reliable as no cross checks are made m y  
more and because many measu11:ing structures have been damaged (as well as 
because of the frequent backwater effect, as will be pointed out in Chapter 
4 )  ~ A cross check system, coiikisting of an Irrigation Laborer who recorded 
separately al1,water issues,, haiii been operational during 2 to 3 months for 
the Right Bark, but appeared to be unreliable and. was abandoned by the 
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Resident Engineer Right Bank'is staff. Monitoring of the actual canal 
operation is done, therefore, through frequent field visits by the staff of 
the Water Management Feedback Clenter. 

It is clear from the aboive that the monitoring done by the Water 
Management Feedback Center alnd the infonnation available to them are not 
appropriate to regulate the mailn canal. Delegating "full authority for the 
operation" to the Senior IrrilEation Engineer without making available such 
information to him or allwatinlg in some other way the means that are needed 
to carry out this responsibilitly is hot very practical. 

The Resident Engineer Heal Works can be considered to be of the same 
hierarchical level of decision ilnaking with respect to the canal operation and 
the operation of the head slulice. He is assisted by a Technical Assistant 
in the actual operation of the lhead sluice. The Resident Engineer Head Works 
receives instructions from tlhe Senior Irrigation Engineer to increase and 
decrease the discharge to th~e main canal. He calculates the opening 
discharge and gives instructiolns to a Technical Assistant, who operates the 
head sluice. 

The office of the Resident,hBineer Right Bank. In the office of the 
Resident Engineer Right Bank, the Resident Engineer himself, together with 
the Irrigation Engineer and the Technical Assistants are involved in the 
decision-ding processes wid? respect to canal operation. At the same 
time, all these officers are involved in construction activities, so that 
canal operation receives rel,l%tively little attention. This led to the 
afore-mentioned arrangement witli the Senior Irrigation Engineer of the Water 
Management Feedback Center. 

At the beginning of mjfa 1987/88, the Resident Engineer Right Bank 
decided that 3 of the 15 Techni(ix1 Assistants would be confined to the day- 
to-day operation of the 3 ltracts of the Right Bank Main Canal. It was 
envisaged that this division of responsibilities would guarantee a better 
performance, compared to the earlier arrangement where all 15 Technical 
Assistants were involved with llmth operation and construction activities. 
Nevertheless, both arrangemenlts did have the same result: operations were 
neglected. The 3 Technical Asslistants who were assigned a tract each, felt 
frustrated that they were not hllowed to be involved in construction activi- 
ties at all; motivation was low for them to go to the field for their 
oppational duties. 

The overall responsibililty for the operation of the Right Bank was 
delegated to one of the two Ihigation Engineers who was working for the 
Resident Engineer Right W ' s  office (this Irrigation Engineer was allowed 
to combine the operation and coilistruction tasks). 

During maha 1987/88 and yaila 1988, the Resident Engineer Right Bank did 
not delegate the responsibilitlp for the conveyance of water to the tail-end 
tracts to a Technical Assistant, but did this himself in cooperation with the 
Irrigation Fmgineer who was ill charge of operation and maintenance. As the 
Resident Engineer Right Bank hiilhself atld the Irrigation Engineer did not have 
the time to monitor the actual1 canal operations they did not have enough 
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information to actually coordinate the canal operation. Operation of the 
main canal as a whole (i.e., the conveyance and distribution functions) was 
thus not coordinated in the field and water issues to the 3 tracts, the 
distribution function, were wiged separately. 

Irrigation Laborers who djld not operate their structures correctly did 
not feel responsible for the corlkequences downstream. If they open or close 
the gates of a cross-regula1:or fully, without informing the Technical 
Assistant or the Irrigation Laborers downstream, the resulting excess 
discharge will cause problems downstream. The Resident Engineer Right Bank 
mderstands this problem and next maha he plans to charge the Technical 
Assistarit of The 
problems of uncoordinated and suboptimal operation of the cross-regulators 
upstream, often lead to water shortages (or excess water) at the tail end and 
thus the Technical Assistant of the tail-end tract will be more motivated to 
coordinate the conveyance th& other Technical Assistants. However., the 
easiest way to take care of thc: conveyance function is by asking for more 
water to be allocated to the majn canal as a whole as it is done presently. 

the tail-end tracl!. with the supervision of the main -1. 

In principle, the Teehnicd Assistants provide the basic instructions 
to the Irrigation Laborers. In case a substantial change of the discharge 
through the main canal is to bike place, the Technical Assistant is expected 
to alert the Irrigation Laborerls, although he does not always do it. In 
practice, his involvement in clby-to-day water management is limited and his 
field visits are infrequent. 

With respect to the changeis in the discharges in the main canal, the 
Resident Ehgineer Right W ' s  office is informed of the date of change, but 
not of the envisaged time., A ctlange in the afternoon or evening requires, 
however, that the Irrigation 1,aborers be alert during the night. which they 
usually are not, especially if tl.hey are not aware of a change at all. 

The Resident Engineer Right;. Bank and the Irrigation hgineer also visit 
the field now and then, and giveb instructions to the Irrigation Laborers with 
respect to canal regulation. These instructions are made on an ad hoc basis; 
it has happened that the Technics1 Assistant and the Irrigation Engineer have 
given different instructions to an Irrigation Laborer on separate field trips 
within a short period of 5 minutl.es. 

Irrigation Laborers have k e n  instructed'by the Technical Assistants to 
see that, in cases of heavy rain the discharge in the distributary canals 
does not become too large, beckuse it would erode the canal. In such a 
situation they are expected to rlduce the discharge and inform the Technical 
Assistant, who will inform the Irrigation Eagineer. The Irrigation Engineer 
in turn requests the Senior Irrj1,gation Engineer for of the.main 
canal discharge. In princirlile, the excess discharge has to be drained 
through the spills (i.e., the Ibadial gates) to 'the Weerawila Tank. In 
practice, the ' l ack  of coordj1,nation among the Irrigation Laborers and the 
Technical Assistants, or slow reaction by the Irrigation Wineer and 
Technical Assistants, led to 11,he drainage of the excess discharge through 
Branch Canal 2. Branch Canal 2 anyway functioned as a drain for fluctuations 
in the main canal discharge,, thus decreasing the risk of.the downstream 

a reduction 
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coffei-dam breaching, but it W~IB perhaps also an easy way of dealing with 
problems of canal operation; reflecting that water management had a low 
priority compared to constructis!m activi.ties. 

Because of this function 'l>f Branch Canal 2, special instructions were 
given for the operation of the 81;ross-regulat,or just downstremyof the offtake 
to Branch Canal 2. Irrigation Laborerg were instructed to adhere strictly 
to full supply depth, because of the risk of breaking the cofferdam down- 
stream of the cross-regulator. After the cofferdam breached on two occasions 
the Irrigation Laborers were threatened that they would be fined 2 days' 
salary if it happened again. As the main canal fluctuates considerably at 
Branch Canal. 2, due to its plmition downstream af a major part of the main 
canal including the siphon, the cross-regulator had to be ope,pted quite 
frequently, even at night. The 1rrigation.hborers who were working close to 
the coffeldam and the cross-relgulator near B m c h  Canal 2 maintained an 
.informal information system to lprevent breakage of the cofferdam. 

The.Irrigation Laborers. At this lowest level, decisions are made by 
the Irrigation Laborers concerniing the operations of individual structures of 
the main. canal cross-regulatoris and distributary canal offtakes. Usually, 
the Work Supervisor supervises the activities of the Irrigation Laborer. 
However, during maha 1987/88 an~j yala 1988 the Work Supervisors were involved 
a n l y  in construction work and nipt in water management. Next maha, they will 
be involved in water managemelpt too. With respect to canal operation the 
Irrigation Laborers have to follow the afore-mentioned standing orders. 

Maintaining full supply delpth in the main canal requires regular inter- 
ventions by adjusting the gatles of the cross-regulators due to fluctuations 
in the discharge. Such fluctualtions or changes of flow occur due to changes 
in the discharge issued thrlough the head sluice, to operations of cross- 
regulators or offtalres upstrealm of the concerned cross-regulator, or to 
rainfsll. 

According to the standing orders, any excess flow in the main canal has 
to be released gradually in order to stabi1,ize the fluctuations in the down- 
stream part of the.,main canal, and this means that a change in flow has to 
pass through a cross-regulator iwhile maintaining the head. As the Irrigation 
Laborer is not aware of thle duration and size of a change in flow, the 
adjustment of the gates is a tilme-consumi&! trial-and-error process for him. 
If he does not release the!, discharge gradually, the fluctuations in the 
downstream main canal will incrlease. However, as these fluctuations of the 
discharge are drained through Elranch C a n a l  2, there are no incentives for the 
Irrigation Laborer, Technical Alssistant, and Irrigation Engineer to take care 
of these fluctuations as lon$l. as the discharge in the main canal is large 
enough. 

. An exception to this ils the operation of the cross-regulator at 
Distributary Canal 5 of tract, 1. O m 1 1  June 1988, at 1330 h the discharge 
to the main canal from the helad sluice, was increased by 0.425 m3/sec (15 
cusecs). As a result, the lievel of the main m a 1  at Distributary Canal 5 
sta.rted to rise, and the moss-regulator started to overflow. The 
Irrigation Laborer, was not alerted by the Technical Assistant who probatlNly 
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of the expected change in the discharge, opened the gates of the cross: 
regulator only at 2000 h. As ,he opened'them totally, the level of the main 
canal upstream of the siphon (which is situated downstream of the cross- 
regulator of Distributary Canall. 5 )  started to rise and the main canal over- 
topped.2 to release the 
discharge gradually because he has to prevent overtopping of the main canal 
upstream of the siphon. 

Then the Irrigation hiborer would have an incentive 

The policy of the Irrigaticim Eepartment with respect to the operations 
of the main canal besides the 3 standing orders is to expect the Irrigation 
Laborers to become experienced on-the-job. To get this experience the 
Irrigation Laborer can be helpxi to some degree by supplying him with some 
quantitative information on expdcted changes in flow. In order to release a 
change of flow gradually, the Irrigation Laborer should have some sort of 
idea of the size and duration ofl: the discharge as well as the envisaged 
change in discharge; the Irrieration Laborer cannot see at the beginning of 
the change of flow how big it wikll be and how long it will If at 
all he is warned about the chalnge of flow by the Technical Assistant, he is 
not inforined about the quantitat1,ive dimensions of the flows. However, if he 
is informed about the latter, he could gradually get an idea of the sizes of 
discharges and the required reaaktion on particular changes. 

continue. 

The discharge through the clross-regulator is generally not spread evenly 
over the paFallel gates. Usw.lly, one gate is opened to a large extent and 
one or two others opened only slightly. The excuse of the Irrigation 
Laborers is that there is debris . obstructing the other gates, or that the 
gates are not functioning well. A more probable reason is that the operation 
of all gates at a low operling is a heavy job because of the high water 
pressure, compared to the operatl.ion of only one gate at a low water pressure. 
Moreover, it is easier for t he .  Irrigatioll Laborer to recognize the required 
opening for the standard discharge for one gate only, compared to the 
openings of a combination of gatles. 

In taking a decision concebrning canal operation, the Irrigation Laborer 
has to consider the discharge thlat has to be issued to the distributary canal 
offtake, the distribution, as well as the water that has to be conveyed to 
the downstream parts of the maici canal, the conveyance. With respect to the 
distribution, the Irrigation hiborer has to issue as much as possible to the 
distributary -1s during land preparation, and is allowed to increase the 
head by overflowing the cross-regulator. 

During the cultivation sealaon, the Irrigation Laborer should follow the 
water schedules as prepred by tlhe Senior Irrigation Engineer. However, the 
measuring structures of the distl.ributary canals do not function yet, and thus 
the actual issuing of water to tlhe distributary a trial-and-error 
process. Moreover, it has to bd a trial-and-error process, b u s e  he has to 
adjust the issues to the demanhl. of the water users; the unofficial instruc- 
tion of Assistant in this respect is to give as much water to 

canals is 

the Technical 

*The Irrigation Department plans to solve this problem by raising the 
bunds of the main canal. 
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.the water users as they want L S I O  that the Technical Assistants themselves do 
not have to spend time in dealiing with requests for rater) arid ask the 
leaders of the water-user glroups for written requests. After land 
preparation is completed, the Irlrigation Laborer reduces the discharge to a 
lower level, and gives more if water users request him f o r  more. In 
practic.e, this 'trial-and-error Flrocess occurs after land preparation, till a 
situation i.s established which is reasonably satisfying for water users and 
Irrigation Laborers. 

In general, the upper limit of this discharge. is the design discharge. 
even in periods of high water denand. . The only way to increase the water 
issues to the distributary canalis during such pei-.iods is by increasing t-he 
head, and thereby overflowing the cross-regulators. If a constant level of 
overflowing of the. cross-regulator ' is.. maintained this practice will riot 
interfere with the conveyance function. But if it is practiced as a method 
of adjusting the issues to the1 distributary canal, this practice i s  i.n 
,conflict with the conveyance clf water to downstream tracts. Due to lack of 
supervision of the conveyance1 through the main canal as a separate 
operational goal and the canali operation in general, this practice has been 
wi.de-spread during maha 19871'88. 

As stated earlier, canal operation can be used by the Irrigation 
Laborers for 2 different and sclNmetimes conflicting functions: the conveyance 
of water through the main cansl.1 and the water issues. to the distributary 
canals. A s  the water usem are close by, and always demand water, the 
Irrigation Laborer usually givesi. priority to water issues to the distributary 
canal, and more so if the convejlance of water is not monitored. 

With rekpect to the watl.er issues to the distributary canals the 
Irrigation hborers have to chocilse among the following options : 

* without going 
against ,the standing orders, they will probably do so, but will issue a 
certain extra discharge to allow against fluctuations. 

* 911 the other hand they can also issue too much water anyway, to be sure 
t.hat water users will- not complzltin to them. 

t If they cannot get enough discharge to the distributary canal, they can 
close t,he gates of the cro:l;s-regulator a little and allow a certain 
overflowing of the cross-regulzlrtor ; whether temporarily, as they can always 
defend. their case to any supellvisor by stating that the main canal is 
fluctuating (i.e,, rising), .or permanently, if the water users claim that. 
they do no get enough water. 

If they can issue enough water to the distributary canals 

In all cases there is no. discussion, or any other form of information 
exchange, between the people that schedule the water issues and the water 
users, except for the malfunctioning devices used for actual water issues to 
the distributary and field canals. These allocation processes and the 
resulting operational plans, wh:.le assumed to be separate from the canal 
operation, do interfere c1earl:lr with the canal operation as explained above. 
Together with the trial-and-error processes for the release of the discharge 
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through the gates of the cros!ii-regulator, the trial-and-error processes for 
issuing water to the distributailry canals cause a fluctuations of the 
level of the main canal. 

lot of 

Recently, the Irrigation Ilaborers have been instructed not to operate 
the cross-regulators after the discharge in the main been reduced 
because of rain. Thus it is hqxd to realize a fast stabilizing of the main 
canal after the discharge becomcks normal again. Many water users complain 
that even after sufficient rain has fallen, they do not want the.discharge to 
be lowered as water does not.rerIwin longer than 4 hours on the upland fields. 
Moreover, as yet the Irrigation Department has no means of measuring the 
rainfall in the different parts of the scheme. When the discharge beoomes 
normal again, all water useips want to irrigate at the same time and the 
Irrigation Labrers at the head-end tract will have to close the gates of 
the cross-regulators, if the water users request them to do so. 

Preliminary Conclusion: Impac t,of Organization and Decision Making on Canal 
Operations 

Standim orders and unsteady flow conditions. Canal operation in the 
Kirindi Oya Scheme is governHll mainly by the standing orders, together with 
some additional instructions. The management efforts by all officers are 
mainly directed to .the execution of these standing orders. The actual 
responsibilities of the Irrigatj1,on Laborer, and the options to tackle them 
are not fully covered in this way; the standing orders assume a fixed, 
supply-based water schedule that can be easily met by following these 
instructions because it assumes1 steady flow conditions. The actual water 
management is mostly demand driven without any adjustment of the operational 
targeting and thus unsteady flow conditions prevail. 

canal has 

Design and the actual f'ulfillment of the conveyance and distribution 
functions. Two different aspecks complicate the decision making by the 
Irrigation .Laborer. First, the actual decision making by the Irrigation 
Laborer is the dealing with trpial-and-error processes with respect to the 
release of flows through his cross-regulator. Second, the issuing of water 
to the distributary canals alsclb requires trial-and-error processes, which 
processes, .however occur mainly at the end of the land preparation. 

These two processes can b c k  conflicting in some cases, but in such cases 
the present instructions to thci Irrigation Laborers are not sufficient for 
operation of the main canal with respect to conveyance and simultaneous water 
distribution; there are many cbptions that have not been covered. If the 
choices'among these options are1 left entirely to the Irrigation L&orers, it 
will lead to a suboptimal canal operation as: i) they will not recognize the 
esceptional (e.g., predictable change of flows) and therefore consider than 
as routine aspects of the canal operation, and ii) the Irrigation Laborers 
are not neutral decision maker$ with respect to the conflicting interests of 
the canal operation and water djlstribution. 

The role of communication. At present, the situation is worsened by the 
fact that little communication takes place between the Irrigation Laborers 
and the Resident Engineer Right Bank's staff. Therefore, little feedback 
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from the Irrigation Laborers' problems is possible, and instructions cannot 
be attuned to the actual needs: Because the Resident Engineer Right Bank's 
staff was not monitoring th<l? canal operation satisfactorily, the Senior 
Irrigation Engineer felt compe:l.led .to monitor the canal operation to a 
certain degree. This inevilably led to conflicts between the Water 
Management Feedback Center and the Resident Engineer Right Bank's staff. 

the situation may improve when 1 '  
Engineer Right Bank's office who will be responsible 

monitor the entire canal operation to get enough discharge at the tail end. 

Organizational design solu,ions and non-solutions. During maha 1988/89, 
the Technical Assistant of the Resident 

tail-end tract 
. will become responsible for the canal .operation too, when he will have .to 

for.the 

Further, if the Technical Assistant of the tail-end block prefers it, 
he w i l l  ask for more water in the main canal than is really necessary, to 
d r e  his job easier. To prevent such a situation, higher levels in the 
organization will have to ihonitor the actual water distribution and 
conveyance as well. 

Canal operat.ion cannot be ilhanaged by the Senior Irrigation Engineer of 
the Water Management Feedback Center as long as he has no information on the 
actual consequences of canal opltrations. Even without much effort bei- 
exerted by the staff of the ResJtdent Engineer Right Bank to operate the water 
flows in the miri canal, becaustl? of their interaction with their own staff 
and the water users they wilkre better informed than the Senior Irrigation 
Engineer on the actual behavior of the main canal. This means that even if 
the Senior Irrigation Engineer. had technical authority over the Irrigation 
Laborers, he would have been unilbble to operate the main canal without such 
real time information gathered form the Irrigation Laborers and water users. 

In practice, the Senior Irrigation 'Engineer monitors water issues 
through the head sluice and the issues to the distributary canals (which will 
be possible from next maha). If the Technical Assistant of the tail-end 
block requests, through the Restdent.Engineer Right Bank, for more water to 
the main canal, the Senior 1r:l;igation Engineer will not be able to refuse 
that request. He does not .hWe sufficient insight into the actual water 
needs in the different tradCs, and cannot take the risk of crops being 
destroyed through lack of water. 

Improved procedures. The (quality of canal operation by the Irrigation 
hbrers can a l so  be increased by givin&them a knowledge of what happens in 
the main canal as well as in thtl?ir distributary canals. At present, they are 
not informed about the size of .Ithe increased discharge, about the adtual dis- 
charges through the main canal lto the distributary canals, etc. As long as 
they operate the conveyance an(ll the water distribution themselves, that kind 
of information can help them to' get a better idea, of what they are doing. 
For eza!!ple, they will be able lto get more experience in the operation of the 
parallel gates of.the cross-regl.dators for a certain defined increase of the 
discharge. This type of i~l~fonnation can have a direct effect on better 
communication between the Resident Engineer Right Bank's .staff and the 
Irrigation Laborer. Another. way of improving this alerting system is to 
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give exact times of envisaged cllianges in flow and to limit the changes in the 
evening. 

3.3.3 Upper Wmpanga River Intei!grated Irrigation System (VPRIIS) 

TIPro.ject Office in (i:abanatuan. As' a decentralized system of 
nlanmenient, NIA in Manila has 5:iven considerable autonomy to its project 
management. As reported to us tliy the Head of the Systems Planagement Division 
at NIA, the Manager of UPRIIS is considered a Head of a Division at NIA 
Headquarters. at the! highest level of management is to irrigate a 
certain sized command area given the available water supply. At the Project 
le\.el, the Project Manager, and his staff, in particular those in the 
Operations Division and the Watrkr Central Coordinating Center (WCCC) make 
their decision on the area to hi! irrigated bas@ on the UPRIIS Operation Rule 
Curve (Figure 111.12). In the wet season, cultivation is primarily with 
rainfall from the catchment ' while diversion from the reservoir becomes 
significant in the dry season. However, this wet season proved to be not so 
wet after all. A s  was apparent at. the UPRIIS Project Office at Cabanatuan, 
the drought reached crisis proplirtions on 12 September 1988. The goal at the 
central and project levels 11;s. that once the decision is taken to begin 
irrigating a fixed area, this iri: done in consultation with the National Food 
and Agricultural Council and the Provincial Development Council. The 
allocation of the available watw equitably districts becomes the 
concern of the project managemerlit, in particular the WCCC. 

The goal 

among the 

The.progress of the Projecit is measured by the central authority accor- 
ding to operational data which include service area, program area, planted 
area, harvested area, cropping .intensity, average yield, and project irriga- 
tion efficiency. The next step is Irrigation Service Fee Collection which 
includes current collectibl6l!s, total collection, and Fee Collection 
Efficiency. For 
this purpose, the project mlmagement tracks the following data: reservoir 
hydrology - elevation of, relea$e from, and inflow into the dam; daily dis- 
charge at mjor flow points [Dirlitributary Canal 1, (El) which is significant 
for the supply to Santo Doming0 which is one such ,pint]; daily rainfall by 
district; weekly status of farming activities by area categorized in the 
following manner - Area Under hlmd Soaking, Area Under Land Preparation, Area 
Under Normal Irrigation Pericid, Area Under Terminal Drainage, and Area 
Harvested; and the seasonal mon:l.toring and evaluation of the planted area in 
each system with reference to the irrigation efficiency. This daily, weekly, 
and seasonal reporting is supplwnented by information communicated at fort- 
nightly meetings convened by the Project Manager with his District Chiefs. 
On a daily basis as needed, radio and telephone communications exist while 
field visits are more frequent :i.n crisis situations. 

It is also monitorwl on Ekpnditure - o&M cost per hectare. 

The Water Central Coordinpion Center (WCCC). The WCCC is one of two 
keg sehments of the Project 0ff:I.ce that is in systematic communication with 
tlie level below. The formal organizational link between the WCCC and the 
District Office is the WCCC Chief Engineer. He decides upon actual water 
allocations within the boundarii1.s of the Project and fixes the target flow to 
be met at key diversion points ililong the irrigation network. 
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The Operations Division laci:tually, Operation and Maintenance) as the 
second segment, has a diffewent role with respect to the District-level 
management. If the task of the WCCC is to monitor and evaluate the volume of 
water present at any given.pojlnt, this office has as .its central task, the 
monitoring and evaluation of thw management that is responsible for ensuring 
this supply of water. It alao has the related task of budgeting for main- 
tenance of the irrigation netwoil'k. However, due to funding cutbacks over the 
years, the District Budget doel!s not allow for routine maintenance and what 
funding is available is not for fixing or replacing gates but for example, 
for embankment filling and r1;urfacing of the canal. Thus, under the 
financial budget for 1988, thew is an o&M component amounting to approxi- 
rnate1.y B1 million in a total budget of approximately P6.5  million. This 
budget is not for system maintenance but, for vehicle maintenance, and 
t,ransport and travel items. This has implications for the state of the 
physical system. Under the Irr:l,gation Operations Support Project, operation 
and maintenance expenditure wi:.1 be increaskd to a level of about 90 percent 
of what is necessary in order to maintain maximum productivity. 

The Operations Divisions has the additional task of monitoring and 
evaluating the performance 0:' the staff at the.District level within the 
criteria monitored by NIA. Essil?ntially, the zone engineer, the hydrologist, 
the Water Management Technicians, the gatekeepers, and the ditchtenders 
within a District are evaluated mually and rated under the categories of 
Operations, Maintenance, IrrigaLion Service Fee Collection Efficiency, Farmer 
Organization, and Adniriistration. This evaluation in turn is based primarily 
on their reporting, and periodically through field visits. It evaluates the 
targeted estimates; for example in irrigation, this includes the estimated 
rqater for at 2 . 5  literdha and normal growth at 1 . 5  literdha. 
Irrigation efficiency is compiiled by taking into account the difference 
between the area actually irrigated and the projected area at the start of 
the cultivation season and tllje targeted and actual discharge of water 
converted to .the percentage diflference. Reports are primarily on a weekly or 
monthly basis and the Water Manligement Technician's weekly report is a key 
source of information. In preplsring this, he is assisted by the ditchtender. 
Reports rihich are essentially plrogress reports of the cultivation season are 
suhitted to the zone enginee:l? who in turn suhnits his report to management 
at the higher levels of the Disltrict and Project. 

land soaking 

District 1 Office, in Munol&. The District Office is formally under the 
general supervision of a civi!l engineer with the title of District Chief. 
The key personnel f o r  water WQagement at this level are the Operations 
Engineer and the Hydrologist. 

The Operations Engineer 'is responsible for the overall operation and 
maintenance functions in the Diljtrict. The WCCC receives from the district 
level, particularly from the hydrologist, information necessary to m.&e 
releases from the Pantabangan DIm at a given time. Hydrologically, at the 
highest level there is correslpondence among the reservoir (project), SDA Mc 
(zone), and the distributary lllateral). At the district organization there 
is no such correspondence witlh a hydrological boundary. The irrigated area 
under the Pantabangan Reservoir 'covers four Districts. In particular, the 
WCCC in consultation with the !District Hydrologist fises targets in terms of 
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(a1 flow t o  be d ive r ted  a t  t h e  l h p a n g a  Diversion Dam (Rizal)  through Dc1 - a 
major divers ion canal which coni7ey.s water. t o  be shared between Districts 1 
and 2 and ( b )  flow a l loca ted  t o  the  respect ive  Districts. 

The Hydrologist is, responsible f o r  ( a )  t h e  monitoring of the  volume of 
water a.llocated t o  the  District.  This moni tor iw comes i n  t h e  following 
d i f f e r e n t  forms: maintaining antll updating records of r a i n f a l l  i n  the  command 
area, and catchment flow; ( b )  ~ e q u e s t i n g  the  required supplemental volume of 
water from t h e  d ivers ion;  (c)  emur ing  t h a t  the  required volume of water is 
received a t  the  main supply ga te ;  and Id) request ing a reduction i n  the  
amount d ive r ted  i n  response t o  riiudden increases  i n  t h e  ava i l ab le  water supply 
i n  t h e  District. H e  i s  ass iq ted  by a' category of o f f i c i a l s  known as gate-  
keepers. There are gatekeepers a t  d ivers ion po in t s ,  at  the  main supply g a t e ,  
and a t  t h e  head of t h e  Branch C a n a l .  The function of t h e  gatekeeper is t o  
open, r egu la te ,  and c l o s e  t h e  ga tes  (cross- regulators along Dis t r ibu ta ry  
C a n a l  1, p a r t i c u l a r l y  Radial ( m t e  3 ,  the  supply gate  t o  t h e  Five Bay Creek 
and the  head ga te  a t  Sa.hto Domirigo Area). As i n  the  case of t h e  hydrologis t ,  
the  gatekeepers are a l s o  on the  payrol l  of the  District - i n  t h i s  case t h e  
gatekeeper h'ho must ensure t h e  llargeted inflow from Dc1 t o  t h e  supply ga te  at 
the  Five b y  Creek is r e a l l y  an employee of  District 2 .  Then, from the  point  
of view of maintaining the  pj.anr~led volume of water i n  the  Santo Domingo Area 
canal, t h e  uppermost e f f e c t i v e  hydrological boundary is Radial G a t e  3 along 
E l ,  while t h e  organizat ional  b0umhries are i n  the  realm not of District 1 
bu t  of District 2 .  As mentioIiied by t h e  hydrologist  of District 1 ,  h e  makes 
f i e l d  v i s i t s  t o  check the  perfoilmince of the  gatekeeper approximately t h r e e  
t i m e s  a week and more frequenkly i f  necessary. Such performance monitoring 
is  done pr imar i ly  by v i s u a l l y  appra is ing the water e levat ion i n  t h e  canal, 
e s p c i a l l y  a t  Radial Gate 3 .  Ilhere are f i v e  po in t s  along Dis t r ibu ta ry  C a n a l  
1 a t  t h i s  po in t  with one gatflikeeper monitoring approximately t w o  ga tes .  
Through s t a f f  gauge readings thei!y maintain d a i l y  records of w a t e r  l e v e l  which 
are suhn i t t ed  t o  the  hydrologisti. on a weekly basis. A t  the  point  of supply 
a t  Five Bay Creek the  catchmeri!t area is 1,500 ha,  but t h e  ac tua l  volume of 
water i n  t h e  Creek on a given day is computed by taking the  d i f fe rence  
'between t h e  supply through the! d ivers ion a t  Dc1 and t h e  flow at  Five Bay 
Creek measured by a Parshal l  fltipe. This becomes part of t h e  weekly data 
suhmitted by t.he gatekeeper t o  the  hydrologist  of District 1. 

Zone 3 i n  District 1: SanI1,o Domingo Area. The Zone Engineer is respon- 
s i b l e  for operat ion and rnaintenclince within t h i s  area. He works i n  consul- 
t a t i o n  with the  Water Management Technicians i n  h i s  zone and the  ass i s t ance  
of minor o f f i c i a l s  a150 known c i s  gatekeepers, t o  ensure t h a t  t h e  t a rge ted  
supply of H e  keeps d a i l y  personal contact  
with h i s  o f f i c i a l s  by t r ave l ing  within h i s  area as w e l l  as by meeting them 
informally a t  t h e  field s t a t i o n .  H e  is the  l i n k  between t h e  District and t h e  
f i e l d  l e v e l s .  on the  performance 
of individual  o f f i c i a l s  begins z l i t  ' t h i s  l e v e l .  

water is received at  t h e  Lateral. 

The ac tua l  impact of t h e  monitoring system 

cj 
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The Division.  ..Z Water Manzligement Technician is i n  charge of a d iv i s ion .  
A d i f f e r e n t  managerial l e v e l  emw-ges a t  the head of t h e  lateral. A Water 
Management Technician may be i~esponsible  f o r  a whole lateral o r  else ( t h i s  
may depend on t h e  l i m i t s  of t h e  command area adminis t ra t ive ly  designated 
under each Water Management Tclchnician) share  a lateral with a fel low Water 
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blmagement Technician as ,  f o r  e:i:ample, i n  Lateral B. The National I r r i g a t i o n  
Administration monitors the  performance of these  two sets of o f f i c i a l s  on the  
basis of t h e i r  a b i l i t y  t o  d e l i v e r  and manage the  water estimated f o r  t h e  
commarld area .under them. Corii.elated t o  t h i s  t a s k ,  N I A  a l s o  monitors the  
Water Elanagement Technician's criipacity t o  c o l l e c t  I r r i g a t i o n  Service Fees on 
the  assumption t h a t  if the  mwi!ement is able t o  d e l i v e r  t h e  water (and water 
de l ive ry  is a prime frunctlon of i r r i g a t i o n  s e r v i c e ) ,  it should a l s o  be a b l e  
t o  c o l l e c t  se rv ice  fees  frorln the  farmers. For the Water Management 
Tedhnician f o r  example, the  N I A  Evaluation allocates 42 percentage po in t s  f o r  
opera t ions ,  h'ith 25 f o r  maintenance. Together they malre a total  of  67 
percentage po in t s .  I f  these  two aspects i n  p a r t i c u l a r  are s a t i s f a c t o r y ,  then 
it is col1ection:if w i l l  be s a t i s f a c t o r y ,  and another 25 percen- 
t.age points  are a l loca ted  f o r  c o l l e c t i o n s .  This is the  c e n t r a l  opera t ional  
p r i n c i p l e  f o r  the  N I A  and i t s  mmgement a t  a l l  l e v e l s  and as one Water 

c o l l e c t i o n . "  Procedures f o r  monitoring performance of t h e  managers as w e l l  
as the  channels f o r  communicati~ig information and decis ions  are a l l  focused 
on t h i s  t a r g e t .  The physical  d e t e r i o r a t i o n  of the  system ( t h e  absence of 
g a t e s ,  tlie d i f f i c u l t y  of operat ing the  g a t e s )  calls fo r  greater ingenuity on 
the  part, of t h e  Water E.lanagemlknt Technician. Thus, Lateral A,  f o r  example, 
has no ga tes  and t o  i r r i g a t e  thti? conunand area under it, the  gatekeeper has t o  
c l o s e  the  Santo D o m i n g 0  Area Ilkin Canal. Pbriagement a t  the  o f f t ake  of the  
lateral is f u r t h e r  complicated by two o the r  f ac to r s :  t h e  f i r s t  is t h e  
presence of c u l t i v a t e d  areas iimder its command known as, f o r  example, A-S 
(extra  area i r r i g a t e d  beyond the area designed) and the '  second, is farmer 
in tervent ion of the  checks along the  lateral, es tab l i shed  by the  agency t o  
ensure equ i ty  of supply t o  the  .turnouts. 

assumed t h a t  

Planagemerit Technician, quoting .the Operations Manager, put i t ,  9 ,  i r r i g a t i o n  . is 

A weekly meeting is held  eillrly Monday morning between t h e  farmers and 
the  Water Management Technicimii  t o  assess t h e  success or  f a i l u r e  i n  meeting 
farmer demand (perception of th(l? fanners and t h e  corroborat ion of t h e  d i t ch-  
tender are the  criteria f o r '  water adequacy at t h e  tu rnou t ) .  The Water 
Elanagement Technician takes h i s  problems t o  the  Zone Engineer and t h e  o the r  
staff a t  the  District Office iijtaff meeting later i n  the  day. S h o r t f a l l s  i n  
d a i l y  supply of  water a t  the  lakeral are observed bu t  they are approximated 
on a weekly t o t a l  basis and r,ikported a t  t h e  D i s t r i c t  l e v e l .  However, i n  an 
emergency it is always poss ib le  t o  communicate with t h e  zone engineer during 
h i s  d a i l y  v i s i t s  t o  t h e  f i e l d  )atat ion of  t h e  Water Management Technicians o r  
during o f f i c i a l  v i s i t s  mde by .Ithe Water Management Technicians who use motor 
bicycles o f f i c i a l l y  provided. A Water Management Technician is 'assured of a 
volume of water based on the  ex ten t  planned f o r  c u l t i v a t i o n  under t h e  
cropping calender.  I f  thersis is a s h o r t f a l l  he may bring t h i s  t o  the  
a t t e n t i o n  of the  District m a g l m e n t ,  who i n  t u r n  may monitor the  Water 
Flanagement Technician t o  che!ck &ether the  command area designated f o r  
i r r i g a t i o n  is i n  f a c t  c u l t i v a t e d  and whether service f e e s  are co l l ec ted .  
This r;eeltly de l ibe ra t ion  and. r epor t s  . submitted by t h e  Water Management 
Technician t o  t h e  zone engineer are aggregated at  t h e  district l e v e l  and 
submitted t o  the  WCCC f o r  t h e  I r r i g a t i o n  Water Weekly Evaluation. Thus, on 
13 September 1988, the  evaluatisim f o r  the  last week of August f o r  t h e  Santo 
domi.ngo <*ea w a s  as fol lows:  

jI 
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Table 111.1 I r r i g a t i o n  Water &ekly Evaluation. 

PlograJllmed Area Area miller normal Area under Area harirested 
area soaked i rr ig+tion terminal drainage (pe rcen t )  
i ha 1 (ha1 (h:lt 1 (pe rcen t )  

9306.98 9306.98 76611%. 32 100 72.36 

In  add i t ion ,  t h e  Operatioilk P h a g e r  o f '  the Project  has f o r t n i g h t l y  
meetings with the  District Chiibfs i n  h i s  P ro jec t  t o  evaluate  t h e  progress of 
t h e  c u l t i v a t i o n  season accordiilg t o  t h e  above criteri'a and f o r  problem 
solving.  

FTeliminary Conclusion: Impact,of Organization and Decision W i p g  on C a n a l  
Operations 

In examining t h e  manageria:; aspects of canal regula t ion i n  the  UPRIIS 
P r o j e c t ,  two dominant c h a r a c t x r i s t i c s  emerge: the  single i n t e r e s t  t a s k  
specia l iza t . ion  focused on watcitr and t h e  decentralized organizat ion w i t h  
con t ro l  of t h e  water resource a t  the  UPRIIS Pro jec t .  These c h a r a c t e r i s t i c s  
should l o g i c a l l y  r e s u l t  i n  a f l e x i b l e  organizat ion.  

A t  t he  N I A  i n  ? h i l a ,  t h e  object ives  of management are spelled ou t  as 
providing i r r i g a t i o n  senices to t h e  farmers. I f  the  se rv ice  is s a t i s f a c-  
t o r y ,  t h e  co l l ec t ion  of I r r i g a t i o n  Service Fees w i l l  increase  and hence, 
IrriFration Efficiency and I r r i i l a t ion  Service Fee Collect ion Eff ic iency are 
its t a r g e t s  f o r  monitoring t h e  h ro jec t ,  and the District. Below t h e  District 
l e v e l  these  same t a r g e t s  becorlne indices  f o r  monitoring the  performance of 
individual  managers, notably thilit of  the  Water Management Technician and t h e  
Zone Engineer. For t h i s  purpase, monitoring the  t o t a l  i r r i g a t e d  area and a 
gi\.en volume of xater during t l l  i s  
adequate - , these  s t ages  are nilbt r i g i d l y  t i m e  bound and t h e  only c o n s t r a i n t  
is the  area o r i g i n a l l y  t a rge ted  f o r  c u l t i v a t i o n  and t h i s  is determined by t h e  
\ ro lume  of wter  aiailable throiigh r a i n f a l l  i n  the  r q e t  season and t h e  s torage  
i l l  the  dam during the dry sea$on. 0nc.e land soaking is completed, e v e r y  
at tempt is made t o  complete cii$lti\iati.on of t h i s  area by sharing the  minimal 

.supply of water aya i l ab le  over t h e  e n t i r e  area cu l t iva ted .  

As hydrological  boundaries c ross  mul t ip le  administrat ive.  boundaries t h e  
d i f f i c u l t y  of  performing t h i s  t:ltsk is increased. It is f u r t h e r  compounded by 
the  anomlous posi t ion  of t h e  dJistrict l e v e l  s t a f f  of t h e  WCCC. Thus, while 
the  WCCC a t  t h e  Pro jec t  was : l r w i f t  i n  responding t o  r a i n f a l l ,  its district 
l e v e l  funct ionar ies  were 1es:Is able t o  do so, given t h e i r  competing 
a f f i l i a t i o n s  t o  Districts. .Tilie monitoring functions of t h e  District by t h e  
Pro jec t  is placed i n  the  hands , o f  t h e  WCCC while the  con t ro l  of the  s t a f f  
performing i ts  functions is i n  the  hands of those who are monitored - the  
Dis t r i c t- leve l  s t a f f .  Main caJuwl operat ion and regula t ion a t  t h e  SDA are 
c l e a r l y  influenced by t h i s  pr(l?cedure. As w e  witnessed i n  t h e  case of t h e  
hyd\rirologist of District 1 and t:l?e gatekeeper of District 2 'on whom t h e  former 
depends t o  g e t  h i s  water, ther'le are no pos i t ive  or negative consequences f o r  



t h e  gatekeeper, professionally, i n  responding t o  t h e  request for  water. The 
hydrologist simply said t o  t h e  gl:atekeeper, "you give us our water and do your 
job. " However, as we observed clluring. the rotation under discussion, despite 
t,hese constraints  and taking in to  account the physical constraints  of 
operation i n  some l a t e r a l s ,  the 'Water Management Technician and the l a t e r a l  
management adapted the i r  opeipational style t o  complete i r r iga t ion  of the 
command area according t.o schedule. 

The lack of a systematic a p o a c h  t o  tracking information t r a n s m i t t e d  a t  
the d i f fe ren t  the physical and managerial systems and the l a c k  of 
posit ive o r  negative sanctions for  effect ive performance or t h e  absence of it 
on the part of the managers at  these levels  is an indication of a lack of 
awareness of t h e  conveyance func!:tion and its impact on delivery and distri- 
bution of water in  a t i m e l y  nlmer. Given t h e  s ize  of the Project and the 
Dist .r ict ,  it, is the Zone t h a t  i r i  meaningful hydrologically and managerially. 
However. given the distance flljorn the Dam [60 kilometers (h)] and i n  par t i-  
c u l a r  the distance of t h e  l a s t  iateral of SDA from the El diversion point,  
timing of releases t o  t h e  different  offtakes becomes an important fac tor ,  
par t icular ly  a t  t h e  lateral, and there is a t  present no mechanism t o  monitor 
this conveyance function as peirformed by t h e  management of the D i s t r i c t / W C C C  
even though i t  impimes on t h e  performance of the Water Management Technician 
i n  par t icular .  Thus, i n  our ob$ervations of one rotation (Annex 111.1) w h i l e  
we rere c lear ly  aware of the 'cirucial ro le  of radio and personal communica- 
t ions  on a d a i l y  basis and the ro le  of meetings and reporting on a less 
frequent basis, we were unaware of t h e  existence of the l ia i son  of f icer .  We 
subsequently discovered t h a t  his15 ro le  w a s  actual ly  t o  connnunicate an37 changes 
i n  releases from t h e  Dam t o  the gatekeepers along El. There w a s  also a lack 
of complete record keeping aswciated wi th  changes i n  t h e  volume of w a t e r  
deli\-ered on any given day.  For example, what is verbally transmitted over 
the radio o r  the d a i l y  t a rge ts  found i n  t h e  notebook of the hydrologist were 
not recorded. 

levels  of 

3 . 4  CONCLUSION 

A comparison of the fo:iml organization and t.he decision-malting 
the three case s tudies  under consideration from the perspective processes i n  

of t . h e i r  i m p a c t ,  on main canal mlmagement reveals the following: 

1.  ?lain canal operations i n  , i ts dual aspects of control of issue and 
regulation of conve.yance are influenced by what is ident i f ied here as the 
c_omplexitp of organizational d e i l w .  This complexity is largely determined 
by t h e  scale of the project ,imd the distance - both spatial and organiza- 
t iona l  - from the  water resourcNl3. Scale and distance determine the degree of 
control t h a t  can be .exercised by the management a t  the main canal as w e l l  as 
a t  t h e  organizational levels  tlirough which it must operate t o  realize i ts  
objectives.  From t h i s  perspect,ive, the Kirindi Oya I r r iga t ion  and Settlement 
Project is a t  an advantage over t h e  others.  

2. Single- versus multi-agenclr participation i n  the organization f o r ,  and 
the decision making with refelrence t o ,  the water resource. This has t h e  
following implication for main '-anal operations: i n  the t h r e e  cases examined, 

. '  
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KOISP and UPRIIS fall into the first category while the Galnewa Project falls 
into the second. the water resource 

distribution are and its mdeip the same agency while in Galnerga the control 
of'the water resource is within the pufview of at least three agencies of 
which one is also responsible for managing the distribution. 

3. Single- versus multi-ob.iecti(ves for water by the agency; for example, the 
priorities established between hydropower and irrigated agriculture. In 
Galnerqa, based on the simulatjion model for the SOP, it is 100 percent for 
the first and 90 percent for thrlk s,econd, while a similar choice is made in 
the Philippines. While the UPRIIIS was primarily aimed to conserve water as a 
dependable year-round supply fox: agriculture, as a multipurpose pro.ject, in 
practice, a trade-off is made between the two dimensions. In Kirindi Oya 
Irrigation and Settlement PrclNject, water is for agriculture. This 
prioritizing of water for more than one purpose will not necessarily lead to 
positive or negative impact 011 canal operation in itself. Potential 
complications arise from the eiive-and-take process between the agencies in 
their daily operations. For exaimple, in the Galnewa case, in 1986/87, the 
lower priority for irrigated qgriculture was accompanied by an unsystematic 
issue with reference to timing of such issues. This is the result of 
unplanned shifting of prioritlies influencing the established operational 
targets for water. 

1. If priorities are shifted, cir even otherwise, for example, any change in 
the anticipated inflow into storlage must be notified to the affected partners 
so that they can,ad.just their tlargets accordingly. The fewer number of 
levels (partners) of the organizlation which act as decision centers above the 
significant storage (for examplel, at Galnewa, Kalawewa Reservoir), as well as 
below, through whom such inflomtion must be accessed are factors in the 
timely operations of a main -1.1. 

5 .  The presence of many decisicln centers may be mitigated by the presence of 
fewer decision makers at each celnter. Thus, the fewer the number of decision 
makers through whom information must be accessed at each level, the better it 
is as an organization for clanal operations. This has two implications: 
first, decision making regardim1 water resources is not fragmented among a 
number of positions and as a result, the lines of communication are 
unambiguous. Second, responsibi,lity and accountability can also be clearly 
demarcated. 

6 .  The number of tasks that must be performed by personnel managing water 
over and above this particular tlask has an impact on the amount of time and 
care expended upon the task of main canal operations. The UPRIIS has a 
single task while Galnewa is multiple-task oriented. The Kirindi Oya 
Irrigation and Settlement Projeckt illustrates the situation where the concern 
over construction has consequencles for the concerns of irrigation. Followiw 
this, is the tendency of persclnnel to concentrate on those tasks emphasized 
by the agency at the expense of others. 

In the first two systems the control of 

These six factors may individually or in multiple combinations assist or 
impede the success of canal operptions. They determine and limit the options 
for decision d i n g  in a systems1,tic and.timely manner. The fit or lack Of 
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fit between layout and the c'rganization for management further influences 
canal operations. be mitigated 
by the presence of the following additional factors: 

7. A decentralized organizati;g in contrast to a centralized one. Through 
&central iziria the management, Fiower and authority for decision malting will 
be disbursed to multiple levels in the organization while a centralized 
organization concentrates this sit the top of the This gives the 
discretionary power of decisi,bn making to managers who function under 
uncertain conditions (shifting of priorities) to have some alternative 
options to c.ounter ruianticipatd change, at the operational level, without 
waitim for  clearance from above,. In the WRIIS, the levels of organization 
and corresponding decision malking are thus decoupled at the Project and 
secondarily at the District. However, as discussed elsewhere (Chapter IV) 
the decoupling of the physical system can to a large extent facilitate canal 
operations within a centralized organization such as Galnewa. 

8. A reliable and predictable manag ement information system for accessing 
information will enable timeH,y response on the part of management at 
different levels. In addition t1.o regular reporting, and meetings routinely 
aimed at better informed deci:l:ion making, the telephone and the radio will 
enable the management to be in ciiontrol of the exceptional. However, to be 
effective, information received at each level and through each mode must be 
part of one integrated managemerlk information system. In the absence of 
this, the efficacy of the zilystem, exceptional at one level (WCCC in the 
UPRIIS and the System H Water Panel in. Galnewa) may be less effective at 
mother level (the District in the first case and the Left Bank in the 
second). In the KOISP, in the zl;bsence.of such formal mechanisms, the Senior 
Irrigation Engineer collects his information on his own reconnaissance.- The 
absence of this will result in ad hoc decision making. 

9 .  The fit. between objectives as specified in the operational plan of the 
panaaement, for example, duriru! a cultivation season, and its criteria for 
monitoring its employees will dt1:termine the efficiency with which the agency 
can perform the dual tasks for canal operation. A disjuncture between the 
ob,jectives specified in the ollx?rational plan which map be for example, 
supply-oriented, and the actual operations which may be demand-based, and 
the monitoring of staff perfomlmce according to the original supplg target 
will create ambiguities and unoertainties for the management. In any event, 
post hoc evaluation of the cult:.vation plan based on area cultivated and 
yields (and this is not an operational plan) while construed as an 
evaluation of the employees eollectivelf, falls short of identifying 
individuals, allocating respoi~lsibility, and monitoring their performance. 
leading to rewards and sanction!13. Main canal operations must ultimately rest 
on this performance of individuilils. 

10. The importance of trainirqg of management f o r  canal operations cannot be 
underestimated. The actual phy:lsical operation of the canals is cmonly in 
the'hands of an individual wh,;, is known as irrigation laborer or a gate- 
keeper. His understanding rega:lrding Canal operation is the result of an 
adaptive response determined by the necessity to mediate between farmer 
demand and the water supply alrailable, one or both of which are often 

h y  negative consequences from the above can 

hierarchy. 
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erratic. ' Typically, these individuals are recruited without any experience 
or training, and allowed to acqlJire know-how for operations with time and on 
a trial-and-error' basis. Thiis may not be always optimal. In addition to 
technical training, training ,in the cognitive and affective domains is 
recommended not simply for opl?rators at this level, but at all levels of 
management. Thus, the advantag(l?s derived from the management information 
system, the operational plan, and the monitoring will ultimately rest upon 
the awareness, the motivation, and incentive of management to implement 
.objectives for canal operation:; and this can be achieved in large measure 
through training going beyond the standard technical training. 
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IMF'ACT OF PLANNING AM) DESI1Q.I CHARACPERISTICS ON THE MANAGEABILITY OF 
IR~RICATION S Y ~  

4.1 I"&ODU(;TION 

Each of t h e  main canalis 's tudied is an i n t e g r a l  part of a larger 
i r r i g a t i o n  system. In  Chapteir 11, t h e  structure and layout  of t h e  whole 
physical  system, and its natul ra l  decomposition i n t o  subsystems on t h e  basis 
of t h e i r  w a t e r  sources have,beeln examined. o u t  t h a t  one 
of t h e  important elements t o  be considered was t h e  na tu re  of t h e  l i n k  between 
t h e  subsystem s tud ied  and t h e  niext higher system l e v e l .  This \<ill determine 
the  degree of freedom ( o r  ,autonomy, wi th in  certain l i m i t s )  a v a i l a b l e  f o r  
opera t ions  a t  t h e  head of the1 m a 1  s tud ied  w i t h  respect t o  t h e  water 
resource without i n t e r f e r i n g  wi th ,  o r  being a f f e c t e d . b y ,  t h e  opera t ions  of 
the higher-order system; t h e  coinveyance system. 

I t  w a s  a l s o  pointed 

Inte'imecliate s to rage  was hiighlighted as a useful  means of decouplinr  
complex hydraul ic  systems intoi s impler  subsystems, thereby re laxing the l i n k  
of dependency between t.he convelyance system upstream of t h e  s to rage  and t h e  
d i s t r i b u t i o n  subsystem below tlhe s torage .  The subsystem is thus  provided 
w i t h  some f l e x i b i l i t y  f o r  t h e  ciontrol of flow a t  its head, .as i n  t h e  case of 
t h e  Iia1ankutti;M Branch Canail. Regulation of t h e  o v e r a l l  system is a l s o  
f a c i l i t a t e d .  

I t  i a s  a l s o  pointed out  t lhat  hydraul ic  "controls"  l i k e  duckb i l l  weirs 
used f o r  c o n t r o l l i n g  canal watier l e v e l  were a b l e  t o  serve a similar purpose, 
easing the  dependency l i n k  betwleen t h e  flow a t  an o f f t a k e  (or t h e  head of a 
subsystem1 and t h e  v a r i a t i o n s  o~f flow r e s u l t i n g  from opera t ions  i n  t h e  parent 
canal ( o r  t h e  conveyance systeml) . Hydraulic " contro ls ,  " though r e s t r i c t , i n g  
the  f l e x i b i l i t y  with respect tio t h e  operat ion of t h e  conve;vance system, when 
compared t o  gated cross- regula tors  , are never the less  able t o  provide 
opportunities f o r  t h e  con t ro l  olf flow a t  t h e  o f f t akes  nearby. 

In  Chapter 111, t h e  orga1nization.design and the  processes of decis ion  
making t h a t  are c e n t r a l  t o  thle management of t h e  main system i n  t h r e e  
d i f f e r e n t  p r o j e c t s  representinlg t h r e e  d i f f e r e n t  physical  c o n f i n r a t i o n s  are 
examined. This  was done by revliewing, i n  a series of t h r e e  case s t u d i e s ,  t h e  
formal organiza t ion ,  t h e  'decision making taking p lace  a t  each 
adminiktrative-managerial l e v e l ,  t h e  communication of information from one 
l.evel t o  t h e  next  one, dorm t o  and including t h e  l e v e l  of t h e  operators-  
o f t e n  r e f e r r e d  t o  as t h e  execut!ing part, but  , who appear a c t u a l l y  t o  be key 
dei:isiori rnalrers - and t h e  rolie of feedback a t  t h e  various decision-makim 
le\.els' in\rolved i n  t h e  operaticlns of t h e  cana l s .  

In Chapters I1 and I I I , ,  t h e  lead idea concerns t h e  amount of 
c e n t r a l i z a t i o n  versus decentr lal izat ion which exists i n  both t h e  physical  
sys tem,  regarding the  water reslource s to rage ,  and t h e  organiza t ional  system 
regarding the  decis ion  making rielated t o  t h e  mobil izat ion of t h a t  resource.  
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For example, National Ilrrigation AdministrationAJpper Pampanga River 
Integrated Irrigation System (NlIA/UFRIIS) which appears to have a rather 
decentralized managerial stru(1:tuz-e is responsible for operations of an 
extensive main system of major diversion canals from a central water resource 
stored in the Pantabanpan &s<iwvoir. On the other hand, Mahaweli Economic 
&ency/System H is well known for it centralized management though the 
physical system displays a grealt deal of dispersed storage capacities. 

In this chapter, the mlmageabilitp of systems is analyzed from the 
point of view of the availabililty of conditions necessary for the management 
of the two ksic func.tions of main canals: the delivery function and the 
conveyance functiun, 

The management of the delivery function means the control of water 
issues, assuming adequate water supply at the head of each place of delivery. 
In the first cart of this chapt$l?r we examine whether the conditions to exert 
control over the water issues are available to an operator or not. These 
conditions include either physical facilities like gates or measuring devices 
- their availability depending on the design., construction, and maintenance 
processes - or managerial output such as distribution targets - made 
available as a result of the wa:er allocation decision-making process usually 
prfonned at the highest level of an agency by arbitration between water 
demand and water resource, but also at the level of the operators themselves 
who  often tend to meet the dewlids of neighboring farmers. 

The three criteria used to assess the manageability of the system in 
respect of the control of water issues are as follow: 

Criterion A :  Availabilit:,? of operational delivery targets. 
Criterion B: Avai1abilit:lr of reliable informatipn on water flows. 
Criterion C :  Availabilitjr of means to influence the water issues. 

The assessment has been done at the head (main canals) of each subsystem 
studied and at the offtakes aloilg those canals. The same criteria are used 
for the head and the offtakes, but it is important to examine the conditions 
at these two locations, separately. This is because the two types of 
locations may differ greatly in the physical facilities provided by the 
design and the managerial level to which the operators are reporting, as well 
as in respect of the h3.drauliil: conditions existing at these locations~. It 
should be noted, however, that existing hydraulic conditions are viewed in 
this study as an external factor and not as an intrinsic element to be 
considerdin assessing the wllageability of the system from the point of 
view of the delivery function. 

The hydraulic conditions iiwater level in a tank or a canal) prevailing 
at the head of a delivery point are important, especially the variability of 
these conditions, because then, additional operations would normally be 
required to achieve similar per:lFormance in the control of water issues. 

The management of the con1,eyance function means the regulation of the 
transfer of water throughout, a system (including main canals) to provide 
adequate water supply at the valrious delivery points required for the above- 
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mentioned three controls of water issues. The availability of specific 
conditions for doing this is (briefly reviewed in the second part of this 
chapter. 

As a preliminary remark, our observatiohs reveal that the need for 
mansdinr, the transport of water throughout and the requirements 
for achieving this are usuall!v well perceived by agencies, and less by 
the operators. This is perhaps exemplified by the statement attributed to a 
Sri Lanlran engineer in Chambelrs (19881: "You open the sluice, and you go to 
sleep." On the other hand, the advantage of controlling the water issues at 
the offtakes and the requirisments for doing so are better known. The 
tendency, however, is to emphaisize the 'means to ensure the control of the 
delivery function (i.e., flekible gate arrangements, improved measuring 
devices, multiplication of the points of monitoring, and centralization of 
the results,. etc. ) neglecting the means and requirements for regulating the 
conveyance function. 

main canals 

Because canal regulation a:plies to the canal system as a whole, it is 
an operational task that shou.ld be managed at a level of decision making 
within the agency capable of overseeing the whole system; Individual 
operators might be in a position to manage the control of water issues well, 
provided there are appropriate ilneans at a particular location. But, one 
cannot expect. the operators to .manage the conveyance of water with the 
localized information they have on the system. 

There is a common beli@f, however, that canal regulation might 
eventually result from the add:ition of independent operators controlling the 
water issues at the various offiAes. This should be associated with another 
belief that flows in main canal$ are largely invariant with time (steady flow 
regime). This, the steady flow regime, an ideal situation, would eliminate 
the problems of managing the (1:onveyance of water. Such an assumption is 
often considered in the design of main canals and agencies tend towards 
achieving the distribution of  rmter under such conditions. But field 
obser\-ationsl in the various carlals studied show that this ideal condition is 
seldom achieved. 

In this chapter, a number of examples will be given to illustrate the 
different reasons for the variatlbility of flows in main canals. Some, like 
changing the water issues all. the headworks in response to rainfall, are 

'The longest continuous peiliod of stable flow recorded in the Santo 
Doming0 Area LSDA) Main Canal at the level of Lateral B was no more than 4 
days (from 19 Aeust to 23 Auguslit 1988) for the whole period of observation.. 
Stable flows prevailed for 6 &Iys in Xirindi 0y-a Right Bank Main Canal (from 
29 April to 5 May 1988) but thisl, corre'sponds to a period for which the system 
was artificially maintained steady for the purpose of calibrating a 
mathernat,ical model (no gate intrlirventions of any sort were permitted). At 
Rajangana Left Bank Main Canall., an exceptionally long period of stable and 
high flows was observed near the1 end of the cultivation season in July to 
.4ugust 1988, but this was repclirtedly an attempt by the agency to hrain off 
the rese'rvoir for repairs at th& main sluice. 
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intent,ional. There are other rritasons which are unavoidable in any attempt to 
manage the system. For example, the adjustment of flow at the major offtakes 
or, more significantly, the operations of gated cross-regulators induce 
variations of flow in. the main canal which themselves prompt other maneuvers. 
This closed-loop situation might sometimes result in permanent unsteady flor; 
conditions as observed in the Kirindi,Oya Right Bank Main Canal near Branch 
Cmal 2 (Fimre IV. 1 ) . 

Thus, managim the conveymiice of volumes of water through the main 
system from tank to tank, or from canal reach to canal reach ip a dynamic 
mode is the essence of canal regulation. . It is also a challenge to 
irrigation agencies if any oontrol of the primary distribution of water 
within extensive irrigation systems is to be achieved. 

Three specific criteria have been used in this study to evaluate the 
manageability of the systems with respect to the regulation of the conveyance 
of water. They are as follows: 

Criterion D: Availability mf operational targets for the conveyance of 
water. 

Criterion E: Availability of means to store and release water within the 
main system and to control water level at key locations 
along the maiiii canal. 

Criterion F: Availability of information regarding the status of water 
storage (or wliter Level) in reservoirs fo r  main canals). 

Criterion G: Availability of means for cmunicating the information 
required for the regulation of the water transfers. 

4.2 CONTROL OF DELIVERY FUNCl'I(l)N 

The three criteria used 'LO assess the manageability of the system in 
respect of c.ontro1 of water issues are discussed below. 

Criterion A: Avai1abilit:lt of operational delivery targets. The 
availability of operational .ltargets is a prerequisite for any control 
process. Delivery targets might take the operational form of water depth 
corresponding to a discharge (1st the calibrated gauge of an offtake. The 
study will assess: 

1: whether there are delivery targets formulated explicitly at some level 
within the system, either .iit the head of main canals or at the offtakes; 

whether the targets of the agency are known to the operators or whether 
they use their own, based on, for instance, farmer demand with or 
without communication of tlhese latter targets to the agency; 

1: 

* whether the agency targets are standing orders or whether they are 
regularly qdated. 
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Some of the constrailnts and difficulties related to lack of 
comunication of information gertaining to operational targets between the 
operators and other operaitional levels within the agency will be 
highlighted. 

Criterion B: Availability of reliable infonpation on water flows. The 
on water flows is also a condition for availability of reliable inforimation 

the operators and other deciision makers to get feedback. Appropriate 
feedback is thle point of view of the control of water issues 
as well as for the overall canail regulation. The study will examine whether 
and how an operator has the piossibility to know if the delivery targets are 
being met or not at a given timle. 

t what facilities are providled by the design for the assessment of flows 
in the main canal and at the offtakes, and whether these devices are 
reliable ; 

important from 

In particular: 

* what constraints have to lbe faced in assessing flows in canals under 
field conditions ( e . g . ,  sultmergence, siltation, rating curves, etc.). 

Criterion C: Availabilityl of means to influence the water issues. The 
availability of means by which ~rn operator can influence water issues is an 
important element But it is also 
important to note that such maneuvers transform gatekeepers into decision 
makers. Wherever operational lflexibility exists it is important to evaluate 
how the operators cope with it ad'manage it. The stuAy will attempt to 
respond to the following: 

* what is the range of opelrational options made available to an operator 
the design of the canals 

towards achileving control of water issues. 

given the operational flexibility provided in 
studied? 

* what are the other implirtant constraints that determine the gate- 
keeper's decision to operate the system (the "what" and the "how")? For 
example, the, gate could 1 l ~  k g e d ,  or the design of the gate could be 
such that the gatekeeper hrlrs to undergo considerable hardship/discomfort 
to operate the gate to achieve a particular setting time-effectively. 

t is there any advantage for the operators in having estra operational 
flexibility, given the coml~~lexitp of management which it implies? 

A summary of the evaluatiolll of the manageability of the different canals 
on the basis of these criteria :!is indicated in Tables IV.l and IV.2. 

4 . 2 . 1  Control of Water Issues I l r t  the Head of the Subsystems Studied 

Kirindi Oya Right Bank Main h l t l  

klivery targets. The Senior Irrigation Jhgineer, Water Management 
Division decides upon the dail:lr hater issues to be delivered at the right 
bank main canal headworks (Critckrion A). In doing this, the Senior 
Irrigation Wineer refers to tilie seasonal irrigation schedule he had 
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Table I V . 1  Cont ro l  of water issues at the head of sub-systems 

andlfor f r q m t  gate resetting 

1 tbe IK a t  raeb rotation. 

'lrgrt arplicit md meodd 
0 the blo& offia. 
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%conetimes increased to  1 . 2 ,  delpendinz 011 the pronress of land prepratioi-; .  
53~0: Senior I r r i r a t i o n  kainieei:'s Office, l i ir indi ma. 

- 
.-_______--_-------_____________________------------------------------------- 

The mter  requirement diurinn Stage 3 iweeks 9-16) is chosel~ as a 
staiidard (Coef f icierit 1 ) and the computations of 3;ater requirememt- are 
performed for  t h i s  period. The !:atei- requirements f o r  the rJther periods a r e  
derive.3 b:. aispl~iinc the coeffic.ieiit cc,rrespxidine: t o  the period in  question. 

The d i f f e ren t  slazes app1i:able durinr the st,udy period are indicated 
i n  t,he c u l t i \ ~ a t i o n  calenchr of the r i r h t  bank main.canal system between 
Decenibei. 1987 and J u l r  1988 iFi8eui-e 1\ ' .21.  

Fcx- the coiivenience of comipa,i-iilr! theore t ica l ,  and a c t u a l  main canal water 
i ssues ,  a w x l c l j -  we ight4  ave,rage discharge ihWv)) r a t e  vas computed, based 
u p n  the I r r ina t ion  Uepwt,ment,' 5 (ID) planned w e l t l y  i r r ioa t ion  schedule for  
eai:h ~:.11.1:11 tskini! of f  from t.he r i r h t  banli main canal as follows: 

The tw&ly  i;eizhted avernize discharge rate was assumcrl t o  prevail i n  a 
zi\-eri canal o\-er the sev-eii days of a part icular  w e k  arid t o  represent the 

J 
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1-ater requirement of t h a t  canslrl. The requirement of each tract w a s  obtained 
by asXreratine t h e  da i ly  requiwements thus  obtained f o r  t h e  d i f f e r e n t  cana l s  
i n  t h e  tract. The t h e o r e t i a l  ex- sluice requirement TEAS then computed by 
adding t h e  requirements of t h e  ‘ d i f f e r e n t  tracts (conveyance and opera t ional  
l o s s e s  i n  t h e  main canal  havelinot been t a k e w i n t o  accoun t ) .  t h e  appropr i a t e  
c o e f f i c i e n t  beine applied deperlding on t h e  stace of growth o f  t h e  c r o p  i n  
each tract. For example thes1.e rates., i f  a l l  t h r e e  tracts are i n  Stage 3 
( c o e f f i c i e n t  l ) ,  would be: 

1 
2 
5 

748 
89 1 
990 

1.58 
1.95 
2.17 

Actual water i s s u e s .  Figulre IV.3 shows t h a t  t h e  a c t u a l  d a i l y  d ischarges  
a t  t h e  main s l u i c e  (as recordled by t h e  I r r i g a t i o n  Department) gene ra l ly  
exceed t h e  t h e o r e t i c a l  WeekIiv weighted a v e r a e  discharge va lues .  This 
d i f f e r e n c e  could be assumed t o  slcater t o  t h e  r i g h t  bank main canal opera t iona l  
and conveyance l o s s e s  I t h e  Ueplprtment’s weekly schedule already accounts  f o r  
losses i n  f i e l d  c h a r m e h a n d  diI3tributar-v c a n a l s ) .  A very rough estimate of 
main c.anal l o s s e s  could be obtained by comparing t h e  oversupply t o  the  
t h e o r e t i c a l  ex- sluice weekly weighted average d ischarge  requirements as shown 
i n  Figure 1\!.4. ( E s t i m a t e s  film t h e  period of canal c losu re  i n  Apr i l  are 
indeterminate . )  In i e n e r a l ,  the oversupplp appears t o  be less th,an 35 
percent ,  which is t h e  value asilrmed f o r  l o s s e s  i n  unl ined main c a n a l s  i n  t h e  
I r r i g a t i o n  Department Technical ‘Note 6.  

The most s u b s t a n t i a l  discipepancy between t h e o r e t i c a l  weekly weighted 
average d ischarge  requirement$ and actual d ischarges  uas obser\*ed f o r  t h e  
period 10 Apr i l  t o  10 ?lay 1988. The r a i n  a t  Lunugamwehera (103 millimeters 
lmml  from 9 t o  1 4  21pril) proqipted t h e  c losu re  of the main canal  for f i v e  
days, between 12 and 16 hpipil, according t o  t h e  standard procedure. 
I r r i g a t i o n  i s s u e s  resumed on :l.7 April a t  t h e  flow rate of 1.96 oubic meters 
per second (m,J/sec)  1.175 c u s e c d  which is nea r ly  equal t o  t h e  flow of 5.24 
m J / s e c  (185 cusecs )  t h a t  prevail1,ed before t h e  r a i n .  The i s s u e  rms maintained 
a t  4.96 m s / s e c  u n t i l  t h e  end tlif Apr i l  o w i n g  t o  t h e  last date f o r  t h e  
completion of i r r i g a t i o n  . i n  Trac t  2 being extended beporld t h e , i n i t i a l l y  
planned date of 19 A p r i l .  of t h e  
target f o r  t h i s  prolongation of t h e  i r r i g a t i o n  i s s u e  i n  Trac t  2 .  The 
information a v a i l a b l e  t o  t h e  selnior i r r i g a t i o n  eneineer  t o  determine t h e  
magnitude of t h e  water i s s u e s  rlieeded after canal c l o s u r e  due t o  t h e  r a i n  are 
no t  clear. During t h e  three-weelk period which followed t,he closure of t h e  
ciinal. i n  A p r i l ,  i t  w a s  observixl t h a t  t h e  d ischarge  was nearly two and a h a l f  
times t h a t  of t h e  .weeklp weightrid average d ischarge  rate correspondirx? t o  t h e  
i n i t i a l  schedule. 

There! did no t  appear t o  be a recomputation 

59 



The standard procedure t o  respond t o  the  r a i n  is t o  c l o s e  the  main canal  
f o r  f i v e  days if r a i n f a l l  esceeljs 75 mm ( 3  inches)  a t  Lunurramwehera. The 
r a t i o n a l e  behind t h i s  is t h a t  t h e  nes t  two days could be allowed f o r  canal 
r e f i l l i n n  and the  normal water issues could then recommence after seven days 
i t h e  normal r o t a t i o n a l  perioij). The spatial d i s t r i b u t i p n  of r a i n  i n  t h e  
area, however, is uneven. This is c l e a r l y  demonstrated by t h e  fact t h a t  on 
27 and 28 Apri l  the re  were 113 mm of r a i n  at  W i r a w i l a  but  only 6 mm a t  
Lunwmwehera. See a l s o  Table IV.4 and F i m r e  IV.5. A t  present  t h e r e  does 
not appear t o  be a plan f o r  rediucine the  i s sue  of water at t h e  main s l u i c e  i n  
such a case. I t  w a s  reported firom t h e  f i e l d  t h a t  t h e r e  had been excess water 
on 27 and 28 Apri l  a t  t h e  ta i l  '3f the  r i n h t  bank main canal. 

Target flows i n  t h e  instiruction form of t h e  sen io r  i r r i g a t i o n  e w i n e e r  
are clearly lcnown and recorded. H e  sets the  d a i l y  target flow t o  be issued 
at  t h e  r ight .  bank main canal main ga te  and makes sure that .  it is c o r r e c t l y  
implemented. H e  a l s o  eets somi? feedback from t h e  f i e l d  through regu la r  
inspection along t h e  main canal t o  asce r ta in  whether t h e  i s sues  are adequate 
with a view t o  preventim? oversiupply. 

?leans f o r  operat ions.  The sen io r  i r r i g a t i o n  engineer communicates the  
required flow t o  the  Resident Engineer (Headworks) whm can then c a l c u l a t e  
the corresponding opening of tlne radial ga te  i n s t a l l e d  a t  t h e  head of t h e  
r i g h t  bank main canal. The #senior i r r i g a t i o n  engineer o f t e n  computes t h e  
openiruz of the  radial gate corriesponding t o  t h e  required flow himself.  using 
t h e  equation t h a t  relates the  "discharge through the g a t e  t o  t h e  ga te  opening 
and the  rese rvo i r  water leve l .  The equation has apparently been c a l i b r a t e d  
a g a i n s t  f i e l d  measurements blv the  project s t a f f .  It was observed once 
during t h e  season t h a t ,  i n  the  85hsence of a c h a r t  or a precomputed t a b l e  t o  
help  i n  t h i s  process,  the  compiAtation of gate opening is not  e n t i r e l y  error- 
. f ree .  T h i s  process,  however, h,i&$ now been systematized through the  use of 
c.omputer spread-sheet software. 

Each operat ion is esecuteij. by an i r r i g a t i o n  laborer .  H e  is supervised 
by a technical  a s s i s t a n t  who i n  tu rn  is ins t ruc ted  by the  Resident Engineer 
I Headworks ) . The headcate is e l e c t r i c a l l y  powered but t h e r e  is a manual 
backup i n  case of power outage. 

Information on water flows' A meter permits to a d j u s t  t h e  opening of 
the  gate as per the  t a r n e t  valiie. Althowh the scale of t h i s  meter does not. 
al low f i n e  tuning of t h e  ga te  d . jus tment ,  researchers of t h e  In te rna t iona l  
I r r i n a t i o n  Management Ins t i tu t ' i t  I I I M I )  have found it t o  be a b l e  t o  provide 
reasonably accura te  flow contro'l  - i n  t h e  course of a f i e l d  measurement 
campaign carried out  f o r  t h e  "cal ibra t ion of a mathematical flow simulat ion 
m o d e l  of the .Kir indi  Oya Richit Dank Main C a n a l ,  a d i schar re  increment of 
1.552 m 3 / s e c  was measured' i n  'the main canal when t h e  required increase  i n  
main s l u i c e  d ischarce  was 1.5  m4/sec, a d i f fe rence  of only t h r e e  percent .  

i 

! 
1 

\-ilit?i Ef water l e v e l .  The d a i l y  va r ia t ion  of t h e  water l e v e l  i n  
the  Lunwamwehera Resel-\oir is l i m i t e d  owing t o  its la rge  s to raae  capacity-. 
This favorable design fea tu re  mlkkes it poss ib le  t o  maintain Gjater i s s u e s  at 
the  headworlis f a i r l y  constant  aind as per t a r g e t  without frequent  in tervent ion 
t o  reset the  main s l u i c e  gate oipening. 
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Preliminary conclusions. The manageability of the system, with respect 
to the control of water issues released from Lunugamwehera Reservoir into the 
Kirindi @a Right Bank Mairli Canal, appears to be satisfactory. Explicit 
water-issue targets at the headworks are formulated and communicated to the 
staff in charge. Instructions at this level are strictly executed to achieve 
the intended result. 

Although the capacity to clontrol target discharges at the head of the 
system appears to be adequate\, the overall performance of the system would 
also be determined by the deci:lion-making to the definition 
and continuous updating of t e targets, expressed in terms of water to be 
released at the head of the ri 1 ht bank main canal and conveyed through the 
different reaches of the canal. 

process related 

In other words, the waterl-allocation process appears critical and might’ 
need improvement, in order to provide more pertinent objectives for the 
conveyance of water; a notion1 which is lacking at present. This point will 
be further discussed in Section1 4 . 3  of this stwiv. 

Kalankuttiya Branch -1 

Delivery targets. Since the creation of the Main Canal Unit to oversee 
operations in Bank Main Canal of Kalawewa Reservoir in early 1988, 
the operation of the Kalankuttilya Tank came under the responsibility of this 
Unit. The Engineering Assistant heading the Unit is supposed to decide upon 
the targets and the issues to ble delivered from the Kalankuttiya Tank to the 
branch canal in compliance wilth the water-allocation decisions made at the 
project level by the System H Winter Management Panel. 

the Left 

According to the new (since 1988) organization of operational 
responsibilities (Figure IV.61, the Engineering Assistant should receive the 
schedules worked out by the Irrigation Engineer, Galnewa, who is in charge of 
the upper section of the blranch canal, and the Irrigation Engineer, 
Pleegalewa, who is in charge of lthe lower section of the branch canal. The 
Engineering Assistant would crilms-check the total requirements received for 
the blawewa Left Bank Main Canal against the allocations, make any 
alteration as required and detilrmine the operations to be carried out at the 
main sluices of the three reservoirs (Kalawewa, Mulannatuwa, and 
hlankuttiyava) as well as the iliistributary canals taking off the left bank 
main canal to serve the Galnewa irrigation block. 

But very little of this plim was actually implemented during yala (dry 
season) 1988 and most of the important operational decisions regarding 
Kalankuttiya such as opening and closing of the tank sluice, altering 
delivery schedules, etc., we1.e continued to be taken by the Irrigation 
Engineer, Galnewa, who exercis4c)l these same responsibilities in his previous 
capacity as Irrigation Enjlineer of the now defunct Kalankuttiya 
administrative block. 

Thus, the Irrigation Englrneer, Galnewa, effectively decides on the 
Issues to be delivered from tllie Kdatikuttiya main sluice (Criterion A ) .  He 
was assisted by a new Engillleering Assistant, Galnewa, posted at the 
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IJ  
Kalankuttiya Community Trainling Center, who gave instructions to an 
irrigation laborer performing the manewers at the tank sluice, as well as 
setting daily the distributary canal gates in Blocks 305 and 308 under the 
Galnewa administrative block. ILt was reported that the Irrigation Fhgineer, 
Galnewa, had complained of thti? difficulties he experienced in deciding the 
daily releases from the Kalankuttiva Tank because he lacked the means of 1 

1 
~~~~~ ~~ 

communicating with the Meegaleriw administrative block, especially after the 
transfer of their engineering assistant who had initially prepared the 
irrigation schedule for the lowiifr section of the branch canal. 

As a result of this situlrtion, it seems that very little control has 
been exerted during yala 1988 r(l?garding the issues from the Kalankuttiya Tank 
with respect to the water alltipcation objectives and targets decided at the 
System H Water Management Coord:ltnating Panel. The Panel itself did not meet 
as frequently as it did during the previous season. This was partly owing to 
the relative abundance of water in Iialawewa during the present season which 
apparently reduced the need for effective manag ement of the available 
resources. Another contributory factor was the prolonged absence of the 
Deputy Resident Project Mrllnager (Water Management), owing to his 
hospitalization, who used to chnir the panel meetings. 

Assessment of water flows. For assessing the flow issued into the 
branch canal, the laborer who iiiperates the main sluice uses as a reference a 
calibrated staff gauge (denoted MS1) located about 200 meters downstream of 
the headworks (Figure IV.6). The measuring station is fitted with a stage 
recorder that w a s  installed to rlterve the needs of the Flow Monitoring Unit, 
but not explicitly for the operations of the branch canal although the 
Irrigation Ehgineer's staff maktl! use of the calibration table developed and 
maintained by the Flow Monitorji.ng Unit to assess the branch canal flow. The 
operations staff of the block oi'fice, however, .do the recol-ds which 
are available at the Unit to gfl!t feedback on the canal operations performed. 

Furthermore, the flow asserirsed at this station does not always represent 
the flow issued at the blankutiliya Tank. This is because water is sometimes 
diverted into two distributary canals, 305-Dl and 308-D1, located in-between 
the tank and the staff gauge .Ml. Estimating the flow diverted into these 
canals is either unreliable becmse of the sutmergence of the measuring weir 
(305-DI1, or not possible becau:lie of the absence of any functioning measuring 
device '(308-D1), which had been destroyed by the farmers. 

not use 

Therefore, assessing the flow released from the tank at times when 305- 
D1 and 308-Dl are receiving walI,er is guesswork. .For all practical purposes, 
the assessment of water issues to the branch canal is done at the MSI 
location by means of the calibrated staff gauge of the Flow Monitoring Unit 
(Criterion B I .  It has soinet:l.mes been the practice to supply the two 
distributary canals Interference with 
water issues to the rest of the branch canal is thereby limited and 
adjustment of the main gate, which would be otherwise more complex, is 
facilitated. 

at the head of the system separately. 

Means to influence wateil: flows. Another pint .that should be 
highlighted is in regard to. the physical condition of the headworks 
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(Criterion C). There are thretii gates at the headworks but only one is 
functioning. Furthermore, thrtlwhout the season, there was a continuous leak 
of about 280-340 liters per seciond (liters/sec) (10-12 cusecs) through these 
.gates.. Between rotations, weliter was kept standing at a high level in the 
head portion of the branch canElvl by closing a gated cross-regulator located 
about 150 meters from the main sluice, apparently in an attempt to reduce the 
flow of the leak. During the previous season (&, wet season, 1987-88), 
the irrigation schedule was 40 arranged as to utilize the leak to supply 
water to the two distributary clmals at the head of the system (305-D1 and 
308-Dl). But during the sleason under consideration (.yala 1988) no such 
intention was apparent - all 210 distributary canals taking off from the 
branch canal were supplied simultaneously for most of the season. 
Furthermore, in mid-August dluring this season, the last working gate 
malfunctioned and could not be loperated any more. This period, between 19-25 
August 1988, is visible in Figulre IV.7 which represents the record of tdt 
water levels, main sluice glate openings, and average daily discharge in 
Kalankuttiya branch -1. Thei'agency was obliged to repair one of the other 
two gates but the gate remained1 difficult to operate. 

Actual water issues commlred to the initial schedule. Water issues in 
the Ihlankuttiya Branch Canal sltarted on 8 May 1988 although the first issue 
had been originally planned fix- 10 Play. Under the original schedule, drawn 
up by the Irrigation Engineer, 'IGalnewa, in coordination with the Engineering 
Assistant, Meegalewa, it had .idso been decidsd.to issue water continuously 
for land preparation and plantilz till 16 May and to commence issues on a 
rotational basis from 23 . M a p .  The period of water issue for land 
preparation ( fo r  the whole syst(?m), however, was extended till 19 Play 1988. 
A special issue was thereaftejr made to the tail-end distributary canals (in 
Fleegalem administrative block) on 20 May in response to a request of the 
Engineering Assistant, MeegalelJa. There have subsequently been 13 rotations 
until the branch canal was fina.lly closed on 26 September The actual 
schedule and durations of islisues (from three to four days) was generally 
decided upon with very short notice and with due consideration to the 
rainfall which has been particu:liarly abundmt during yala 1988. 

1988. 

Figure IV.8 indicates the, actual and initially planned water issues in 
Kalankuttiya Branch Canal durim! pla 1988. The discrepancy (both in terms 
of volume and timing) between !the initial plan drawn up at the beginning of 
the season and the actual 'operal,ions is clearly .shown in this figure. These 
differences are notably owing to rainfall. The agency should thus have the 
capacity to update and successfilrlly implement their targets in accordance 
with the hydrological conditions;. 

The daily rainfall contriqution to the water. deliveries is highlighted 
in Figure IV.9 which compares.tklie planned and actual daily water deliveries 
per unit area at the staff gauge: MSl (in terms of. equivalent depth of rmter). 

Main sluice interventionE1: I The start, end, and duration of each 
rotational issue, and the number( of adjustments performed at the main sluice 
during each rotation are inc1Ycated in Table IV.5. This table has been 
established from the agency's record of water levels at the staff gauge MS1, 
supplemented by IIMI's own field. observations. 
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The period at the beginning of the yala cultivation season, 8-14 May 
1988, will be used as an examplil? to illustrate the current iterative mode of 
adjustment of sluice of the Kalankuttiya Tank and the difficulties 
involved in adjusting the flow 'LO meet a given target. Table IV.6 and 
Figure IV. . lO  represent the hourly values of water levels recorded at the 
calibrated staff gauge PI.51 and ?he corresponding values of discharge for the 
above period. 

the main 

The target initially set for the first irrigation issue on 10 May was 
1.6 m3/sec ( 5 7  cusecs) which is equivalent to a height of 1.1 meters (3.6 ft) 
at the ca.librated staff gauge;PISl. The start of the season, however, had 
been advanc.ed to 8 Map with Walter being issued to some of the head-end 
distributary canals, and thiis target value had been already attained the 
previous day ( 9  May) by an oper:lstion at the main sluice performed at 2300 h 
on 8 May. In addition, there appears to have been further interventions at 
the main sluice between 0900 h <md 1200 h on The initial target of 
1.6 m3/sec for 10 May was inixeased to 2.0 mJ/sec (71  cusecs) (i.e,, 1.19 
meters, or 3.9 feet Iftl, at'. the staff gauge EB1) by the Engineering 
Assistant, Galnewa, in responsi? to a request of the Engineering Assistant, 
Meegalewa, to facilitate issues to the tail-end distributary canals. The new 
target was not achieved at once. A .first opening of the main sluice was done 
at 1200 h on 10 May which brouglnt the level at MS1 to 1 .3  meters (4 .25  ft), 
equivalent to 2.38 m3/sec (84 casecs). It was followed the next day (11 Ph'lay) 
by four alternate closures and ;>penings of the main sluice that resulted in a 
water level of 1.22 meters (4.0 ft) at MS1 (i.e., 2.1 m3/sec or 7 1  cusecs). 
The sluice was again operated im 12 Mag to compensate for the opening of 
distributary canal 308-Dl and ain increase in water issue to 305-D1; the water 
level at MS1 read 1.24 meters (81.05 ft) at the end of this maneuver. The 
corresponding flow in the brainch canal was 2.15 m3/sec or 76 cusecs. The 
target issue was again revised ;3n 13 May on the assumption that the total 
anticipated area had now to b12 served and the main sluice was accordingly 
adjusted to record a rater level close to the final target value of 1 .3  
meters (4 .25  ft) at MSl (i.e., 2.38 m 3 / s e c  or 84 cusecs). 

9 May. 

Besides the difficulties in assessing the actual issues released from 
the tank with some degree of isccuracy, .and the trial-and-error procedure 
involved in determining the cixrect gate setting corresponding to a target 
flow, interventions were also nieded at the main sluice to maintain the 
target flow 'at the desired va,Lue as indicated in Table IV.5. These latter 
adjustments of the main sluicie (roughly one per rotation) .were usually 
necessary to compensate the flow variations resulting from water level 
variation in the Kalankuttiya Tiank. 

In the course of yala 19818 a total of 106 interventions have been 
performed at the main sluice',of the Kalankuttiya Tank. Thirty four Lor 32 
percent) of them correspond to openings and closures at the beginning and end 
of the different periods of watler issue. Sixty three (or 59 percent) of them 
have been made in response to clhanges in targets while the balance nine (or 
nine percent) have been to comgensate changes in tank water level. 

Variations in tank watcls level. The variations of tank water level 
0.26 meters per observed during the season have, been in the range of 0.0 to 
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day (Figure IV.7; note t h a t  :In t h i s  f igure  t h e  recorded tank water l e v e l s  
have been mul t ip l ied  by two t c i l  f a c i l i t a t e  graphic represen ta t ion) .  I f  no 
adjustments are t h e  nlmin sluice opening, a decrease i n  branch canal  
flow w i l l  occur due t o  the  decrbease i n  tank water l e v e l .  

made t o  

For example, between 0600 h on 27 Ju ly  and 0600 h on 2 8 ~  J u l y  t h e  tank 
wa te r ' l eve l  dropped from 2.2:1, meters t o  2.04 meters - a v a r i a t i o n  of 0.19 
meters - while t h e r e  has been no adjustment of the main s l u i c e  ga te .  The 
flow i n  canal at  tlhese same times as measured a t  the  s t a f f  gauge 
MS1 h a d  var ied  from 2.92 m3/seclr t o  2.77 m 3 / s e c  - a reduction of 0.15 m3/sec. 
This corresponds t o  a rate of va r ia t ion  of f i v e  percent  of  the  average 
discharge on t h i s  day. 

t h e  branch 

_ * :  

The impact of t h e  l a c k  of main s l u i c e  operat ion on branch canal 
discharges can a l s o  be studidid dur.ing the  period between 19 and 25 August 
rchen t h e  s l u i c e  g a t e s  .were undeir repair. Between 0600 h on 20 August and 
0600 h on 21 A u g u s t  t h e  tank water l e v e l  dropped from 2.81 meters t o  2.55 
meters. The corresponding chaqge i n  branch canal was from 3 . 2  m3/sec t o  2.92 
m3/sec. This is a nine  perclent reduction i n  t h e  average d a i l y  discharge 
occurred as a r e s u l t  of a 26-celntimeter drop i n  tank water l eve l .  

During t h e  s tudy,  carried ou t  i n  yala 1988, it was observed t h a t  t h e  
l e v e l  i n  t h e  Fhlankuttiya Tank var ied  continuously, depending on the  timing 
and r e l a t i v e  magnitudes of the  !inflow and outflow. But it has been poss ib le  
t o  always maintain t h e  tank wbter l e v e l  above 1 . 5 2  meters ( 5  f t ) ,  which t h e  
agency considers as the  minimlm operat ing l e v e l ,  due t o  t h e  r e l a t i v e l y  
abundant water ava i l ab le  i n  thl: Kalarcewa Reservoir t h i s  season. I t  has been 
repor ted ,  'however, t h a t  during khe crisis s i t u a t i o n  associated with t h e  maha 
1986-87 drought, t h e  water levC1 i n  t h e  U l a n k u t t i y a  Tank even dropped below 
0 .9  meters ( 3  f t )  (%by and Merlrey 1989). Obviously t h e  degree o f . c o n t r o l  
over t h e  tanlr  water i s sues  under these  latter condi t ions  would have been 
poorer than t h a t  observed duriqg the  r e l a t i v e l y  favorable condi t ions  of yala 
1988. Two reasons could be at t l r ibuted f o r  t h i s :  

a1 t h e  l i m i t e d  c a p c i t y  of the  tank near t h e  dead s to rage  r e s u l t s  i n  
faster deple t ion of water .lLevel i n  t h e  tank for  t h e  same i s s u e s ,  and 

b)  t h e  s e n s i t i v i t y  of the  fl(l ,w v a r i a t i o n  through t h e  main s lu ice  o r i f i c e  
increases  considerably w:ith t h e  reduction of  t h e  operat ing hydraulic 
head over t h e  o r i f i c e .  

Poorer con t ro l  over the  ttuldc water i s s u e s  i n  a t i m e  of water shortage 
would have exacerbated t h e  d l f f i c u l t i e s  of w a t e r  d i s t r i b u t i o n  along the  
branch canal and contr ibuted t o  t h e  overa l l  downgrading of t h e  manaeabl l i ta ,  
of the  system as reported earliclkr. 

Preliminary conclusions. The manageability of t h e  system, as f a r  as 
t h e  con t ro l  of  isater i s sues  frorli hlankutt iya Tank i n t o  the  branch canal is 
concerned, is r e l a t i \ e l y  efftl)ctive, given the  e x i s t i n g  f a c i l i t i e s  and the  
opera t ional  arrangements. The qrgency tends t o  meet the  t a r g e t  i s s u e s  which 
they have def ined.  Some l i m i t k i l g  f a c t o r s  are present ,  however, which can be 
a t t r i b u t e d  t o :  
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a )  

b) 

C )  

inudequate planning and design t h a t  have result.ed i l l  the rat he^, 
inconvenient arrangement Ifor assess ing the  flow re leased a t  t h e  head of 
the  branch canal ;  

inadequate maintenance of s?ssential s t r u c t u r e s  such as the  main s l u i c e  
headgate; and 

the  l e v e l  of performance a(1:hieved by t h e  agency i n  t h e  regula t ion of the  
conveyance system ( i . e . ,  , t h e  management capaci ty  of t h e  agency t o  
maintain water l e v e l s  i n  the  Kalankuttiya Tank i n  an acceptable range 
by' t imely r e f i l l i n g ) .  Thiiis w i l l  be f u r t h e r  discussed i n  Section 4 . 3 .  

Santo D o m i n g 0  Area (SDA) Main C i m l  

Target flows. A t  t h e  Uppelr Pampanga Riiqer Integra ted  I r r i g a t i o n  System 
(UPRIIS), t h e  engineer i n  chairge of the  Water Central  Coordinating Center 
located a t  the  National I r r i g a t i o n  Administration ( N U )  Projec t  Headquarters, 
Cabanahah, decides upon t h e  actual water a l l o c a t i o n s  within t h e  main system 
and f i x e s  the  target flow t o  b e  m e t  a t  key divers ion points .  The s i t e  
loca t ions  and i r r i g a t i o n  netrmrk have been shown i n  Figures 11.6,  11.7, and 
11.8. 

The Water Central  Coordinaiting Center receives ,  from t h e  district s t a f f ,  
all the  information required t o  determine the  necessary releases a t  any given 
time from the  Pantabangan s torage  rese rvo i r .  I n  p a r t i c u l a r  t h e  Center, i n  
consul ta t ion  with the  District :Hydrologist, f i x e s  t a r g e t s  i n  terms of 

a1 flow t o  be diver ted  a t  th,i? Pampanga Diversion Dam (Riza l )  through E#l 
- a major d ivers ion canal  which conveys the  water 
Districts I and 11, and 

t o  be shared between 

b )  floi; a l loca ted  t o  each of 'the two districts. 

Radial Gate a key locat ion i n  t h i s  respect as it is located  
a t  the  boun&ry between t h e  two districts and because water is f i r s t  
de l ivered to  District I1 as it passes through it before reaching Distr ict  I.  

The Hydrologist of Dis t r i c , t  I ,  whose o f f i c e  is located at  Munoz, a l s o  
p lays  a key r o l e  i n  t h e  a b w  water- allocation process coordinated by t h e  
Water Central  Coordinating Cent,i?r. He ind ica tes  t o  t h e  Center t h e  flow t o  be 
conveyed through E#1 t o  serve :the needs of h i s  district. H e  conscient ious ly  
checks a t  RG#3 i f  t h e  district 'for which he is responsible go t  its share  of 
water and he would alert  t l h e  Center i f  it did not .  During t h e  water- 
a l l o c a t i o n  process,  he would ali;o have determined t h e  share  of t h e  t a rge ted  
district flow t h a t  should be i i v e r t e d  a t  the  SDA Supply Headgate, located 
toward t h e  tail of DcXl ( C r i t e r i o n  A ) .  

RG#3 represents  

This last divers ion is 'effiected i n t o  t h e  Sapang Kawayan Creek which 
d r a i n s  water from a relat iviely l a r g e  catchment area - t h e  Upper Talavera 
River I r r i g a t i o n  System a l s o  of District I (Zones 1 and 2 ) .  The water 
d ive r ted  a t  the  supply headlgate and the  local flow c o n s t i t u t e  t h e  supply 
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available for the irrigation olP the SDA. 
a creek into the SDA Main Canal1 at the 5-Bay Checkgate (see Figure 11.8). 

This water supply is diverted from 

For most of the time, tllie SDA hin Canal draws all the water available 
in the creek at that location rluld there is usually no operation performed on 
the intake structure unless ekcessive runoff makes it necessary to discharge 
the excess flow in the creek through the spillway of the 5-Bay Checkgate 
built across the creek. 

Communication of informall.ion and revision of targets. Hydrologists of 
the districts attend a weekljh meeting with the Water Central Coordinating 
Center at Cahanatuan. This ptovides an opportunity for information exchange 
regarding the irrigation demand 1 at the district level, status of the water 
resource and current policielbs of the Water Central Coordinating Center 
regarding the use of the resourlce. In addition, the hydrologists have the 
possibility to communicate +th the Center in real-time, through a radio 
link. The Hydrologist of Distrlict I ,  in particular, informs the Center of 
any substantial rainfall occurrling in the area that would justify a reduction 
of supply to the SDA. 

It has been possible to otliserve and document such a sequence of events 
during the period between 12 and 16 September 1988. The physical 
observations were supplementedlby the continuous record of water levels in 
the Parshall flume near the qain canal headgate provided by the electronic 
data-logging equipment installeld here. Figure IV.ll shows the schematic 
layout of this data-logging stlation. The hydrologist and the Water Central 
Coordinating Center were obliged to change the target flow in the conveyance 
system following substantial rainfall in the command area. This rainfall 
ended a period of relative droulght that had prdvailed since the start of the 
season. The week started withi a reduced allocation of 10 m 3 / s e c  to District 
I, of which 4 m J / s e c  were meant for diversion at the supply headgate to 
complement a local flow estimated by the hydrologist to be in the range of 2 
m J / s e c .  Hence, a total target 1pf 6 m3/sec was supposed to be available for 
the SDA Main Canal at the 5 - b ~  Checkgate. 

The hydrologist said &(at he was able to rely on his experience to 
estimate the local flow availablte in the creek before and after the rains. 
He also claimed that such a Iproblem had been studied at the Water Central 
Coordinating Center on the basil3 of the flow-monitoring data at both ends of 
the creek which are communiabted to their office. Similarly, the water 
requests made by the hydrologis: to the Center does not seem to result from 
any systematic and analytical assessment of the demand in the SDA cormnand 
area, but instead he seems to t+ke into consideration the relative abundance 
or scarcity of water to fojmulate a realistic request that would have a 
chance of being fully met. 

Thus, the zone engineer in charge of the area expressed the view that 6 
m3/sec was inadequate compared to the supply under normal circumstances that 
averaged 9 m 3 / s e c  at the head of SDA Main Canal. It turned out that 
according to IIMI’s own assesrlbment, the actual flow delivered at that time 
had varied between 9 and 10 m3/rliec.  This indicates either an underestimation 
of the local flow or oversupply from Dc#1 or both, compared to the target. 
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On 1 4  September, t h e  SDA teceived heavy r a i n  i n  t h e  afternoon ( 5 1  mm at  
Balm). the  Water 
Central  Coordinating Center. But he a l s o  placed a standing request  of 5 
m3/sec f o r  District I t o  prevenis Dc#l emptying which would otherwise requ i re  
one o r  two days to refi l l .  Gut of  t h i s  reques t ,  2 . 5  ml/sec were meant f o r  
d ivers ion a t  the  headpate t o  su]~>plement a local flow estimated i n  t h e  range 
of 3 . 5  ni3/sec by the  hydrologis t ,  hence a total  of 6 m3/sec a t  t h e  main 
canal .  IIMI's discharge record a t  t h a t  locat ion (Figure IV.12) ind ica tes  
t h a t  the  flow reaches a peak of 12 m3/sec during t h e  n igh t  followi- t h e  
r a i n ,  before f a l l i n g  t o  6 m3/sel1:  by mid-day on t h e  15th, t o  4 m 3 / s e c  on t h e  
16th,  and t o  less than 4 m3/sec 'on ' l7  September 1988. 

The hydrologist  immedi;ittely communicated this by radio t o  

Means t o  cont.ro1 flows. Actual flows t h a t  are 'lower than t h e  t a r g e t s  
se t  f o r  SDA Main C a n a l  should 1 1 ~  viewed i n  r e l a t i o n  t o  t h e  d i f f i c u l t i e s  
e q x r i e n c e d  by operat ion s t a f f  of  t h e  National I r r i g a t i o n  hdministrat ion i n  
t h e  regula t ion of the  conveyarm? system, Dc#l i n  p a r t i c u l a r .  It was observed 
f o r  ' instance September, t h a t  the  conveyance of water through Dc#1 had 
been to ta ' l lp  int.errupted a< R M I  as a r e s u l t  of i l l e g a l  o p r a t i o n s  on t ,h i s  
regula tor  during the  absence of the  gatekeeper. A l a rge  s e c t i o n  of Dc#1 
subsequently got, emptied which would have increased the  d i f f i c u l t i e s  i n  
maintaining a s t a b l e  d ivers ion of water a t  the  SDA Supplsr Headgate as per 
tLhe t a r g e t  of 2 . 5  n i 3 / s e c .  :\!I; a r e s u l t  of these  condi t ions ,  t h e r e  is 
present ly  a l i m i t e d  control  over the  SDA inflow which v a r i e s  widely even 
within a day. 

on 16 

The opera t ional  d i f f i cu l t i e s  faced by t h e  agency i n  t h e  regula t ion of 
flow through the  conveyance sddem (DC#ll  impinge o n ' i t s  capaci ty  t o  meet its 
de l ive ry  t a r g e t  a t  t h e  head of ~ the  SDA subsystem. But o the r  p r a c t i c a l  
problems Khich l i m i t  t he  capaci ty  of t h e  agency t o  assess and monitor the  
a c t u a l  flow ava i l ab le  at  t h e  helid of SDA Main Canal should be mentioned. 

R e l i a b i l i t y  of flow est.-. . A t  t h e  SDA Supply Headgate, t h e  
hydrologist  e s t ab l i shed  a measliirement s t a t i o n  with a calibrated s t a f f  g a m e  
which permits him t o  assess the  flow d iver ted  from Dc#l i n t o  t h e  creek;  but  
f o r  assess ing the  t o t a l  flow $entering the  system a t  the  head of SDA Main 
C a n a l ,  he relies on the  inillications given by t h e  UPRIIS/NIA Water 
Measurement Table of Ju ly  1977, and on observations of t h e  water depth i n  t h e  
Parsha l l  flume i n s t a l l e d  the re .  

The d i r e c t  measurements a d  c a l i b r a t i o n s  performed by IIMI f o r  t h e  study 
a t  t h i s  locat ion revealed s ig :h i f icant  discrepancies 'between the  actual flow 
measured by cur ren t  metering ansli t h e  assessment of t h e  same through t h e  
t a b l e s  used by the  agency (see Table IV.7 and FiBures IV.13. and I V . 1 4  
p e r t a i n i n p t o  t h e  c a l i b r a t i o n  oif t h e  Parsha l l  flume a t  t h e  headgate) .  The 
Xralues obtained from t h e  t a l b l e  exceed t h e  a c t u a l  flow by 18-46 percent  
depending on t h e  degree of .suhiiergence at  t h e  flume. I t  was observed t h a t  
the  flume was frequent ly  submerlged. This is most l i k e l y  due to t h e  s i l t a t i o n  
of t h e  canal s ince  its construcstion. Total submergence may a l s o  occur a t  low 
florqs as a r e s u l t  of in tervent ions  a t  a check s t r u c t u r e  e x i s t i n g  downstream. 

The d i f f i c u l t y  i n  estimatiNng flow when t h e  d i f fe rence  between water 
le\ ,els  upstream and downstream. of t h e  flume t h r o a t  approaches zero (i.e..,  
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total submergence), is cleaq-ly shown in the record of water levels and 
discharges between 1 and 3 Olbtober 1988 (Figure IV.15). This 'limits the 
reliability of the measuring 'lievice to correctly assess the inflow at the 
head of the. subsystem, I 

This situation might accslxmt for the apparent lack of interest on the 
part of the agency to make use of the daily at the .head of 
the SDA Main Canal for opera.ICiona1 purposes. .On the other hand, if such 
information is to be used 'for operational purposes, it would require 
ad.justments to the setting ojf the SDA Supply Headgate which is located at 
quite a distance from the 5-Bi11y Checkgate in response to the observations 
made at that point (abut 20 km away by road). Apart from the hydrologist, 
whose duties include such moniil,oriG, there does nQt seem to be a mechanism 
for  the operation of ,the sup$ly headgate (at DC#1) in response to feed-back 
from the 5-Bay Checkgate. 

Preliminary conclusions. me NIA/UPRIIS seem to have an effective 
mechanism in place for monitoibing the progress of cultivation and allocating 
water at the, system level takirlg into account the water resource status and 
the hyckrology. It also has tlliq capacity to revise, almost in real-time, the 
water allocations within variotiis reaches of the system. The implementation 
of the planned allocations, horirever, falls short of expectations. 

flow monitoring 

The inability of the agency to regulate effectively the conveyance of 
i.Tater effectively along the dixrersion canal Dc#1 was identified as a major 
constraint towards management of the distribution of water in 
the SDA. 

improving the 
This point will be discussed further in Section 4.3. 

, .  The manageability of the +stem with respect. to the control of the water 
issues at the head of the SDA lbin C a n a l  appears limited, given the existing 
facilities and monitoring practlices of the agency, but with a potential for 
improvement. 

Amongst constraints identlified, and possible ways, to relay them, there 
are : 

a) The Parshall flume locatedl at the head of the main canal is frequently 
suberged, thus limiting the reliability of assessment of the flow 
entering the main. canal,. Furthennore, it needs to be properly 
calibrated as Water Measurement Tables of July 1977 was 
found to be totally impropler for this particular device. IIMI, however, 
was able to significantly upgrade the calibration of the structure in 
the course of the study, imd this is now readily available to the 
agency. 

the UPRIIS/lgIA 

bl Feedback regarding the acltual flow available at the head of SDA Main 
Canal is not presently conlsidered when operating the supply headgate to 
SDA from =#I. Improved /nonitoring of the flow at the 5-Bay Checkgate, 
upgraded communication pr&edures to ensure that this information is 
received (at least twicja a dsy) by the gatekeeper in charge of the 
supply headgate on Dc#1, +d tighter supervisi,on of the headgate to 
prevent unauthorized interlfentions appear desirable. 

69 

I 
I I. 



Rajangana Pilot Area: Distributawy Canal 1, Left Bank Tract 2 

Means for flow control. The Rajangana pilot command area has been 
equipped in late 1987 with hydrmnechanical flow control devices at the head 
of the Distributary Canal 1 and 9 field channels that take off from this 
canal. The arrangement at the head of this subsystem consists of an 
automatic constant downstream level gate (AVIO type) that is intended to 
provide the requisite condition:ii for the correct functioning of a main baffle 
distributor (maximum capacity mf 300 liters/sec) located downstream of the 
gate, function of which is to control the flow delivered into the pilot area. 
Figure IV.16 shows the layout of the measuring device (electronic datalogger 
and associated sensors) installiid by IIMI at this location. IIMI also 
monitored water flows at the head of Distributary Canal 2 in Tract 2. This 
served as a reference to comparii? the impact of the hydromechanical equipnent 
installed in the pilot area, The layout of the data-logging station 
installed at this location (refwred to as the "control" area) is shown in 
Figure IV. 17. 

The c h w e  in mode of watllir delivery. At the planning and design stage 
of the Major Irrigation Rehabidlitation boject, the Irrigation Department 
made a decision to introduii:e rotational irrigation in the Rajangana 
irrigation scheme. This was no: readily accepted by the farmers and it 
became evident would be difficult to respect the original objective 
of generalizing rotational irrirlfation for two reasons: a) the exceptional 
wa$er,resources presently avaihble for the Rajarrgana irrigation scheme which 
benefits from the drainage water from the Mahaweli System H, and b) the well- 
established practice of farmers of continuous irrigation. 

that it 

In 1986-1987, at the onsiirt of the project implementation, the farmers 
mobilized themselves against thc proposed replacement of the traditional 75- 
mm ( 3  inch) farm pipe outlii?t by 225-mm ( 9  inch) pipes intended for the 
rotational issues. This optioiii was finally abandoned in the entire Major 
Irrigation Rehabilitation ProJect except for the pilot area, and this 
accounts for some of the difficiiilties observed at that level. 

In fact, a technical as!iqistant became involved in supervising the 
operations within the pilot pro.,iect area although interventions at that level 
are usually the t a s k  of a work supervisor and a field irrigator. The 
intervention of the technicajl assistant was apparently required to handle 

share water ale% 
field channels. 
.the complaints of farmers reganlling their difficulties to 

It is therefore important, in studying the pilot project, to dissociate 
the two aspects: a) the impact (of the initial decision the planning 
stage with respect to the iincde of delivery and the implications of this 
decision on the sustainability 'of the project, and b) the impact of the 
design option chosen for impr">ving the control and the manageability of the 
distribution system. 

made at 

Only the >kecond aspect is discussed in, this studv. 

Actual flow delivered. F w m  the start of the monitoring in early July 
1988 to the end of July, the flow issued to the pilpt area has been 
maintained at a reasonably consitant value of 270 literdsec (2.87 literdsec 
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p i .  11ect.are f o r  t h e  93 ha i rr i ibated i n  t h e  p i l o t  command area), while d u r i i z  
,\ugust a flow of around 210 lit,ers/sec "2.23 l i t e r s / s e c / h a )  w a s  maintained. 
T h i s  reduction i n  de l ive ry  11,s somewhat compatible with t h e  reduced water 
requirements towards t h e  end of t h e  season. A d e t a i l e d  a n a l y s i s  of t h e  
rmtei.-I.evel record ava i l ab le  a t  t h e  head of t h e  p i l o t  canal, however, 
iridicaLes that some odd interverlktions occur a t  n igh t .  From t h e  end of Ju ly  
1988 until niid-i\ugust t h e r e  has  been a regular  increase  of t h e  flow t o  t h e  
p i l o t  area during t h e  n i g h t .  The flow was increased around 2200 h and 
res.tored around 0600 h almoilrt daily during t h a t  period. This  obviously 
implies t h e  consent of t h e  gatekeeper who has c u s t d y  of t h e  key of t h e  
b a f f l e  d i s t r i b u t o r .  

These noctuimal in te rven t  ' ,ow are c l e a r l y  i l l u s t r a t e d  i n  Figure IV. 18 
which represents  the  water l e v e l s  recorded a t  t h i s  s i t e  f o r  t h e  period 2-10 
August .  The sharp  drops irii t h e  d i s t r i b u t a r y  canal water l e v e l  recorded 
upstream of t h e  b a f f l e  distribut1,or are a r e s u l t  of opening t h e  d i s t r i b u t o r  
ga tes  ( t h e  f luc tua t ions  i n  11,evel t h a t  t ake  p lace  on 4 "ugust are due t o  
d e l i b e r a t e  changes i n  dischairge e f fec ted  t o  permit IIMI's gauging 
measurements) . l 'his is acctl>mpanied by a corresponding increase  i n  water 
l e v e l  downstream of t h e  d i s t r i b W o r  and a resu1,tant increase  i n  discharge (of  
the orde r  o f :  40-60 liters/sec over 8-10 hours)  de l ivered  i n  t h e  d i s t r i b u t a r y  
cana l .  

I n f o i m t i o n  on rater  flows,, .4ssessing t h e  flow a t  the.  head of t h e  p i l o t  
d i s t r i b u t a r y  canal  and settirig it as per t a r g e t  is s t ra ight forward;  t h e  
flo\;s de l ive red  are expected t o  correspond t o  t h e  sum of t h e  d ischarge  values  
through each of t h e  b a f f l e  distipibutor shut ters ,  which are e i t h e r f u l l y  opened 
o r  f u l l y  c losed  a t  any given tirlie. 

The b a f f l e  d i s t r i b u t o r s  o r  "modules" which equip t h e  p i l o t  area are 
c a l i b r a t e d  i n  t h e  manufacturimb process acc.ording t o  s p e c i f i c  dimensions and 
design s tandards .  Therefore thipre is 'no need f o r  p r i o r  c a l i b r a t i o n  i n  t h e  
f i e l d  o r  use of a table t o  asseclis t h e  flow. Flows could be assess,ed d i r e c t l y  
and openly by agency s t a f f  as wilt11 as farmers. . . 

, .  

The c u r r e n t  metering carr i i td out  during t h e  study a t  t h e  head of t h e  
p i l o t  d i s t r i b u t a r y  .permitted t o  confilm t h e  accuracy of t h e  flow 
de l ive red  compared t o  t h e  nomirut1 value corresponding t o  t h e  setting of t h e  
b a f f l e  d is tx ibuto] .  s h u t t e r s ,  within a m s i m u m  e r r o r  of p lus  o r  minus 10 
percent .  A t  discharge values higher than 150 liters/sec, t h e  a c t u a l  flora 
tends t o  be less than t h e  nomin:lbl value,  and v ice  versa .  

canal  hav-e 0 
0 
0 
I! 
0 
c 
u 
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Conditions for r e l i a b l e  eiptimtes of water flow. Discrepancies between 
t h e o r e t i c a l  and ac tua l  f l o w s  oci)ur i f  t h e  water l e v e l  c o n t r o l  a t  t h e  head of 
t h e  b a f f l e  d i s t r i b u t o r  is . n o t  s t r i c t l y  s a t i s f i e d .  The d i s t r i b u t o r  is then 
unable t o  funct ion  proper ly  as .lFr design.  The c h a r a c t e r i s t i c  head-discharge 
r e l a t i o n s h i p  f o r  t h e  s i n g l e  b a f f l e  calibrated d i s t r i b u t o r  shown i n  Figure 
11.17 ind ica tes  t h a t  t h e  folllowing water l e v e l  v a r i a t i o n s  above t h e  
d i s t r i b u t o r  sill could be tole,lrated by t h e  XXl type of d i s t r i b u t o r  i n s t a l l e d  
a t  t h e  head of t h e  p i l o t  d is l t r ibutary  canal  (Qn r e f e r s  t o  t h e  nominal 
d ischarge)  : ' .  



Qrr-10% Qn-5% Qn Qnt59: OntlO% 
Water level above sill 
of baffle distributor Icm) :,!O 21.5 27 29.5 31 

It is therefore important to analyze whether these conditions were niet 
in the field. 

al Construction accuracy and $upervision. At the head of the pilot area, 
the depth of water over: the sill of the baffle distributor is 
effectively controlled by .':he automatic gate. The gate is designed to 
maintain the water level at the head of the pilot distributary canal 
constant, irrespective of '1;he fluctuations of water level in the main 
canal. This required particular attention at the time of construction 
to ensure that the instalhtion specifications were strictly respected. 
In December 1987, a short consultancy by the engineers of the 
manufacturing firm was organized by IIMI, although there was no 
pro&sion for this in th(N+ pilot project implementation plan. It was 
found that the level settings of some of the concrete work did not 
conform to had to he rectified to allow the correct 
installation of the gat':?. Adjustments required for the .joint 
installation of the gate and baffle distributor associated with it do 
not. tolerate errors of marl? than a few millimeters in levels. 

specifications'and 

b) Maintenance and maintenanc.lb skill. The balancing of the gate and fine 
adjustments were But during 
the nest irrigation season, in June 1988, IIMI discovered that for  some 
unlmorjn reasons the automatic gate was no longer adjusted and apparently 
unbalanced. 

Irrigation Department staff had also found that the head in the main 
canal was for the correct operation of the gate 
and decided to remedy the situation on 6 June by constructing a 
temporary check structure in the main canal to raise the water level at 
the head of the pilot distributary canal. This actually compensates for 
some unexpcted head loss (around 50 cm) through the offtalre - maybe due 
to some obstruction of the conduit. 

Since then, the design arrangement in place at the head of the pilot 
area has been capable of effectively and automatically controlling the 
inflow to the pilot distributary canal without any gate adjustment by 
the agency. Even large ve1,riations of water level in the main canal such 
as that which occurred on 13 August 1988 for some unidentified and 
unexpected reason were successfully accommodated. Annex IV. 1 documents 
the impact of such a perturbation in the main canal on water issues to 
both the pilot distributary canal (Distributary h a 1  1, Tract 2 )  and 
the Distributary Canal 2 in Tract 2 used for comparison p u w e s  
(referred to as the "contil*ol" canal). 

Preliminary conclusions. 

performeii by the consultants at that time. 

sometimes insufficient 

As far as the control of issues from the main 
canal to the pilot area is concerned, the manageability of the system appears 
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 high^ The opera t ions  are . . l i m i t e d  t o  t h e  i n i t i a l  s e t t i n g  of t h e  b a f f l e  
d i s t r i b u t o r  s h u t t e r s  as per trlirget owing t o  t h e  hydromechanical devices 
i n s t a l l e d  a t  t h e  head of t h e  p i l o t  d i s t r i b u t a r y  cana l .  This  favorable 
s i t u a t i o n  i n  terms of simp1icit:ir of opera t ions ,  however, should n o t  h ide  the 
strict condi t ions  which have "to be . m e t  i n  t e r n  of supervis ion  and s k i l l  
requi red  a t  t h e  cons t ruc t ion  s t a g e  and t h e r e a f t e r  f o r  t h e  maintenance o f  t h e  
sys ten1  . 

Thus, t h e  t e n t a t i v e  evaluat ion  of t h e  manageability of t h e  system 
referred t o  above on a pure ly  ,aperat ional  basis, should be weighed a g a i n s t  
the capacity of t h e  I r r i w t i o n  Department t o  meet t h e  high q u a l i t y  
s p e c i f i c a t i o n s  requi red  during the cons t ruct ion  phase, and t o  undertake t h e  
necessary maint,enance of t h e  hydromechanical equipment. Obviously these  
condi t ions  w e r e  not  i n  p lace  p r i o r  t o  t h e  implementation of t h e  p i l o t  p r o j e c t  
and one may quest ion t h e  s ius ta inabi l i ty  of this p r o j e c t  unless specific 
e f f o r t  is made by the  Irr igat ioln Department t o  address these  i s s u e s .  

Thus, i n  t h e  context  of an agency n o t  f a m i l i a r  with t h e  technology being 
tested, . t h e  i n i t i a l  operaitional concern which w a s  t o  improve t h e  
manageability through a better con t ro l  of water i s s u e s ,  has now s h i f t e d  t o  
another  area which relates t o  management o f  t h e  transfer of technology. 
There are a number of i s s u e s  thiat have t o  be addressed i n  t h i s  context  ( e .g . ,  
c o r n m i c a t i o n  of information,  t r a i n i n g )  b u t  these  are beyond t h e  scope of 
t h i s  s tudy.  

Conclusions of Sect ion  4.2.1 

* 

'c; 
x 
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The concern t o  con t ro l  the! water i s s u e s  a t  t h e  head of t h e  subsystems 
I ~ S  i d e n t i f i e d  as an important ob jec t ive  t h a t  motivates opera t ions  s t a f f  
i n  a l l  four  subsystems sl!.udied. A t  t h i s  level, t h e  notion of target  
deli\-ery is meaningful t o  t h e  opera tors .  These targets are genera l ly  
eqAicit (except  i n  the  cme of t h e  S D A ) ,  though seldom recorded as such 
i n  t h e  f i les  maintained by t h e  agencies.  They provide,  however, a 
r a t i o n a l e  f o r  t h e  opera t ional  p r a c t i c e s  a t  t h e  headworks of main canals. 

The a b i l i t y  of t h e  opera tors  t o  achieve con t ro l  of t h e  water i s s u e s  a t  
t h e  head of t h e  cana l s  :i~tudied, however, appeared highly  va r i ab le .  I n  
t h i s  respect, t h e  manageall~ility of t h e  systems was found t o  be adequate 
a t  t h e  head of t h e  Kitrindi Oya Right Bank Main Canal and a t  t h e  
Rajangana P i l o t  Distribut:lnry Canal, fair ( b u t  still p o s s i b l e )  a t  t h e  
head o f  t h e  Kalankuttiya Branch C a n a l ,  but  F o r  [and n o t  poss ib le )  a t  
t h e  head of t h e  SDA Main Canal. 

Trio types of f a c t o r s  were found t o  affect t h e  c o n t r o l  of water issues a t  
t h e  head of t h e  canal: 1) i n t r i n s i c  f a c t o r s  of manageability such as t h e  
m e a n s  t o  assess t h e  flow 3el ivered  and t h e  means a v a i l a b l e  t o  &Just  t h e  
flow, and 2 )  ex te rna l  faiztors t h a t  condit ion t h e  p o s s i b i l i t y  t o  c o n t r o l  
water i s s u e s ,  such as t h e  supply a t  t h e  place of  de l ive ry .  

Plain s to rage  r e s e r v o i r s  or intermediate tanks have proved t o  be 
e f f e c t i v e  i n  pro\ridlng e x t e r n a l  condi t ions  t h a t  are favorable f o r  t h e  
con t ro l  of t h e  rater  issLtes a t  t h e  headworks of t h e  canals tak ing O f f  
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from them. This was i l : .us t ra ted  i n  the  case of t h e  Kirindi  @a Right 
Banl~ Phin Cmal taking off the .Lunugamwehera Reservoir and a t  
l ialarlrut t iya,  as long as the  water l eve l  i n  the  tank is adequate (above 
opera t ional  l e v e l ) .  These condit ions are considered as fzivorable 
because the  range and t h e  pace of t h e  v a r i a t i o n s  of t h e  water l e v e l  i n  
the  rese rvo i r  lor  tank) are such t h a t  t h e  operators can cope with t h i s  
v a r i a b i l i t y  through thei r ,  cu r ren t  operat ional  p rac t i ces .  The SDA Plain 
C.ana1, on t h e  o ther  hand, is character ized by the  absence of adequate 
inteimediate s to rage  capac i ty  at the  head and t h i s  was i d e n t i f i e d  as the  
major c o n s t r a i n t  t h a t  i n h i b i t s  the  con t ro l  of w a t e r  issues t o  t h e  
subsystem downstream. 

* Technology, however, ~n be harnessed t o  provide favorable ex te rna l  
condit ions required f o r  the .  control  of ra ter  i ssues .  This w a s  
i l l u s t r a t e d  i n  t h e  case of the  design arrangement at  t h e  head of t h e  
Ra.hn@.na P i l o t  Dis t r ibu ta ry  Canal. The automatic g a t e  con t ro l s  the  
water l e v e l  downstream of i t s e l f ,  thereby c rea t ing  condit ions for the  
c o n t r o l  of water i s s u e s  t h a t  are similar t o  those associated with a 
rese rvo i r .  With t h i s  arrangement the  main canal is, i n  a sense ,  made t o  
p lay  t h e  r o l e  of a rese rvo i r .  The con t ro l  of water d e l i v e r i e s  i n t o  the  
p i l o t  area, t h a t  commence,$ with t h i s  t3ipe of l e v e l  c o n t r o l ,  would work 
as long as the re  is s u f f i c i e n t  water conveyed i n  t h e  main canal. 

* Regarding t h e  i n t r i n s i c  f a c t o r s  of the  manageability a t  the  head of a 
main canal, two aspects w e r e  found t o  be of p a r t i c u l a r  s igni f icance:  1)  
the  performance and conven:ience of t h e  arrangements provided, genera l ly  
through t h e  design,  f o r  t h e  assessment of the  flow del ivered,  thereby 
providing the  operator w i t h  t h e  m e a n s  t o  obta in  feedbacli on t h e  flow 
con t ro l  process;  and 2 )  t h e  means a v a i l a b l e ,  and t h e i r  convenience t o  
the  opera tor ,  f o r  ad.justing the  flow. 

* Various design and technological arrangements w e r e  found t o  be i n  use 
for the  p u r p s e  of assess ing t h e  flow del ivered a t  t h e  head of the  
canals  s tudied.  A l l  of t h e m  r e l y  on pre-cal ibrated measuring devices:  
1 )  t h e  s l u i c e  ga te  o r i f i c e  a t  t h e  head of Kirindi  @.a Right Bsnk Plain 
Canal, 2 )  the  gauging s t a t i o n  i n  the  l ialankutt iya Branch C a n a l ,  3 )  t h e  
modular s h u t t e r s  ( b a f f l e  d i . s t r ibu to r s )  a t  Rajangana, and 4 )  the  Parsha l l  
flume a t  the  head of SDA k i n  C a n a l .  

The ca l ibra t . ion  of the  meamring devices at  the  head of t h e  main can& 
s tud ied  r,as found t o  be ade,quate, with t h e  exception of the  flume a t  the  
head of the  SDA ?lain Canal which was found t o  be inaccurate t o  a meat. 
degree and the re fo re  unr.eliable. Although monitored by National 
I r r i g a t i o n  Administration Fersonnel,  it has been es tab l i shed  t h a t  t h i s  
p r t i c u l a r  device was rot r e a l l y  used for  opera t ional  purposes. 
Ins tead,  an a l t e r n a t e  gauging s t a t i o n  located upstream, at t h e  SD.4 
Supply Headgate taking c f f  E#1, w a s  i d e n t i f i e d  as the opera t ional  
locat ion;  t h i s  latter device was c a l i b r a t e d  by t h e  d i s t r i c t  hydrologis t .  

X Thus, the  q u a l i t y  of t h e  c a l i b r a t i o n  of the  e x i s t i n g  measuring devices 
good indica tor  of the  loca t ions  where an i r r i g a t i o n  agency can and 

t 

is a 
a c t u a l l y  exerts con t ro l  of the  water issues .  
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The initial calibration of these measuring devices and their 
maintenance thereafter was seldom carried out by the staff responsible 
for operations. Most' oftisn, the calibration is performed by separate 
monitoring units of the agencies or by outsiders. For example, the 
Mahaweli Economic Agency-Flow Monitoring Unit at Kalankuttiya, by- 
products of the Traininjj System for Water Management Technologists 
conducted during the early years of operations at the Wpper Pampanga 
River Integrated Irrigjation System and later by the district 
hydrologist, or calibratioin built into the fabrication of the baffle 
distributors at Rajangma. 

The manageability of the measuring facilities available at the head of 
the canals studied is a fuinction of two conditions: 1) the reliability 
and sustainability of the 'zalibration of the device, which is associated 
with a greater or lesser dismand for the maintenance of the calibration, 
and 2) the convenience olf the arrangement as an instrument to be used 
by the operator to adjust the flow to meet a target. 

An arrangement like the baffle distributor installed at Rajangana Pilot 
Area totally alle\jiates ,the need for calibration and offers the 
possibility - rare - for direct reading of the flow delivered. This 
information is openly available, not only to the operator, but also to 
other interested parties, in particular to the fanners. The operator 
also found the arrangement simple to operate as the shutters do not need 
to be adjusted, but can be directly set to the target flow (in steps of 
discharge of 10 liters/sec). 

An arrangement imain sluice gate of the Kirindi Oya Right Banlc 
Main Canal is also effective. The gate orifice was calibrated once by 
the Irrigation Department after construction of the canal and this 
calibration, which depends only on the gate characteristics, is likely 
t,o last longer than any gauging section in a canal. Here too the 
arrangement is convenient for the operator. The opening of the sluice 
gate corresponding to a given target flow is first computed depending on 
the prevailing tank water level. The openiM of the sluice gate can 
then be set directly to the required value by means of a meter and an 
electrically powered comind. 

The arrangement at the heaid of the Kalankuttiya Branch Canal might be 
considered less favorable because of the distant gauging station that 
permits to assess only a Fiart of the water issued from the tank (the 
first two offtakes excluded). The calibration of the gauging station 
has t o  be verified from tiime to time by the Mahaweli Economic Agency- 
Flow Monitoring Unit. Furthermore, the setting of the gate is not a 
straight forward action as' at Kirindi @a, but an iterative process that 
requires a few maneuvers tlefore the operator can meet a target flow. 

The design arrangement at the head of SDA (5-Bay Checkgate) is the least 
manageable, and is a l.ikely reason for it being abandoned. If the 
flume were calibrated, tkie adjustment of the inflow to SDA to a given 
target would require the ci'perator to follow a number of steps: two water 
level readiMs at the .flume and the consultation of a table to assess 

like the 
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t.he flow; then assessing the local flow in the Creek by difference with 
the flow released from the E # I ,  and then making the necessary 
adjustment at the SDA Supply Headgate situated more than 10 km from the 
5 - b y  Cheokaate. A s  the: local flow i's likely to vary, this adjustment 
process would have to be repeated frequentLy not to mention again the 
constraint associated with the regulation of the supply through X#1. 

4 . 2 . 2  

Criterion A: Availability of oFerational targets for delivery 

Kirindi Oya Right Bank Main Canal 

Control of Water Issues from Main Canals 

The water- issues to be made at the head of each canal (branch, 
distributary, or field channel) taking off from the main canal are computed 
on the basis of the seasonal irrigation schedule elaborated by the Senior 
Irrigation Engineer (Water Management). The Irrigation Engineer at the 
office of Engineer (Right Bank), computes the heights of water 
corresponaing to the discharge planned at each offtake that should be 
maintained over the measurement weirs located at the head of each of these 
lower-order canals. The theoretical head-discharge relationship for free 
flow over a weir is used, irrespective of the physical and hydraulic 
conditions under which the weirs are functioning (the weirs are frequently 
damaged and/or submerged) a N'svertheless, the field irrigators are expected 
to adjust the offtake gates to maintain these heights and respect the 
rotation schedule. 

the Resident 

The actual operating procedure, however, differed considerably from the 
nominal one. Our observations i-evealed that adjustment of offtake gates is 
performed in response to the prevailing downstream demand/supply conditions 
of that canal. Adjustments are first made to the field channel offtakes in 
order to deliver adequate flows to the field channels. The higher-order 
canal (distributary or branch crrnal1 offtake gate is then suitably adjusted 
to ensure that all field cliannels supplied by it do not suffer water 
shortage. Observations, howevei:, indicate that the supply at the offtakes 
along the main canal varies continuously with the fluctuation of water level 
in the main canal. 

The field irrigators are wpplid with weekly schedules regarding the 
supply to be achieved at each offtake, in terms of water levels to be 
maintained above the measuring weirs at the head of each distributary canal 
or field channel. But thesie instructions are rarely followed. Ad hoc 
modifications are made depending on the actual field conditions as described 
above. For all practical purposes, the true objectives of the operators are 
not expressed in terms of a givm flow to be delivered at the offtake but as 
an "equilibrium" t o  be reached li.e., a no-complaints situation). 

With experience, the. field irrigators seem to have developed different 
kinds of references that ref1ec:t the status of the system which they know 
correspond to the no-complaints. situation. This includes marks in the main 
canal which represent, in general, a level in the main canal above full 
supply depth and corresponding narks in the lateral canals. 
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Preliminary conclusions. Target flows, as computed by the senior 
irrigation engineer, are not neoessarily being respected; instead there seem 
to be uncontrolled s:lrstem of responding to demand2 at the level of 
the distributary canals and field channels. 

Kalankuttiya Branch Canal 

a rather 

At.  Kalankuttiya, the irrigation laborer responsible for the daily 
setting of distributary canal gates in Blocks 305 and 308, as well as the 
setting of the tank sluice, knows the target flow to be issued for the d a y .  
This laborer meets the Irrigzion Engineer, Galnewa, every morning between 
0700 h and 0800 h for instructions on above tasks. Instructions are usually 
given in terms of relative gaugii: height corresponding to the intended flow at 
the different locations. 

The Aily report of this ij-rigation laborer to the irrigation emineer 
also provides the engineer with an opportunity to get some feedbk regarding 
the supply to the three offtakerr (306-D1, 306-D2, and 309-D1) located at the 
extremity of the c k l  section for which he is responsible (i.e., downstream 
end of the upper section of thsl? branch canal). (See Figure IV:6.) These 
distributary canals are actually part of the Meegalewa Block but it seem 
that this irrigation laborer is purposely monitoring them on the orders of 
the Irrigation Fngineer, Galnewin. 

Such a procedure, involvinig daily instructions t o  the irrigation laborer 
regarding the target issues and feedback to the irrigation engineer, was 
apparently lacking for the loweir section.of the branch canal which Came under 
the administrative responsibility of the Meegalewa Block during pla 1988. 
For different reasons, includiing distance to the branch canal and lack of 
personnel at the Meegalewa bloclk office, neither the Block Manager nor the 
Irrigation Fngineer was in a piosition to exert any authority in distributing 
water to this section for the hSt season. Therefore, the irrigation laborer 
in charge of the distributary m a 1  gate operations in Blocks 306, 307, and 
309 was left on his own, with tihe initial irrigation schedule prepared at the 
start, of the season as the sole reference. 

On the other hand, it is a' common practice among irrigation laborers who 
operate field channels to request additional water issues. The request is 
channeled through the unit manager and conveyed to the block office with a 
"field note." the duration of 
supply but sometimes are for ir'creased flow in the branch canal as well. The 
argument usually evoked is the need for completing the irrigation activities. 

In yala 1988 for instanc,,e, there was a request for additional flow on 
the second day of the land-preyilaration period and at the end of this period a 

These requests are generally for extension of 

2The actual regulation of. the system appears ambiguous. At the 
tertiary level it tends to &I! demand driven while regulation of the main 
canal is generally supply drivm. 
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special issue was made in response to a specific request from the tail end of 
the branch canal. Many other requests for extension of rater issues were 
noticed during the season; the practice of the "field note" is a routine 
rather than an exceptional operation. During yala 1988 extensions were made' 
at the end of 8 out of the 13 rotations practiced. 

In yala 1988 such requests were easy to satisfy because of the relative 
abundance of the rater resource and because of the pattern of rotational 
issues adopted by the agency for this season - simultaneous issues to all 
distributary canals during three days and closure of the branch canal during 
the next four days. Hence, satisfying a request for extension of water 
issues was only a matter of postponing the normal closure of the 
distributary and branch cansls. On the other hand, the duration of the 
rotations is also sometimes reduced, usually due to rainfall. 

Preliminary conclusions. Explicit, supply-based operational targets 
for each rotational period are transmitted to the irrigation laborers who 
attempt to meet these targets. Byt these targets are sometimes modified, 
usually towards the end of the rotation, when farmers request extensions to 
the duration of water issues. These requests are generally granted by the 
management. 

Santo Doming0 Area (SDA) Main 2anal 

Observations carried out in the SDA indicate that monitoring is 
performed with respect to. the interlateral weekly status of farming 
activities which are further sggregated at the division, zone, district, and 
project level. This informitism provides the material for the monitoring and 
evaluation tasks that are the core of the management activities at the 
project headquarters. 

Operations staff within S3A also monitor daily discharges at the supply 
headgate, at the heads of major lateral canals (Laterals A, B, .F, and G ) ,  
and the daily rainfall. This information, collected by the gatekeepers, is 
submitted through the water management technicians and zone engineer to the 
hydrologist or operations engineer. It is doubtful, however, whether this 
information is 'used for the day-to-day operations of the SDA subsystem. 

The water resource at Pantawan Dam had been scarce since the 
beginning of the season, and iijsues 'to SDA were discontinued. IIMI performed 
flow monitoring during the period July-September 1988 at Laterals B and G in 
addition to at the main caniil headgate. Figure IV.19 is a schematic 
representation of the different measurement locations near Lateral B. 
Similar details for lateral 1: are shown in Figure IV.20. The continuous 
record of flows (Figure IV.21 and Table IV.8) at the branching point of 
Lateral B from SDA Plain Canal for  the period 21 July to 7 October 1988 
indicates that the flow in L3teral B was generally below 2 m3/sec at that 
location apart from the period:3 25-30 Ju ly ,  5-11 August, 17-26 August, and 
intermittent periods from 0'3-20 September which received more substantial 
issues ~ 
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After the long period of 11.0~ flow that prevailed in August.-September, 
the zone engineer in charge of! SDA (District I, Zone 3) had worked out a 
schedule to issue water between laterals in a rotation rwing from one to 
four days depending on the extent .of the planted area in the lateral 
concerned. The schedule (Figurt!! IV.23) was elaborated in consultation with 
the hater management technicians of the zone and with the farmer group 
leaders with effect from 12 Sepi,ember 1988. 

It turned out that by the time the rotation was implemented, there had 
been some rain in the area (7 miid 9 September) and more thereafter ( 1 4  and 17 
September). Nevertheless, the rotation was implemented as planned and the 
records indicated that Lateral B was issued water strictly as per the agreed 
schedule from 0800 h on Monday 12 September to 0800 h on Wednesday 1 4  
September. A second -rotational issue took place from 19-21 September. 
Thereafter, attempts were made to continue the schedule of, rotations to 
Lateral B despite the limited water supply in the main canal. 

Evidence of the irregulririty of the flow entering the subsystem is 
provided 'by the records. head of 
SDA Main Canal, but the irregillarities are amplified when moving down the 
system. At the Lateral B branclting point, the only period which shows some 
stability in the flow was. between 19-23 August (Figure IV.21). At the 
Lateral G branching point, stabiility of inflow just does not esist escept at 
very low'flows (Figures IV.22 aind IV.25). 

These problems were already noticed at the 

Given these conditions, tihe notion of target flow to be distributed in 
terms of absolute discharge values appears meaningless to the water 
management technicians. This was confirmed by the technician in charge of 
Lateral B who admitted that during the very short period available for the 
issue to his particular lateml (from Monday 0800 h up to Wednesday 0800 h ) ,  
his strategy was to divert as much flow as the capacity of the canal 
permitted. The records show t,hat the timing of the rotations implemented at 
Lateral B since 12 September wias strictly respected and the diversion was 
achieved by checking f u l l y  the main canal. 

But before the rotational issues took place the operators appear to have 
implemented another strategy - sharing the water flow in an acceptable 
proportion between Lateral B and the main canal below the branching point 
seems to have been the rationale for the canal operations. 

For instance, during the Linique period of relative stability of the flow 
in the main canal between 19 zind 23 August, the proportion of the main canal 
inflow diverted into Lateral B was nearly 40 percent (Figure IV.24). It is 
remarkable to observe that for this particular period during which the 
operator was in a good position to control effectively the sharing of water, 
the division of flow between Lateral B and the main canal was nearly in the 
same proportion as the respective planted areas - the extent of 2,852 ha 
planted under Lateral B corresynnds to 40.6 percent of the total planted area 
of 7,031 ha.upstream of the cross-regulator. 

But'most of the time, the flow in the main canal is rapidly changing and 
the division of the inflow into the above proportion is difficult to achieve. 
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For ins tance ,  during t.he period from 24-31 July ,  t h e  records (see Table Iv .7  
and Figures IV.26 arid I V . 2 7 )  show t.hat the  o w r a t o r  had a d i f f i c u l t  Lime 
trying t o  sha re  out  t h e  inflow i n  t h e  proport ion of t h e  areas served.  The 
frequency d i s t r i b u t i o n s  of the  f-low i n t o  Lateral B during t h e  a h v e  period 
(Figure  IV.28), derived from t h e  discharge values recorded a t  10-minute 
i n t e r v a l s .  i nd ica tes  t h a t  the  flow d iv i s ion  a c t u a l l y  took p1ac.e i n  prowortion 
t o  the r e s p e c t i v e  planted areas ( i . e . ,  40.6 percent of inflot\, di\rertetl i n t o  
La te ra l  B )  less than 35 percent of t h e  t i m e .  

On t h e  average over t h e  en t i re  period of measurement, from 21 J u l y  t o  7 
October 1988, Lateral B receive$ approximately t h e  same proport ion of water 
111.68 mi l l ion  cubic meters, o r  #10.8 percent ,  out  of 28.58 mil l ion  cubic  
meters a v a i l a b l e  immediately upstream) compared t o  its share  of t h e  program 

'area 140.6 pe rcen t )  (see Table IV.8 and Figures IV..21 and I V . 2 1 ) .  T h i s  is 911 
estremely favorable r e s u l t ,  given t h e  physical  cohdi t ions  of  t h e  c o n t r o l  
s t r u c t u r e s  and t.he d i f f i c u l t i e a  faced by t h e  opera tor  t o  d iv ide  t h e  water. 
Some of these  d i f f i c u l t i e s  a reAiscussed  later on i n  t h i s  chapter .  

Prel iminary conclusions.  I t  does no t  appear t h a t  t h e  opera t ions  s t a f f  
in tend t o  c o n t r o l  t h e  f l o w  d i s t r i b u t e d  along t h e  SDA Main C a n a l  by reference  
t,o any predetermined t .arget  f h w .  Obviously t h i s  option does no t  seem 
pract ic .able given t h e  i r r e g u l a r i t i e s  of t h e  flow enter ing  t h e  system. 

Instead of q u a n t i t a t i v e  f loiq c o n t r o l ,  shar ing  whatever flow a v a i l a b l e  
i n  t h e  proport ion of t h e  i r r i g a t e d  area appears t o  be t h e  prevalent  mode of 
operat ion of the  main canal. In  times of water scarcity, time-sharing was 
introduced as a more s t r i n g e n t  method of con t ro l  but  with l i m i t e d  r e s u l t s  i n  
the absence of flow con t ro l  a t  the head of the  subsystem. These d is t r ibut - ion  
p r a c t i c e s  c o n s t i t u t e  a substitu.:e f o r  any t p  of regula t ion  based on flow 
c o n t r o l .  

Analpsis of t h e  operation:j performed a t  t h e  h t e r a l  B branching p i n t ,  
revealed that it has n o t  been erisp t o  manage t h e  shar ing  of va r i ab le  inflow 
hetrGeen Lateral B and the  SDA Main Canal given t h e  e x i s t i n g  des ign of t h e  
part i t ioni 'hg s t ruc . ture  lundershot gated regu la to r )  . 
Rajangana P i l o t  Area: Dis t r ibu ta ry  Canal 1, Left Bank Trac t  2 

A11 f i e l d  channels t h a t  take  o f f  from t h e  p i l o t  d i s t r i b u t a r y  canal 
(Dis t , r ibutary  C a n a l  1, L e f t  Bank T r a c t  2 )  are equipped with b a f f l e  
d i s t r i b u t o r s  ( o r  "modules" ) of 30 liters/sec maximum discharge capacity. By 
opening or c los ing  one o r  riore of t h e  s h u t t e r s  of each module t h e  f i e l d  
i r r i g a t o r  can ad.just t h e  flow t o  be del ivered  i n  s t e p s  of 5 liters/sec i n  t h e  
range 0-30 liters/sec. Hence, t h e  a c t u a l  t a r g e t  flows set by t h e  opera t ions  
s t a f f  are displayed openly. Anyone, farmers i n  p a r t i c u l a r ,  can check t h e  
value i n  respect of each of t h e . f i e l d  channels by direct observation.  

However, t h i s  capability :<eems t o  have been overlooked by t h e  agency. 
As a matter of f a c t ,  t h e  proper functioning of t h i s  arrangement was d i s rup ted  
i n  t h e  case of t h r e e  f ie ld  channels located  a t  t h e  t a i l - e n d  owing t o  
inappropr ia te  in tervent ion  f o r  flow monitoring purposes. As a r e s u l t ,  t h e  
i n i t i a l  capability t o  v e r i f y  by direct observation t h e  balance'between t h e  
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flor; issued a t  the head of t h e  :iwbsystem and the flows dis t r ibuted in to  the 
f i e l d  channels (These aspects are  fur ther  commerited 
upon l a t e r  i n  t h i s  chapter.) 

was no lorger pixsible.  

Conclusions, with respect '!to Criterion A; of Section 4 . 2 . 2  

The four systems studied e:sihibit important differences with regard 
t o  t h i s  c r i t e r ion ,  which i:'; t h e  ava i lab i l i ty  of operational ta rge ts  
t o  control the water issue13 along t h e  main canals studied. 

h e  difference r e l a t e s  t o  the nature of the actual  operational 
ob.jectives considered i n  issuing water along t h e  main canal. They 
m y  be formulated i n  terms of predetermined target  flows t o  be 
i s s u e d ,  l i k e  i n  the case o'f Rajanaana and lialanlruttiya, o r  i n  terms 
of a given share of t h e  a w i l a b l e  flow a t  a t i m e  i n  the main canal, 
like i n  t h e  case of t h e  SDh.  

Various degrees of d i f f i cu l ty  are e.rperienced i n  .maintaining these  
targets  i n  the d i f fe ren t  cimals studied. The design a t  t h e  head of 
the canals taking off from the Rajangana Pi lo t  Distributary Canal 
mikes it re la t ive ly  easy t , o  respect the targets .  In addition, 
adherence t o  t h e  target,s can be eas i ly  ver i f ied.  On the  other 
hand, farmer in t enen t ion  appears t o  in t e r f e re  w i th  e f f o r t s  of 
i r r iga t ion  laborers i n  Iiamlanlkuttiya, while a t  Kirindi O p ,  actual  
targets  tend t o  be defined i n  terms of sat isfying farmers' demands. 

Another difference relates t o  the communication of irifoimation t o  
and from t h e  f i e l d  wheih deviations from the operational ta rge ts  
occur. Upward communication of information leading t o  appropriate 
adjustments of  the main s lu ice  are observed a t  Kalankuttiya 
resul t ing in  the extension of the rotat ional  periods. This is 
sometimes observed at  Kirindi Oya. But information on f l o w  
adjustments a t  the head of the system is hardly ever communicated 
downward ( i t  is n i l  i n  t ,he case of SDA) with t h e  r e su l t  t h a t  the  
necessary downstream operational maneuvers t o  respond t o  such 
changes cannot be carr ied out effect ively and i n  a t ime ly  manner. 

Cri ter ion B: Availabil i ty of relliable water flow information 

The capacity of the oJierators and i r r iga t ion  agencies t o  adequately 
assess t h e  flow delivered a t  tk8e offtalres along main canals is important for  
a t  l ea s t  t w o  reasons: 1)  as EN. condition t o  control the delivery i t s e l f  a t  a 
given point ,  and 2 )  t o  be able t o  monitor the performance achieved in  the 
primary d is t r ibu t ion  of water from t h e  main canal oyer a period of t i m e .  
These aspects a r e  essent ia l  for, the regulation of flow i n  a canal.  

Kirindi Oya Right Bank Main C a n a l  

Tlie f a c i l i t i e s  provided by t h e  design of the Kirindi Oya Right Dank Main 
C a n a l  t o  assess the flow diveri8.ed from the main canal in to  t h e  l a t e r a l  canals 
are similar t o  those of Kalanki,ittiya Branch C s n a l .  A l l  33 secondary canals 
t ha t  t d r e  off from the m a h  canal are equipped with measuring weirs of 
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dif ferent ,  width depending on the  design capaci ty  of  the  canal i n  quest ion.  
perfora ted  b a f f l e  
t o  prevent turbulence and t o  inx-ease t h e  accuracy i n  measuring 
water over the  weirs. 

A 
wall is located immediately upstream of t h e  weirs i n  order 

t h e  depth of 

The phss ica l  condit ion of near ly  30 percent of t,he measuring s t r u c t u r e s  
has d e t e r i o r a t e d ,  although the  system is new and has been functioning f o r  
less than f i v e  seasons (Table IV.11). In  p a r t i c u l a r ,  the  b a f f l e  walls have 
proved t o  be very inconvenient and most of them have been broken e i t h e r  by 
farmers o r  sometimes even bv the  operat ions personnel of t h e  I r r i g a t i o n  
De-urtment. The main reason fo:? t h i s  is t h a t  the  ba f f l e .wa l1  tends t o  act as 
an obs tac le  espec ia l ly  when b.locked by weeds. This creates add i t iona l  head 
l o s s e s ,  f u r t h e r  l i m i t i n g  t h e  to:al  head ava i l ab le  t o  d i v e r t  the  required flow 
even €or the  maximum openin;g of  the  o f f t a k e  ga tes .  Given t h e  g e n t l e  
topography of the  system, the  tnaximum head ava i l ab le  above t h e  weir crest 
appears i n s u f f i c i e n t  i n  many places.  This is the  l i k e l y  explanation f o r  the  
des t ruct ion of about 50 percent  of t h e  measuring weirs within Trac t s  1 and 2 
a t  times of water s c a r c i t y  when it might have been d i f f i c u l t  t o  maintain 
f u l l  supply depth i n  the  main clrnal. 

f i r thennore,  from a hydraulic point  of view, many of these  measuring 
weirs appear t o  be f u l l y  sribmerged a t  t h e  nominal capacity, d i n g  flow 
assessment through the  cur ren t  practices of t h e  agency quest ionable.  
I r r i g a t i o n  Department s t a f f  us(? the  t h e o r e t i c a l  head-discharge equation t o  
transfoim measured depth over the  weir i n t o  discharge This r e s u l t s  
i n  a general  overestimate by the  Department of the  flow diver ted  at  t h e  
o f f t akes .  A disc.ussion on the  d i f fe rences  i n  discharges computed a t  t h e  head 

-of Branch C a n a l  2 by the  f ree -f low head-discharge equation f o r  t h e  weir and 
the IIMI method which uses t h e  o f f t ake  g a t e  opening and t h e  d i f f e r e n t i a l  head 
through the  o r i f i c e  is presented i n  Annex I V . 2 .  

values.  

Overestimation is of ten  due t o  assess ing flow a t  t h e  measuring weir 
depth because of 

The 1rrigai;ion Department is present ly  i n  t h e  process of 
\.rhile t h e  water sur face  has been ra i sed  above t h e  critical 
baclwater e f f e c t s .  
replacing the e x i s t i n g  measuriw: devices with: broad-crested weirs (see below) 
t h a t  are reputedly less vulnerable t o  the  e f f e c t s  of submergence. In any 
case, the  Department's monitoring exercises do not  seem t o  be used f o r  any 
operat ional  purposes as yet .  

The d i f f i c u l t i e s  referred t o  above have been analyzed i n  detai l  a t  t h e  
two laterals selected f o r  t h e  study,  Dis t r ibu ta ry  C a n a l  5 i n  T r a c t  1 and 
Branch Canal 2 i n  T r a c t  5. I'iglu-es IV.34 and IV.35 show t h e  loca t ions  of 
these  sites. The crest of the  weir of Branch C a n a l  2 was i n  good condit ion 
while t h a t  of Dis t r ibu ta ry  C a n a l  5 had been damaged and t h e  crest partially 
lowered. Both weirs were found t o  be submerged at  f u l l  flow (approximatel>T 
400 liters/sec f o r  Distributar:r C a n a l  5 and 1,200 liters/sec for Branch C a n a l  
2 ) .  Furthermore, i t  r q a s  reported t h a t  when s e t t i n g  ou t  t h e  proposed broad- 
crested weirs it was discovered t h a t  the  e x i s t i n g  bed l e v e l  of Branch C a n a l  2 
was about one foo t  (0.305 meters) higher than the  design value. Similar  
observations have been reported s ince  IIMI provided t h e  I r r i g a t i o n  Department 
with a topographical survey t h a t  it commissioned f o r  t h e  purpose of 
e s tab l i sh ing  a mathematical flow simulat ion model of the Right Bank Main 
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C a n a l .  These  f indings have attracted the  a t t e n t i o n  of t h e  Department t o  the 
problem of t h e  q u a l i t y  of t h e  construction of t h e  Kir indi  Opa Project (e .s . ,  
t h e  quantum of excavation actr8ially carried out  which does not seem t o  ha\,e 
been checked f o r  conformity t o  the  des ign) .  

A sample ana lys i s  of the  r~i:coids a t  Branch C a n a l  2 from 27 t o  28 ?131c11 

1988 (Annex IV. 3 )  ind ica tes  the  resu l t ing  e r r o r  cur ren t ly  made i n  assess ing 
the  flow i n  it by two methods: over the  weir,  
and 2 )  the  offtallre gate  openings and the  continuous records of 
water l e v e l s  upstream and down:i;tream of the  ga te  o r i f i c e .  During this 
period, t h e  o v e r e s t i m t e  i n  flow ranges between 17  and 25 percent f o r  
discharges above 1 . 5  ni3/sec whi Le the  error was almost neg l ig ib le  f o r  flows 
below 1.0 m 3 / s e c  given the  dowmtream condit ion of  t h e  s y s t e m  a t  t h a t  t i m e .  

L )  based on the  .depth of rv.ater 
by employing 

Further inves t igat ion rewaled t h a t  a gate  e x i s t i n g  across  the  branch 
canal  a t  a drop s t r u c t u r e  about 100 meters downstream of the  measuring w e i r  
was sometimes operated i n  ordelr t o  raise the  head within t h e  reach of Branch 
C a n a l  2 and increase  the  supply i n t o  Dis t r ibutary  Canal 8 and F ie ld  Channel 6 
(see Figure IV.36 f o r  relatiw loca t ions  of these  s t r u c t u r e s ) .  I t  has been 
observed t h a t  the  c losure  of t h i s  checkgate was responsible f o r  the  backwater 
and submergence of t h e  measuriniz weir even a t  low flows. 

For example, around midniglnt on 27 April,  t h i s  g a t e  had been closed with 
the  in ten t ion  of reducing t h e  flow d ive r ted  i n t o  Branch C a n a l  2 while it was 

. not poss ib le  t m i n t e r v e n e  on the offtal ie  gate  of t he  canal  i t s e l f .  This is 
c l e a r l y  v i s i b l e  i n  the  water le'vel record indicated  i n  Annex I V . 2 .  The 
consequent rise i n  branch canid water l e v e l  a t  t h e  measuring weir w i l l  be 
in te rp re ted  as dn increase  i n  branch canal discharge i f  t h e  I r r i g a t i o n  
Department's free- flow head-dilscharge equation is used f o r  computation. On 
the  o t h e r  hand, t h e  fact t h a t  t 8 h e  backwater e f f e c t  would cause a ne t  decrease 
i n  branch canal discharge is csorrectly brought t o  l i g h t  i f  t h e  IIMI equation 
f o r  the  Branch C a n a l  2 off take  o r i f i c e  is employed. Details of t h i s  and 
similar episodes t h a t  i l l u s t r a t e  t h e '  i m p a c t  of using the  free- flow weir 
equation f o r  conputation of disscharges i n t o  t h e  branch canal are a l s o  given 
i n  Annex I V . 2 .  Tlie senior  i r r i g a t i o n  engineer is w e l l  aware of t h e  above 
problems t h a t  l i m i t  t he  capaci ty  of the  agency t o  c o r r e c t l y  assess the  flows 
diver ted  a t  t h e  offt ,akes.  A p r o t o t y p  of the  modified broad-crested w e i r  has 
been tested m d  plans are underway t o  replace a l l  t h e  e x i s t i n g  measuring 
weirs cum b a f f l e  wall a r rangments ,  which the  fanners sometimes perceive as 
obst ruct ions  t o  obtaining adequate flow i n  by t h i s  s t r u c t u r e .  
Alt,hough t h e  neii s t r u c t u r e s  might well t o l e r a t e  a g r e a t e r  degree of  
submergence than the  e x i s t i n g  s t r u c t u r e s  without discharge being adversely 
a f f e c t e d ,  t h i s  advantage might, be n u l l i f i e d  i f  t h e  weirs are f u l l y  s u h e r g e d  
as it, seems l i k e l y  t o  happen gjven the  topography of t h e  canal bed. 

t h e i r  canals, 

Preliminary conclusions. The poor physical condit ion of ' t h e  measurind 
weirs does not permit reliable assessment of t h e  flow a t  near ly  30 percent of 
*the canals t h a t  take off  from ?,he Kirindi  Oya Right Bank Main C a n a l .  Most of 
the  weirs are, i n  add i t ion ,  frci?quently sub.jected t o  su; wrgence.  Under these  
circumstances, assessment of ?low ' assuming free- flow condi t ions  has been 
shown t o  lead to ovetestimriition. The I r r i g a t i o n  Department expects more 
reliable flow information once t h e  present  weir-box type of measuring devices 
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are replaced with modified broad-crested weirs, reputed to be less vulnerable 
to submergence. But the problem might persist unless additional hydraulic 
head is provided by suitably altering the profile of the canal bed. 

Kalankuttiya Branch C a n a l  

Mast of the 20 distributary canals along the branch canal are equipped 
with measuring devices consisting of a broad-crested weir and associated 
measuring scale, commonly referred to in the project as a hump pa=, located 
in a weir box at the head of the canals. These facilities make it possible 
to assess over the weir by means of the appropriate head-discharge 
relationship for free-flow condition. Such relationships ( u s u a l l y  in the 
form of a calibration curve) shiuld be established through field measurements 
of head and flow (by current-metering). The Flow Monitoring Unit attached to 
the Resident Project Manager's Office at Galnewa assists the irrigation 
endneer in charge of the branch canal by developing and updating the 
necessary rating curves. 

the flow 

Duri'ng the period of i:rrigation; gauge readings at the heads of 
distributary canals are monitored by the irrigation laborers of each block 
(Galnewa and Meegalewa) on a &lily basis. The irrigation laborers sometimes 
adjust the offtake bate openings if. they observe that the water levels in the 
distributary canals (expressed in terms of head over the weirs) show 
deviations from the target values given to them. But the laborers record the' 
gauge reading after any adjustmttnt they might have performed, with the result 
that the agency records would generally show .exact compliance with the 
targets. The monitored readings are subsequently converted into discharge 
at the project office. This conversion is performed on the assmption that 
free-flow conditions prevail al; all the locations at all times, which is not 
necessarily true. 

At the time of the study, d l  the offtake gates (steel sluice gates with 
a manually operated screw t . p  1.ifting device) along the branch canal were in 
.working order. But only 85 percent of the crests of the weirs were in god 
physical condition. Our observzltions indicate, however, that only 30 percent 
of the weirs actually function under free-flow conditions at all times. 
Forty percent of them are mbject to submergence from time to time for 
various reasons, and 15 percent are suhnerged at all times. Even though the 
weir is physically intact ard the hydraulic conditions are satisfactory, 
measurirg gauges are sometimes missing. Taking all these factors into 
consideration, the final assessment made during yala 1988 of the capacity to 
assess flow into the distributary canals is as follows: (See also Table 
IV.10) 

- No possibility to assess flow delivered: 35 percent. 

.- Unreliable assessment: 40 rercent. 

- Possible assessment: 25 percent with a sensitivity of around 20 percent 
(relative variation of discharge for a variation of 1-cm read at the 
measuring scale). 

3 ,  

.~ J 

I '  

I ', 

8 4 



c 

0 
c 
0 
I! 
E 
c 
c 
c 
E 
h 
c 
c 

These observations are in keeping with previous reports indicatim that 
" .  . . at the lower level of '';he agency clearly there is a suspicion and 
distrust of the gauge reading% by the irrigation laborer . . ." (hby and 
Merrey 1989). 

The rkasons for the <deqilkte hydraulic controls for the assessment of 
flow are numerous: 

11 ,It some .distributary cana~ls, the head available between the crest of 
the weir and the bed of thil? canal was found to be insufficient compared 
to the capacity of the almal (e.g., less than 0.25 meters for Q = 0.2 
m3/sec); this was either owing to topographical conditions that impose a 
limited longitudinal slopli on its profile, or due to secondary raisiru? 
of the canal bed as a resu81t of siltation. 

2 )  At other distributary cana,Ls, it is not uncommon to observe that.the 
submergence of weir is a temporary phenomenon created by 
the operation of a structuire located gate to provide 
additional head to field channels, culverts, etc.). In such cases the 
design inconsistency (exce:issive flexibility) appears to be responsible 
for the difficulties encouiitered in correctly assessing the flow. 

The temporary nature of the difficulties faced in some canals is well 
illustrated by the observations made at Distributary Canal 308-D2 during 
yala 1988. Following the traditional (share-cropping) pratice, part 
of the c o m d  area supplied by 308-D2 was not irrigated during .mla 1988. 
Thus the culvert located aboult 40 meters downstream of the weir was closed 
during this season. This has c~~msequently led to a rise in the water surface 
in that reach which in turn hd. to submergence of the measuring weir at the 
head of 308-D2. In this case, 'the agency had temporarily lost the capacity 
to assess of 308-D2 (3uLuring yala 1988 with the facilities initially 
provided by the design. But. this capacity is likely to be restored in maha 
when the entire command area is irrigated and the culvert is left open. 

the measuriing 
dormstream (e.g., 

the flow 

In order to assess the flow at the offtake of Distributary Canal 308- 
D2 for the purposes of this stuliy, additional information had to be utilized 
- the offtake gate opening a d  the hydraulic head over the orifice of the 
gate. The gate openings were mimitored by IIMI field staff while hydraulic 
heads were derived from the water-level records obtained by the data-logging 
equipment installed by IIMI at this location with sensors in the branch canal 
and immediately upstream of tlhe weir at the head of the distributary canal. 

Figures IV.29, IV.30,. and IV.31 describe the physical layout at the 
dab-logging station establislhed' by IIMI near the first duckbill weir to 
monitor water levels in the brainch canal a3 well as in Distributary C a r d s  
305-D3 and 308-D2. The data gathered at this location, supplemented by the 
results of the monitoring of gaite operations at the two distributary canal 
offtakes, bring to light the contrasting hydraulic conditions prevailing at 
the heads of these two distribuitary canals. These conditions (i.e., whether 
or not free-flow conditions prevail) in turn, affect the control of flow 
diverted at the offtalres. 

(1 
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The difficulties exprienccd in the control of the flow diverted at the 
offtake due to submergence are illustrated by comparing the records of water 
level 'obtained at the head 'of Distributary Canal 308-D2 (subject to 
submergence) and at 305-D3 (not affected by submergence) during two periods 
of rotational water issue, 21 to 25 June 1988 and 28 June to 2, Ju ly  1988. 
'Fimres IV.32 and IV.33 show that both the number of interventions and the 
resulting changes in Giater level. (and hence flow diverted) are greater in the 
case of 308-D2 than in 305-D3, although in both cases there was no change in 
the level of water in the parcint canal due to the effective level-control 
performed by the nearby duckbill. weir, DBW#l. 

Preliniinars conclusions. The availability of reliable information 
regardim the distribution of water flow along the Kalankuttiya Branch Canal 
is determined by three conditions to be met simultaneously: a) the physical 
condition of the measuring weirs at the head of the different distributary 
canals, b) the presence or absence of a measuring gauge, and c) acceptable 
free-flow hydraulic conditions at these locations. An evaluation conducted 
on this basis revealed that reliable flow information can be obtained in 
respect of 25 percent of the distributary canals. Another 10'percent yield 
questionable flow information rdiile there is no direct possibility for the 
operator to assess flow in the remaining 35 percent of the channels. 

The difficulties in assessing flow have been shown to be sometimes of a 
temporary nature, due to occasional submergence of the measuring device as a 
result of seasonal intervention at a regulating structure situated 
immediately downstream. 

Santo Doming0 Area (SDA) Main Canal 

The main lateral canals along SDA Main Canal are equipped with standard 
concrete Parshall flumes designed to permit the assessment of the flow 
diverted. The flumes are of different widths and assessment of flows 
diverted at the lateral is usually done on the basis of the depth of mter 
measured upstream of the throat of the flume. These values have to be used 
in conjunction with the LPRIIS/NIA Water Measurement Tables of July 1977 (the 
Hydrologist of District I, had !I printed copy of this document which he used 
to carry with him to the field). The tables also provide the reduction 
factors to be applied to the flJw, depending on the degree of submergence of 
the flume which is a function of the ratio between downstream and upstream 
water levels measured at the flune. 

Detailed observations reg,3rding the hydraulic conditions prevailing at 
the flume of Lateral B, at Later.%l G, and at the main flume at the head of 
SD.4 Main Carla1 have been possible during the irrigation season 1988, on the 
basis of upstream and downstream water level records. These observations are 
as follows: 

1) It has been seen 
at Lsteral B, and was also frequently observed at the head of the SDA and 
even more often at Lateral I:. Depending on the degree of submergence 
(defined as the ratio between downstream and upstream water depths at the 
flume) an appropriate reducti(m factor could be applied to the free-flow 

The submergence of the measring devices is prevalent. 
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estimation of discharge. But ziiometimes 100 percent submergence might occur, 
i n  which case est imation of  flow is not  possible.  An example of such a 
s i t u a t i o n  occurred between 1 md 3 October 1988 a t  the SDA Supply Headgate, 
and has already been discussed j, Section 4.2.1. 

2 )  Use of the  UPRIIS/NIA Water Measurement Tables of J u l y  1977 f o r  
est imntion of flow t h r o a h  the  Il'arshall flumes is not  always reliable. 

For esample. appl ica t ion of the  UF'RIIS/NIA Water Measurement Tables of  
July  1977 t o  t h e  Parsha l l  flume located a t  t h e  head of the  system leads t o  a 
systematic overestimation of the  measured flow values i n  the  ranee of 18-46 
percent .  This phenomenon has a l ready been r e f e r r e d  t o  i n  Sect ion 4.2.1 (see 
a1.w T a b l e  I V .  7 arid Figures TV, 13 and IV. 1 4  per ta in ing to  t h e  c a l i b r a t i o n  of 
the supply he&ate f lume).  

Similar  comparison perfo:tmed a t  the  Parshal l  flume of Lateral B 
ind ica tes  t h a t  the  e r r o r  i n  using the  UPRIIS/NIA Tables would be i n  the  
range of -10 p r c e n t  t o  t37 -percent with respect t o  t h e  measured flow values 
i n  the  normal range o f  operatioiii (see Table IV.12 and Figures IV.37 and IV.39 
p e r t a h i n g  t o  c a l i b r a t i o n  of La-era1 B f lume).  Ju ly  t o  7 
October 1988, computation of f h w  on t h e  basis of t h e  UPRIIS/NIA Tables would 
lead t o  am overestimation o f . 3 . 7  percent of t h e  volume a c t u a l l y  del ivered 
i n t o  the  Latera l  B ( i . e . ,  12.11 mil l ion cubic  meters aga ins t  11.68 mil l ion 
cubic meters) (see Table IV.141. 

Over the  period 21 

Regarding t h e  Pa rsha l l  fluine a t  Latera l  G,  t h e  comparison of measured 
flow with those  estimated u:isim the  UPRIIS/NIA Tables g ives  much greater 
d iscrepancies  (see Table IV.13 :md Figures IV.38 and IV.40 per ta in ing t o  
c a l i b r a t i o n  of lateral G f lume).  F ie ld  observations and t h e  d i f f i c u l t i e s  i n  
es tab l i sh ing  a coherent cal ibral t ion curve t h a t  makes use o f ' &  t h e  measured 
p o i n t s ,  ' however, sugest th;lit the  flow a t  this flume is frequent ly  
subnerred. The degree of submeireence could not l?e quant i f ied  .because water 
depths downstream of the  throalt were not  monitored. Hence, flow es t imat ions  
by both m e t h o d s  (LJF'RIIS/NIA Tables and IIMI r a t i n g  curve) assume t h a t  f ree-  
flow condi t ions  p reva i l  a t  thdit loca t ion ,  which might no t  always be true. 
The computation of volume del ivered i n t o  the  Latera l  G over the  period 5 
August t o  7 October 1988 (Tab'le IV.151, however, ind ica tes  t h a t  use of  the  
WRIIS/NIA Tables would have sverestimated t h e  supply by over 100 percent 
compared t o  t h e  value c a l c u l a t i d  on t h e  basis of the c a l i b r a t i o n  carried out  
i n  t h e  c o u r s e  of  this study (i.e., 2.63 mil l ion  cubic meters a a i n s t  1.28 
mil l ion cubic  meters). 

In a l l  these  cases ,  the  d i f fe rences  observed cannot be explained by 
devia t ions  i n  the  ac tua l  dimensions of the  flume with respect t o  t h e  stanchEd 
Parsha l l  flume design.  The following t a b l e  compares the  design and actual 
dimensions, as const iucted ,  of the  P a r s h a l l  flumes: 
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Table IV.1G. SDti: Comparison of theoretical and actual dimensions of 
concrete Parshall flumes at the Supply Headsate and Laterals B and G.. 

Throat Width A B C D I: c Ii N 
Lft) Lcm) (cm) ('xnm) (cm) Lcm) (cm) (cm) (cm) (cm) 

15 45.6 778.0 760.0 518 760 122 305.0 23.0 46.O(TJ 
15.1 i 76 .0  769.0 5116 764 121 307.5 23.5 44.1iA) 

............................................................................. 

L Headgate) 
10 305 435.0 127.0 366 173 . 91 183.0 15.0 3 ,1 .O(T)  

303 442.5 433,s 375 476 91 177.5 16.5 32.5(A) 

, I  122 183.0 179.0 152 193 61 91.0 8.0 23.OIT) 
123 183.0 182,5 159 195 60 88.0 8.5 23.5(A) 

(Lateral B )  

ltsteral G )  

&%: 1. ( T )  = theoretical and ( A )  = actual. 

drawing of standard Parshall flume. 
2. .  Dimensions A-N correspond to the dimensions indicated in the design 

Thomh the physical dimersions of the flumes agree with the theoretical 
values. it is not clear whether the UPRIIS/NIA Water Measurement Tables have 
been verified under the present field conditions which might be quite 
different from the conditions that prevailed at the time when the water 
measurement tables were established. For example, the canal beds downstream 
of the flunies n i a v k e  silted, and/or the regulating structures after the flumes 
mavbe operated at elevations higher than originally planned. 

I 

I 

I 
F'reliminary conclusions. The concrete Parshall flumes installed at the 

head of the lateral canals of SDA Main C m l  conform to the standard design 
as far as the physical dimensions are concerned. Their hydraulic 
furict.ioninz. however, has been found to be different from what is assumed in 
the U P R I I S / N I A  Water I.leasureme:-k Tables, at least in the stwiy locations. 
Furt.herrnore, the flumes at the ,;upply headgate, Lateral B, and Lateral G have 
been found to be frequently sihnerged. Using these devices in conjunction 
with the U P R I I S / N I A  Water Mt3asurement Tables to assess flow generally 
overestimates the actual flows 'to a l a r g e  extent. 

1 

Rajmana Pilot Area: Distributriry Canal 1, Left Bark Tract 2 I 1  
!J 1 

I I 
1 
1 

1 

The distribution of flow amongst the field channels that take off from 
the pilot distributary canal is controlled through baffle distributors or 
."modules" similar to the ont? installed at the head of the distributary 
canal. but of smaller capacity 130 liters/sec). .- 

;\s mentioned earlier in this chapter, assessing the flow delivered to 
each field channel through the calibrated distributors is expected to be 
direct. Simply adding the nmiinal discharge values marked on the open 
shutters at any one time would yield the total discharge beinn delivered, 
provided that the hydraulic conclitions required for the correct functionim 
of the module are met. 
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If so, the modules are supwsed to contribute two important elements to 
the manageability of the system: 1 )  open access to the information regarding 
the flow delivered at the various field channels to anyone and in particular 
to the farmers, and 2 )  easy control of the water distribution within the 
command area by rapid water ba1;lmce computation - the inflow issued into the 
distributar,v canal (corresponding to the setting of the main module) should 
be at least equal to the total outflow delivered to the various field 
channels, assessed by summing up the values corresponding to the open 
shutters. 

Whether the hydraulic prer'i3quisites referred to above were satisfied 
during yala whether .ithe irrigation agency,derived any benefit from 
the addjtional capability provi,lled by the technology is briefly discussed 
below. 

1988 and 

i\s indicated earlier, the variation of head of water over the sill of 
the module m u s t  be limited wit:i?in a narrow range to permit the module to 
deliver the nominal flow. In the case of the 30 liters/sec modules, a 5-cm 
head variation will maintain a #discharge within plus or minus 5 percent of 
the nominal value, while a 7 - ' m  variation will maintain a discharge within 
plus or minus 10 percent of thi? nominal value. This level control at the 
head of each field channel is achieved by means of regulating weirs built 
across the distributary canal. The length of the weir (duckbill weir type) 
was desi-gnd in accordance ijith the required accuracy of level control 
(msimwn oserflow height over wi?irs does not exceed 7 cm). One of the tasks 
performed by IIMI through tlhe consultants in November-December 1987 was 
precisely t o  check the setting '3f the sill of the modules with respect to the 
'crest of the regulating weirs. 

This postconstruction clhecking appeared to be critical for the 
performance of the pilot experiment as many errors were corrected at that 
time except for some, such as an inappropriate location of a weir with 
respect to the field-channel offtake, and the absence of a module to control 
'the flow of the tail-end field channels. 

Subsequently, during yala 1988, it was observed that the level control 
achieved by the regulating weir was effective in the case of six field 
channels out of the nine that take off from the distributary canal. The 
water surface elevation upstrelam of the modules was maintamed within the 
acceptable range and the flow delivered in these field channels was 
considered to be equal to the niominal values. It was not possible, however, 
to verify this assumption by cuirrent metering. 

It was also discovered tlhat an alterations made by the agency to the 

3The unfortunate intervention at the tail end of the distributary canal 
referred to re'veals a lack  of understanding of the design of 
the p i l o t  project. This is m e  of several deficiencies that have been 
identified in of the pilot project since the formulation of the 
project arid the definition of its objectives, the understanding of the 
design concepts underlying such a pilot project, up to the project 

above actually 

the conduct 

89 



design had detrimental consequences for the the pilot pro.iect. 
This intervention took the form of a reduction of the width of the last 
regulating weir which increases the head at three tail-end field channels, 
and was reportedly made for the purpose of some flow monitoring needed at the 
tail of the distributary canal. By doing this, the agency transformed the 
regulating weir, whose performance requires a large width, into a measuring 
weir where a narrow width is Freferable. As a result, the impact of the 
calibrated distributors at the head of the last three field channels on flow 
control at the tail of the pilot distributary canal has been totally negated. 
Furthermore, it takes away the possibility for the agency to perform direct 
monitoring and simple control cf the distribution (water balance between 
inflow and outflow) which cculd have been otherwise performed easily and 
reasonably accurately. 

operation of 

On the basis of the observations made on 25 May 1988, and with the use 
of the rating curves provided by the manufacturing firm of the modules 

construction and supervision of installation of the equipment and 
appropriate operations. 

a) por appreciation at the policy-making level of the difficulties to 
introduce rotational irrigation in a relatively water surplus environment 
where farmers had been accustomed to continuous supply of water since the 
inception; 

b)  misunderstanding of the basic objective of the pilot project and the 
associated role of canal regulation in improving the manageability of the 
system; on many occasions IMI researchers had to remind the Irrigation 
Department staff that the primary focus of the pilot experiment was on 
improving the manageability of the system rather than on water saving; 

These can be summarized as follows: 

c) the innovative aspects 
of the design to be tested, its strict hydraulic requirements, the 
implications for the supervision of construction and installation, and for 
the maintenance of the equipnent. It was observed in 1987 during the project 
implementation that no officer, at project, range, or even at the 
headquarters level, had received the least technical documentation or 
information regarding the propcsed control technology; and 

d) inadequate expertise available to advise the department in the 
implementation of the pilot project and its operation; even the consultant 
supposed to cater to this task had no the technology to 
be tested and the manner in which it should be operated. 

lack of prior information and training regarding 

knowledge regarding 

IIMI ' s initiative, in late 1987, to bring in additional expertise from 
the manufacturing firm (NS'FHCM-FLUIDES, France) to guide Irrigation 
Department staff in the instdlation of the new technology was definitely 
opportune to make the equipenc work, at least initially, but this could not 
compensate for all the shortco~nings quoted above in the planning, desibn, and 
implementation of the pilot pr'Jject. 
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c 
(Figu re  11.171, a tentative water balance of the distribution of water along 
the pilot distributary canal wais prepared the consequences of 
the design alteration (Table IV.17): 

to illustrate 

Table IV.17. 
distributarv canal, 25 May 1988. 

Raimana: Water balance of distribution of water along pilot 

r- 

L. 

c 

c 

i [  
I 

Shutter setting 
(liters/se-) 

Discharge estimte 
(liters/sec) 

Outflow 
FCC7 
FC8 
FC9 

FC 12'i 
FC12 
FC13 

Fcio 

270 260 1270 - 4%) (6 .5  cm below n.ib) 

30 30 
20 20 
30 30 
20 20 
25 25 
30 30 

5 7 1 5 t  

(n.1) 
(n.1) 
In.1) 
In.1) 

3%) (13 cm above n. ) 
FC 13A 15 21 (15 t 40%) (13 cm above n.1) 
FC 1'1 20 28 (20 t 40%) (13 cm above n.1) 

No module 47 (computed with the constricted 
weir formula; width = 50 cm 

FCl5 

and depth above sill ' :14 cm) 
Total = 258 liters/sec 

________________________________________------------------------------------- 
aDistributary Canal. 
bNominal level. 
CField Channel. 
y m :  i) Infiltration losses have not been taken into account, but the 

distributary canal is relatively short. ~ 

ii) The theoretical ratinlg curve fol- the baffle distributor has been 
used to assess floiw delivered under non-nominal conditions of 
level. 

Conclusions, with respect to Criterion B, of Section 4 . 2 . 2  

The availability of reliaible flow information is a fundamental 
requirement for the control of water delivery from main canals, and 
which cannot be overlooked. 

A number of practical prcsblems that render difficult the correct 
assessment of flow have come to light in the course of this stud.., 
hence, limitim the capacity of the agency to control the delivery. 
Some of these problems are related to the deterioration in the 
physical condition of the measuring device and associated game, 
while others are more of a h5draulic nature. The latter problems 
are of two types: a) use of an improper head-discharge 
relat.ionship, or b) impssibilitv to obtain a head-discharge 
relationship due to pernllanent or temprary submergence of the 
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measuring device following intervention at a regulating structure 
situated immediately dowi,&ream. 

Assessment of flow without due recognition of the existence of 
these h;vdraulic phenomerw leads to unreliable information on the 
water issues. 

Criterion C: Availability of mmns to influence water issues 

Kirindi Oya Right Bank Main h m l  

The design of the Right Bank Main Canal provides the following 
facilities for altering the flow diverted off the main canal: 

11, 

2) the gates at the cross.-regulator immediately downstream lone. to five 
gates depending on the capacity of the main canal at that location); the 
variations of head in the mair, canal associated with the variation of inflow 
and the operations at the regulator affect the flow into Most 
of these cross-regulator gates are still in working condition. 

the gate of the offtake (one gate per lateral in general), and 

the lateral. 

There is a lateral canal. immediately upstream of each of the 1 4  cross- 
regulators built along the 2 4 . 5 h 1  right bank main canal. These are either a 
branch canal, a distributary canal, or a field channel, depending on the 
size of the command area served. There are 19 other distributary canal and 
field channel offtakes, but they are located at some distance upstream, from 
200-2,000 meters, of the closest regulator (see Table IV.11). 

Offtalres located far upstream of the regulators are expected to be more 
sensitive to the variation of qater level in the main canal than those which 
are close to a regulator. This,is demonstrated in Figure IV.41, which shows 
the variation water swface profile in the canal reach between gated 
cross-regulators GR12 an& GR13 for different values of main canal flow at 
GR12 ( 0 . 5  to 3 . 5  m3/secl as :simulated by the mathematical flow simulation 
mdel of the Kirindi @-a Right 133nk Main Canal. These water surface profiles 
have been obtained under the hypothesis that the water level at GR13 is 
maintained at full supply depth (FSD). 

of the 

The water level at the cross-regulator itself,' however, could be 
e.upected to deviate from full supply depth under normal operating conditions. 
Figures IV.47 and IV.18 indicate the observed frequency distributions of 
water levels at cR12, based on continuous datalogger records at this 
location over the period March-June 1988. The range of variation in water 
level correspnding to the intel-quartile interval [i.e., between the 75th and 
25th percentiles which, in the c:ase of GR12 are, respectively, FSD-3 cm and 
FSDt10 cm) is 13 cm. 

W e  shall assume that the variation in water level at gated cross- 
regulator GR13 is the same as that at the adjacent regulator GR12 (i.e., from 
FSD-3 cm to FSD t10 cm, or 1:: cm). The range of variations in water level 
(Delta H) that could he expected above the pipe invert levels of each of the 
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r i \ i e  otrttllies situateu i n  this rcacn i n  response r.0 m ~ n  camu aiscnm'cc 
values from 0 .5  t o  3 .5  m3/:1ieC a t  GR12 is' obtained throwh d i f fe ren t ,  
s imulat ions and is indica ted  :,;n Table IV.18 and Figure I V . 4 2 .  The r e l a t i v e  
range of mter l e v e l  va r i a t ion  with respect to  the  mean head e x p e c t d  a t  each 
o f f t a k e  is a l s o  computed and :#is eqressed as a funct ion  of t h e  d i s t ance  of 
t h e  o f f t a k e  from t h e  r e r u l a t o r  :,.n Figure I V . , 1 3 .  The v a r i a t i o n  in hydraul ic  
head  i n  r e l a t i o n  t,o t h e  proximity of t h e  o f f t akes  t o  the  downstream aated 
cross- regula tor  GR13 is c l e a r l y  v i s i b l e  - t h e  offtakes located f u r t h e r  away 
from GR13 are more vulriei-able ";o f luc tua t ions  i n  the main canal water level. 
Tile implicat ion f o r  con t ro l  of 'kater de l ive ry  a t  t h e  o f f t akes  is t h a t  t h e  
i.nt.eiisi t.y of in tervenl ions  necessary a t  those o f f  taltes which arc I~cnsollnhl?- 
w l l - 1 ~ w u l a t e d  l i  . e . ,  l i m i t e d  r d a t i v e  range of water l e v e l  f l u c t u a t i o n  i n  
t,he [xirent. c a n a l )  is less 'Lhan a t  off t3kes  which are sub,ject. t o  a larce 
r e l a t i v e  range of \ .ar iat ion i n  i g a t e r  l e v e l  i n  t h e  parent  canal. 

Table 1 V . N .  Sirnulatea water level variation1 i n  reach 6R12-6Rl3, Kirindi Oya Right Bank Hain Canal. 

O f f t a k e  Diameter Invert Distance b j n i i u i  lla x iaun Range of water Mean rater . Relative 
la1 level  from 6R13 rater level rater level .level variation depth IH) above range 

(11 ( @ I  (a1  (01 AH (il invert l e v e l ( i l  AHlH ....................................................................................................................... 
FC'IE 0.30 38.00 1992 38.629 . 39.234 0.605 0.931 0.649 

0.30 38-03 784 3E.581 38.859 0.278 0,690 0.403 FC49 

FC54R 0.30 38.06 212 38.578 38.735 0.157 0.596 0.263 
FC54 0.30 38.01 6 38.578 38.70h 0.128 ' 0.632 0 I 203 
6R13 0 38.573 38.703 0.13 - - 
' f ie ld  Channel. 
bDistributary Canal. 
'Elevation o f  crest  o f  side check-wall = 38.610 i e t e r s  ( f u l l  supply depth) 

DC'9 0.45 37.98 402 38.579 38.775 0.196 0.691 0.281 

- 
---------_-----------------------------------.------------------------------------------------------------------------- 

lliniiur water level corresponds to 0;O.S ml'lsec 
h i r u n  vater level corresponds to 0=3.5 el'lsec 

This  s tudy is l i m i t e d  t o  observations a t  two b ranch iw points. only ,  
both located  near  a c ross - remula to r .  Branch C a n a l  2 i n  Tract 5 is 48 meters 
auay from t h e  gated c ross - regda to rGR12  i n  t h e  ta i l  por t ion  of t h e  Right 
Bank Plain Canal and Dis t r ibu ta ry  C a n a l  5 i n  Tract 1 is 45 meters upstream of 
t h e  gated cross- regula tor  GR3 a i t  t h e  head of  t h e  system. 

The following anal.ysis relates t o  a s i t u a t i o n  whereby t h e  j o i n t  
opera t ions  a t  a cross- regula tor  and a t  its n e i g h b r i m  o f f t a k e  tend t o  
determine t h e  flow d ive r t ed  int ,o t h e  o f f t a k e  through t h e  c o n t r o l  of t h e  
hydraul ic  h e a d  i n  t h e  main cc.snal, i r r e s p e c t i v e  of p s s i b l e  chanees i n  the 
flow of t h e  main cana l .  

I n  s u c h  s i t u a t i o n s ,  t h e  f i e l d  i r r i g a t o r s  operat ing t h e  d ive r s ion  
s t r u c t u r e s  aloiw t h e  ri,r?ht bank main canal arbit,rate between d i f f e r e n t  
opera t ional  opt ions  t o  achic:ve an intended divers ion .  The fol lori inz 
p r a c t i c e s  were observed: 
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F i r s t  t m e  of operations: the  most frequent typs  of operation. One or 
more gates a t  a cross-regu1ato.r are operated while keeping the gate of the  
l a t e r a l  i n  t h e  same position. Thus, the flow diverted is controlled 
indirect ly  through t h e  control of the water level i n  the main canal. This 
practice is consistent w i t h  the standing order of the agency t o  maintain t h e  
level  upstream of t h e  cross-rerfulators a t  f u l l  supply depth. By doing so, 
t h e  f i e l d  i r r iga to r s  a i m  t o  maintain i n  the  main canal a cer ta in  head over 
t h e  i n l e t  of the l a t e r a l ,  the  gate  opening of which was i n i t i a l l y  set by 
reference t o  some appropriate "spindle length" .known t o  t h e  operator from 
experience a s  being able t o  provide the  intended supply; or  by trial and 
er ror .  

I n  operating the  cross- regulators the i r r iga to r s  do not always maintain 
the same openings a t  a l l  the gates of a given Instead they  tend 
to  always operate only one 01: two of the gates (usually t h e  ones t h a t  are 
easier t o  opera te ) .  This pracl;ice could give rise t o  unfavorable hydraulic 
conditions tha t  might be a contributory factor  t o  the erosion of t h e  canal 
bed and banlxs occurring immedititely downstream of t h e  regulators.  

regulator. 

. ;It Distributary Canal 5 ,  it appears t ha t  the e f fec t ive  head which 
c.omnmnds the flow t o  t h e  charmel (difference i n  water levels  on e i the r  s ide  
of the offtake or i f ice ' )  was gerlerally maintained within a range t o  30 
c m .  T h i s  is i l l u s t r a t ed  by , t he  Right Bank Main Canal water level  record 
near the offtalre of Distributary Canal 5 fo r  t h e  period from 12 Play 1988 
onwards corresponding t o  the start of the second i r r iga t ion  season in  Tract 1 
(Figure I V . 4 4 ) .  A f t e r  a few i n i t i a l  changes i n  the opening of Distributary 
Canal 5 on.12 and 13 May [for, cleaning the canal), the  gate  of Distributary 
Canal 5 was not operated any more until 28 June 1988. 

of 20 

I t  was a lso  observed a t  various locations,  and a t  Distributary Canal 5 
i n  par t icu lar ,  t h a t  f i e l d  i r r . iga to rs  actual ly  maintain a level  i n  the main 
canal which is higher than f u l l  supply depth. In t he  case of Distributary 
Canal 5 and Branch Canal 2 ,  t he  w a t e r  level a t  the two gated cross-regulators 
(CR3 and GRl2  respectively) t h a t  control hydraulic head at  these offtakes is 
most frequently maintained a b u t  4 c m  above f u l l  supply depth (FSDt4 c m ) .  
Figures IV.15, I V . 4 6 ,  IV.17,  and IV.48 indicate the frequency d is t r ibu t ions  
of main ,canal water levels  (excluding the period of canal closure i n  mid- 
April 1988) a t  these two locations. The in te rquar t i le  range of level  
variations a t  Distributary Canal 5 and Branch Canal 2 are FSD-6 c m  t o  F S D t 4  
c m  a t  Distr ibutary C a n a l  5 and ED-3 c m  and FSDt10 c m  a t  Branch Canal 2.  
Maintaining water levels  above f u l l  supply depth w i l l  allow larger  flow t o  be 
diverted i n t o  the l a t e r a l  canal compared t o  its nominal design discharge. 

Table IV.19 presents the r e su l t s ' o f  an analysis o f '  the  in tens i ty  of 
operations a t  t h e  two diversions Branch Canal 2 and Distributary C a n a l  5 
along the Ii ir indi Oy. Right Bank Main Canal. The intensi ty  of operations is 
expressed i n  terms of t h e  dai ly  mean number of interventions a t  the 
s t ructures  of t h e  two diversion locations over cer ta in  periods of t i m e .  

The tab le  indicates t ha t  t h e  frequency of t h i s  type of operations a t  the 
widely i n  t i m e  and i n  space along the main canal;  it 

frequent i n  the lower reaches 
cross- regulators varies 
shows t h a t  the operations are i n  general more 
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of the  main canal  compared t o  t h e  upper reaches. A peak w a s  reached from 6 
March t o  10 April 1988 a t  GR12:IlC?' with an  average of more thnn f i v e  gute  
operat ions per day a t  t h e  croilis-regulator whereas t h e r e  w a s  less than one 
operat ion a t  GR3:DC55 f o r  the  silune period. 

This reflects the  increasing d i f f i c u l t i e s  faced by . t h e  opera tors  t o  
m i n t a i n  an appropr ia te  head i n  the  lower por t ion  of  the  main canal ( T r a c t  5 )  
during s i t u a t i o n s  of high i r r i g a t i o n  d e m d  whi l s t  a t  t h e  same time 
de l ive r ing  water i n  the  u p p r  reaches. I n  o ther  words, it h igh l igh t s  the 
magnitude of the  disturbances cr~iused t o  t h e  regime of flow downstream by the  
cur ren t  opera t ional  p rac t i ces  i n  the  upper reaches of t h e  system. 

Second type of o w r a t i o i ~ ~ :  less frequent  than the  f i r s t  type. The 
Operations are done ga tes  at the  o f f t akes  of the  la'ieral canal are operated. 

e i t h e r  i n  conjunction rJith the  *>perat ions of cross- regulators or  separa te ly .  

I A t  Dis t r ibu ta ry  C a n a l  5 i n  Tract  '1 ,  during the  previous i r r i g a t i o n  

18 March. u n t i l  the  end of the  i r r i g a t i o n  issues  i n  Tract  1 and f i n a l  c losure  
of Dis t r ibu ta ry  C a n a l  5 on 7 Apiril 1988. The.gate openings a t  t h i s  loca t ion  
between 20 and 27 March 1988 shown i n  Figure IV.49 are an example. These 
of f t ake  c losures  were genera l ly  not  associated with adjustment a t  the cross-  
regula tor  unless t h e  differencs? i n  water l e v e l  between t he  main canal and a t  I 
the  head of  the  d i s t r i b u t a r y  csmal became too small and prompted remedial ~ 

ac t ion  a t  t h e  cross- regulator  g a t e s  (partial c l o s u r e )  t o  r e s t o r e  t h e  flow 
d ive r ted .  Paradoxically,  the  adjustments perfoimed i n  response t o  such 
s i t u a t i o n s ,  usual ly  created owiing t o  a reduction of inflow i n  the  main canal, 
sometimes led t o  an increased divers ion of water. 

season, temporary c losures  of t h i s  canal. have been recorded regu la r ly  from I ' 
I 

A t  Branch Canal 2 i n  Tract  ' 5 ,  the  operat ions of t h a t  ga te  i n  r e l a t i o n  
with t h e  gated  cross- regulator  GR12 have been more comples because of t h e  
dual funct ion of  t h i s  canal during t h i s  p a r t i c u l a r  season. I n  add i t ion  t o  
the  supply of t h e  area under i ts  command, the  branch canal was a l s o  used as a 
drainage channel t o  evacuate excess water c.oncentrating i n  the  lower por t ion  
of the  Right Eank Main C a n a l .  This latter funct ion was resor ted  t o  whenever 
necessary ' t o  p ro tec t  a temporary cof fe r  dam located below gated cross-  
regula tor  GR15,  f i v e  ki lometers downstream of Branch Canal 2 .  This c o f f e r  
dam, b u i l t  by the  I r r i g a t i o n  Department, has been i n  p l a t e  f o r  t h e  whole 
season (al though severa l  t i m e s  breached and r e b u i l t ) .  I t  was intended t o  
prevent water flowing beyond Tract  5 ,  thus minimizing opera t ional  losses .  I t  
a l s o  served t o  impound water i n  the  last reach thereby increasing the  v a t e r  
surface  e leva t ion  and f a c i l i t a t i n g  t h e  w a t e r  supply t o  the  lateral canals 
iocated i n  t h i s  reach. 

iThis denotes t h e  study locat ion t h a t  includes t h e  gated cross- 
regu la to r  GR#12 and Branch C a n a l- 2 .  . 

I SThis denotes t h e  stud:r loca t ion  t h a t  includes t h e  gated cross-  
regula tor  GR#3 and Distributar:r Canal-5. 
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The presence of t h e  c o f f e r  dam, and the  particular concern of the  f i e l d  
i r r i g a t o r s  t o  ensure its prote82tion has played an important ro l e  i n  the  
operat ion of t h e  lower p r t i ' m  of the  main canal .  Some informal m o d e  of 
regula t ion seems t o  have been practiced by the  i r r i g a t o r s ;  information 
r e g a r d i w  t h e  s t a t u s  of w!er a t  the  c o f f e r  danl was conmunicated t o  the  
i r r i g a t o r  i n  charge of GR12:B(:2 so t h a t  preventive a c t i o n .  cons i s t ing  of 
d i v e r t i m  t h e  escess water tlIrough t h i s  canal  could be implemented. Such B 

discharge of escess flow through t h e  branch canal w a s  recorded on 10, 13, 23, 
and 28 Pla.lal.ch 1988. This risks achieved by f u l l y  c los ing t,he gated cross-  
regula tor  GR12 rihile opening the  branch-canal o f f t ake .  The episode of 27 t o  
28 March 1988 is f u l l y  descr.ibcd i n  Annex I V .  3 .  

The reverse  t;\.pe of operat ion a t  GR12:BCZ ( i .e . ,  c losure  of the  branch 
canal t o  release add i t iona l  wat.er t o  t he  tail) was a l s o  observed. For 
example, on 8 Map 1988 t h e  @'ate of the  branch canal was closed following a 
big reduction of inflow a t  the  head of main canal .  The events  t h a t  led t o  
t h i s  c losure  were as follows:. s ince  6 May t he  i r r i g a t o r  had been making a 
number of in tervent ions  t o  progressively c l o s e  t h e  g a t e s  of GR12 so t h a t  f u l l  
supply depth could be maintained a t  the  cross- regulator .  The flow released 
t o  the  t a i l  a l s o  decreased, up t o  t h e  point  t h a t  t h e  branch canal had' t o  be 
f u l l y  closed on 8 Play t o  release s u f f i c i e n t  water t o  t h e  tail end. This 
sequence of events is shown i n  F i g u r e  IV.50. 

Other tsws of operat ions:  i n  exceptional  circumstances. Yet another 
option was implement& i n  Branch C a n a l  2 t o  reduce t h e  flow i n t o  it a t  a t i m e  
when it was no t  poss ib le  t o  opera te  t h e  o f f t a k e  ga te  for  a few days. This 
was achieved by changing t h e  .nydraulic condit ions downstream of t he  o f f t a k e  
ga te .  It. h a s  been observed t h a t  a l l  i n t e r e s t e d  parties ( f i e ld  i r r i g a t o r s  and 
farmers) are well aware of t h e  : ? t e n t i d  impact of  backwater on flow i n t o  t h e  
brarich cana l ,  and they apparent Ly know how t o  "manipulate" it when necessary. 

This  unexpected s i t u a t i o n  arises not only because of t h e  g e n t l e  
topography of t h e  command a rea  t3erved by the  Right Bank Main C a n a l , '  but  a l s o  
f o r  various reasons pc r t s in ing  t o  t h e  design and const ruct ion of t h e  system. 
Thus ,  t he  d i f fe rence  i n  e levat ion between the  o u t l e t  of the  o f f t akes  and t h e  
canal bed of t h e  lateral i s 3  o f ten  not  s u f f i c i e n t .  These condit ions are 
aggravated i f  f o r  some reason, (:anals are not  excavated t o  t h e  design l e v e l  
!construction f l a w ) ,  o r  when the  design a l s o  includes the loca t ion  of 
s t r u c t u r e s  ( i , e . ,  checlrgate, cu:.'vert, e t c . )  downstream of t h e  o f f t a k e ,  t h e  
operat ion of which could inl ierfere with the  functioning of the  o f f t a k e  
!design f l a w ) ,  o r  when s i l t a t i o n  of t h e  lateral canal raises the  bed l e v e l  
!nlaintenance flaw 1 . 

The design does not  always provide permanent free-flow canal sec t ions  
below t h e  o f f t akes  such as drop s t r u c t u r e  ( i . e . ,  a "hydraulic c o n t r o l " )  t h a t  
rmuld decouple the  hydraulics of t h e  lateral canal  from t h a t  of  the  main 
ccanal. This m e a n s  t h a t  operaticm of a check structure i n  a lateral can 
a f f e c t  t.he flow d ive r ted  i n t o  t h e  .lateral, and hence t he  flow i n  the  main 
canal  itself. at  t h e  o f f t a k e s ,  
the  i d e n t i f i c a t i o n  of r a t i o n a l  operat ions of  a s y s t e m  and determination of 
c o r r e c t  s e t t i n g s  of t h e  var icus  adjustable structures c o n s t i t u t e  f a i r l y  
complex tasks, beyond t h e  cur ren t  capacities of the  opra tors .  These 

Gwing t o  the  a b s w c e  of free- flow condit ions 
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!iydsaulic comples i t ies  are a t  t h e  o r i g i n  
the opera tors  t o  con t ro l  t h e  del.ivery. 

of t h e  d i f f i c u l t i e s  experienced by 

In t h e  case of Branch Canal 2 ,  a drop s t r u c t u r e  exis ts  a b u t  100 meters 
dormstream of t h e  o f f t ake .  f i e ld  channel are 
located in-between t h e  o f f t a k e  and t h e  drop s t r u c t u r e .  The drop S t ruc tu re  is 
f i t t ed  with a g a t e ,  t h e  -assunled function of which is t o  provide more 
f l e x i b i l i t y  i n  of t h e  lateral canals a t  t h e  head of Branch C a n a l  
2 .  On 26 Apri l  1988, t h e  flow d ive r t ed  i n t o  t h e  branch canal was too much, 
but  opera t ions  ' of GR12 and t h e  g a t e  of t h e  Branch Canal 2 were temporari ly 
impossible because of an on-going water measurement'campaign a t  t h a t  t i m e .  
;\ccording t.o t h e  records ,  t h e '  chec1rgat.e i n  Branch C a n a l  2 was p a r t i a l l y  
c losed at, midnight e i ther  by t h e  f ie ld  i r r i g a t o r  or t h e  farmers. The 
backwater e f f e c t  was propagated upwards, reducing t h e  e f f e c t i v e  hydraulic  
head over t h e  o f f t a k e  g a t e  o r i f j k e  and r e s u l t i n g  i n  a reduct ion  of about '14 
percent  o f  t h e  flow d ive r t ed  i n t o  t h e  branch canal. This  setting apparent ly  
remained unchanged f o r  seve ra l  clays u n t i l  t h e  gate a t  t h e  drop s t r u c t u r e  was 
f i n a l l y  l i f t ed  around 10 Ma:, 1988, hence changing again  t h e  hydraul ic  
condi t ions  downstream of t h e  off'take (see Annex IV.2) .  

One d i s t r i b u t a r y  canal and one 

t h e  supply 

Prel iminary conclusions.  ?'he design of t h e  Kir indi  Oya Right Bsnk Main 
Canal provides t h e  f i e l d  i r r i g a t o r s  with a very high degree of f l e x i b i l i t y  i n  
terms of  opera t ional  oppor tun i t i e s  f o r  achiex-ing requi red  d ive r s ions  of water 
off t h e  main cana l .  A t  many p laces ,  however, these  opera t ional  oppor tun i t i e s  
are g r e a t l y  underu t i l i zed ,  r e s u l t i n g  i n  a c e r t a i n  r e d u n k c y ,  a t  least a t  t h e  
p resen t  t i m e ,  when most of t h e  slates are still i n  working order .  

Consequently, t h e  potentia:. for combined opera t ions  of a m u l t i p l i c i t y  of 
g a t e s  a t  each d ive r s ion  po in t  renders t h e  hydraul ics  of t h e  main system very  
complex, especially when functioning under unsteady flow condi t ions  which 
represent  t h e  commonly prevalent; s i t u a t i o n .  Up t o  f i v e  gates a t  a cross- 
regu la to r  p l u s  one ga te  a t  an  o f f t a k e  could i n t e r a c t  i n  determining t h e  flow 
t o  be d i v e r t e d  i n t o  a latera:.. Not to mention t h e  inf luence  of t h e  
v a r i a t i o n  of inflow i n  t h e  r n a x  cana l  ( t h a t  could r e s u l t  from t h e  opera t ion  
of a regu la to r  upstream) and t h e  backwater effect ( t h a t  could r e s u l t  from 
t h e  opera t ion  of a regulatoi;  downstream). This  s i t u a t i o n  is sometimes 
f u r t h e r  aggravated by t h e  in te rven t ions  a t  s t r u c t u r e s  located i n  t h e  lateral 
i tself ,  downstream of t h e  off tr ike,  t h a t  might a l s o  a f f e c t  t h e  flow diqerted. 

In ' c o n t r a s t  t o  t h e  p o t e n t i a l  f o r  a v a r i e t y  of comples opera t ions  
provided by t h e  des ign,  t h e  standing order  of the  agency, rqhich is t o  
maintain f u l l  supply depth a t  t h e  r egu la to r  appears esc.essively simple. The 
decis ions  regarding combination of s t r u c t u r e s  t o  be operated and 
t h e i r  respectiye s e t t i n g s  are l e f t  t o  t h e  f i e l d  i r r i g a t o r ' s  judgement, based 
011 h i s  understanding of t h e  s:isteni. The design values of f u l l  supply depth 
[corresponding t o  t h e  crest of ';he side-walls of t h e  c r o s s  r e g u l a t o r s )  do no t  
always appear t o  be adequate i n  t h e  eyes of t h e  i r r i g a t o r s  i n  order  t o  d i v e r t  
t-he intended flow. The f i d d  i r r i g a t o r s  have thus  de\reloped r a t h e r  
s i m p l i s t i c  opera t ional  p r a c t i c e s ,  based on t h e i r  own e s F r i e n c e ,  t o  ensure 
t h e  supply of water t o  t h e  laterals with the least e f f o r t  on t h e i r  part. 

t h e  proper 
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From t h e  f i e l d  i r r iga to r s '  perspective, it appears t h a t  the cross- 
remtlator has emerged as t h e  privileged instrument of intervention t o  control 
the flow diverted at the offtake,  which is their primary concern. The 
i r r iga to r s  operate these s t r u c t u r e s  intensively whi le  paying l i t t l e  a t ten t ion  
t o  the consequences of these interventions downstream and upstream of t h e i r  
locations ( i . e . ,  the sudden t ransfer ,  or storage, of water generated as a 
r e s u l t  of t h e i r  interventions).  Such interventions are an important source 
of va r i ab i l i t y .  These aspects h i l l  be discussed i n  Section 4 . 3 .  

Kalankuttiya Branch Canal 

The f a c i l i t i e s  available t c  control the d is t r ibu t ion  a r e  l imited t o  ihe 
20 offtakes ex is t ine  s l o w  the 10.9-lon branch canal. A l l  offtakes have a 
i n t e  except the last one a t  the tail ( 3 0 7 - D 3 ) ,  which a l so  acts as a drain fo r  
t h e  branch canal. Althomh t h e  system was first commissioned i n  1978, the 
Sates a t  t h e  offtakes are still in  working condition, the spindles are 
greased to ease the operations, and some of them even have a padlock. 

Regulated diversions. Operations are performed by t h e  two i r r iga t ion  
laborers i n  the course of t h e i r  da i ly  turn of duty along the branch canal. 
The i r r iga t ion  laborer compares t h e  water level  i n  the weir-box a t  t h e  heads 
of the d is t r ibu tary  canals w i t h  the  t a rge t  (generally a standard depth of 
water at  the hump-gau~el anc. proceeds with gate ad.justments wherever 
necessary. 

This appears t o  be stra.ightforward, a t  least where t h e r e  is an 
operational measuring device, hut a detai led analysis of the r e l i a b i l i t y  of 
the assessment of flow thromh these de\-ices (as discussed in  Chapter 111) 
raised some questions in  t h i s  r.egard. This might explain,rhy the i r r iga t ion  
laborer does not always t r u s t  the gauge and tends t o  ta rge t  i f  
necessary t o  meet the farmers' c.emands (Raby and Merrey 1989). 

override the 

Two-thirds of the d is t r ibu tary  canals, however, are l&ted close t o  
duckbill weirs which regulate eiffectively the rater level  i n  the branch 
canal. Under these conditions, t h e  frequency of offtake date adjustments has  
been found t o  be re la t ive ly  low, provided t h a t  the pipe out le t  of the offtake 
is not affected by a backwater e f f ec t .  

The above observation i s .  supported by the r e su l t s  given i n  Table I V . 2 0  
which  indicates t h e  intensi ty  01' operations performed durine the period Ma>, 
t o  September 1988 a t  the oi'ftakes 305-D3 and 308-D2.  Both offtakes a re  
adjacent. t o  t h e  f i r s t  duckbill weir and benefit  ident ical ly  from its water 
level remlatim ef fec t ,  but the offtake 308-D2 was sub,ject t o  backwater 
e f fec t  and submergence whi le  30!i-D3 was not.  the  head 
of 308-D2 and not operational durine pila 1988 because of the 
p r t i a l  closure of d i s t r ibu tary  canals downstream; only a portion. of t h e  
t o t a l  c o m d  area was cult:.vated as par t  of the t rad i t iona l  be&$&@ ( o r  
sharecropping) practiced du r im the dry season in  S r i  Lanka. 

"he measurine w e i r  a t  
was submerged 
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'rrtble I V .  20.  Iialanlwttiya Br:mc.h C a n a l :  Frequency of in te rven t ions  a t  two 
i d e n t i c a l l y  regula ted .  d ivers ions  from 9 b y  1988 t o  10 September 1988. 

Period Number of- interventions 
305-D3 308-D2 

Durim r o t a t i o n a l  i s sues  161 &:is): 34.00 62.00 
Daily mean: 0.56 1.02 

Outside periods of i s sue  (64 & : r s ) :  

D a i l y  mean: 

Considered as i l l ega l  during 

D a i l y  mean: 
the  whole period I125 days) : 

13.00 20 * 00 
0.20 0.31 

15.00 28.00 
0.12 0.22 

~ Q U ~ C ~ :  Datalonner r t c o r d  and f teld observations.  

The above values indic.ate tha t :  

a) more opera t ions  were performed a t  308-D2 which is t h e  offtake 
a f f e c t e d  by t h e  b a c h m t e r  e f f e c t ;  and 

b )  t h e r e  were a s u b s k m t i a l .  number of in te i .vent ions '1a t  both canal 
with a view 

of f  t h e  hr i ter  s t o r e d  by t h e  weir and p a r t l y  r e f i l l e d  by 
o f f t a k e s )  performed olltside t h e  periods of water i s s u e  
t o  drawim 
t h e  leak through t h e  inain s l u i c e  ga tes  at t h e  I lalankutt iya tank. 

Nonrequlated d ivers ions .  These are e s s e n t i a l l y  t h e  t h r e e  o f f t akes  
located  a t  t h e  ta i l  (307-D1, 30'i-D2, and.307-D3 t h e  d r a i n ) ,  two o f f t a k e s  a t  
t h e  head of t h e  canal (305-Dl and 308-Dl). and two o the r  o f f t a k e s  located too 
far  t o  be influenced by t h e  dur5llrbill weir immediately downstream [305-D2 and 
305-D:l). More i n t e n e n t i o n s  c o d d  be e.xpected a t  t h e  ga tes  of these  off tal ies  
due t o  t h e i r  r e l a t ive l> :  "wirerrllated" loca t ions  with respect. t o  t h e  duckbi l l  
reirs which malie them more s e n s i t i v e  t o  miter' l e v e l  \ la r ia t ions  i n  the  parent  
cxnal (see also Figures 11.1.1 a?d 11.15) .  

.\l.t,houch j.t. ha5 not. been t h e  case during t h e  period of t h i s  stud.;, a 
n p c i a l  water i s s u e  is usually nade t o  t h e  two of f t akes  a t  t h e  head (305-Dl 
auld 308-D1 I ,  d i f f e r e n t  from t h e  , ro ta t ion  c a t e r i n r  to t h e  o the r  ufftalqes. 
This special i s s u e  used t o  be inplemented i n  conjunction with t h e  c losure  of 
t,he gated regula tor  located immediately downstream of these  cmals. 

' .Prel iminary conclusions. Water i s sues  t o  t h e  o f f t a k e s  can only be 
con t ro l l ed  by ad,justments t o  'the cates of t h e  of f ta l ies .  Thomh t h e  
qx. ra t iona1 f l e x i b i l i t y  and t h e  oppor tuni t ies  f o r  i n f l u e n c i m  water i s sues  
are limited t o  a minimum, c o n t r o l  of water i s sues  never the less  appears t o  be 
very e f f e c t i v e .  This  is due t o  t h e  fact t h a t  t h e  major i ty  of t h e  
d i s t r i b u t a r y  cana l s  benef i t  frcm e f f e c t i v e  c o n t r o l  of  rater l e v e l  ' in t h e  
p r e n t  canal and t h a t  a l l  the  o f f t a k e  gates are s t i l l  i n  workinrr condi t ion  
a f t e r  more than 10 years of operat ion.  
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Santo Doming0 Area (SDA) Main Canal 

The d e s i m  of the diversion s t ructures  taking off the SDA Phin Canal 
in to  the 11 ma,ior l a t e r a l s  a re  b a s i c a l l y  the same gated cross-regulating 
s t ructures  as those a t  Kirindi Oya, described above. There are .  however, 
important d i f fe rences '  i n  the mode of operations of these structures .  In 
addition t o  t,hese, the main canal includes 35 "checks" o r  "thresher 
c ross ims"  t o  allow for  the diversion of water t o  a number of turnouts spread 
along t h e  main canal. 

Na,ior diversions. Diverting a given quantity of water requires 
adjustments of a cross-regulator wi th  multiple gates and an offtake wi th  one 
o r  two g a t e s .  In 
par t icu lar ,  t h e  concrete anchoring of t h e  cross-regulator gates t o  t h e  body 
of t h e  regulator were broken. I t  was r e p r t e d  tha t  one reason for  t h i s  
d m g e  was t h e  i l l ega l  interventions of some people who close the regulators 
fu l ly .  But obviously there are flaws in  t h e  design and/or construction of 
the civil works which have been unable t o  resist t h e  force deployed by the 
l i f t i n g  mechanism. A t  the 11 cross- regulators, only.10 gates out of a t o t a l  
of 23 presently ex i s t ,  but only 6 gates can be operated and tha t  too wi th  
some prac t ica l  d i f f i c u l t i e s .  "it the offtakes,  only 7 gates out of 13 can be 
operated but not seem t o  hamper t h e  gate-keepers i n  t h e i r  present, 
m o d e  of operations. 

But. these s t ructures  are in  a c r i t i c a l  state of disrepair .  

t h i s  does 

Irrespective of whether a ga te  is present a t  the offtake,  fe.g., Lateral  
B ) ,  or absent, ( e .g . ,  Lateral A ) ,  the current practice of t h e  gatekeeper is 
t o  operate t h e  cross-regulator and not the gate  of the offtake t o  control the 
flow in  t h e  lateral. Thus, the control of the water issue is not direct but 
is by t h e  control of water depth i n  the main canal. Some gates a t  t h e  
cross-regulator will be fu l ly  opened i n  order t o  c u r t a i l  the  issue of water 
to  the l a t e r a l .  Other offtakes located upstream (a t  least up t o  t h e  next 
"check") w i l l  be thereby s imilar ly  affected. 

This practice has  been observed in  d e t a i l  a t  the Main Canal/Lateral B 
diversion during 1988. I t  has  already been indicated i n  t h i s  paper t h a t  the 
ratekeeper was able  t o  divide the incoming flow between Lateral B and the 
main canal downstream of Lateral B i n  nea r ly  the same proportion as t h e  r a t i o  
between the planted areas commanded by each canal; Lateral B received 40.8 
percent of t h e  inflow over t h e  three-month period of observations compared t o  
its s h a r e  of 10.6 percent af t h e  area.  This, indeed is a remarkable 
achie\-ement considering the f a c i l i t i e s  available.  I t  is doubtful, holqever, 
&ether t h i s  diversion arrangement was i n i t i a l l y  designed with a view t o  
p r o p r t i o n a l  sharing of water, given the s t ruc tura l  d i f f i c u l t i e s  involved in  
attempting t o  do so. 

Shutting off t h e  flow in  Lateral B,by operating the  regulator t o  lower 
the water level  i n  t h e  main cana l ,  rather than closing the offtake gate ,  is 
p s s i b l e  because t h e  sill of the offtake is located a t  a much higher  level  
than t h e  bed of the main canal. But the r e su l t  of t h i s  arrangement is tha t  
the division correspording t o  a par t icular  s e t t i ng  of the  regulator 
gates is extremely sensi t ive t o  the var ia t ions of level  i n  the  main canal. 

of flow 
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In  par t icu lar ,  Lateral B w i l l  t ind  t o  draw off more water than its share when 
flow increases i n  t h e  main canal and less when main canal flow is decreasing. 

t o  the unregulated 
inflow and frequent gate adjustments are required i n  order t o  maintain the 
division of flow a s  per t h e  intended proportion. The record of t h e  gate  
interventions for t h e  period from 24-31 July  1988 (Table IV.9 and Fimre 
IV.26) and analysis of the d iv is ion .  of flow before and a f t e r  intervention 
demonstrate the. a b i l i t y  of the operator t o  manage these conditions and 
determine the appropriate gate 3pnings or closures t o  f ina l ly  a r r ive  a t  a 
f a i r l y  acceptable overall  resuFt i n  terms of the division of water a t  t h a t  
point.  

The water level  i n  the m a i n  canal varies widely due 

On t h e  other hand it is l ike ly  t h a t  the frequent and important 
variations of the water level  observed i n  the canal have a detrimental effect 
on the s t a b i l i t y  of t h e  canal b+s - depth var ia t ions of 1 . 5  meters/day have 
keen observed and var ia t ions;  of more than 0.5, meterdday were frequent- 
causing problems of erosion. T j i s  is aggravated by t h e  current operational 
practices,  especially when rotat ions between laterals are implemented. 

Ninor diversions. Other types of s t ructure  a r e  used for  the diversion 
of water a t  t h e  various t u r n o k s  lpcated along the main canal. The design 
has provided "checks" ( a l so  knom as  "thresher crossings" ) a t  about 500-meter 
intervals  across the main canal, single-gated turnouts, and double-gated 
turnouts of the Constant Head Orifice ( (30 )  type. There are presently 50 
offtakes,  plus 9 i l l e g a l  pipe offtakes.  Half of the turnouts ins ta l led  are 
double-gated turnouts (CHO type) but none of them is operational. Only 25 
percent of t h e  t o t a l  number of turnouts have a gate. 

The "checks" a re  manually $operated and do not have any gates.  The water 
level  is raised by placing or removing obstructions such as flashboards, 
banana trunks, etc. u n t i l  the  water head is considered t o  be adequate by the 
operators who are generally the farmers. Most checks are temporary but some 
are peimanent. A great  deal of farmers' a c t i v i t i e s  is devoted t o  checking 
operations when water is short  m d  a l so  t o  removal under the 
instruct ions of t h e  s t a f f  O F  the i r r iga t ion  agency when flow is more 
abundant. 

t he i r  eventual 

The operations of the "checks" may appear cumbersome and sometimes 
dangerous, but these are of primary importance t o  those "privileged" fanners 
who have d i r e c t  access t o  the main canal water through the 59 exis t ing 
offtakes.  . When t h e  supply is shor t ,  however, these  pract ices  tend t o  favor 
farmers located a t  t h e  head reach'of the main canal a t  the expense of those 
located downstream. 

Preliminary conclusions. The design of t h e  SDA Main Canal has provided 
a s ign i f icant  potential  for  influencing water issues off the main canal.  
Cross-regulators and check s t ructures  have been provided along the main 
canal,  a t  intervals  of apprd;&nately 500 meters, and each offtake was 
i n i t i a l l y  provided w i t h  one o r  two gates. Y e t ,  t h i s  potent ia l  cannot be 
f u l l y  exzloited due t o  t h e  poor physical condition of most of the control 
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structures a Based on our observations, only about 25 percent of the 
regulator and offtalce gates can be operated. 

Irrespective of whether there is a gate at an offtake or not, water 
issues to the offtake tend to 1~ controlled by the control of water level in 
the nwin canal, through the operation of the cross-regulator (at major 
diversions) or the check structure (in the case of minor diversions). Such 
interventions are performed wil;h little consideration for their negative 
impact on the conveyance and distribution of water. In fact, the design 
configuration and associated mcde of operation almost impossible to 
envisare the regulation of the conveyance of water along the SDA Main Canal. 

Rajangana Pilot Area: Distributary Canal 1, Left Bank Tract 2 

make it 

Issues of water to the liiterals taking off from the pilot distributary 
.canal are made through the'open:.ng and closing of the three shutters of the 
baffle distributors which equip each of them. (The 30 liters/sec baffle 
distributors are compsed of 3 shutters of 5 ,  10, and 15 liters/sec 
respectively, which can be rlanipulated separately to deliver any flow in 
steps of 5 liters/sec up to the mimum capacity.) Thus, the operation is 
straightforward for the operator as the shutters are precalibrated and do 
not need to be adjusted on a trial and error basis. They should be either 
fully closed or fully opened and the value of the flow delivered is indicated 
on ea& shutter. 

Conclusions, with respect to Criterion C, of Section 4 .2 .2  

The ability to influence dLversions of water from the parent canal 
is determined by the means provided for this purpose by the design. 
Whether adjustable structul-es are maintained in working condition 
and whether their operations are convenient to the operators also 
determine the manageability of the system with respect to the 
control of water issues from main canals. 

The canals studied displa:,ed a variety of situations characterized 
by different degrees of fl.exibility of the design arrangements, 
which can be expressed in terms of the range of possible 
operational options left to the discretion of the operator at a 
branching point. 

hiongst the four subsysLems studied, maximum flexibility was 
' ' observed along the Kirindi Oya Right Bank Main Canal. Here, an 

operator is presented with a large rarlge of options for adjusting 
the flow diverted at an offtake. It can be either a direct 
operation of the gate at the offtake, an indirect operation at the 
rates of the cross-regulator immediately downstream, or a 
combination of direct and indirect operations. Such a situation 
was identified as having a high potential for complex hydraulics, 
hence difficult to manage, given the fact that the flow diverted at 
a diversion is not only affected by the operations of structures at 
that location, but also by the operations of structures located 
either upstream of that diversion (variation of flow resultim 
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from the operation of cross regulators in particular), or even 
dormst,ream throuzh the effect of the backwater. 

Similarly, the SDA Main Canal displays a very large operational 
flexibility. The initisl potential provided by the design, 
however, has been eroded by the current state of disrepair of the 
structures. The flexibility is still 'high but operations are 
essentially of the indirect type.' The potential for complex 
hydraulics in the canal is extreme given the number of "checks" and 
the ad hoc nature of the checking performed. 

Minimum operational flexibility was observed along the Kalankuttiya 
Branch Canal and along the Rajangana Pilot Distributary C a n a l .  In 
these subsystems an operat?r is provided single and direct 
operational option (i.e., the operation of the gate or the shutter 
at the offtake). In addition to this, the impact of the variations 
of flow associated with operations of structures upstream tends to 
be minimized by appropriat: design arrangements (duckbill weir), 
while the impact of downstream intervention is totally eliminated. 
The simpler banal hydraulim-s and the single operational option were 
identified as being favorible .and more 'conducive to the rational 
operations of the offtake in achieving control of the water issues 
along the canals. 

From this comparison it 'xas observed that operators faced with a 
great deal of operational flexibility and complex hydraulics cope 
with such situations by me.ms of over simplifications; the indirect 
type of operations focused at the cross-regulating structures are 
preferred for influencing'the flow diverted. 017 the other hand, 
flexibility limited to a :single operational option at an offtake 
has been identified 8:s a constraint but rather as an advantage 
in'achieving the objectivt? of control of the water issues along 
canals, enhancing the mgeability of systems while dramatically 
reducing the work load of operators. 

with a 

4 . 3  

1.3.1 Introduction 

REGULATION OF THE KNVEl"VEYCJ2 NNCPION 

The different conditions nitcessary for the control of water issues by an 
operator, at the head and along main canals,. have been discussed in Section 
4.2. These conditions, though iiecessary, are not ' sufficient to ensure the 
control of water issues. In addition to the above conditions, water should 
also be available with an cite hydraulic head at the point of delivery 
during the pried of water issue. 

Managing the transfer of water -'the regulation of the conveyance - aims 
to satisfy this particular type of requirement: the control of water levels. 
This includes both the control of water levels in intermediate tanks as well 
Ss the control of water surface profiles along canal reaches. But what is 
importan{ to realize is that !=low the water surface there is a volume of 
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I '  
{m. Two typical water surface profiles along a canal shown in Figure 
IV.51 illustrate this point. 

Along a canal equipped with cross-regulating structures, the reaches 
between the regulating structuri?s could be viewed as a cascade of small 
storage capacities. This becornes apprent when the longitudinal sections of 
the canals studied are viewed ( I t i ~ e  11.9). As real canal systems have to 
be operated in a dynamic way, the volume of water stored in the various 
reaches varies with time. Thei:efore the filling/emptying of these storage 
capacities is a process which has to be properly managed if control of the 
water surface profiles along canal reaches and in reservoirs is to be 
ach i eved . 

Three aspects of the ctrnal regulation should be pointed out. They 
to the relate to the particular nature of the physical process corresponding 

transfer of water through irrigation main systems. 

1 )  Volume: the role of storayte capacities. In a main canal which consists 
of a cascade of elementary storages capacities, the possibility to refill a 
reach depends availahility of water that can be drawn off from the 
upstream reaches. Under the genepal regulation practices, this water 
represents what is left over from the upper reaches after eventual 
compensation for Golume variation arising from a1 man-made level adjustments 
through the operations of adjustable cross regulators, if any, and from b) 
natural variation of the water surface profile along canal owing to variation 
in flow (Figure IV.511. 

These are: 

upon the 

This situation implies that an extensive cascade of interdependent 
storage is a constraint. In the process, any response to either a positive 
or negative water transfer will be delayed. This brings up two new elements 
of performance to be considered with respect to the management of a 
conveyance system: 

t the responsiveness of the cperations, e,xpressed by the lag-time required 
to effectuate the transfer of a given quantity of water from head to 
tail (i.e~, a measure of the inertia of the system); and 

J 

I 
1 

6.4s indicated in Chapter 11, flow along main canals is often 
subcritical as water surface in a canal reach is often raised above the 
critical depth through the operation of check structures located at the 
downstream ehd of reach. up storage 
of water in a canal reach. 

This creates opportunities for building 

On the other hand, critical flow (or  even supercritical flow) may exist 
locally for some distance downstream of "control" structures either natural 
or built in the canal design. Under these hydraulic conditions, a head- 
discharge relationship exists which depends on the physical characteristics 
of the control section. The water stored under the surface is also more 
limited and it is nil when there is no flow. 

104 

I '  



c 

c 

r 

c 

c 

II 

% the effectiveness of the operations expressed by the proportion of the 
additional water introdu$:ed at the head of the system that will 
eventually reach the tail (i-e., a measure of the conveyance 
efficiency).’ 

A number of techniques have been developed to alleviate these 
difficulties and improve the responsiveness and the effectiveness of the 
conveyance of water. These techniques are in the realm of planning and 
design, control technology, an3 improved operations of existing regulating 
structures. Some of them sre reviewed in the course of the present 
comparative analysis 

For instance the judicious provision of intermediate storage capacities 
in a design increases the potential for more responsive operations with 
simpler regulation procedures. Intermediate storage permits to break the 
excessively long chain of dependencies quoted above. With appropriate 
management, intermediate storage can be made to act as a buffer capacity. 
These permit to decouple extensive systems into smaller subsystems which gain 
a degree of freedom for their operations at the head whilst neutralizing the 
variability originating from the upper system. 

Therefore intermediate storage capacities have the potential, subject to 
them being appropriately regulated, to increase the overall manageability of 
irrigation systems. Water levels in intermediate storage tanks are the key 
parameters to be used for the regulation of water transfers in such main 
systems. 

On the contrary, intermediate storage capacities which are inadequately 
responsiveness and manageability managed might have an adverse inpact on the 

of systems. 

2 )  Distance and time: the role of communications. In the preceding 
section, the control of a water issue has been analyzed as a local process 
handled by a low-level manager - the operator - who can nolmally get feedback 
on the spot regarding the consequences of his intervention on the flow 
diverted. 

This situation exists in the operation of single bank canals. 

The regulation of the water transfer, on the contrary, is a time- 
dependent process that applies to a main system or main canal considered as a 
whole. Thus the distance and the time are the two essential dimensions 
which have to be considered by an operations manager responsible for the 
regulaLion process. 

“Typically, the transfer of additional water at the head of a main 
canal is implemented by increasing the discharge hhich itself prompts the 
raising of the water surface profiles along the canal reaches even though the 
level would be maintained at full supply depth at the downstream end, either 
through hydraulic “controls,“ automatic control, or through the manual 
operations of the cross-regulators. Offtakes located along a reach are 
therefore likely to take more water, in proportion to the increased head, 
unless gate adjustments can be made in a timely manner. 
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1 I Tlierefore, the  avai labi l . . ty  of  m e a n s  of comniunications whereby an 
operat ions manager can obta in  feedback regarding the  on-going processes a t  
remote loca t ions ,  and commun:.cate operat ional  i n s t r u c t i o n s ,  are c e n t r a l  
aspects of the  regula t ion of ex1,ensive main canals and main systems. 

Infoimation m u s t  be a\.ailable i n  a t imely msrlner i f  it is t o  be of any 
use f o r  the  canal regula t ion.  Therefore, the  feedback should be s e l e c t i v e  
and should focus on key p r a m e t w s  and loca t ions  such as t h e  ta i l- end sec t ion  
of a main canal, the  boundary of operat ional  u n i t s ,  the  head of major 
d ivers ions .  escape s t r u c t u r e s ,  tttc. 

The response t i m e  considered as appropr ia te  f o r  the  communication 
process ( i n  reality feedtack plus response t i m e )  is a var iab le  which depends, 
t o  some e x t e n t ,  on the  i n e r t i a  of t h e  physical process. For ins tance  t h e  
weekly meeting of the  System H Water Management Panel a t  Galnewa, which 
revieus  the  s t a t u s  of intermediate s torage  capacities and sets new conveyance 
t a r g e t s  for t h e  week, might s t i l l  be adequate f o r  t h e  regula t ion i n  t h a t  
p a r t i c u l r i r  case zi\,en the  availzible buffer  capacity of t h e  tanks.  

3 )  Process: The i n i t i a t i o n  of water t r a n s f e r .  Although water always flows 
from head t.o t a i l ,  t h e  t r a n s f e r  of water through a canal  can be initiated 
from one or  the  o ther  end of a canal  reach: e i t h e r  f i l l i n g  or draining.  
S imi la r ly ,  within a series of canal reaches, with or without intermediate 
r ese rvo i r s ,  it is i m p o r t a n t  t o  d i s t ingu i sh  \&ether the t r a n s f e r  of water w i l l  
be e f fec tua ted  from reach t o  reach s t a r t i n g  from the  head end and "pushed" 
downward t o  t h e  ta i l  of t h e  system or, a l t e r n a t i v e l y ,  i n  t h e  reverse  order 
with t h e  mobil izat ion of downstream s to rage  capacities f i r s t ,  which are 
subsequently refilled from the  rrdjacent reach upstream. 

In  t h i s  s tudy the  f i r s t  process is called an upstream m o d e  of r e m l a t i o n  
while the  second a downstream mode of remulation. This d i s t i n c t i o n  is 
important because of its implicat ions on t h e  communication of opera t ional  
information which would have t o  be cons i s t en t  with t h e  p a r t i c u l a r  m o d e  of 
regula t ion.  

The upstream mode is most favored f o r  t h e  operat ion of d i s t r i b u t i o n  
systems character ized by con t ro l  of t h e  water issued at  the  head of a main 
canal  and I t  is not  uncommon, 
horJever, t o  observe changes which o r i g i n a t e  at  t h e  downstream end ( t h e  
o f f t a k e )  i n  response t o  fanner demand ( e . g . ,  Kir indi  @a Right Bank Main 
C a n a l  ) . 

then propagated downward from reach t o  reach. 

The downstream m o d e  is l i k e l y  t o  be confined t o  the  operat ion of m i n  
systems i n  t h e  absence of adequate con t ro l  of del ivery .  For ins tance  t h i s  
would be t h e  m o d e  of operat ion of a conveyance system permitt ing t o  r e f i l l  
intermediate tanks when nece:ssarp (e .g . ,  t r a n s f e r  from Kalawewa Tank t o  
Kalanliuttiya Tank) a 

In  t h i s  chapter ,  t h e  canalis s tudied are used t o  i l l u s t r a t e  a )  some of 
the  approaches applicable t o  the  con t ro l  of water l e v e l  i n  canals as laid 
clown through t h e  planning and d($sign s t age ;  and b )  the  implicat ions of these  
i n  vierd of the  necessary regula t ion of the  volumes of water i n  transit from 
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canal ;reach to canal reach incliding intermediate storage tanks, throughout 
the main system. 

In an attempt to assess -;he manageability of the systems studied with 
respect to the regulation 0:: the water conveyance, the four specific 
criteria, listed in Section 4.1, have been used as fo1lows:a 

Criterion D: Availability of operational targets for the conveyance of water 

prerequisite for any control process. 
Conveyance targets might take the operational form of a given volume of water 
to be transferred from tank to -xmk and monitored either by the variation of 
level in a reservoir or by the iissessment of inflow and outflow for a certain 
period of time or by a combinat.ion of both. Along canals, the transfer of 
water is often constrained by the other conditions set for the control of the 
water issues. This is usually translated into operating rules which state 
that tlie transfer of water has to be effectuated from reach to reach while 
maintaining the rater surface a: full supply depth within each reach.9 

Criterion E: Availability of rneims to store and release water within the main 
system and to control water level at key locations along the main canal 

The availability of target!; is a 

The availability of some form of intermediate storage capacity within a 
system is of paramount importance for the regulation of the water transfers. 
If such a storage is allowed to fluctuate, it can provide a buffer capacity 
between two subsystems, henee an opportunity for the two subsystems to be 
regulated separately to some extent. Intermediate reservoirs do not always 
exist in main canals but some limited storage capacities might be built in 
the canal itself, either through the provision of cross-regulating structures 
or in storage adjacent to main canals. 

Regarding the control of water levels, three different approaches have 
been identified in the canals .studied: 

1 )  Manual operations of adjustable cross regulating structures. The 
provision of cross-regulators with undershot gates is the most connnon 
technique used in irrigatism canals to tentatively control water level 

c 

BThese criteria are refsrred to as Criteria D, E, F, and G to 
distinguish them from Criteria i, B, and C which have been employed in 
assessing the manageability of the systems with respect to the control of the 
distribution function. 

9To achieve this means that a balance between inflow and outflow 
(including infiltration losses) has to be maintained in each reach at any one 
time. In a series of canal reazhes separated by cross-regulating structures, 
this esercise is likely to be difficult to achieve if inflow is varyinst, 
unless special design or operational arrangements have been established to 
cope with this variability. The availability of such arrangements are 
examined in this section. 
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throwh muiual opcrat ions.  This  was s tud ied  i n  the Szu1t.o Domiixo A r e a  
iSD.4) ?lain Canal and a t  t h e  ICirindi @a Right Banlr Main Canal. 

Design of f ixed hydraul:.c "control"  s t r u c t u r e s .  The pro\,'ision of 
hydraulic  "contro ls"  sucti as long-crested duckbi l l  weirs makes it 
poss ib le  to maintain watei' l e v e l  a t  t h e  weir, and immediately upstream, 
within a narrorg range i r r e s p e c t i v e  of t h e  flow v a r i a t i o n s  i n  t h e  main 
cana l .  This  xas s tudied  a t  h l a n k u t t i y a  Branch C a n a l .  

I r i s t a l l a t ion  of automatic ,-. The provision of 
hydromechanical gates l i k e  t h e  one i n s t a l l e d  a t  t h e  head of t h e  
Rajangana P i l o t  Dis t r ibu ta ry  Canal permit ted t o  automat ica l ly  c o n t r o l  
t h e  water l e v e l  downstream of t h e  ga te  as requi red  f o r  t h e  opera t ion  of 
t h e  main b a f f l e  d i s t r ibu to i - .  

C r i t e r i o n  F:  A v a i l a b i l i t y  of information regarding the s t a t u s  of  water 
s to rage  (or water l e v e l )  i n  resttrvoirs (or main canals) 

. Water t r a n s f e r s  can be assessed through the v a r i a t i o n  of l e v e l  i n  
r e s e r v o i r s  with co r rec t ion  f o r  poss ib le  water i s sues  during t h a t  period. The 
depth-capacity curve of s to rage  r e s e r v o i r s  permits  t o  assess t h e  v a r i a t i o n  of 
t h e  volwne s t o r e d  by monitoring t h e  tank water l e v e l . .  Volumes i ssued can be 
obtained by i n t e g r a t i o n  of t h e  flow del ivered  at  t h e  p lace  of d e l i v e r y  over 
t h e  time. 

Along canals, t h e  s to rage  capacities corresponding t o  d i f f e r e n t  water 
surfa::e p r o f i l e s  for d i f f e r e n t  s teady flow condi t ions  are genera l ly  not  
r e a d i . l y  a v a j l a b l e  t o  t h e  i r r i g a t i o n  agency i n  charge of operat ions.  By 
d e f a u l t .  the '  cu r ren t  operatin!! r u l e s  related t o  t h e  management of t h e  
t i a n s f e r  of water do no t  take i n t o  account the v a r i a t i o n s  of b u i l t - i n  c a r d  
storage capacities corresponding t o  t h e  d i f f e r e n t  flow regimes. Ins tead ,  t h e  
operat ing r u l e s  are general1:i exi ressed  i n  simple terms t o  t h e  opera to r s  
i i . e . ,  the  standing order  t o  ma.intain water l e v e l  a t  f u l l  supply depth a t  t h e  
re ,gula torI .  These r u l e s  m e a n  t h a t  t h e  volume of water contained within a 
reach would increase  o r  decreast? with t h e  v a r i a t i o n  of inflow. This  would t o  
some extent.  pe r tu rb  and delay -Ae t r a n s f e r  of water. Water su r face  p r o f i l e s  
i n  reach GR12-GX13 of t h e  l i i r ind i  ma Right Bank Main C a n a l  with water l e v e l  
a t  GR13 maintained a t  f u l l  supp.ly depth sre given i n  Figure IV.41. 

C r i t e r i o n  G: A v a i l a b i l i t y  of means for comnunicating the information required 
f o r  t h e  regula t ion  of water transfers 

;hongst  means c u r r e n t l y  used f o r  t h e  communication of information i n  
view of t h e  canal regula t ion ,  t h e  most common are: 1)  t h e  r egu la r  meetings 
of staff responsib le  f o r  canal  opera t ions ;  2 )  opera to r s  c a r r y i m  messages 
o\zer s h o r t  d i s t ances  using 1oc:il transport, push bicycle, e t c ;  3 )  t h e  use of 
t,elephone and radio cornmudcatism system over long distances; 4 )  i n  some 
cases t h e  transmission is d,jne by t h e  water itself (backwater). This  
hydraul ic  p e c u l i a r i t y  is harnes,sed by hydromechanical technologp such as t h e  
automatic gate used for t h e  con t ro l  of w a t e r  l e v e l  downstream of i t s e l f  
i n s t a l l e d  a t  t h e  Ra.ianjiana P i l o t  Project. .  
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4 . 3 . 2  
of t h e  Conveyance of Water i n  the Systems Studied. 

Current Concerns and I 'ractices of Agencies Regarding the  Regulation 

Several aspects in  the above respect have already been discussed in  the  
preceding sections.  Reference IS  made t o  in  Chapters I11 and I V ,  and Section 
4 . 2 .  i n  particular. Only the  nlain observations are reviewed i n  t h i s  section 
i n  the l i g h t  of the above criteria, i n  an attempt t o  evaluate the 
manageability of t h e  systems studied with respect t o  the conveyance of 
water. A summary of t h i s  comparative evaluation is given i n  Table IV.21. 

A t  the higher level of decision-making i n  agencies - the  operational 
level concerned wi th  t h e  management of the water resource stored i n  the main 
reservoir - decisions are made regarding t h e  a l locat ion of water t o  t h e  
various reaches of main systems 

Agencies determine a t  the onset of an i r r iga t ion  season, the extent of 
area t o  be i r r iga t ed ,  and prepai-e an indicative seasonal plan t h a t  represents 
tentat ive a l loca t ions ,  of water planned on the basis of the most probable 
scenario of water resource ava i l ab i l i t y  and water demand anticipated fo r  the  
area t o  be irrigated. Water level  i n  t h e  main storage reservoir used i n  
conjunction w i t h  the depth-storage relationships are key elements fo r  the  
decisions regarding water a1:focations (Figure 111 .12 ) .  I n  the Mahaweli 
System H ,  the  Seasonal Operating Plan (SOP) approved by the  Water Mmagement 
Panel a t  t h e  of f ice  of the  Mahaweli Authority of S r i  Lanka in  Colombo serves 
t h a t  function. Its elaboration is more complex because of other 
considerations, par t icular ly  %he p r io r i ty  attached t o  the production of 
hydropower. the Upper 
Pampmga R i s e r  Integrated I r r iga t ion  System, Cabanatuan, and by the  Senior 
I r r iga t ion  Ehgineer, heading the Water Management Feedback Center, for the 
Kirindi Oya I r r iga t ion  and Sett.lement Project.  

A similar plan is elaborated a t  the project o f f ice  of 

In t h e  course of a sewson, the actual a l locat ions and t h e  decision- 
making t h a t  lead t o  these are qiiite d i f fe ren t .  As indicated i n  Chapter 11, 
decisions often take place :it a lower level  within the administrative- 
managerial setup, e i t h e r  a t  t h e  project  level (Galnewa Project)  or a t  the 
level of the subsystems (Kalanlcuttiya Branch C a n a l ) ,  or  even a t  the level  of 
t h e ' l a t e r a l  from the malin cam1 or the offtake (Kirindi Oya).  These 
decision-making processes us1.tally ' take in to  account the hydrological 
conditions a t  the t i m e  of the water issues as well as requests from farmers. 

The f a c t  t ha t  actual  allocations tend t o  be decided upon a t  the 
intermediate operational levels  while water resource management is dea l t  with 

' a t  t h e  highest l eve l ,  implies t'nat i f  t h e  regulation is t o  be ef fec t ive  there 
should be communication between these levels  and feedback provided t o  the 
higher operational leve l .  

The schedule of intended water a l locat ions,  formulated through whatever 
decision-making process, forms the basis of what is referred t o  i n  t h i s  stuck 
as operational targets  for  t h e  conveyance of water. The ra t iona le  for these 
processes and the adequacy of t he i r  outcomes - the  ta rge ts  - are not 
discussed i n  t h i s  section of t h e  study. Instead, the a i m  of t h i s  section is 
t o  ascer ta in  whether or not these decisions are made. If decisions are 
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found to be made, it is atterrpted to find out whether these decisions are 
operational so that they could serve as targets for the transfer of water and 
whether information and feedback is provided to the operation level which is 
in.contro1 of the water resource. 

Mahaweli System H: Kalawewa Left Bank Main Canal and Kalankuttiya Branch 
Canal 

During maha 1986-1987 the Mahaweli Economic Agency experienced a severe 
drought which strained the conveyance of water through the Mahaweli System H. 
Deficiencies observed at that time led the water level in the Kalankuttiya 
Tank to drop below its minimum operational level with subsequent loss of 
control over the distribution :in that block. This situation pointed out the 
need for more effective regulat:.on procedures for the transfer of water from 
the Bowatenna Diversion to Ka:lawewa Tank and to other intermediate tanks of 
the system. 

Since then, the procedures ,followed by the Mahaweli Economic Agency for 
the regulation of the .systeii were strengthened. The System H Water 
Management Coordination Panel created at the time of the crisis provided, 
through its weekly meetings, a forum for communications and feedback between 
various operational levels which proved to be effective. 

The lia1awer.m Left ~ a n k  Mail; Canal Unit, a new managerial level, was 
created in January 1988, to specifically oversee the operation of the 
Kalawewa Left Bank Main Canal from Kalawewa up to and including half of the 
Iialankuttiya Branch Canal. The new unit has not been fully operational in 
1988 and its staff not yet entivsted with authority in accordance with the 
hierarchical position of the system managed. Yet, this Unit clearly filled a 
void in the previous operational setup of the agency. 

1 )  Transfer from Kalawewa to Kalankuttiya Tank via Mulannatuwa Tank. On 
the basis of the resources available in the Kalawewa Tank, the System H 
Water Management Coordinating Piinel reviews weekly of water issue 
to be the Galnewa and Meegalewa irrigation engineers and for the 
formulation of their request to the engineering assistant heading the Main 
Canal Unit. The engineerin![ assistant prepares a daily schedule of 
anticipated inflow and outflow 'LO and from each intermediate tank as well as 
the water levels anticipated diily in the Mulannatuwa and Kalankuttiya tanks 
which should not be below three and five feet respectively (Criterion D). He 
uses for this purpose the depth-discharge relationship of the tanks (Table 
I V . 2 2 ) .  These values are not necessarily used as targets for the actual 
operations and they do not priwide a reliable record of the actual issues. 
These values do not tally with those more reliably assessed separately by the 
Flow Monitoring Chit on the same canals for the purpose of postseasonal 
evaluation. 

the rates 
adopted by 

The intermediate storage capacities available at Mulannatuwa and 
Kalankuttiya tanks (Criterion E) , though limited in volume, play an important 
role as buffers, in the regulation of the main system. Kalankuttiya Tank for 
instance neutralizes the variability of the supply from Kalawewa while 
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permitt ing t o  implement a schedule of r o t a t i o n a l  water i s sues  downstream 
without being constrained by the supply. 

The simultaneous de l ive ry  cf  water from t h e  le f t  bank main canal between 
I i a l a w e w a  and Mulannatuwa tanks (16 d i s t r i b u t a r y  canals of t h e  Galnewa 
Block), however, was reported t o  be a recurrent  problem which a f f e c t s  the  
e f fec t iveness  of t h e  t r a n s f e r  of water between those tanks. So f a r ,  t h e  
s t a f f  of the  &ahar<eli Economic Pgency have msde various attempt,s t o  a l l e v i a t e  
these d i f f i c u l t i e s  through s t rergthening the  supervision and con t ro l  over 
tliese d e l i v e r i e s  when water i s .  shor t  and scheduling the  de l ive ry  t o  Calnewa 
e i t h e r  simultaneousl>- while perf'orming its conveyance function ( pala 1988) or 
a l t e r n a t i n g l p  (maha). But i n  any case, the  i r r i g a t i o n  engineer reported to 
the  System II Water Management Ccsordinating Fanel t h a t  he needed a t  least 5 . 7  
l i ters per second (200 cusecs)  i n  the  l e f t  bank main canal f o r  its operat ions 
r,ith respect t o  t h e  Galnew Block. 

The Flow Monitoring U n i t  has i n s t a l l e d  12 measurement s t a t i o n s  f i t t e d  
wi th  s t age  recorders between Kal.awewa and I i a l a n k u t t i p .  But t h i s  information 
is not. us.& by the  s t a f f  of the  L e f t  Bank Main C a n a l  Unit f o r  t h e  operat ions 
of t h e  l e f t  bank canal. 7he operat ions s ta f f ,  however, ob ta in  a f r i n g e  
b e n e f i t  from t h i s  in tens ive  monj.toring a c t i v i t y  i n  t h e  sense t h a t  t h e  s t a f f  
g e t  access t o  gauging sec t ions  with t h e i r  corresponding r a t i n g  curves 
(Cr i t e r ion  F ) .  

During t h e  drought of  maha 1986-87, t h e  s h o r t f a l l  i n  the expected 
augmentation of t h e  lialawewa 'Tank resource through t h e  Polgolla-Bowatenna 
Diversion w a s  a key i s s u e .  But t h e  r e l a t i v e  uncer ta in ty  a t tached t o  t h i s  
augmentation has o f t en  been 'pointed out by t h e  System H Water Management 
Coordinatiru: Panel as being a t  >:he o r i g i n  of the  d i f f i c u l t i e s  they have f o r  
planning t h e  r9ater a l l o c a t i o n s  downstream. Amongst t h e  c o n s t r a i n t s  quoted 
are the  l i m i t e d  c a p c i t y  of t h e  tunnel a t  the  d ivers ion,  and the  p r i o r i t y  
giver, t o  There is a l s o  
an inadequate communication mechanism between t h e  Galnewa Pro jec t  l e v e l  and 
t h e  upper managerial l e v e l ,  tlie Mahaweli Authority of S r i  Lanka (&by and 
Merrey 1989) . 

energy a t  t h e  c o s t  o f ' a g r i c u l t u r a l  use of t h e  water. 

In  yala 1988, t h e  water re,source has been r e l a t i v e l y  abundant and the  
water received from Polgolla has not  been a cons t ra in t .  But it w a s  reported 
t h a t  the  t .a rgets  recommended b y  t h e  System H Water Management Coordinating 
Panel were not  respected by th,? i r r i g a t i o n  engineers r e s u l t i n g  i n  more water 
being issued than planned. 

2) Transfer  from t h e  Ih lanku t t iya  Tank dormward. In the  case of t h e  
l ialankutt iya Branch Canal, tlie conveyance t a r g e t  set by t h e  I r r i g a t i o n  
Engineer, Galnewa, c o n s i s t s  of defining t h e  dura t ion of  t h e  r o t a t i o n  and t h e  
flow t o  be issued from the  tank (between 2 to  3 m3/sec) ( C r i t e r i o n  D ) .  The 
schedule is very f l e x i b l e .  For example, the  s t a r t i n g  date of t h e  i s sue  is 
decided upon with very l i t t l e  n o t i c e ,  the  schedule permits t o  accommodate 
demands from t h e  farmers f o r  extension of the period of water i s s u e  which are 
genera l ly  s a t i s f i e d  within a day, and the  canal is closed during t h e  r a i n  and 
the  schedule is modified accordingly (Figure IV.8). 
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I r r iga t ion  laborers do not have t o  bother about the control of water 
level in  the branch canal since a series of nine duckbill weirs perform t h i s  
"automatically" provided tha t  the flow released at  the adequate fo r  
the water t o  flow' over the nine duckbill weirs t o  the tail (Cri ter ion E). 
B u t  t h i s  sumoses an adequate c(mtro1 of t h e  delivery a t  the offtalres. The 
analksis made in  Section 4 . 2  has shown tha t  t h i s  condition was not always 
mot. 1'1s a resu l t  more water ha,  t o  be issued a t  t he  head of the system t o  
compensate. 

head is 

T h i s  is a case whereby t i e  control of water issues a t  the offtakes is 
t h e  stumbling block for  the regulation of the canal. But at  the same t i m e ,  
t h e  performance achieved in  t:ie control of the water level a t  the offtalre 
might be conducive towards achi(?ving t h i s  end. 

Regarding t h e  effectiveness of t h e  water transfer, observations indicate 
that i t  is low a f t e r  a canal closure un t i l  t h e  canal ge t s  r e f i l l ed .  For 
instance ori.20 Play 1988 the ta i l  end farmers of a request t o  
the I r r iga t ion  b i n e e r ,  Galnew%, for an extension of the water issue so tha t  
they could complete t h e  land pr?paration i n  tha t  area. The request w a s  
accepted and the branch canal wxs  reopened a t  0800 h. For the period, 0800 h 
t o  1600 h ,  41,087 cubic meters 3f water were released from t h e  dam, but the 
record indicates t h a t  only 5 ,551  cubic meters actual ly  reached the tail (13 
percent) .  The graphs i n  Figure IV.52 indicate the discharge i n  the branch 
canal a t  the head (data from stage recorder) and at  the  tail i n  307-D3 and 
a l so  t h e  w a t e r  level variation in t h e  canal a t  Duckbill Weir-1 fo r  20 May 
1988. 

Meegalewa made 

Between water i s s u e s ,  t he . i r r iga t ion  laborers seemto  have d i f f i c u l t i e s  
t o  keep t h e  offtakes closed i n  the face of the pressing demand of farmers t o  
draw upon the water accumulated behind the weirs, and the ponds soon ge t  
empty. Consequently, it takes about 12 hours t o  refi l l  t h e  canal at the  
start of t h e  next water issue.  A pract ical  consequence of t h i s  is tha t  water 
usually arrived late i n  the evening a t  the tail of the branch canal when 
farmers a re  no longer in  the f i e l d  t o  receive it. But on the contrary,  the 
water a t  the tail end is shut off soon a f t e r  a canal closure. 

From the above observations, it appears t h a t  the tail (307-D3) is a key 
location from which feedback h a s  t o  be communicated t o  the operator of the 
hcadworks in  v i e w  of t h e  regulation of the branch canal. I t  is interest ing 
t o  note t h a t  t h e  ins ta l la t ion  of a stage recorder at t h i s  par t icu lar  location 
had  been anticipated i n  the design of t h e  canal and the she l te r  fo r  it has 
even been b u i l t .  A similar recorder has  been ins ta l led  a t  the head of the  
branch canal referred t o  as s t a f f  gauge MS1 i n  t h i s  study by t h e  Flow 
Monitoring Unit for  t h e  purpose of evaluating the water issues released from 
the Iialankuttiya Tank over the season. The operator of t h e  main s lu ice  
derives an incidental  benefit  f rom.the 'cal ibrat ion of t h i s  s t a t ion  t o  assess 
the tank water issue.  has never been 
ins ta l led .  The agency does not monitor systematically the water conveyed a t  
t h e  t a i l  of the branch canal as needed fo r  the regulation. I t  has a l so  no 
re l iab le  means t o  assess the flow a t  t h e  tail owing t o  the prevalent 
submergence of t he  measuring device a t  307-D3 (Cri ter ion F) ( r e fe r  Section 
4 . 2 ) *  

But the' envisaged recorder a t  the tail 
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Furthermore, wi th  the new organizational arrarzemeilt , the i r r iga t ion  
laborer r ho  operates t h e  offtakes in  the t a i l  portion of t h e  branch canal 
durina the period of issue,  i s :  now attached t o  t h e  Meegalewa Block Office 
while t h e  headgate operation is under the responsibil i ty.  of the  Main Canal 
Unit (it  was actual ly  under the I r r iga t ion  Engineer, Galnewa, during yala 
1988). W i t h  r e s p t  t o  t h e  re6:ulation of the branch canal, dissociating 
operational respons ib i l i t i es  of' the head from t h e  tail appears as a drawback 
from t h e  previous s i tua t ion  where both were under t h e  Kalankuttiya Block. 
This is not conducive t o  f a c i l i t a t e  communication and feedback from the tail 
to  the hcad a s  needed fo r  an  effect ive regulation of the branch canal 
(Criterion GI even though s:%.tematic feedback was already lacking i n  t h e  
previous s i tua t ion  . 
Vpper F'ampnga River Integrated I r r iga t ion  System: Diversion Canal E # 1  and 
Santo Doming0 Area (SDA) b i n  clml 

1 ) Transfer through the Diversion C a n a l  E#1. The procedure used by the 
Water Central Coordinating Center t o  deoide u p n  t h e  flow diverted through 
the Diversion C a n a l  Eitl in . !  consultation with the respective district  
hydrologists, has  been presented in  Chapter I11 and Section 4 . 2  i n  Chapter 
I\'. I t  r e su l t s  i n  targets. formulated in  terms of discharge t o  be released or  
diverted a t  key locations within the system: a t  Pantabangan Dam, Rizal 
Diversion Dam, and Radial Gate RG#3 - the boundary between District I1 and 
District I - and a t  SDA Supply lleadgate along E#1. These last two points 
a re  of particular concern for  the District I as the  water has t o  f i r s t  cross 
District I1 before entering Di s t r i c t  I (Figures 11.6,  11.7, and 11 .8) .  

The targets  used by the Water Central Coordinating Center fo r  the 
conveyance of water through E.Vl are  not expressed i n  terms of quant i t ies  of  
water t o  be trmsferred within ;i given period of t i m e .  Conveyance ta rge ts  
a r e  not explicit and they  do not seem t o  be recorded: intended discharge a t  
the key branching points (including RG#3) and period of application 
(Cri ter ion D ) .  Thus, the flow monitoring performed does not appear geared t o  
provide the t ime ly  information regarding the volumes being transferred a s  
required for  the regulation of :X#1 i n  a dymmic manner (Cri ter ion F ) .  

There is. no intermediate storage along E#1 except t h e  storage b u i l t  i n  
the canal i t s e l f  h'hich is considerate and which can be varied through the 
operation of t h e  radial gates ( 'Sriterion E ) .  But there does not seem t o  be a 
systematic approach t o  manage the volume of water stored in  the diversion 
canal and t o  monitor the water level with a view t o  regulating the water 
t.ransfer. Instead there appears t o  be ad hoc pract ices  l i k e  those observed 
i n  mid-September 1988 and reported i n  Annex 111.1, and an alarming level  of 

j uncontrolled interventions on t h i s  major canal. 

But t h e  s t a f f  of the  National I r r iga t ion  Administration do not seem t o  
h.we a consistent approach t o  control of h'ater leve l  i n  W # l ,  thereby i n  
respect of the management of t h e  water storage b u i l t  i n  the canal.  I t  is 
unlikely t h a t  t h i s  information is monitored and systematicall?: communicated 
t o  t h e  lt'ater Central Coordinating Center' (Criteria F and G) . For example, 
t h e  hydrologist of District I would at  a given t i m e  decide t o  lower the water 
level upstream of Radial Gate #3 below f u l l  supply depth t o  prevent an>' 
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illegal tapping of water upst:?eam, or else, he will at certain times try to 
build up additional storage in the downstream reach of Dc#1 to try to respond 
to the anticipated demand of thit SDA. 

The Water Central Coordinating Center makes use of a radio 
telecommunication system by which the district hydrologist can give some 
feedback on of the system and the Occurrence of rainfall in some 
part of the command area. This communication appears to be an essential link 
for the operation of the main system. It enables the highest managerial 
level to.respond swiftly to any changing environment and take the appropriate 
action to conserve water from the Pantabangan Dam (Criterion GI. This 
communication system is also used by the Center to inform the staff of the 
clm~ige in the targets to be used for the canal operation. The downward 
communication of information from the Center to the along Dc#1 
and the implementation of the revised targets, however, do not appear to be 
!,,orking as efficiently as it, is. in the upward direction. From this 
observation, one may question whether the current targets and practices used 
for operations of Dciil are a;>propriate from the point of view of the 
regulation of the conveyance of water along this diversion canal. 

the status 

gate keepers 

2) Transfer from SDA Supply Headgate, on E#1. dohmstream through SDA Main w. As indicated in ,Section 4.2, the diversion .of water from the 
diversion canal Dc#1 is sun2osed to augment local flow available in the 
S a m  liakayan Creek. It was also indicated that the National Irrigation 
Administration's source of information for assessing the local flow at this 
particular location was not adequate. This uncertaintg together with the 
Xrariability of both the local f.loy and the augmentation provided from Dc#1 to 
'the Creek, results in poorly regulated supply at the head of the SDA Main 
Canal (Figure IV.12). 

of any storage capacity at the head of the subsystem or along 
SDA Main Canal (Criteria E )  doer, not provide a buffer against the variability 
of the flow, that could lead .to improving the regulation and control of the 
water issues along SDA Main Canal. Furthermore, the multiple opportunities 
provided by the design for "checking" of the Main,Canal make it almost 
impossible for the agency to ewrisage the management of the transfer of water 
from reach to reach whilst maintaining constant the head of water at the 
off takes. Therefore, the SlM Main Canal seem to be operated under 
principles other than those of .regulation and control of the water issues. 

The lack 

Cwing to the' absence of adequate. regulation at the head of the 
subsystem, it was observed that the distribution of water amomst laterals 
had shifted towards a "degr;Aed" ob,jective: the achievement of equitable 
division of whatever flow that tiomes in. 

But given these new water-distribution principles, .one would question 
whether the design of the SDA Phin Canal is the most appropriate. There is a 
large number of distributary cxmls talting off directly from the main canal 
and the design of the major diversion structures at the laterals using gated 
cross-regulators is particularly inconvenient for the proportional division 
of flow. But, this apparently permits the agency to break free from the 
hea\y constraints which would be otherwise put on the management of the whole 
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system if Conditions such as 
the availability of delivery targets, assessment of flow 'against these 
targets, communication of information and feedback in real time for the 
remulation of the conveyance are therefore alleviated. Flow monitoring 
performed along SDA Main Canal is essentially an administrative task that has 
no bearing on the canal operations. 

the objective was the control of water issues. 

A s  a mtter of fact, the current channel of communication that would 
eventually permit to satisfy a request for additional water placed by a 
water management technologist of the SDA is a long and hazardous process. At 
first, the technologist would consult his zone engineer during one'of his 
regular visits and try to solve the problem at that level by a local 
reallocation. If insufficient, the zone engineer would take the matter up to 
the district hydrologist who will then contact the Water Central Coordinating 
Center. But in any case it would talre more than three days for whatever 
additional \cater issue the Center might decide to allocate, to reach the SDA 
from Patanbangan Dam. 

The cri.teria which have teen used so far in this analysis to assess and 
compare the manageability of a system do.not seem to be relevant in the case 
of the SDA Main Canal which is currently not manageable according to these 
standards. ' 

Kirindi Oya Right Bank Main Canal 

Kirindi Oya Right Bank Main Canal represents a case slmilar to the SDA 
Plain Canal in the sense that the distribution function of the canal is 
dominant and tends to mask the need to also winage the conveyance function. 
But while the National Irrigation Administration appears to have given up the 
intention to control delivery e s  per predetermined targets within SDA, this 
is still an objective at Kirindi Cya, at least for the Senior Irrigation 
Fngineer of the Irrigation Department who oversees the operations of the 
Right Bank Main Canal at the pr,oject level. 

The Kirindi Oya Right BE& Main Canal seems essentially perceived and 
operated as a distribution system and the targets used for its operations are 
not expressed in terms of dymmic transfer of a given quantity of water from 
the main reservoir to the diff'erent tracts of the system (Criterion D ) .  
Instead, the agency formulateti targets in terms which actually describe a 
static hydraulic configuration of the canal, which the agency aims to 
achieve. It includes the fol.lowing set: 1) the definition of the water to 
be issued at the main sluice in relation with the demand as perceived by the 
Senior Irrigation Officer of the Irrigation Department, 2 )  a standing order 
to maintain the water at full aiupply depth upstream of each regulator at all 
times, and 3 )  the concern to avoid water shortage at the .tail-end section of 
the min'canal or excess flow which might endanger the coffer dam built by 
the agency to permit construct:ron work further downstream. 

On the other hand, the actual outflow of the system at the offtake is 
often left to the discretion 0:: the irrigation laborers who manipulate the 
cross-regulators. By frequent and confused operation of the cross- 
regulato~s fi.e., storing or draining the cascade of ponds between the 
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regulators), the irrigation Laborers generate pulses in the conveyance of 
water downstream rdiich are detrimental to the regulation (Criterion E l .  

Water levels in the main canal are not monitored by the Irrigation 
agency though it is one of the stated operational targets (Criterion F ) .  The 
volatile nature of this informa.:ion which is affected by the operations of 
the regulators might be one o:? the reasons which preclude a systematic use 
of that informstion in the sbsence of adequate facilities to communicate and 
proc.ess meaningfully that infonnation in real time. 

h' the other hand, should -;he agency wish to monitor the volume of water 
in transit at some section of the main canal, the assessment of flow would be 
particularly difficult,. to achiiave because of the submergence prevailing in 
all reaches. This would actutilly require individual assessment of flow 
through each bate of a cross-regulator plus, where applicable, the flow over 
the side-walls (Criterion E). 

At ,E;irindi @a Right Bmk Main Canal, an assigned staff member 
systematically records the water depth at each offtake. Yet, for the 
reasons indicated in this chapter, including the limited reliability of that 
information, it is very unlLkely that these records go beyond the files 
maintained in the office of the resident engineer. 

?lore. significant for the :Legulation of the canal is the first-hand 
infoin~tion which the Senior Irrigation Engineer of the Water Management 
Feedback Center endeavors to obtain through his regular patrols along the 
main canal. Significant also are the nonofficial exchanges of information 
which the irrigation laborers ajssigned to the tail end of the canal seem to 
have developed 'to prevent the coffer dam from overtopping which would cause 
them to be fined. As reported in Annex IV.3, it was observed that irrigation 
laborers take remedial action in real time and divert excess water to the 
drainage through the Branch C . m a l  2: This was due to the lack of other 
means to communicate in real time this sort of information to higher 
decision-making level, the Rszsident Fhgineer Right Bank or the Senior 
Irrigation Engineer of the Irrigation Department for appropriate corrective 
action. Nevertheless, the cofPer dam has apparently been breached six to 
'seven times season despite the particular attention of the staff 
i n  that area and the financial incentive they have to protect it (Criterion 
G )  ~ 

during the 

Obviously,. the manageability of the system with respect to the 
con\,eyance of water is limited given the design of the existing regulating 
structures and the current mole of operation. An illustration of this is 
given bf the diffusion from head to tail of the h;vdrogram representi- an 
incremental release of water of 1.5 m3/sec for three hours on 2 May 1988 for 
the purpose of calibrating a mathematical model of, the canal. The record is 
obtained for an exceptional period without any intervention on the structures 
o f  the system [Figure IV..53) 
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Rajangana Left Bank Main 12-1: Pilot Area 

The technology and the design arrangements used for the pilot 
distributary canal have been presented in Chapter I1 and Section 4 . 2 ,  
Chapter IV. With respect to thc convepnce of water through this subsystem 
the following points should be highlighted: 

1) At the head of the pilot distributary canal. An automatic gate 
controls the water level downs':ream of it and thus, provides a downstream 
mode of regulation at the head of the system a baffle distributor 
installed next to it. .From this point dorm, the system is supply driven. 

' This particular arrangement permits to regulate the flow at the head of the 
subsystem in a way similar to what can be achieved of a 
intermediate tank (reduction of the variability). 

2) Along the pilot distributary canal. The regulation at the head of the 
pilot area was a condition to envisage the extension of the regulation 
further dorm to the level of the field-channel turnouts. ksign arrangements 
similar to those of the I[alanlruttiya Branch Canal have been used for the 
control of water level at turnouts along the distributary canal. 

at the main sluice 

The regulation of the conveyance through the distributary c.anal was 
expected to be simplified by t h e  opportunity offered to the operator of the 
subsystem to easily check the correct balance between inflow (at the head) 
and outflow at the field-channel turnouts. Feedback from the tail was 
expected to be the key information needed by the operator for the regulation. 

As indicated in Section 4.3, the potential of the above technology and 
design arrawement simple regulation of the system has not been fully 
utilized. The irony is that the expected advantage of the system with 
respect to the manageability of the regulation was annihilated throu8h an 
intervention made at the tail fcm the purpose of flow monitorim. 

4.3.3 Conclusions of Section 4 . 3  

for a 

The analysis presented in Section 4 . 3  is an attempt to assess the 
manageability of the systems and main canals studied with respect to the 
regulation of the conveyance of water, if this were an objective of the 
irrigation agencies. At this point, however, it is necessary to put this 
assessment in perspective wit1 respect to the present concerns of the 
operation staff and the curre"lt approaches of irrigation agencies in that 
domain. The following behavior were also identified in the course of the 
study. 

t Irrigation agencies apparently share the concern to control the delivery 
of water from main canals but their approaches to the convepnce of water in 
those canals are not much elaborated. The perception of the need to msnage 
this particular function in the eyes of the staff responsible for main canal 
operations is lacking. In addition, the awareness within irrigation 
agencies of the conditions - phwical and organizational - which can either 
facilitate or complicate the effective management of the conveyance of water 
is very limited and this mid has far-reaching consequences. These 

1 

1 

I .J 

118 



i 

c 

c 

consequences can be traced in the layout of main systems, in the design of 
the main canals studied, as well as in the organizational structure of the 
agency, especially in the setting of intermediate operational levels which 
does not necessarily match the Function of main canals, and finally in the 
managerial practices .of those intermediate levels which often tend to hand 
off blindly t o  the operators all tasks related to the movement of water in 
canal, and implicitly the conve,Vance. 

t of the conieyance of water does not seem to be a primary 
concern for the staff involved in the operations of the main canal studied. 
T h i s  concern, however, tends to emerge at the'higher operation-managerial 
level while the need arises to achieve more effective transfer of a scarce 
i<ater resource from' tank to tank as in the case of the Ihlawewa Left Bank 
?lain Canal in the blahaweli Syst$em .H or through extensive convemce system 
like the case of the diversion canal Dc#1 at Upper F'ampanga River Integrated 
Irrigation System. But despite this growing concern, the means and the 
efforts deployed by the staff who oversee the operation of canals of such a 
ni..gnitude as DCft.1, the practice,s were found to be ad hoc rather than to be 
rational 'and systematic, resulting in poor regulation of the supply of water 
at the head of the Santo Doming2 Area (SDA) Main Canal for the period of the 
stucly. 

The regulation 

1: The standard approach of a,aencies with respect to the operations of main 
canals can.be simplified as follow: 1 )  the flow in main canals should remain 
reasonably steady and the water level maintained at full supply depth so that 
the water issued at the head of main canal could be adequately delivered at 
the offtakes, 2) i f  necessary, it should be also possible to "push" the 
water downstream through the op2ration of regulators; these maneuvers are 
expected to be necessary to h$?lp the water to reach the tail of extensive 
length of canal faster. Under this approach the stream flow of water through 
a canal as a static flow process that is expected to be prevalent 
per contrast to occasional peri(xls while it would dynamic flow process 
as a result of the pushing (or retaining) actions. 

* Xith the above proposition (I), the regulation of the conveyance of 
wat.er in the snin canal is no longer a concern for the intermediate 
operational level which averse,? the canal. This may justify why the main 
canal tends to be viewed (and d,?simed) by agencies as distribution systems 
rather than conveyance systems. 

* In an attempt to cope with proposition (21 ,  agencies have evolved 
different arrangements by which the involvement of intermediate operational 
Level is alleviated. Under the current approaches, most of the operations 
t a s k s ,  either control of the water issues at the offtake along main canal or 
occasional "pushing," are expe2ted to be dealt with by gatekeepers with a 
minimum managerial input on t h e  side of the higher decision-making levels. 
m e  intermediate operational levels tend to confine their role to the d i n g  
of decisions regarding the water to be released at the head of subsystem and 
nlain canals. and subject that they are in control of the water 
issues at the head of the canal (Kirindi Ow, Kalankuttip), they m y  also 
involve themselves in formulating broadly what targets delivery at the 
offtalie along main canal shoufd be. 

is viewed 
be a 

Eventually, 
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1: Such operational arrangements were ident i f ied a t  Kirindi @a for  
instance i n  the form of standing order given t o  the i r r iga t ion  laborers i n  
charge of t h e  regulators (mainlienance of f u l l  supply depth) .  For t h e  SDA4 
Plain Canal, no order of any s o r t  given t o  the gate keepers and the 
agency relies t o t a l l y  on t h e i r  experience t o  deal with clwamic flow process. 
I n ' m y  cases,  however, the operational arrangements proposed by agencies t o  
cope rg1t.h occuriwnce of dynamic flow process tends t o  increase 
dramatically the burden of the operators. 

t h e r e  is 

t h e  possible 

X In some other (rare) cases, arrangements have been made through the 
d>mmic fl.ow process while relieving a l s o  the operators 

from t h e  additional operation burden usually associated with these 
conditions. These arrangements were observed ' in the case of the 
Kdankuttiya Branch C a n a l  and the Rajangana P i lo t  Distributary C a n a l  w i th  
t h e  provision of nonadjustable regulators .in the form of duckbill  weirs. 

t Because. intermediate opei-ational levels  lack the f e e l ,  the  w i l l ,  and 
eventually t h e  know-how t o  manag:e the conveyance of water through main canal,  
the current flow monitoring performed by i r r iga t ion  agencies is not geared t o  
olxratioris. On t h e  contrary, tk,e f l o w  monitoring is generally perceived and 
carr ied out by operators who do it l ike  another administrative burden 
required from them by the cgency which they may eventually use for  
postseasonal evaluation of the s t a f f .  ' In each of the canals studied, there 
is scope for  reconsidering the.s!bbstance of t h e  information cmunicated i n  
view of t h e  regulation of nlain cana ls ,  and the ways by which it is 
communicated t o  t h e  level of deciision making which a re  i n  a posit ion t o  
overkee t h e  main canal. 

' design t o  cope with  
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CHAFIERV 

IMPACT OF PLAMNING AND DESIGN CHARACTERISTICS ON THE P E R " C E  ACHIEVED AT 
THE LFEL OF THE MAIN CANAL 

5.1 IN'I'RODWSTION 

In Chapter IV, the necessity to control water surface profiles alonc 
main canals, and at the points of delivery in particular, has been emphasized 
as an important step toward:% ensuring the control of water issues. One 
ob.ject-ive of canal re,culation is to achieve this effectively, either throueh 
manacemerit effort (e. P . opera.:ions of gated cross-regulators 1 , or through 
design arraricements fe.c.,  duckbill weirs). 

Therefor-e it i.s propsed, in the ,first part of the present chapter, to 
assess the perfoinwnce of the regulation of the conveyance along the main 
canals studiwl in tenns of an indicator of the daily variability of water 
level at selected locations along the c.anals. The variability of flow 
observed at the offtalte nea:?by will then be related to the recorded 
variability of r.-ter level in the main canal. 

In the second part, the pe.rformance achieved is assessed in terms of the 
spatial variability of the wate:r delivered locations alons the 
main canals. The indicator used is the daily mean volume of water delivered 
per unit conunand area. This indicator pennits a comparison of the water 
delivery, irrespective of the actual mode of distribution (either explicit 
flow control or proportional sharing), and gives indications of the equity of 
t,he distribution. within the sys.tem. 

at different 

The results obtained arc? evaluated with respect to the plannim and 
design characteristics of each ixnal. The underlyiw causes for differences 
in performance are sought and comparisons are made across the different 
study sites. 

5 . 2  VARIABILITY OF WATER LEVEL AT SELECTED LCGATIONS ALQNG THE MAIN CANAL: 
IMPACT ON THE VARIABILITY OF W)W DIVERTED 

Kalankuttiya Branch Canal 

The analysis will focus on two locations where intensive data collection 
xas undertaken: 

1 )  near the head of the branch canal, at the first duckbill weir, DBWl: the 
distributary canal in the imediate vicinity included in the analysis is 
305-D3 (see Figure I V . 2 9  f x  plan of data-logging station); 

2 )  at the tail end of the bruich canal; the distributary canal in the 
immediate vicinity included in the analpsis is 307-D3. 
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water level control at the two locations. Figure V . l  indicates the 
branch canal water levels recorded every 10 minutes by the datalodgers at 
these two locations during four typical rotations, two at the beginning of 
the season (23-26 Map, and 31 Map3 June 1988, denoted R1 and RZ 
respectively). and two towards the end (19-22 August and 6-9 September 1988, 
denoted R l l  and R12, respectively). 

The water levels at the head and tail locations are plotted with 
respect to the' pip invert levels of the nearby offtakes 305-D3 and 307-D3, 
respectively. and thus represent the hydraulic head over these two offtakes, 
which, together with the offtake gate opnim, determine the discharge into 
tlhe offtake. Firture V . 2  shows the discharges into these two distributary 
canals durine the above mentioned rotations R1,  R2, R11, and R12. 

The daily ranee of branch canal water level variation at the two 
locations is shown in Firares V.3 and V . 4 ,  respectively. During the periods 
of water issue (generally 3 to 4 days) ,  the dai1.y range of variation in 
branch canal water level near the duckbill weir is extremely limited - the 
nkximum, minimum and mean hater levels nearly.coincide with one another 
(Figure V .  3 ) . Fxtreme water levels occur more frequently outside the 
perids of issue. On the other hand, at the tail-end location considerable 
water level fluctuations are recorded both during and outside the periods of 
water issues. In fact the canal often runs dry outside the water issue 
periods (represented by the horizontal lines in Figure V.1). 

The regulating effect of the duckbill weir at the head-end location is 
evident; the variatibn ,in water level during the periods of issue is 
negligible. The water level is maintained at .around 10 centimeters Icm) 
above the crest of the duckbill weir. Simificant variations in water level 
are only observed outside the cfficial periods of when attempts 
are made to drain off the water retained by the duckbill weir. This water is 
supplemented by the leak out of the main sluice gates of Kalankuttiya Tank- 
the gates c.anrlot be closed ccmpletely. On the other hand, the water levels 
at the tail end, which does not benefit from any form of water level control, 
exhibit large fluctuations durim as well as outside the periods of water 
issue. 

water issue 

In the case of the relatively well-regulated 305-D3 offtake, the mean 
head.is mainhined at a reasonably constant value of approximately 1.1 meters 
where~as the unregulated 307-D3 offtake is subject to a mean head that varies 
between 0.3 and 0 . 5  meters. In fact the highest value of water level 
obseiied at the 305-D3 offtake at the beginning of the season, during the 
land-preparation period, was Ertificially induced when the water issue from 
the Ihlanltuttiya Tank was increased to facilitate flow measurements by the 
Flow i'lonitorim Unit of the Mahaweli Economic Uency. 

In order to facilitate. comparison between different loostions the 
of the coefficient variability is expressed in noridimensional form 

of variation ( C V ) .  
in terms 

Daily coefficients of va~.iation of branch canal water level at duckbill 
weir DBWl and at the tail end are computed using the water level data 
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gathered at 10-minute intervils by means of electronic dataloggers. The 
results are shown in Table V.l m d  Figure V.5 (duckbill weir DB#1) and Table 
V.2 and Figure V.6 (tail end). Variability of water level at DBWl is nearly 
zero duriw! the water issue periods once a stable regime has been 
established. Some variations are present at the beginnim (fillina of canal 
reach) and end of the water issue periods, but these are essentially 
transient conditions that occur over limited durations. Stability is usuallv 
attained in 2-12 hours, dependiiw on the magnitude of the flow in the branch 
canal and the offtake gate settinas. As expected, greater variation in water 
level is exhibited at the tail md. 

Coefficients of variation #of branch canal water level at the above two 
locations are also computed for each rotational period of water issue and are 
compared in Table V.3 and Fimre V.7. The coefficient of variation of 
branch canal water levels near 305-D3 is relatively high during the period R2 
txxause of the reduction in br;mch canal flow that took place durim this 
rotation.. R11 also shows a islight increase in coefficient of variation as 
this was the period when the hssad sluice gate was rendered inoperable; the 
water flow out of Ka1ankutti.w Tank was thus uncontrolled, and varied with 
the drop in tank water level (see also Figure IV.7). Very low flow was 
maintained in the branch canal during R13, being the last rotation for the 
season. The branch canal water level also varied accordingly. However, the 
magnittde of variability at 305-D3 is practically negligible when compared to 
the variability recorded at t:ie tail-end distributary canal 307-D3. (see 
Figure V.7.) 

Impact of water level variation on discharge diverted at offtake. The 
coefficient of variation of discharge into the distributary canals 305-D3 and 
307-D3 located at DBWl and the tail end, respectively, are computed for each 
rotational water issue period (Table V.4 and Figure V.8). 

Given the low variability of hydraulic head. at the 305-D3 offtake 
compared to the 307-D3 offtake, the variability of discharge into the former 
offtake would also be e.\pected .to be correspondingly low. However, discharge 
variation is This 
is riel1 illustrated by the .relatively high values of coefficients of 
variation obtained for rotatioiis R1, R 2 ,  and R12 during which operations of 
the 305-D3 offtake gate have been recorded. No gate operations were 
prformed during the other :rotations and the coefficient of variation of 
dikcharge remind low. 

also influenced b:? gate operations at the 305-D3 offtalre. 

In the case of 307-D3, the variability in branch canal water level is 
directly reflected in the variability of discharge in the distributary canal 
for the corresponding periods of water issue. Offtake gate interventions do 
not come into play as 307-D3 is kept open continuously so that it ful.fills 
its frhction as a drainage chaniel. for the Knlanlruttipa subsystem. Figure 
V.9 indicates the extent of correlation between the coefficient.of variation 
of branch cwial water level and the coefficient of variation of distributary 
canal discharge during the different rotations. The only exception to the 
observed trend is R13; during which there was no flow at the tail end of 
Kalankuttiya branch canal for ,part of the rotation, thus accountiw for the 

A discussion on unusually high coefficient of discharge for this period. 
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the sensitivity 
variations in the branch canal is presented in Annex V . l .  

of the discharge in distributary canal 307-D3 to water level 

In the case of 305-D3, on the other hand, the impact of the variability 
of branch canal water level on distributary canal discharge is not as clear 
cut as at 307-D3 (pee Figure V.10). The variations in branch canal water 
level at are themselves very small due to the presence of the 
duckbill weir. However, it will be noted that rotations R1, R2, and R12, 
during which gate interventions have been recorded at the 305-D3 offtake 
stand out from the other rotatj.ons when no gate interventions took place 
during the water issues. That is, although branch c+al water level 
variability has been negligible, variations in discharge have occurred during 
R 1 ,  R2, and R12 as a result of offtake gate operations. 

this location 

Kirindi Oya Right Bank Main can81 

The analysis will be confined to the two monitoring locations on the 
right bank main canal consisting of a gated cross-regulator and associated 
of ftake: 

1 )  CR3:Dc5 in Tract 1, near the head of the system, and 

2) GR12:BC2 in Tract 5, near the tail of the system. 

Daily range of water level variation. Figures V.ll and V.12 show that 
there is a significant daily rcme of water level variation above the offtake 
pipe invert at the two 1ocati.ons. However, little or no fluctuations were 
recorded at either location irk the main canal between 26 April and 1 May 
1988, when the whole right bank main canal system was maintained under the 
same steady state regime for crrrrging out the the right bank 
n l a i r r  canal mathematical flow simulation model. The impact of interventions 
at the head sluice, such as inureasin&! and decreasing the main canal release, 
is felt to a greater extent at the head-end location (GR3:Dc5) than at the 
tail (GR12:Bc2). Examples are the increase in inflow on 2 May (for the model 
calibration under unstedv flow conditions) and the reduction in inflow on 6 
Flay. A negative value indicatw that the main canal water level fell below 
the level of the invert leve., of the offtake. Such situations occurred at 
GR3:Dc5 on 22 March (when the (iR3 cross-regulator gates were suddenly opened 
fully, presumably to send more water to the tail reaches) and again durim 
the wried of closure of the miin canal between 11 and 17 April. 

calibration of 

Another significant fact ,*at emerges from Figures V.ll and V.12 is that 
the mean operating head of the branch canal Bc2 offtake (nearly 140 cm) is 
higher than the mean operating head of the distributary canal Dc5 offtake 
(around 80 cm). This would a-priwi be expected to result in a lower 
relative rame of main canal water level variation at the Bc2 offtake 
compared to that at the Dc5 oflake. 

Variability of water lev&. Variability, expressed in terms of the 
daily coefficient of variation of main canal water level at the distributary 
anal E 5  and branch canal Bc2, is shown in Figures V.13 and V.14, 
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considerably. by about 50 cm below E D .  The s t a f f  gauge i n  the  creek 
indicated "32". ra the r  c l o s e  t c  "36" - a l e v e l  t h a t  corresponds to t h e  
target ,  d i schar re  of 2 .5  m3/sec - and the  hydrologist  ordered t h e  gatekeeper 
t o  make an adjustment. I t  looked as i f  someone had adjus ted  the  ga te  
according t o  the  new t a r g e t .  Looking a t  IIMI's records logged i n  at 5-Bay 
SDA in take ,  such an ad.iustment might have taken place before midnight on 15 
September. But a t  0230 h on 16 September, t h e  flow was a l ready  stepping 
down s u b s t a n t i a l l y ,  possibly because of t h e  inflow in te r rup t ion  a t  E # 3  (see 
below), which prompted a drop of the  water l e v e l  i n  M31 and reduced t h e  flow 
d ive r ted  a t  the  SDA Headgate. We a l s o  met t h e  chief  engineer of  t h e  WCCC 
doing an understocd.that  he did frequent  inspect ions  i n  t h i s  
area which h e  could conveniently v i s i t  because he l i v e d  the re .  He told us 
t h a t  he had already inspected Dcl early t h a t  morning and he reported a 
discharge a t  RG#3 of 6 m 3 / s e c .  We proceeded along El towards E # 3 .  The 
water i n  t h i s  canal was very 1315 and El was'almost empty when reaching E l f3  
- a s i t u a t i o n  which t h e  hydrol?gis t  wanted t o  avoid through h i s  pol icy  of 
70:30 [see p. 5 0 ) .  Someone h a d  f u l l y  c losed E # 3 .  This was poss ib le  as 
t,here was no lock to prevent unauthorized persons operat ing such a major 
s t r u c t u r e .  The gatekeeper, whose house was nearby, was not  present .  The 
mt,er was rap id ly  building up i n  t h e  canal upstream of RG#3 and it was about 
15 c m  atmve the maximum l e v e l  as indicated  by t h e  red symbol painted on the  
canal  bank; water was o v e r t o p p i x  the  radial ga tes  and t h e  hydrologist  said 
t h a t  i t  would be r i s k y  t o  lewe it as it was. Moreover, as he pu t  it, he 
wanted t o  "get  h i s  water back." H e  explained t h a t  as f a r  as he k n e w ,  
District I1 requested water for t h e  cur ren t  period and the re fo re  he 
was supposed t o  g e t  f o r  h i s  District I the  t o t a l  flow of 5 m 3 / s e c  of El. I t  
was evident  t h a t  he had no d i r e c t  l i n k  with h i s  counterpart  but w a s  repor t ing 
what he heard i n d i r e c t l y ,  posijibly from t h e  WCCC. Af ter  some i n i t i a l  
h e s i t a t i o n ,  [ t h e  gatekeeper wa;3 still no t  p r e s e n t ) ,  the hydrologist  decided 
t o  l i f t  RG#3 g a t e  by himself an11 we all helped him t o  do so .  I t  took about 
15 minutes t o  l i f t  t h e  only :xate t h a t  could be operated, up t o  gradation 
"60". This was determined . b y  the  hydrologist  on t h e  spot using the  
UPRIIS/NIA Water Measurement Tible  and assuming a discharge rate and water 
head over the  ga te .  Responding'to our quest ions regarding t a r g e t  l e v e l  t o  be 
maintained i n  the  upstream reach as assumed f o r  t h e  ga te  setting, he said 
' t h a t  he did n o t  maintain t h e  upstream reach of DCI at RG#3 a t  Full Supply 
Level. ~ fle claimed t h a t  doing so would prevent District I1 from drawing w a t e r  
from the  canal as they w e r e  not  supposed t o  receive  any water. 

inspect ion and 

had not 

A t  t h i s  po in t  the  g a t e k e e p r  m e  back and e q l a i n e d  t h a t  he had had t o  
g o  t o  the  town e a r l y  morning. H e  i n s i s t e d  t h a t  the  g a t e  was opened when h e  
, l e f t ,  and claimed t h a t  t h e  faiiners of District 2 were responsible f o r  t h e  
in tervent ion that occurred d u r i i g ' h i s  absence. When w e  questioned him on h i s  
role i n  canal opera t ions  s ince  .;he r a i n  on Wednesday, 14 September, he said 
t h a t  although he was aware of a reduction of t h e  flow of El, he was still 
ignorant as t o  why t h i s  happened. H e  was a c t u a l l y  expctitX t h i s  informstion 
t o  be conunwicated t o  him ear:iier. H e  a l s o  reported t h a t  he m e t  t he  Zone 
Eilgineer of District I1 t o  which D i s t r i c t  he w a s  tdmin i s t ra t ive ly  a t t ached ,  
and t h a t  t h e  latter had asked him t o  continue i r r i g a t i n g  some upland farms 
t h a t  still'rleeded water i n  the  iiext District, although he normally received 
h i s  ins t ruc t ions  regarding the  operat ion of RG#3 from t h e  W C C C .  

, 
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In this case, w e  can reasonably ques t ion  t h e  r e l i a b i l i t y  of t h e  
gatelteepr’s explanation a t a t  t h e  timing and t h e  circumstances i n  which t h e  
c los ing  of RG#3 might have taken p lace .  F i r s t ,  it takes hours t o  empty such 
a large cana l  up to t h e  p i n t  which we observed on Friday morning. It is 
l i k e l y  that, t h e  c losure  haprened during t h e  n igh t  as IIMI’s logger seems t o  
imply .  If s o ,  RGfl3’s gatekeeper, i f  he had r e a l l y  l e f t  on Friday morning, 
should ha\e noticed it .  Another hypothesis is t h a t  i f  t h e  water l e v e l  
maintained i n  t h e  canal upstream of RG113 w a s  excess ively  low due t o  
inappropr ia te  setting of RG113, t h e  farmers of District I1 themselves would 
hax‘e been hindered from drawing any water from El. A t h i r d  support ing 
hypothesis would txl t h a t  the  gatekeeper, as an employee of District 11, w a s  
persuaded t o  meet the demsnds of  farmers i n  h i s  District. 
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1 
11 LIST OF ACFiO”9 

BC : Branch C a n a l  
CEB : Ceylon E l e c t r i c i t y  Board 
CRE : Chief Resident E n g i n e x  ’ 

DRPPI(WI) : Deput.3- Resident F’roje-t Manager, Water Management 
rK : Dis t r ibu ta ry  Canal 
Do : Dambulu.@a 
FA : Engineering Ass i s t an t  
MI : Flow Monitoring U n i t  
HAm : Headworks Administrat ion and Operation and Maintenance 
I L  : I r r i g a t i o n  Laborer 
I D  : I r r i g a t i o n  Department 
KYE : K a l a w e w a  Yoda E l a  
LBMC : Lef t  Bank Main Canal 
LB : Lef t  Ehnk 
NFAC :. National Food and Agr icul tura l  Council 
biD\ : Elahaweli Economic Agency 
MASL : Plahaweli Authori ty of S r i  Lanka 
Ma’ : h i n  Canal Unit 
OE : Operations Engineer 
PE : P r o j e c t  Engineer 
RERB : Resident Engineer R i d i t  Bank 
RB : Right Bank 
SIE : Senior I r r i g a t i o n  Engineer 
S H W  : System H Water Panel 
TA : Technical A s s i s t a n t  
UM : Unit  Manager 
WCCC : Water Central  Coordinating Center 
WS : Works Supervisor 
Wfr : Water Management Technician 
IrNS : Water ?bnagement S e c r e t a r i a t  

:1’ 
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ANNEX IV.1 

Background note to demonstrate impact of automatic 
downstream control gate and baffle distributor on control of 

water flows into the pilot distributary canal at Rajangana 
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Annex I\'. 1 : Background note to demonstrate impact of automatic downstream 
control gate and baffle distributor on control of rater flows into the pilot 
distributary canal at. Rqjangana. 

(This note 

Observations 

Period considered: 11-15 August 1988 

should be read in conjunction with the four amompnying figures.) 

11/8 12/8 13/8 14/8 15/8 

WSlu ice  discharges I m 3 / s e c )  : 4.64 3.68 5.10 5 . 2 4  5 .24  
Fainfall at H/works (millimeters): -11 22 0 0 0 

The variations in main canal water levels recorded by the datalogger at the 
heads of the Pilot and Control distributary canals (Figures 1 8; 3 )  are due to: 

- Rainfall on 11 and 12 August, 

- Reduction in main canal flow between 11 and 12 August (4.64 --> 3.68 
m3/sec) in response to this rainfall, and 

- Increase in main canal flat* (3.68 --> 5.10 m3/sec) in the afternoon of 
13 August. 

Computations 

Theoretical target discharges 
used by ID (on the basis of 
Wat,er, Management Consultant's 
c.omputations 

Corresponding volumes to be 
delivered over this 5-day prim. 

"Nodified" discharge target. 
apparently maintained as per 
I D ' S  records for  this period 

Correspunding volumes to be 
delivered over this 5-day periotl 

ID gate interventions recorded 
during this period 

Actual discharges for  this perid 
as per IIMI datalogger records 
and rating curves 

Corresponding volumes delivered 
over this 5-day period 

P I m  (93.5 ha) 
(El, LB Tract2) 

159 liters/sec 

68,688 m3 
(735 m3/ha) 

200 liters/sec 

86,400 m 3  

(924 m3/ha) 

Nil 

194 s Q < 233 
liters/sec 

93,128 m3 
(996 ma/ha) 

A-10 

C O W L  (147 ha) 
(Dc2, LB Tract2) 

263 liters/sec 
(i.e., 10.11 cm 
head over weir) 

113,616 m3 
(773 ma/ha) 

3 9 0 - 4 0 0 
1 i ters/sec 

168,069 m 3  

(1,143 m3/ha) 

Nil 

143 s Q s 392 
liters/sec 

130,524 m3 
I888 m3/ha) 

1 
1 
1 
1 
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Conclusions 

1. The I r r i g a t i o n  Department ( I D )  appears t o  c o n s i s t e n t l y  maintain distri-  
butary  canal  flows a t  values s u p r i o r  t o  t h e  t h e o r e t i c a l l y  computed t a r g e t s ;  
Poss ib le  reasons could be: i ncor rec t  assumptions i n  computation of requi re-  
ments: response t.o farmer demands f o r  more water; f a c i l i t t l t i n g  opera t ions .  

2 .  Discharges i n  t h e  ' con t ro l '  canal are more vulnerable t o  f l u c t u a t i o n s  i n  
main canal  water l e v e l ;  hence t h e  need f o r  more in tense  in te rven t ions  a t  the 
o f f t a k e  g a t e  t o  respond e f f e c t i v e l y  t o  these  v a r i a t i o n s  and maintain 
d i s t r i b u t a r y  canal  flow at t h e  t a r g e t  value. Otherwise, t h e  d i s t r i b u t a r y  
canal  flows w i l l  also vary i n  r t ? s p n s e  t o  main canal water l e v e l .  f luctuat . ions 
and w i l l  differ  from t h e  trbrget va lues ,  which is what a c t u a l l y  happned  
dur inz  t h i s  period. 

3 .  The combination of automat:.c ga te  and b a f f l e  d i s t r i b u t o r  p e i m i t s  p i l o t  
canal discharge t o  be less influenced by water l e v e l  v a r i a t i o n s  i n  t h e  main 
c a n a l ,  i .e . ,  discharge is main1:ained around 200 liters/sec, without need f o r  
in tervent ion  on t h e  part of agency s t a f f .  This demonstrates the  r e l a t i v e  
ease of manageability of t h e  hydromechanical devices i n s t a l l e d  a t  t h e  head of 
t h e  p i lo t .  canal  compared t o  t h e  classic undershot o f f t ake  gate a t  t h e  head of 
the contvol cana l .  More effect:.ve con t ro l  of discharge is thereby poss ib le  at 
t h e  p i l o t  canal. 

4 ~ 

( a )  w i t h  respect t o  t h e  theore txal  t a r g e t s :  

Comparisons of t a r g e t s  L ' e r s r t s  a c t u a l  volumes: 

P i l o t  area - Actual de l ive ry  of 996 m3/ha is 35.5 w r c e n t  
KG than t h e  t h e o r e t i c a l  t a r g e t  of 735 m3/ha. 

Control area - Actual de l ive ry  of  888 mJ/ha is 14.9 percent  
m,re than t h e  t h e o r e t i c a l  t a r g e t  of 773 m3/ha. 

( b )  with r e spec t  t o  t h e  "modifiecI" t a r g e t s :  

P i l o t  area - Actual de l ive ry  of 996 m3/ha is 7.8 w r c e n t  
@,re than t h e  m o d i f i e d  t a r g e t  of 924 m3/ha. 

Control area - Actual de l ive ry  of 888 m3/ha is 22.3 w r c e n t  
__ less than t h e  modified t a r g e t  of 1,143 m3/ha. 

Comprison of a c t u a l  d e l i v e r i e s  aga ins t  t h e  so- called m o d i f i e d  t a r g e t s  is 
more appropr ia te  as these  lat4:er values more r e a l i s t i c a l l y  represent  t h e  
opcra t ional  targets of t h e  agency. The above r e s u l t s  again  demonstrate t h a t  
de l ive ry  targets can be more ef :?ec t ive ly  maintained a t  t h e  head of t h e  p i l o t  
canal compared t o  t h e  con t ro l  cana l .  
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Figure 1_ Comparlson 0': water levels, pllot canal 
11-15 Augud 1968. AaJongana ( LBMC ) 

99.4 l------- - 

I <- Water l e v e l  i n  main canal I 
I 
I 

Water l e v e l  upstream of b a f f l e  d is tr ibutor  -4 I 
98.7 +---./----.- /------ 

I ----.- --J I 
I 

98.8 -j 
Watix l e v e l  downstream of b a f f l e  d i s t r ibutor  ' - 

-r---------- T-----~"----r---------- - -- -I 98.4 

(or) - -- Date 
-. .-  WL (Up.) - WL (MC) 

Figure 2 Comparlson of discharges, pllot canal 
11-15Augu.t 1988. Rajangana ( LBMC ) 
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Figure 3 Comparlson water levels, control canal 
11 - \5 Augumt 1388. Ralangana (LBMC) 
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Figure 4 Comparlson cif dlscharges, control canal 
11 - I 5  Augumt 1988, Ralangana (LBMC) 
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ANNEX IV.2 

Background note to demonstrate impact of submergence of 
the measuring weir on estimation of discharge at the head of 

branch canal 2, Kirindi Oya Right Bank Main Canal 
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Armes 1\'.2 : Background note t) demonstrate the influence of the operation of 
->a1 2 on the sutmergence of the measuring weir 
at the head of the canal anurs impact on the estimation of discharge at the 
head of Branch Canal 2, Kirindi Oya Right Bank bin Canal. 

(This note should be read in conjunction with the accompanying figures.) 

Episode 26 April-01 May 19,38 

No gate (offtake or cross-regulator) operations were permitted, and no 
adjustment to main sluice discharge took place during this period. This was 
on account of the measurement campaign aimed at calibrating the mathematical . 
flow simulation model of th,? Kirindi Oya Right Bank Main Canal which was 
carried out during the period in question. 

Conditions in the RE!! s,rstem were thus essentially e v  except for 
the following rainfall events: 

26 April 1988 
27 April 1988 
28 April 1988 

Lunugamwehera Wirawi la 
3.3 mn 0 
5.8 m 55.4 m 
0 57.9 m 

The above data highlight the considerable spatial variation in rainfall 
between the head (Lunugamweheral and tail (Wirawila). 

The sudden rise in branch i m l  water level recorded around midnight of 
26-27 April has not been due to an increase in main canal water level at the 
branch canal location or to gate interventions at either the nearby cross- 
regulator, GR12 or at the branch canal offtake itself. The most likely cause 
is the backwater curve generated by the closure of the check structure 
located in the branch canal around 100 meters downstream of the measuring 
weir. 

Interpretation of this increase in branch canal water level by using the 
1 below) for free flow over a rectangular weir (as done by 

in branch canal 
equation fequation 
the Irrigation Department) leada to a corresponding increase 
discharge, from 1.41 m3/sec to 1.76 m3/sec and finally to 1.95 m3/sec. 

But in reality this backwnter phenomenon would tend to decrease the flow 
into the branch canal. This be>omes evident if the flow is estimated on the 
basis of opening m d  the difference in water levels between main 
and branch canal (equation 2 below); the discharge falls from 1.34 ma/sec to 
1.22 m3/sec and then to 1.15 m3/sec. 

the offtake 

The consequences of the two rainfall events at Wirawila on 27 and 28 
April 1988 are shown as small increases in the water level records in the 
main and branch canal for this period. Again, different conclusions in 
respect of branch canal discharges would be arrived at depending on the 
equations used to compute flows at the head of this canal. 

3 
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Use of the free flow weir equation would lead to a substantial increase 
in branch canal flow. For example, on 27 April, flow computed on this basis 
would show an increase from around 1.91 m3/sec  to 2.5 m3/sec. Similarly on 
28 April a discharge as high as 3 m3/sec would have been computed. 

However, on 28 April tie branch canal discharge would only have 
increased from 1.15 to 1.21 rnJ/sec if computed by using the orifice flow 
relationship (equation 2 )  that integrates not only water level in the branch 
canal but also the offtake gate opening and main canal water level. 

N.B. Equation 1 : Q= 0.4 L (2g)o.s ~ 1 . 6  

Equation 2 : Q = 0.618 A [2g(Si-Sz)Io*5 

where Q = discharge (mJ/sec) 
L = length of weir at head of branch canal 
(meters 1 
H = head of water above weir crest (meters) 
A = area of opening of offtake orifice (m*) 
SI= water level in main canal (meters) 
Sa= water level in branch canal (meters) 
g = acceleration due to gravity (9.81 m/sec2)  

Episode 05 - 06 June 1988 
The influence of downstream conditions in Branch Canal 2 on the 

estimation of flow at the head of the canal is also demonstrated by the 
events recorded between 5 and 6 June 1988. At around 1130 h on 6 June an 
IIMI Research Assistant closed the checkgate downstream of the branch canal 
offtake to carry out flow measirements at the head of the canal. This 
maneuver is typical of what mtght really occur, especially at low flows, to 
divert sufficient water into the two laterals (E8 and FC6) taking off from 
the branch canal just above this check gate. The change (increase) in water 
level at Bc2 is recorded by the datalogger. This increase in level can only 
be attributed to the change in the downstream condition in the branch canal 
because the main canal water .Level has not changed and neither the cross- 
regulator nor the offtake gate has been adjusted. Again, use of the free 
flow weir equation would lead to interpreting this change in branch canal 
water level as an increase in discharge, whereas the flow in fact dropped due 
to a reduction in differential head between main and branch canal. 

Conclusion: 

Effective and efficient smtem management requires proper estimation of 
flow delivered at different control points. Flow monitoring is complicated 
by physical and hydraulic problems existing at measuring locations. The 
above discussion highlights some of the precautions and practical 
difficulties associated with flow monitoring and the erroneous (and often 
diametrically opposite) interpretations of identical information that one 
might make, depending on the bsic assmptions made in respect of phpical 
and hydraulic This could have far-reaching 
consequences on systew perfomme. 

conditions at this measuring site, 
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ANNEX IV.3 

Typical analysis of data set acquired at 
Kirindi Oya RBMC/BC;2 logging station, 27-28 March 1988 
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;\miex -. IV.3: Typical a n a l y s i s  0:' data set  acquired a t  Kir indi  @a RFP!C/BC2 
- logging s t a t i o n ,  27-28 March 1!@. 

Following is a pr in tou t  i n  t abu la r  and graphic format of raw data 
acquired a t  one of  the  severa l  logging s t a t i o n s  i n s t a l l e d  by IIMI f o r  t h e  
purpose of t h e  s tudy i n  S r i  h l k a  and i n  t h e  Phi l ippines .  
devices located  as indica ted  011 t h e  schematic layout  a t  Kir indi  ma RBMC/ECZ 
were used and t.liey permitted s.tniultaneous records a t  each po in t .  In terpre-  
t a t i o n  of t h i s  p r t i c u l a r  t i m e  sequence is given below as an example of the 
type of ana lys i s  and understanding generated by these  records with a view t o  
evaluat ing  t h e  a c t u a l  canal o p ? r a t i o n  p rac t i ces .  

Four sensing 

The rapid and simultaneou!; rise i n  t h e  water l e v e l  at  S1 (upstream 
GR12) ,and t h e  decrease a t  S4 (downstream GR12) i n d i c a t e  t h e  obvious c losure  
of ga tes  of t h e  c r o s s  regulate:; a t  1300 h on 28/03/1988; t h i s  is f u r t h e r  
confirmed by t h e  monitoring of g a t e  opera t ions  carried out  by IIMI. The 
problem is the re fo re  t o  assess t h e  r a t i o n a l e  f o r  such a p a r t i c u l a r  operat ion 
and t h e  consequences of it, gi.ien t h e  normal operat ing r u l e s  t o  maintain 
water a t  'Full Supply Depth (FS:)) [ R e d u c e d  Level ( R . L . )  39.310 meters1 
upstream of t h e  regula tor  G i 1 2 .  

Since t h e  middle of t h e  n ight  of 27-28 March 1988, t h e  water l e v e l  at  
GR12 has been r i s i n g  above FSD. 
main cana l ,  which might be t h e  r e s u l t  of heavy r a i n  i n  t h e  area and at  
Lunugamvehera (32 mm), earlier.. In  t h e  morning, t h e  water was overflowing 
about 10 c m  above t h e  sidewall,;  of t h e  cross- regula tor ,  and t h e  gatekeeper 
ind ica ted  i n  hJs  f i e l d  book thiit  he opened t h e  ga tes  a t  0723 h and 0830 h i n  
an at tempt t o  lower t h e  l e v e l ,  . b u t  t h i s  does no t  seem t o  have been s u f f i c i e n t  
t o  br ing  it back t o  FSD. A s  a r e s u l t  of increasing d ischarge  i n  RBhC ahd t h e  
subsequent backvater e f f e c t ,  d,Jrmstream l e v e l  at  GR12 rose  continuously s i n c e  
midnight and still more rqhen atiditional water was re leased by t h e  opening of 
the regula tor  gates of (2212. 

This  apparently r e f l e c t e d  higher flow i n  t h e  

A t  some s t a g e ,  t o t a l  outflow through GR12 and Bc2 would have been 
g r e a t e r  than t h e  main canal inflow and t h e  reach upstream of GR12 soon 
started emptying. 
t h e  cross- regula tor .  
dropped fast  be10~ FSD. 
d ive r t ed  i n t o  Bc2, which was pass ib ly  below t h e  t a r g e t  a l l o c a t i o n .  

Around noon, water stopped overflowing the  s i d e  walls of 
No longer con t ro l l ed  by t h e  weirs, t h e  water l e v e l  

This immediately prompted a f a l l  i n  t h e  d ischarge  

A t  1300 h ,  t h e  gatekeeper a t  GR12 decided t o  intervene.  Facing a 
s i t u a t i o n  where water was st i l l  unusually high i n  t h e  downstream reach, he 
a p p r e n t l y  decided t o  d i v e r t  as much water as poss ib le  i n t o  BC2, used as a 
drainage f a c i l i t y .  
a t  1335 h ,  by which s idewal ls  were soon again  overtopped, and he opened 
f u r t h e r  t h e  Bc2 g a t e  t o  d i v e r t  most of t h e  flow i n t o  Bc2. The combined 
e f f e c t  of t h e  continuing rise i n  t h e  main canal l e v e l  f o r  about two hours. 
before  s t a b i l i z a t i o n ,  and t h e  opening of t h e  o f f t ake ,  a l t o g e t h e r  b r o a h t  
about 700 liters/sec of excess water i n t o  EX2 f o r  t h e  whole n igh t  (20,000 m 3  
f o r  about 8 hours) .  

H e  first c losed t o t a l l y  t h e  ga tes  of t h e  c r o s s - r e a l a t o r  

As a hypothesis still to be confirmed by interviews wi th  I D  s t a f f ,  t h e  
gatekeeper might have received information from t h e  s t a f f  i n  charge of 
opera t ion  of t h e  downstream reaches who are responsible f o r  protec t ing  a 
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cofferdam located downstream. 
purposely d ive r t ed  water t o  pre,rent t h e  r i s k  of breach of  t h a t  cofferdam 
b u i l t  f u r t h e r  down by the  agency t o  raise head a t  t h e  off tal tes  i n  the  last  
reach, 

If so,  t h e  Water I r r i g a t i o n  Laborer ( K I L , )  h a s  

The quest ion now is t o  f i n 3  o u t  whether the  earlier in tervent ion  made a t  
CR12 i n  t h e  morning according t,s t h e  usual opera t ional  r u l e s  was opportune, 
whether i t  has put  the . co f fe idan  a t  r i s k ,  inducing a remedial a c t i o n  t h a t  
put  t o  waste 20,000 m 3  of water, and. i f  so, what would have been a more 
appropr ia te  act.ion ~ 

w i l e s  1 8. 2 present  t.he va r i a t ion  of water l e v e l  upstream and 
dormstream of the cross- regulator  GR12 as recorded by the  data logger .  
P l o t t i n g  t h e s e  i n  Reduced Levels p e r m i t s  t o  compute t h e  hydraul ic  head over 
the  g a t e  of t h e  regula tor  and over i ts  appurtenant s i d e  walls. Side walls of 
r egu la to r s  are usual ly  erased a t  Full Supply Depth l e v e l  (R.L. FSD a t  CR12 I 
39,310) and l u r t i c i p t e  t o  some ex ten t  i n  t h e  c.ontro1 of l e v e l  over t h e  weir. 
Figure 2 permits  t o  evaluate  t h e  e f fec t iveness  i n  c o n t r o l l i n g  FSD l e v e l  a t  
the regu la to r  over t i m e .  I t  shows t h a t  during these two days ,  t h e  water 
l e v e l  i n  the imin canal  h a s  been above FSD most of t h e  t i m e ,  even before t h e  
complete c losure  of the  r egu la to r  GR12. 

Figure 3 presents  t h e  recoid of gate opera t ions  as maintained by t h e  
gatekeeper ( k ' I L ) .  Actual g a t e  opening was computed from ind ica t ions  of 
sp ind le  he ight  of each ga te  and c a l c u l a t i o n  of t he  total o r i f i c e  area a t  t h e  
cross- regula tor  GR12 I 4  g a t e s )  and a t  t h e  Latera l  BC2. 

I t  matches f a i r l y  w e l l  with t h e  v a r i a t i o n  of l e v e l  recorded by t h e  
logger t h a t  reflects changes i n  t h e  gate setting, an ind ica t ion  of 
confidence which can be placed i n  t h a t  p a r t i c u l a r  set of data. 

Figure 4 presents  t h e  reslilt of an estimate of respect ive  f l o w  v a r i a t i o n  
i n  time a t  GR12 and BC2. This was d e  by c a l c u l a t i o n  of d ischarges  passing 
through g a t e s  and over s i d e  walls a t  t h e  regula tor .  Theore t ica l  equations 
were used w i t h  a discharge coef ' f ic ient  adjus ted  on a v a i l a b l e  gauging made by 
II?1I, i n  a s soc ia t ion  with similar records and information on g a t e  s e t t i n g  at  
t h a t  time . 

This evaluat ion  p e r m i t t e d  t o  assess t h e  i m p a c t  of t h a t  p a r t i c u l a r  
sequence of g a t e  opera t ions  i n  respect t o  t h e  outflow i n  both d i r e c t i o n s  at  
RBYC/BC2 d i v e r t i n g  point .  
i n t e r p r e t a t i o n  of  the  graph f o r  temporary imbalance of  inflow/outflow t h a t  
r e s u l t s  i n  s to rage  v a r i a t i o n  i n  t h e  main canal reach f o r  sometime a f t e r  a 
g a t e  in te rven t ion .  

Due considera t ion  has  t o  be given i n  t h e  

Figure 5 presents  t h e  r e s u l t s  of a comparative evaluat ion  of flows a t  
t h e  BC2 by c.omputation using tilo sets of data: ( i l  t h e  d i f f e r e n t i a l  head over 
the  g a t e  o r i f i c e  ( S 1  minus 5 2 )  and record of g a t e  opening, and; l i i )  t h e  
xater l e v e l  i n  t h e  weir box 1st:nsor S2)  t h a t  corresponds t o  t h e  s t a f f  gauge 
readings c u r r e n t l y  used by t h e  agency t o  assess discharge a t  Bc2. In  t h e  
first case ,  computation has  b e t m  made with t h e  o r i ' f i ce  equation and a 
discharge c o e f f i c i e n t  10.61) derived from t h e  ava i l ab le  gauging performed on 
that c.anal and simultaneous records. In  t h e  second case, t h e  free flow weir 
equation is used f o r  comparison purposes. 
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As a matter of f a c t ,  cal i1)rat ion of t h a t  p a r t i c u l a r  s t a f f  gauge 
[ i n s t a l l e d  by IIMI) has n o t  been  successful .  
the weir are  good, t h i s  s t r u c t u r e  appears t o  be sub.ject t o  submergence 
depending on discharge and doimstream opera t ions  of t h e  Dcs, and thus  t h e  
level  o f ' v a t e r  a t  t h e  i d e i r  box alone is no t  enough f o r  c a l i b r a t i o n  of B02. 
Figure 5 i l l u s t r a t e s  t h e  occurrence of these  phenomena f o r  t h e  h ighes t  flows. 
On t h e  other hand, K 2 ' s  flow c s t i n l a t e d  with t h e  o r i f i c e  equation is 
c o n s i s t e n t  w i t h  most gauging p r fo rmed  by IIMI throughout t h e  season. 

Although physical  condi t ions  of 
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coiiiples, and the effect ive inanagement of these s t ructures  under dynamic 
(:ondi t ions requires mageria.1 capacities which a r e  seldom currently 
. x \ ~ ~ i l a b l e  w i t h i n  agencies. 

A technology tha t  has  proven t o  be effect ive i n  a l lev ia t ing  these 
d i f f i c u l t i e s  a t  t h e  level of the dis t r ibut ion system is the provision of 
simpler hydxaul ic  control st:.-uctures in  the main canal offering less 
operational f l e s i b i l i t y  ( l i k e  the duckbill weirs displayed along the 
Iialankuttiya Branch Canal) ~ 

9. 
t h e  conveyance of water a t  the iippropriate intermediate 
the systems studied appeared fa:: less developed and sometimes nonexistent. 

10 * An important aspect t o  be considered i n  a rat ional  approach t o  the 
design and management of main s:(stems and subsystems, is t h e  nature of t h e  
dependencies b u i l t  i n  between t h e  physical processes t o  be performed 
(conveyaqce and delivery,.) on the one hand, and the d i f fe ren t  managerial 
processes associated wi th  these (delivery leve l ,  regulatory leve l ,  resource 
management l e v e l ) ,  on the other .  

The operational arrangemen':s available t o  perform the task .of regulating 
operational level  i n  

Rational and functional deaigns should provide some domain. of freedom 
for  t h e  operation of subsystemsat lower levels ,  with the view t o  improve the 
nmageabili ty,  responsiveness, imd performance of the overal l  system. These 
could be, for  instance, i n  t h i s  form of physical buffer capmities l i k e  an 
intermediate tank between the conveyance and d is t r ibu t ion  systems. 
Management of storage in  t h i s  -tank becomes the main task  of the higher-level 
system. This is s imilar ly  achieved through the al locat ion at  the rikt 
nmagerial  l eve l  of decentralized responsibil i ty over subsystems. 

In such an arrangement, the administrative-managerial level i n  a 
position t o  oversee the whole a m a l  should be entrusted with the  operational 
task of regulating the conveymce of water i n  t h e  main anal. Decisions 
regarding operation of the regtilating s t ructures  should be retained a t  t h a t  
l eve l ,  wh i l e  t h e  room fo r  decision making of lower-level operators wi th  
respect t o  t h e  conveyance of iw:er shou1d .k  minimized. 

T h i s  is obviously a ms.jor i l ep r tu re  from current operational practices 
of agencies which a i m  t o  "regulate" t h e  conveyance through standing orders 
given to the operators and t o  ininimize t h e  need fo r  information communication 
between managerial levels .  On the contrary, the ava i l ab i l i t y  of 
communication f a c i l i t i e s  a t  the intermediate managerial level  t o  get adequate 
feedback regarding t h e  ongoing process of water transfer ( a t  key loca t ions) ,  
,and t o  communicate t imely,  s p x i f i c  instructions t o  the operators, is the 
critical factor  fo r  a regulatioI.1 approach, unless these  important constraints  
are al leviated by some degree of automation (downstream cont ro l ) .  

11. Depndencies between physi,xil processes can be e i ther  loose or t i g h t ,  
hut the design of i r r iga t ion  systems play key ro les  i n  se t t i ng  
the nature of these  dependencies and by doing so determine the potent ia l  
manageability of spstems. 

planning and 
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I ? .  Finally. .t.he manageria:l efforts required for control of the primary 
distribution of water from the .main canal can be incornmensurable between 
systems depending upon whether the functional aspects associated with 
reculation of the conveyance of water throwh main systems and control of 
Imter delivery- have or have not been adequately considered .at the initial 
planning and design stage. 

If not,, managerial capacit.ies which are not currently available within 
irrigation agencies might be required, and control of water deliveries might 
be, in some cases, am unrea1ist.k ob.jective. Substantial 'rehabilitation and 
modernization to accommodate a :rational and functional approach for operation 
of canals niay be neLded in such cases. 

In summary, improvements can be expected under a rehabilitation and 
modernization program through tl!e following: 

A. Structural improvements throwh better planning, design, and 
construction: 

A . 1 .  Structuring the min system in a functional way with due 
consideration for the prirnsy of the convemce of water which has to be 
achieved through the main canal, and providiw buffer capacity 
(intermediate storage, in-line canal storage, etc.) between the 
conveyance and distribution systems (but existing systems might have 
limited scope for such improvements). 

i \ .2.  Simplifying the hydraulics of canals and their structures throu& 
'the rational use of hydraulic "controls" Iweirs) to substitute for human 
control wherever permitted by the topography. 

B. !hiagerial improvements through organization design and information 
comnuniation : 

B.l. Structuring the organization in a functional manner, recogniziu? 
the primacy of the conveyance function and providing the corresponding 
ad~~iinistrative-managerial unit, appropriately located within the 
hierarchy of the agency, whose sole responsibility will be the operation 
of the conveyance system; the staff of this unit ehould be distinct from 
that engaged in operating the subsystems. 

B.2. Coordinating and tightening the operations of structures along 
main canals through more j.ntegrated management at the main canal level; 
the ability to monitor, ,process, and comhnicate information in real- 
time between the operator:; and management is a the widest 
possible range of manafilement techniques and technology should be 
ezplored for this purpose'includiw! both hardware and software options. 

key element; 
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The s t i d y  was led by M r .  Daniel Berthery, C i v i l  & i b l r i cu l tu ra l  Eneirieer. 
The text was prepared w i t h  t h e  material cont r ibuted  and s w g e s t e d  by h i s  IIMI 
col leanues .  Dr. Hilmy S a l l y .  C i v i l  & Water Resources Engineer, D r .  Namika 
Raby, Socia l  S c i e n t i s t  and Mr. Charles Ni.iman, Associate Expert i n  Manage- 
ment. Dr. i\lf&do Valera, [lead. IIElI F ie ld  Operations i n  t h e  Ph i l ipp ines  and 
D r .  P.S. Rao, Senior I r r i g a t i o n  S p e c i a l i s t  a t  IIMI Headquarters proLiided 
e s s e n t i a l  a s s i s t a n c e  and advice f o r  t h e  pro.ject implementation. 

The material was contr ibuted  by IIMI’s field research s t a f f ,  Elessrs. 
Wilf.redo bmos and Rcdelio Navarez i n  t h e  B i l i p p i n e s ,  and Messrs. S. 
Pathmara.iah and Asoka Hiwurahena i n  S r i  M a .  

The information communicated t o  t h e  researchers  by t h e  s t a f f  of t h e  
co l l abora t ing  na t iona l  i r r i g a t i o n  agencies i n  each  of t h e  four  i r r i g a t i o n  
systems s tud ied  was e s s e n t i a l  t o  t h e  study.  I n  p a r t i c u l a r ,  t h e  serT-ices of 
Mr. S. Yatawara. I r r i g a t i o n  Ennineer, Flow Monitoring Uni t ,  Galnewa whom t h e  
Mahaweli Economic .L\rency made a v a i l a b l e  f o r  t h e  stud? are very much 
apprecia ied  I 

Thanlrs a l s o  f o r  t h e  recowendations of Frofessor A.A. Kampfraath, Head 
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Figure IIdl Comparative presentation of the schematic 
the main !bystems studied 
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Fizure 11.2 Kirindi Oya lrrination and Settlement Proiect - 
Location Map 

KlrindtOya 



c 
c 
c 
c 
t 
[3 

c 
c 
c 
c 
L 
c 
.c 
c 
c 
c 
c 
c 
c 

DC-2 11592ml 

DC-3 12408ml 

DC-4 12911ml 

1 
J DC-6 1398lml 

FC-55 15318m) 
FC-55 I5482 ml 
fC-51 I5949 ml 

- 

FC-59 15918ml 

Field lhennel 

DC- l  18515ml 

D1s1r1I1uIery Channel 

DC-2 1105ll ml 

DC-3 (11101 ml 
FC-34 1l l997ml  

DC-4 113I45ml - DC-5 113115ml 

Figure 11.3 Issue tree diagram Kl r ind i  Oya Right Bank Main Canal 

FC-5s 122%6ml 
DC-11 123314ml 

DC-I2  124282 ml 
DC- 13 124458ml 

- -COFFER OAM 

GA 1 

GR 2 
(241 5 rn) 

GR 3 
14012 m) 

GR 4 
(7007 rn) 

GR 5 
(8550 ml 

GR 6 
(10532 m) 

GR 7 
112029 m) 

GR 8 
(13732 m) 

GR 9 
(15137m) 

GR 10 
' (16166m) 

GR 11 
(18112m) 

GR 12 
119860ml 

GR 13 
(221 10 m) 

GR 14 
(23342 rn) 

GR 15 
(24481 ml- 

I nwehere 
?,YO,, 

I 
0 Location of Measuring Site - Gated Cross Regulator 

FC-5 1935m) I- 

DC-0 114594 ml 
DC-7 114911 ml 

FC-88 115229 ml 

DC-8 115142ml t- 
DC-9 111188 ml 
DC-IS  118017ml 

I DC-I I1892Oml 

- - , . ... , 

I C - 2  l l9812ml 

F C 4 8  lZOl08 ml 
F C - 4 9  121316ml 
DC--9 121598ml 
FC-54A 111868 ml 
FC-54 122094ml ' 

1 
F-3 



“re 11.4 Mahaweli Canga Development P r o j e c t ,  System H 
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Figure  11.6 General Layout of UPRIIS S e r v i c e  Area 
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F i g u r e  11.8 Schematic d iagram of San to  Doming0 Area (SDA) 
i r r i g a t i . o n  network 
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Figure 11. I 1  SDA MAIN CANAL 
LONGITUDINAL PROFILE 
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Figure 11. 13  Kalankuttlya branch canal: Issue tree diagram 
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F i g u r e  1 1 . 1 7  
Characteristic line of single baffle distributors 
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Figure 111.1 The Mahaweli Organization 
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Figure 111.4 Project Level Organization - Mahaweli Economic Agency 
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Figure 111.7 NIA/UPAIIS Organisational Chart 
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Figtire 111.8 Oreanization Chart for District 1 (25,341 ha) 
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Figure 111.9 C o n t r o l  of water r e s o u r c e s  
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Figure 111.11 Comparison of Density of Management in three systems studied 
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Figure  111.12 UPRILS Operat ion r u l e  curve 
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Figure 1V.6 Schematic l a l o u t  o f  Kalawewa L e f t  Bank Main Canal 
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Figure  I V . 1 4  SDA Headgate (15 f t  Parshall  f lume) 
Comparison of discharge assessed using 

NIA table(QN1A) with IIMI gauging( Qmeas)  
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F i g u r e  IV. 23 

Section 

SDA, Rotational irrigation schedule with effect from 
12 September 1988 
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Figure 1v.28 S D A  Distribution of flow in Lateral B 
as a percentage of flow in main canal 

24 t o  3'1 July 1988 
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Figure IV.29 Kalankuetiya branch canal: Plan of data logging 
station near distributary canals 305D3 and 308DZ 
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I Figure IV.30 Longitudinal section near the head of distributary c a n a l  308D2 
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TEM 105.641 2 
Branch Canal 

103.473 

TTTTTT77 

CROSS SECTION AT TO1 

/ / / / / / /  

Readings at 1600 hn. M( O2nd August 1988 
- Offtake spindle height - 33 cm 

Sensor reading = 552 mm 
Staff gauge A = 1.95 ft. 
Staff gauge 8 = 0.89 it. 
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Figure 1V.34 Schematic diagram of da ta  logging s t a t i o n  a t  D i s t r i b u t a r y  
Cqnal .(DC5), Trac t  1 ,  K i r ind i  Oya Right Bank Main Canal 

Sensor ~a -0 

G R  3 v 
5 4 3 2 1  

Sensor - b -0  

0 
I- 

------ 

3967 m 

R O A D  

c Weir 

Distributary Canal 5 - 
Sensor - 7 

0 

1-1 l m  

Reduced Level Sensor - a - 43.900 m 
Reduced Level Sensor - b - 43.829 m 
Reduced Level Sensor - c - 44.351 m 
Reduced Level Weir crest - 44.660 m 
Length of Weir crest - 04.11 rn 
Full Supply Depth (GR 3) - 45.038 m 

GR 3 - Gated Cross Regulator No. 3 
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F i g u r e  I V . 3 5  Schematic d..agram of d a t a  logg ing  s t a t i o n  Branch Canal  2 
(BC2), Tract: 5,  K i r i n d i  Oya Right Bank Main  Canal 

Sensor ~ a -0 

1 Sensor - c 

0 GR 12 

4 3 2 1  

Sensor - d -0  

? 

3 
E 
m 

0) r 
a, 

m 
I) 
C 
I) 
_I 

0 
k R O  A D  

--Weir 

Branch Canal No. 2 
Sensor - b 

+I 
1m 

Reduced Level Sensor - a - 38.405 m 
Reduced Level Sensor - b - 38.521 m 

Reduced Level Sensor - c - 38.755 m 
Reduced Level Sensor - d - 38.372 m 
Reduced Level Weir crest - 38.940 m 
Length of,Weir crest - 05.785 m 
Full Supply Depth (GR 12) - 39.308 m 

GR 12 - Gated Cross Regulator No. 12 
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F i g u r e  IV.36 Ske tch  o f  DC5 and BC2 c a n a l  command a r e a s  and o p e r a t i o n a l  
r e s p o n s i b i l i t i e s  of  I D  p e r s o n n e l ,  K i r i n d i  Oya Right Bank 
Main Canal  

I 

3967 m 

G R  3 

5316 rn 
5 4 6 2  !n 
5 0 4 9  rn 

6978 m 
GR 4 

I TRACT 
Number of TAs = 

- FC 57 

FC 5 0  - 

- Field channel IFCl 
Dirlribulvry ehsnnol (DC)  - 
Emnch CDl lO l  IBCI - 
FC gates . 
DC/BC gates 
Gated cross.regula1or 0 

0,op SIIUclllre gate 0 

I TRACT 

1 
3 
1 
1 
4 
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Table to be read in conjunction with Figure IV.36 

Geographical distribution of staffing & structures under 
DC5,FC55,FC56,FC57 and FC58 command area i n  tract 1 (Region X in Figure 
IV.36) arid BC2 command area in tract 5 (Region Y in Figure IV.36) 

Area o f  
responsibility 

Command area (ha) 

Tec I1 n i ca 1 
Assistants ( T A )  

Work Supervisors 
(WS) 

Number of field 
canal gates(FC1 

Number of branch 
or  distributory 
canal gates 
( BC/DC) 

Number of drop 
structure gates 

Number of cross 
regulators 

Near DC5, Tract 1 

egion X in figure IV.36 

229 

1 (also responsible for 
the whole of tract 1) 

1 (also responsible f o r  
the whole of tract 1) 

0 1  

16 

01 

02 (five gated) 
GR3 & GR4 

F-65 

Near BC2, Tract 5 

Region Y in Pigure IV.36 

528 

01 (also responsible f o r  the 
whole of tract 5 )  

01 (the rest of tract 5 is 
managed by another WS) 

05 (including two night 
watchers) 

42  

08 (including one BC gate) 

03 

01  (four gated) 
GR12 
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Figure I V . 4 0  S D A  Lateral G ( 4  f t  Parshall  flume) 
Comparison of discharge assessed using 
NIA table(QN1A) w i t h  IIMI gauging(Qmeas) 
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I .4 
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C 
.............................. .,... ................. .- .......................................... ........ ...: Q.. .............. : ....................... ;... ................................ 

..i ./ .............. 

..;~ ........................ .......................... ..: ...................... i.. . . . . . . . . . .  . . / L .  ........ ............................... . :  
Thg points witl lie on this line w h e n  NIAs i 

/ j  assdssment o f i f l ow  correspond to IiMI measurement of i l o w  

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
Qmeas (m3/s) 

I .o 

0 Points not considered for fitting the 
tentative calibration curve 
due to submergence 
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F i g u r e  IV.41 Kiriiidi Oya RB Mail l  Canal: Il'at,ei. surface 
profile in reach GR12-GKl3 assuming 
water level a t  GR13 maintained a t  FSD 

Water level (in). 
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. .  
............... .................................. i. . . . . . . . . . .  .......,. .............................. " 38.5 . . . . . . . . . . . .  . . . . . . . . . .  
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. . . . . .  . .  . .  . . . . .  , . . . . . . . . . .  
... ; m  

@I a 
38.1 

@ m i  

20200 20600 21000 21400 21800 22200 
Distance from head sluice (m) . .  GR13 

37.9 19800 L U ' l . 1  1 

GRI2 

- 0.5rn3/s A 1.0m3/s -+- 2.0rn3/s 

-e- 3.0m3/s + 3.5m3/s Offtake invert level 

* Full Supply Depth (FSD) a t  GR13=38.60m 



Figure 1v.42 Simu la t ed  r a n g e  of watei- level  va r i a t ion  
at. the offtakes while level a t  

downs t ream cross r egu l a to r  var ies .  
Reach  GR12-'GR1;3, Kirindi Oya RBMC 

Level (m) 

"I 
I 
u 
I 

FSD(38.60 n) 

F C 4 8  F C 4 9  D C 9  F C 5 4 A  F C 5 4  .GR13 

<---MI2 Offtake 

a Offtake diameter (m) 
m Usual range of variation observed 

(FSD - 0.03m to FSD + O .  0 1 m) 

Range (m) 



m
 

U
 

>
 

H
. 

N
 
0
 

d
 
\
 

03 
V
 

,!a
 

.
.

 

............... ,. ............. , 
......... ...............,... 

9
 

CO 
i 

1~ 
; 

! 
< 03 * V 

a 
.L

r, 

"
 

Q
, 

bo 

cn 
c: d h 

.
:

 

................................. 
"
"
"
"
 '.' 

I 
I i 

L4 
Y
/
 

I 
I 

a 
ffi 

I 
I 

L
C

 
* 

r
J

 
OJ 

.+ 
0
 

P- 
co 

0
 

0
 

0
 

0
 

6
 

0
 

o
 

F--7 2 

'1 

J
\
 

E 
ij ! 
L

i
 

............ 
___ ...... 

__ __ 
.
 



r 

c 
L 
c 

c 
c 
c 
r- 

L 
. ~ .  

0 
1 

G 
u 
.I c c: 

c 

water  level3  

Water level I n  d l s c r l b u t a r y  canal DC5 

44.0 1 1 -  I I I I I I i 
12- May ! 4-May 16- May 1 8 - M a y  2 0- M a y  

Dote 

Gate openings 

%I: ____ 

0.30 

0 .25  

n.20 

0.15 

0.10 

0.05 

0.00 

I 1 -  I 
cross r e g l l l n r o r  g a t e  opening '* 

I I l l -  I I I I  
U 

I I I I 

12- May 14-May !&May 1 8 - M a y  2 0- M a y  I 
I 

Do te  

F-73 



I, 
i 1 

I
 

I
 
I
 
I
 
I
 
I
 
I
 

I
 
I
 

I
 
I
 
I
 
I
 
I
 
I
 

I
 

I
 
I
 

I
 

I 
I
 

I 

m m m .-- C
 
3
 

7
 

m N
 

I a
 

Q
 

m L
 

- I' 
2 
ol 
0
 

I L
 

0
 

z ul 0
 

.
3
 

r
 

n
 

E 
v
 

(%
) 

A
au

en
b

o
Jd

 

F-
74 



r_; c C r L c c c1 c L c: c I c c c 7
 

IC 

m
 

m
 

a, 

C
 

11 
7
 

N
 

T
- 

m
 I L
 

2 00 
r
 

$ m 
0
 

I I
 

0
 

L
 

D
 

0
 

0
, 

0
 

a
)
 

0
 

t-. 
c., 
-4- 

0
 

h
l 

vperera
Next >>

http://intranet.iwmi.org/Library/M/H_5430xiv.pdf


i 3  

12 
1 1  
10 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 
38.39 38.59 38.79 38.99 39.19 39.39 39.59 

FSD(39.31 m) 
Water Level (m) 



(c 

t 
Y 

2 I 



81-J 

AOW-i-Z JOW-ZZ JON-OZ 

1 1 
.. 

Zuyuedo 
azva aye1330 

r-- 

i 
'i' 00'0 

50'0 

01'0 

s 1'0 

0z:o 

52'0 

Om 

SC'O 

09'0 

AOW-i-Z JOW-ZZ JON-OZ 

1 1 
.. 

Zuyuedo 
azva aye1330 

r-- 

00'0 

50'0 

01'0 

s 1'0 

0z:o 

52'0 

Om 

SC'O 

09'0 



c 

2.0 

1 .a 

1.6 

I .4 

1.2 

1 .o 

0.8 

0.6 

0.4 

0.2 -: 

0.0 - c 

- 
. .__ .. ~~ ~~~ . .~ ...~ ~ . ~ .  

.. . ~~ ~~ - 
7 

____ cross. reg11atar $are open ing  

1 Offtake gate  o p e n i n g  

I I I I I I 

c 

- 
y1 > 
E 
v 

c 
3 
0 - r LL 

L 

c 
r 

Flow estirnced by t w o  different methods 

ranch canal 

0 2  -+- 
I I I I i 

12-May 
0.0 I 

04-Moy 06- May 08-May 10-Moy 

Date , 

F-79 



Figure IV.51 Water surface profiles a long  a canal: two typical situations 

Sluice gate 

1 

Water depth/ f low control through gate operation 

Undershot gate 
cross-regulator 

water depth raised 

Water depth /storage con1 rol through gate operation 

F-80 



L 
c 
r 
c 
c 
c 
c. 
r4 
L: 
c Kalankuttlya branch canal 

Water level variation at duck-bill 
weir 1 on 20 May 1988 

ReduceU water level (m) 
104.8 
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Figure LV.52 Kalankuttiye branch canal: Special issue 
of water to thg tail end on 20 May 88 

Diecharips at MSl and in 307 D3 
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Figure 1v.53 Kirindi Oya RBMC: Observations at cross  regulators  GR3 and CR12 
of the p r o p a g a t i o n  of a w a v e  released at 06H30 f rom the d a m  

Reduced water level (m) 
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Figure V . 6  Kalankuttiya: Daily coefficient of 
variation of water level in the 
branch canal at the tail end 

Coefficient of variation 

Within periods of issue 

I .  I 

Outside periods of issue 
l l l l l l l l l  11111111111111111111lllllwilllllllllll l l l l l l " l l l y  

iy 24 May E J u n  23 Jun 8 dul 23 Jul 7 Aug 22 Aug ti Sep 21 Sep 

Date (1988) 

Water level in the main canal is 
measured above the pipe invert 
level of offtake 307 03 

CV has not been computed when there is no flow 
over the whole day in the branch canal 
at the tail ehd 
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Figure V. 7 Kalankuttiya: Coefficient of variation 
of water level in the branch canal 

during each rotation 

Coefficient of variation 

near DEW1 @ near tail end 
I I 

R1 RZ R3 R4 R5 R6 R7 RB R9 R10 R11 R1Z R13 

Rotation 

Water level in the branch canal is 
measured above the pipe invert level of 
305-D3 and 307-D3 at the head and taiI respectiveIg 
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Figure V.8 Kalankuttiya: Coefficient of variation 
of discharge in distributaries 305 D3 

and 307 D3 during each rotation 

Coefficient of variation 
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Figure V.10 Kalankuttiya: Impact of water level varinti-1-r- 
~ ~---I-_- 

in branch canal on variation of discharge ink- 
distributary canal 305D3 
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Figure V. 11 Kirindi Oya: Daily range of water level 
variation in the  main canal near DC5 

06 March to  29 June 1988 
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Figure V.16 Kirindi Oya: Comparison of daily 
coefficient of variation of water level 

in main canal and coefficient of 
variation of discharge in D C 5  

CV of discharge in D C 5  

0 DC5 Gate operations: 
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no gate operations in DC5. the area of 
gate opening is also approximately equal 



Figure v.17 Kirindi Oya: Comparison of daily 
coefficient of variation of water level 

in main canal and coefficient of 
variation of discharge in BC2 
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Figure V . l  Rajangana: Daily coefficient of 
variation of water level in the  left 

hank main canal 

Coefficient of variation 
0.10 7 

0.06 

0.06 w 
I + 
0 
0 

0.04 

0.02 

0.00 

m near Pdot canal 

EB near Control canal 

6 Jul 11 Jul 16 J u l  21 Jul 26 l u l  31 Jul 5 Aug 10 Aug 15 Aug 20 Aug 

Water level is measured above the 
respective pipe invert Levels of the 
distributary canals 

Date (19t38) 

1 Ef fec t  of f luctuat ion  i n  main canal discharge 

2 Effect  of f luc tuat ion  i n  main canal discharge (discussed 
i n  Annex IV.1) 
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Figure V.19 Rajangana: Daily range of water level 
variation in the pilot distributary 

canal upstream of the baffle distributor 

Water level above sill of baffle (m) 
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1 Baffle distributor under repairs 2 Night interventions on baffle distributors 
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Figure V . 2 1  Rajangana: Daily coefficient of 
variation of water level in main canal 

near control distributary canal and 
in pilot distributary canal 

Coefficient of variation 
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Water level is measured above sill of 
baffle distrihutor and above pipe invert 
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Figure v.24 SDA: Daily coefficients of variation 
of discharge in the main canal ( a t  the 

headgate) and into laterals B and G 
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Figure v.26 Kalankuttiya Branch Canal, Yala 1988 
Comparison of rotational de l i ver ies  at three locat ions 
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Figure v . 2 7  Kalankutt iya Branch Canal, Yala 1988 

Comparison of rotat ional deliveries at  three locations 

Cumulative water deliveries ( m m )  
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head) of branch canal )  canal)  
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5ure v .29  Kalankut iya BC: Water de  iveries t o  
individual d is t r ibutary  canals  during 

rotat ions R 1  & R 4 ,  Yala 1988 

Water issue (mm/day) 

E a  
Issue period €31 

Issue period R4 El 

5 D 2  5 D 3  8 D 2  5D4 6 D 1 8 D 3  6 D 2  9 D 1 6 D 3  9 D 2  6D4 9 D 3  6 D 5  9 D 4  9D5 7 D 1 7 D 2  7 D 3  
Canals 

DB : DuckBill weir  
Target /ak = 64 mm/wk+lO% DC Lr FCs losses 
Target/day= (Target/wk) / 3 day dura t ion  
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Figure  v.30 SDA,  sharing of water deliveries a t  
Lateral B for different periods of 

inflow, 21 July to 07’ October 1988 
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Figure v.31 SDA, Comparison of average seasonal 
water delivery a t  different locations 

21 July t o  07 October 1988 

Water delivery (mm/day) 
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The total period of observation at  the 
different locations were not equal. 
Refer table for actual periods. 

Location 
Reliability of flow estimate is questionable 

at these locations 
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Figure v.32 SDA,  Comparison of average water 
delivery at  different locations 

12 September to  07 October 1988 

Water delivery (mm/day) 
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Table  1 . 2 .  L i s t  and l o c a t i o n  of t h e  record ing  s t a t i o n s  used f o r  t h e  s t u d y .  

K a l a n k u t t i y a :  ( r e c o r d  from 01/01/88 to ,March  88 and from May up t o  30/09/88) 
1 s i n g l e  s t a g e  mechanical  r e c o r d e r  l o c a t e d  200 meters downstream of 

t h e  head of t h e  B r m c h  C a n a l ' ( M S l ) ,  o p e r a t e d  by t h e  MEA Flow 
Monitoring Uni t .  

( B C )  f i t t e d  w i t h  3 u l t r a s o n i c  s e n s o r s :  1 i n  t h e  BC and a t  each  of 
t h e  2 l a t e r a l  o f f t n k e s  307 D2 and 307 D3. 

1 au tomat ic  e l e c t r o n i c  d a t a l o g g e r  a t  t h e  f i r s t  d u c k b i l l  weir f i t t e d  
w i t h  3 u l t r a s o n i c  sensors :  1 upst ream of t h e  r e g u l a t o r  and 1 each a t  
t h e  head of t h e  a d j a c e n t  d i s t r i b u t a r y  c a n a l s  305 D 3  and 308 D2.  

1 au tomat ic  e l e c t r o n i c  d a t a l o g g e r '  a t  t h e  t a i l  of t h e  Branch Canal 

S a n t o  Doming0 Area: ( r e c o r d  Erom 20/07/88 up t o  22/10/88) 
1 au tomat ic  e l e c t r o n i c  d a t a l o g g e r  a t  SDA/Lateral B ( o n e- t h i r d  s e c t i o n )  

f i t t e d  w i t h  4 u l t r . 3 s o n i c  s e n s o r s :  upst ream and downstream of t h e  
c r o s s - r e g u l a t o r  i n  t h e  main canal and upstream and downstream of t h e  
P a r s h a l l  Flume loc.3ted a t  t h e  head of t h e  a d j a c e n t  L a t e r a l  B. 

of t h e  main)  fitted w i t h  3 u l t r a s o n i c  s e n s o r s :  1 each  upst ream and 
downstream of t h e  c r o s s- r e g u l a t o r  i n  t h e  main c a n a l  and 1 a t  t he  
head of t h e  a d j a c e n t  L a t e r a l  G. 
double  s t a g e  m e c h a ~ ~ i c a l  r e c o r d e r  l o c a t e d  a t  t h e  head of SDA upstream 
and downstream of the  main P a r s h a l l  Flume. T h i s  r e c o r d e r  was backed 
up from 11/09/88 by 1 au tomat ic  d a t a l o g g e r  f i t t e d  w i t h  2 u l t r a s o n i c  
s e n s o r s .  

2 s i n g l e  s t a g e  mecha~i ica l  r e c o r d e r s  l o c a t e d  a t  t h e  middle s e c t i o n s  of 
SDA and L a t e r a l  B ,  r e s p e c t i v e l y .  

1 au tomat ic  e l e c t r o n i c  d a t a l o g g e r  a t  SDA/Lateral G ( t w o- t h i r d  s e c t i o n  

1 

K i r i n d i  Oya: ( r e c o r d  from 05,103/88 up t o  29/06/88) 
1 au tomat ic  e l e c t r o n i c  d a t a l o g g e r  a t  t h e  RBMC/GR3 ( g a t e d- r e g u l a t o r  no. 

3 )  f i t t e d  w i t h  3 u l t r a s o n i c  s e n s o r s :  1 each  upst ream and downstream 
of t h e  c r o s s - r e g u h t o r  and 1 a t  t h e  o f f t a k e  of t h e  ad.jacent 
d i s t r i b u t a r y  canal ,  DC5, i n  t r a c t  1 .  

u l t r a s o n i c  s e n s o r s :  upst ream and downstream of t h e  c r o s s- r e g u l a t o r  
i n  t h e  main c a n a l  .and upst ream and downstream of t h e  measuring weir 
i n  t h e  a d j a c e n t  br.3nch c a n a l ,  BC2, i n  t r a c t  5. 

1 au tomat ic  e l e c t r o n i c  d a t a l o g g e r  a t  RBMC/GR12 f i t t e d  w i t h  4 

Rajangana: ( r e c o r d  from May 1988 up t o  10/09/88) 
1 au tomat ic  e l e c t r o n i c  d a t a l o g g e r  a t  t h e  head of t h e  P i l o t  Area (LB 

t r a c t  2 ,  DCI) f i t b e d  w i t h  3 u l t r a s o n i c  s e n s o r s :  1 i n  t h e  main c a n a l ,  
1 downstream of t h e  c o n s t a n t  level  au tomat ic  g a t e ,  and Vdownstream 
of t h e  b a f f l e  d i s t r i b u t o r  of t h e  P i l o t  d i s t r i b u t a r y  c a n a l .  

1 au tomat ic  e l e c t r o n i c  d a t a l o g g e r  a t  t h e  head of t h e  Cont ro l  Area ( L B  
t r a c t  2 ,  DCZ), f i t t e d  w i t h  3 ' u l t r a s o n i c  s e n s o r s :  1 i n  t h e  main 
c a n a l ,  1 i n  t h e  weir box, and 1 downstream of t h e  weir of t h e  
Cont ro l  d i s t r i b u t a r y  c a n a l .  

1 Type SAB600 from CR2M, France 

E.ach water  measurement s e c t i o n  has  been c a l i b r a t e d  by c u r r e n t  mete r ing ,  
wherever p o s s i b l e .  
us ing  t h e  double  i n t e g r a t i o n  method, as wel l ' a s  f o r  d a t a  management. 

S p e c i f i c  computer s o f t w a r e  was used i n  t h e  p r o c e s s i n g .  
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Table  IV.4 K i r i n d i  Oya Right  Bark Main Canal system: Record of d a i l y  
and d a i l y  main s l u i c e  d i s c h a r g e s  

Date l a i n  s l u i c e  h a i n  sluice Daily R a i n f a l l  ( I# ) 
jDiEChargel 
I @'IS 

19-nar I 4.81 j o I o 
5 . 3  I 12 1 14 0 

22-Mar I 5.66 1 0 I 0 1 I 13-nay I 4.24 1 o I o 
23-Mar 5.09 1 0 1 0 w n a y  I 4.24 I o 

25-Mar 1 5.94 0 l o  
26-Mar 1 5.94 I o I o 
27-Har 1 5.94 1 32 1 0 
28-Mar 1 5.94 I 0 
29-Mar i 5.52 1 0 
30-Mar i 5.52 I 6 

:&:ad: 1 6 .23  1 7 I 6 

24-nar 1 5.38 1 0 1 0 
0 

0 

0 
0 

0 0 
0 
0 

I :  

0 
0 
0 

0 5 
0 
2 1 
2 0 
0 '  0 

4 
0 
0 

12-Jun 2.69 0 

' 0  0 
0.00 

0 0 
23-Apr 1 4.95 

17-Jun 2.26 
18-Jun 2.26 0 

58 19-Jun 2.26 0 
20-Jun 2.26 0 
21-Jun 2.26 0 

0 22-Jun 2.26 
0 
0 

06-May 1 2.83 I 0 1 0 
07-May 1 2.83 ' 0  l o  
08-nay 1 2 . 8 3  
09-nay 1 2.83 

0 
0 

T- 4  
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Table IV.5 
Kalanhuttiya branch canal: Summary of  main siuice gate interventions, Yala 1988 

:Rotation Starting Ending Duration: ' Number 0.: gate interventions : Total : Remarh 
date o f  date o f  (days] : : 

rotation rotation ,' Opened Increased Reduced Closed : 

: t P  08/05/88 22/05/88 15 : 2 8 5 2 : 17 : Closed on 17 /05 /88 .  But reopened on 
: 20 /05 /85  for special issue to Meegalawa. : 
: Closed again on t h e  same day 

: R1 23/05/88 30/05/88 8 :  I 4 2 I : 8 : Closed on 26/05/88 

:R2 31 /05 /88  07/06/88 8 :  I J 3 I : 6 : Closed on 03 /06 /88  

:R3  06/06/88 20/06/86 13 : 2 8 5 2 : 17 : Closed on 0 9 / 0 6 / 8 6  due to rain. 8ut 
.' reopened on 11/06/88 t o  Issue tleegalawa. : 
: Closed again on 16/06/88 

: RJ 21/06/86 27/06/88 1 :  1 4 5 1 : 11 : Closed on 24/06/88 

:A5 26/06/88 04/07/88 1 :  i , 2  I I : 5 : Closed on 0 1 / 0 1 / 8 8  

:R6 05 /07 /86  14/07/88 10 : I 0 0 I : 2 : Closed on 0 6 / 0 7 / 8 8  due t o  rain 

: R 7  15/07/88 24 /07 /88  10 : I 2 1 I : 5 : Closed on 18/07/66 

:R8 25 /07 /88  01/08/88 8 :  2 1 3 2 : 8 : Closed o n  28/07/88.  But reopenea on the : 
,' same day for special issue t o  Meegalawa. : 
: Closed again on 29/07/86 

, 

. 

:R9 02/08/88 09 /08 /88  5 :  I 3 3 I : 8 : Closed on 06/08/88 

: R I O  lO/O8/88 18 /08 /88  9 :  1 I 0 I' : 3 : Closed on 11/08/88 due to rain 

: R I 1  1 9 / 0 8 / 8 8  05 /07 /86  I 6  : I 0 0 I : 2 : Could not manipulate the gate as it was : 
: broken. Closed on 24/08/88 

:R12 06/09 /88  20/09/88 I 5  : 1 2 I I : 5 : Closed on 09 /09 /68  

. R I J  21/09/68 25/09/88 5 :  1 3 2 I : 7 : Closed on 26/09/88 
I _ _  

: 

141 : 11 41 31 17 : 106 : 

:percentage o f  total ::::::::::::::>: 16% 39% 29% 16%: 
^ _ _ _ _ _ _ _ _ _ . . . . . _ _ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ . ~ ~ ~ " ~ - - - - - - - - . - ~ - - - - ~ - - - - - - - - - - - - " - - - - - - - - - -  

Interventions to maintain targets (usually to compensate drop in tanh water level) : 09 ( 0 9  % I  
Interventions to change targets : 63 (59  % )  
Openings and closures : 34 ( 3 2  % )  

T-5 



Tab le  IV.6 
Water l e v e l s  and c o r r e s p o n d i n g  d i s c h a r g e  r a t e s  r e c o r d e d  a t  staff gauge WSl 

..__...___________..-.-.....-- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _____________-__._____________ 
Uate l i m e  Gauge O i s c h a r g e  Uate l i n e  Gauge O i s c h a r g e  Oak l i n e  Gauge O i s c h a r g e  Oate Tine Gauge O i s c h a r g e  

In) ( n 3 i s )  ( a l  iM3/Sl (nl. ( n 3 / s I  (n) Wsl 

08-Way 0O:OO 0.13 0.421 1 0 - l a y  0O:OO 1.01 1 . 5 5 8  12-Way 0O:OO 1.22 2.096 11-Way 0O:OO 1.30 2.390 
08-bay 01:OO 0.13 0.421 10-May 01:OO 1.08 1 . 5 5 8  12-Way 01:OO 1 . 2 2  2.096 14-Way 01:OO 1.30 2 .390 
08-Way 02:oo 0 . 1 3  0.421 10-Hay 02:OO 1.08 1.546 !?-nay O ~ O O  1.12 2.096 I4-Way 02:oO 1.30 2.319 
08-May 03:OO 0.13 0.421 10-Way 03:OO 1.08 1.546 12- May  03:OO 1 . 2 2  2.096 14-May 03:OO 1.30 2.319 
W a y  04:OO 0.13 . 0.127 10-Way 04:OO 1.08 1.546 W a y  01:OO 1 . 2 2  2.096 I1-Way 01:OO 1.30 2 .319 
08-Hay 05:OO 0.13 0.421 10-May 05:OO 1.08 1.535 12-Way 05:OO 1.22 2.096 14-May 05:OO 1.30 2.319 
0 8 - l a y  06:OO 0.13 0 . 4 2 1  10-Way 06:OO 1.08 1 . 5 3 5  12-Way 06:OO 1.22 2.096 14-May 06:OO 1.30 2 . 3 1 9  
Ot-lay 0 1 : O O  0.13 0 . 4 2 1  10-Way 01:OO 1.01 1.524 M a y  0 1 : O O  1.22' 2.096 14-May 01:OO 1.30 2.319 
08- May  0 8 : O O  0 . 1 3  0.421 10-Way 08:OO 1.01 1.521 12- lay  08:OO 1.22 2.096 14-Hay 08:OO 1.30 2.319 

08-Hay 1 O : O O  0 , 8 5  0.122 10-Way 1O:OO 1.01 1.524 12-Hay 1O:OO 1.23 2 . 1 5 2  14-lay 1O:OO 1.30 2.319 
O H a y  ll:OO 0 . 8 8  0.190 10-Way 11:OO 1.01 1.524 12-May 11:OO 1.23 2.152 I 4 - H a y  11:OO 1.30 2.319 
08-Ray IkOO 0,Bl 0.156 M a y  12:OO 1.08 1.535 12- lay 12:OO 1.21 2.164 14-Way 12:OO i . 3 0  2.319 
08-Way 13:OO 0 . 8 1  0.156 M a y  13:OO 1.25 2.209 12-Way 13:OO 1.24 2.164 14-Way 13:OO 1.30 2.319 
W a y  I4:OO 0 . 8 1  0.156 10-Way l 4 : 0 0  1 . 2 8  2.334 12-May WOO 1.24 2.175 11-May WOO '1.30 2.319 
08-Way 15:OO 0.81 0.156 10-Way 15:OO . I 3  2.319 M a y  15:OO 1 . 2 4  2.115 14-May I5:OO 1.30 2.319 
W a y  16:OO 0 . 8 1  0.156 10-May 16:OO 1.30 2 . 3 1 9  12-May 16:OO 1.21 2.164 14-Way 1 6 3 0  1.30 2.319 
W a y  l1:OO 0.81 0.156 M a y  l1:OO 1.30 2.390 12-May 11:OO 1.24 2.186 I4-Uay 11:OO 1.30 2.319 
08-May 18:OO 0.86 0.139 10-Way 18:OO 1.30 2 .390 M a y  18:OO 1 . 2 4  2 .186 W a y  WOO 1.29 2.368 
08-Way 19:OO 0.86 0 .139 10-Way 19:OO 1.30 2 .379  ' It-May 19:OO 1.21 2 . 1 8 4  14-Way 19:OO 1.29 2.356 
08-Hay 2O:OO 0 . 8 6  0.139 10-May 2O:OO 1.30 2 .319 12-May 2O:OO 1 . 2 4  2.181 l1-Way 2 O : O O  1.29 2.356 
08-Way 21:OO 0.86 0.139 10 - lay  21:OO 1.30 2 .319 M a y  2 1 : O O  1.23 2.152 14-Way 21:OO 1.29 2.345 
08-May 2 2 : O O  0.86 0.139 10-Way 22:OO 1.30 2.319 W a y  2 2 : O O  1.23 2.152 14-Way 22:OO 1.29 2.345 
0 8 - l a y  23:OO 0 . 8 6  0.139 10-May 23:OO 1.29 2 .368 12-Way 23:OO 1.23 2 . 1 5 2  l4-Way 23:" 1.29 2.315 
09-Hay 0O:OO 1 . 0 1  1 .501 11-Hay 0O:OO 1.29 2.368 13-Hay 0O:OO 1.13 2.152 I5-Way 0O:OO 1.28 2.334 
09-Way 01:OO 1.08 1.558 It-Way 01:OO 1.29 2.368 13-Way 01:OO 1 . 2 3  2.152 .............................. 
09-Way U2:OO 1.10 1 . 6 1 4  Il-Way 0 2 : O O  1.29 2.368 13-Way 02:OO 1.23 2.152 
09-Way 03:OO 1.10 1.611 Il-May 03:OO 1 . 2 9  2.356 13-May 03:OO 1.23 2 .152 
09-Hay 04:OO 1.10 1.614 11-Hay 04:OO 1.29 2 . 3 5 6  13-May 01:OO 1.23 2.152 
09-May 05:OO 1.10 1.611 Il-May 05:OO 1.29 2.356 W a y  05:OO 1.23 2.152 
09-May 06:OO 1.10 1.614 Il-Way 06:OO 1.29 2.356 13-Way 06:OO 1.23 2.152 
09-Hay 0 l : O O  1.10 1.614 Il-Way 01:OO 1.29 2.345 M a y  01:OO 1.23 2.152 
09-May 08:OO 1.10 1.614 Il-Nay 08:OO 1.28 2.331 W a y  08:OO 1.23 2.152 
09-May 09:OO 1.10 1 .614 Il-May 09:OO 1 . 2 3  2.152 13-Hay 09:OO 1.23 2.152 
09-Hay 1O:OO 1.12 1.128 Il-lay 1O:OO 1 . 2 3  2 .152 13-May 1O:OO 1.22 2.096 
09-May 11:OO 1.12 1.128 I l - H a y  11:OO 1.40 2 . 9 1 1  13-Way 11:OO 1 . 2 2  2.096 
09-Hay t o 0  1.11 1.685 I t - H a y  12:OO 1 . 2 1  2.266 M a y  WOO 1.22 2.096 
09-Hay 13:OO 1.09 1.592 Il-nay 13:OO 1.12 2.096 13-Way 13:OO 1.30 2 .319 
09-Way 14:OO 1.09 1 .580 Il-Way 14:OO 1.20 2.053 13-Way 11:OO 1.31 2.424' 
09-Hay 15:OO 1.09 1.569 11-Hay 15100 1.22 2.096 13-Way 15:OO 1.31 2.436 
09-Hay 16:OO 1.08 1.558 I l - M a y  16:OO 1 . 2 2  2.096 13-May 1690 1.31 2.436 
09-May 11:OO 1.08 1.558 11-Way 11:OO 1.23 2.152 13-Way l1:OO 1 . 3 1  2.136 
09-Hay 18:OO 1.08 1.558 Il-Way 18:OO 1.23 2.152 13-May 18:OO 1 . 3 1  2.126 
09-Hay 19:OO 1 - 0 9  1.569 11-Hay 19:OO 1 . 2 2  2 . 0 9 6  13-Way 19:OO 1.30 2.113 
09-May 2 O : O O  1.09 1 .569 11-May 2O:OO 1.22 2.096 M a y  2O:OO 1.30 2.402 
09-May 21:00 1.08 1.558 11-Way 21:OO 1 . 2 2  2.096 M a y  21:OO 1.30 2.390 
09-May 22:OO 1.08 1.558 11-Hay 22:OO 1.22 2 .096 Why 22:OO 1.30 2.390 
09-May 23:OO 1.08 1.558 Il- May 23:OO 1.22 2.096 M a y  23:OO . I d  2.390 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ____________._._____.~...--~-~ ______________________________  ______._______________________ 

08-May 09:OO 0.73 0 ,421  ' IO-lay 09:OO LOT 1.521 12-May 09:OO 1 . 2 0  2,053 I1-llay 09:OO 1.30 2.319 

____.______.__________________ ___________.__________________ _________.__----_------------- 
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Table lV.7 
SO), - HEAOCAIE  
Conparison o f  d i scharge  e s t i n a t e  b y  c u r r e n t  n t t e r i n g  (P,,,,) and f r o n  t h e ' l l l ' r  table (QnIA) 

Reduct ion f a c t o r s  (RF) due to 
rubnergence o f  P a r s h a l l  flune. 

- 
leduc. 

a c t o r  

0.845 
0 . 1 3 0  
0.190 
0.190 
0,845 
0.100 
0.960 
0.930 
1.000 
1.000 
I .  000 
1.000 
1.000 

- 

.__ 

- 
W f )  

(n3is) - 
1.644 

12.556 
12.465 
14.514 
5.045 
8.146 
5.128 
5.515 
4.551 
3.266 
1.386 
1 . 2 9 1  
1.911 - 

-L 

f i t ( F F  

$is)  - 
1,164 

12.212 
11.590 
15.164 
5.213 
1.015 
5.596 
5.488 
4.143 
3.116 
1.421 
1.261 
I.Bl5 - 

Ha : Head ups t rean  o f  t h r o a t  

Hb : Head downstream of t h r o a t  

- 
QHIA 

(n3 /s )  - 
1.912 

12.420 
12.665 
16.748 
5 . 9 1 2  
6.116 
1,219 
6.852 
5.916 
4.091 
1.815 
1.591 
2.332 

- 
Hff. 

R 3 i S  - 
0 . 5 2  
3 . 2 5  
2 . 8 2  
5 . 2 1  
1.11 
1.01 
1.11 
1.12 
1.36 
0.82 
0.43 
0.31 
0.41 - 

3 
l i f f . '  

(!.I 

31.1 
35.5 
28.6 
16,O 
40.1 
11.8 
31.3 
33.6 
29.8 
1 5 . 3  
31.0 
23.1 
21.6 

- 

_I 

[ 
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Note to be read in conjunction with Tables IV.7, IV.12 and IV.13. 
Calibration of Parshall flumes at SDA 

The discharge across a.Parshzrl1 flume under free flow conditions is a function 
of the head upstream of the Lhroat (Ha). 
(computed from HdH, where H, is the head downstream of the throat) increases 
above 70%, the discharge is obtained by the application of a reduction factor 
to the free flow discharge. These reduction factors are available (from the 
tables used by the agency) for a submergence ranging from 70% to 98%. 
Parshall flumes of throat width 10 feet and above these reduction factors are 
applied only after the submergence reaches 80%. 

During calibration of the Parshall flumes it was noted that at some instances 
the flumes were submerged. '4ence the discharges obtained from the 
measurements that were done under submerged conditions were corrected (i.e. 
increased) to their corresponding f pee flow discharges (actually a reverse 
process of applying the reduction factors) and a curve was fitted to this set 
of free flow values. 
submergence is 95%, giving a reduction factor of 0.79 for a 15 foot Parshall 
flume, the free flow discharge is computed as 5/0.79 = 6.33 m3/s. 

The use of the calibration curve for the Headgate and Lateral B yields 
estimates of the free flow discharge for the given value of Ha. If the degree 
of submergence is above the allowable value for the particular throat width 
the corresponding reduction factor should be applied. 
discharge would be multiplied by the corresponding reduction factor to obtain 
the actual discharge. 

In the case of Lateral G I  since only the head upstream of the throat was 
monitored, a curve was fitted to the measurements done without considering the 
effect of submergence, Hence in this case the discharge could be directly 
obtained from the calibraticin curve. But given the dispersion of the measured 
points (see calibration curie), discharge computations at Lateral 0 could 
sometimes be erroneous, depending on the degree of submergence prevailing at 
that time. 

However, when the submergence 

For 

For example, if the measured discharge is 5 m 3 / s  and the 

Here the free flow 

J l  
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______._______________ 

21-Jul 3 . 8  
22-Jul 2.9 

23-JUl  2 . 2  

24- Jul  2 . 2  

25-JU1 7 . 0  
Z6-JU1 6 . 2  

27-Jul 9 . 9  
28-Ju1 9 .7  

29-Jul 8 . 8  

30-Ju1 8 . 7  

31-JU1 3.7 
01-Aug 3 . 5  

03-AUg 1 .9  
04-Aug 1 .5  

05-Aug 6 . 9  

06-Aug 7 . 8  

07-Auy 9 . 1  

08-Aug 6 .3  

09-Rug 6.2  

10-Aug 4 .9  
1 1 -4ug 2 . 7  

12-AU9 1 . 7  

13-Aug 1.3 

14-Aug 0 . 9  

15-AUg 0 . 8  

16-Rug 1 . 9  

17-Ai~g 4 . 4  

18-Aug 6 . 1  

19-Aug 7 . 0  
ZO-AUY 7 . 3  

21-Pug 1 . 3  

22-Au9 7 . 0  
23-Au9 7 . 1  

24-AU9 8 . 2  
25-Aug 8 .0  

26-AuS 5 .8  

27-Aug 3 . 0  

28-Aug 2 . 5  

0 2 - A U ~  3 . 1  

29-Buy 2 . 1  

30-Pug 3 .0  

31-Aug 3 . 3  

01 -3eD 3 . 2  
02-SWD 2 . 1  

04-SOD 2 . 2  

05-Sep 2 . 1  

06-3sp 2 .7  

07-300 3 . 9  

03-Sep 1 . 3  

_ _ _ _ _ _ _ _ _ _  
329,352 

252,537 

187,813 
192,136 

603,098 
5 3 8 . i 1 1  
853,255 

837,373 

762.752 

747,783 

317,395 

305,607 

286,153 

161,441 
133,350 

598,602 

671,915 

786,199 

541,842 

536,443 

420,637 

236,130 

148,150 
113,475 

80,302 

66,132 

161,150 
380,382 

525,122 

800,647 

629,696 

633,873 

602.769 
612.862 

712,489 

693,128 

503,770 

263.023 

218,031 
179.881 

281.964 

288.421 

274,024 

184,006 

110,871 

192,192 

180.209 

236,076 

333,353 

-----. 
4.7 

3 . 8  
2 . 1  
2 .7  

8 . 6  

7 .7  
12.1 

11.9 

10.8 

10.6 

4 . 5  
4 . 3  

3 . 8  

2 . 3  
1 .9  

8 . 5  

9 .6  

11.2 

1 . 7  
7 . 6  

6 . 0  

3 . 4  

2 . 1  
1 .8  

1 .1  

0 . 9  

2.3 
5 . 4  

7 . 5  

8 . 5  

9 . 0  

9 . 0  

8 .6  
8 .7  

10.1 

9 . 9  

1 . 2  

3 . 1  

3 . 1  
2 . 6  

3 . 7  
4 .1  

3 . 9  

2 . 6  

1 .6  

2 .7  

2 . 8  

3 .4  

4 .7  

1 .1  

1 .4  

0 . 9  

13.7 1 .2  

3 .3  
3 .1  
4 .9  

5 . 8  

5 . 7  

61 .6  5 . 2  

2.4 

1 .6  

1 .2  

1 .2  
18.8 1 . 0  

4 . 0  
4 . 4  

4 . 8  
3.6 
3 . 3  

3 . 0  
53 .9  2 .1  

1 .o 
0.7 

0 . 4  

0 . 4  

8 . 1  0 . 6  

1 . 7  

2 . 7  

4 . 2  

4 . 4  

4 .4  

4.3 
4 .3  

4 . 8  

4 .6  

3.7 
07.6 2 . 4  

2.2 
1.7 

1 .8  
1 . 7  
1 . 7  
1.5 

1.1 

1.5 

0 . 8  

0.6 

35 .0  1 .4  

T-9 

$9 ,221  

11 7,534 

75,046 
101,387 

287,686 
z11,012 

420,308 
504,585 

495,139 

447.470 

205,439 

136,859 

106,912 
107.716 

89,383 
344,744 

316,530 
411.488 

310,713 
280,842 

258,638 
182,576 

84,887 
59,869 

37,339 
35,203 

48,299 
143,074 

236,121 

365,493 

380,175 

302,194 

369,255 
372.377 

411,095 

400,375 

321,141 

211.210 

190.803 

145,099 

151,691 

147,976 

145.874 

131,548 

83,146 

133,840 

73,368 

48,753 

120.448 

.--------. 
2 . 4  

2 .8  

1 . 8  
2 .4  

6 .9  
6 . 4  

10 .1  

12 .1  

11.9 

10.7 

4 . 9  

3 .3  
2 . 6  
2 .6  
2 . 1  
0 .3  

9 . 0  
10.0 

7 .4  
6 . 7  

6 . 2  

4.4 

2 . 0  
1.4 

0 . 9  
0.8 

1 .2  
3.4 

5 .7  

8 .7  
9.1 

9.1 

8 .0  
8 . 9  

9 .0  

9 . 6  

7 .7  

5 . 1  

4 . 6  
3 . 5  

3 . 8  
3.5  
3 . 5  

3 . 1  

2 . 2  

3 . 2  

1 .8  

1.2 

2 . 9  

2 . 7  

1 .6  

1.3 
9 .4  1 . 1  

3.7 
3 .1  
5 . 0  
3 . 9  

3.1 

58.0 3.5 

1 .3  

2 . 0  

1 .8  
0 .6  

15.5 0 . 5  
2.9 

3 .4  

4 .3  

2.7 
3 . 0  

1 .9  

5 2 . 0  0.8  
0 . 7  
0 . 6  

0 . 5  
0 . 4  

6 . 4  1 . 3  

2.7 

3 . 4  

2 . 1  
2 . 9  

2.9 

2.7 
2.8 

3 .5  
3 .4  
2 . 1  

0 6 . 0  0 .6  
0.3 
0 . 4  . 
1 .3  

1 .8  

1.5 
0.6 

0 .2  

0 .7  

1 .2  

2.2 

33 ,1  2 . 5  

~ 

230,125 

135,003 

112,787 
90,149 

315,412 
272.095 
432.867 

332,188 

267,613 

300,313 

111,956 

168.948 

159,241 
53,725 
43.987 

251,858 

295.385 
368,712 

231,129 
255,601 

102.000 

53,553 
61,283 
53,106 

42.962 

31,529 

112,052 
237,308 

289,801 

235.154 

249,520 

251,479 

233,514 
240,485 

301.394 

292,753 

182,628 

51.813 

27,428 
34,789 

110,267 

140,445 

128,350 
52,458 

17,724 

58.352 

101,840 

181,323 

212,905 

. -_ - - --_-- _- -. 

I 8 . 1  

4 . 7  

3 . 2  19.9 
4 .0  I 

11.1 
9 . 5  

15 .2  

11.7 

i 

I 

9.4 I 

10 .5  87.4 , , 
3 . 9  

5 .9  

5 . 6  
1 . 9  
1 . 5  18 .9  

8 . 8  I 
10.4 

12.9 I 

I 

8 . 1  
9.0 

5 . 1  
1 . 9  56 .7  I 
2.1 

1 . 9  I 

. 8.3 I 

I 
1 . 5  
1 .1  

4.0 10 .6  

10.2 

0 . 2  
8 . 7  

8 . 8  I 
8. 2 
8 . 4  

10.6 

10.3 

8 .4  
1 .8  90.0 

1 . 0  
1 . 2  

3 . 9  
4 . 9  

4.5 
1 .8  

0 . 8  

2 . 0  
3.7 
6 . 6  

7 . 5  3 7 . 8  

I 
I 

I 
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2'11 OEL'61E 
1'0 6LL'ELL 
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2.0 002'0 
5'0 SBO'EL 
1'1 001'ZE 

E'S 2'1 ZZZ'?E 
P*Z 500'ZL 

5'1 9OO'Et 

2'1 1'0 002'9 
2'0 OOZ'9 

F'O OFP'L 

P'O LOL'EL 

0'0 ZES'LE 
t.91 l't ZOB'EB 

E'ZL 1L?'lSE 

0'0 BPZ'ESL 
E'LL L'S 115'92 
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2'0 tZ5'O 
5'1 6C5'21 
F'Z CLZ'CO 

0'0 LSL'62 

0'61 1.t 860'tOL 
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0'0 801~802 
S'EZ 1'01 205'61 

0'1 066'5t 
0'6 OLl't0 

L'E 166'08 
8'5 EBO'?OL 
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L'E 
O'Z 
L'l 
0 '0 
1'0 
1'0 
Z '0 
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c '0 
0'0 
5 '0 

L '0 
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I '0 
2'0 
?'O 

0'1 

L't 
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E'O 
2'0 
1'0 

5'0 
L'O 

F'O 

2'1 
6.? 
1 'F 
2'0 
5'0 
0'1 
0'1 
6'1 

1'22 

t'0 

F'Z 

L.21 

F'O 

L'Z* 

2 '5 

6'05 

L'O OOL'BLZ 
L'OI ?OZ'L?? 

t.? E90'ZBl 
0'0 F 
E'O L?L'EL 

2'1 L06'01 
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O'El 56F'905 

1'0 EEI'BEE 
0'1 080*0? 

2'1 ?L0'16 

0'1 tOZ'?8 
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1.21 OlO'tO5 
6'?1 9E?'020 
0'11 tLE'L6? 

2'8 9LO'E?P 

. 0'0 2 

Z'E 0'tZ 
1'5 
1 'Z 
0'0 

2 '0 
9'0 0'5 
5 '0 

2'1 
0'1 
8'0 P'E 
0'0 

E'O 
E'1 5'8 
5 '0 
2'1 
L'L 
5'1 
0'0 L'B 

0'0 
1'0 
('0 0'02 
2.2 
1'2 
1'5 
9'8 

I'E 
5'0 t'tl 
1.1 
0'1 

6'1 0'9E 
0'9 
Z'L 

L'S 

0.v 

0'5 

6'01 
1'5 
1'2 

0'1 
9'0 
L'O 

L'l 

0.2 
5'1 

0'1 
0'1 

L'1 

L'O 

9'1 
2'2 
2.2 
2'1 
0'5 
1'2 
E'l 
O'F 

L .z 
6'9 

0'6 
Z'P 

1'2 

E'L 

0 '5 
9.2 

0'1 
0'01 
E'8 
Z'L 

00V'EOt 
566'09L 

E0L ' 556 
698'Ltl 

906'69 

ElL'ES 
561'15 
625'011 
29L'FBL 

CEF'EOL 

Leo'zL 

90?'B9 

ZFB'L1 L 

BLF'IS 

SZO'CLL 

FE6'9SL 

FOE'LS I 
F9E'OB 

0EE' 159 

LSS'LLL 

562'69 

600'602 
9F0'06L 

ZEO'?9? 

600'069 

(BB'L9F 

CsL'rCL 

Lte'ois 

zSr'z56 
9LL'BBl 

500'0s~ 
2 18' COL 
896'094 

6Sl'LOS 

vperera
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Table IV.9 SDA b i n  Canal. at the Lateral B branching point - 24 July to 31 July 1988 
History of interventions and impact on flow sharing. 

S:3A MAIN CANAL : LATERALB : 
DATE : TIME :Upstre,m of! Downstream of: IFmIARuS I 

~______________---:-------- :-----------:--------:-----I;--------:--:-----I----------: 

! Lateral B I Lateral B : 
; m3/s : ,m3/s : % : m3/s : % 

24 JULY : 21:oo : 2.52 : 1.71 : 68 : 0.81 : 32 : 
Daily Average : 2.21 : 1.17 ; 53 : 1.04 47 : 

25 m y  : 08:40 : 9.32 : 2.74 : 29 : 6.58 : 71 : 
I , 

I--( I-1 1-1- 

: 09:40 .(.................;.............,.........IOpening CR: 
I : 10:40 : 8.56 : 4.49 : 52 4.07 I 48 I 4 

: Daily Average 1 6.98 : 3.33 : 48 I 3.65 ! 52 : 
I--I I-8 4-3 

26 J U L Y  : 04:20. : 3.53 2.65 75 : 0.88 : 25 : 
; 05:20 : (  ......................................... :Closure Q11 
: 06:20 : 3.30 : 1.85 : 56 : 1.45 : 44 : 

; Daily Average 1 6.23 I 3.08 : 49 : 3.15 I 51 : 
4 -  #--I 1-a @-I 

# 
D ._ 

_ _ I  
I 

27 JULY : 04:30 : 11.61 ; 4.36 i 38 : 7.25 : 62 
I 05:30 I<....,.............. ..................... :Opening GR: . : 06:30 ; 1.1.17 : 5.41 

: Daily Average I 9.88 : 4.87 

28 JULY ; 15:50 I :i0.50 : 5.55 
; 16:50 :<.... ............... 
: 17:50 : .10.85 i 7.81 

; Daily Average : 9.96 : 5.84 

29 JULY ; 04:30 : 9.54 : 7.05 

: 06:30 : 9.23 : 6.09 
: 09:10 : 8.80 : 5.93 
: 10:lO :<................... 
: 11:10 I 8.32 ! 4.86 

: Daily Average : 8.83 ; 5.73 

30 JULY : 06:OO : 10.49 : 5.51 
: 18:OO ; 7.74 i 5.03 

; Daily Average I 8.66 I 5.18 

31 JULY I 04:30 I 4.62 : 3.80 
; 05:30 :< ................... 
: 06:30 : 3.85 : 2.33 

: Daily Average ! 3.67 I 2.38. 

:Average for  the i 

L 

4--t 

1 05:30 ..................... 

I--# 

*--, 

t- , 
:period 24-31 JULY: 7.05, : 3.95 

( 8  days) 

48 : 5.76 52 : 
49 : 5.01 I 51 

-1 0 - 1  

53 : 4.94 : 47 : ..................... :Opening GR: 
72 I 3.04 ; 28 I 
59 : 3.85 : 39 I 

74 : 2.49 : 26 i ..................... :Closure GR: 
66 3.14 I 34 I 

67 I 2.87 : 33 I ..... ;...............:Closure GR: 
58 : 3.46 : 42 ; 
65 : 3.10 : 35 i 

53 : 4.98 47 : I 

65 I 2.71 : 35 : , 
60 : 3.48 : 40 : 
82 : 0.82 ; 18 : 
61 : 1.52 : 39 : 
65 : 1.30 : 35 : 

- 1  1-1 

- 0  0-8 

- 1  1-@ 

..................... :Closure GRI 

, 
- 1  8-1 

56 : 3.07 : 44 : 

;Planted Area (ha): . I  

7,031 4,178 I 59 I 2,852 : 41 1 
<- 1-a 1-0 

0 
: under command : 

t The daily averages are computed from discharge records available at 10 minute intervals 
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Tab le  IV. 10 Gvaluation o f  Capacity to a s s e s s  flou diverted a t  offtakes, Kalankuttiya Branch C a n ~ l  - Yala l 3 R A  

---.-..-_.--._._____________________________._____________________________________.__________________ 
I C H A N N K L  1 P H Y S I C A L  C O N D I T I O N S  I H Y D R A U J C  C O N D I T I O N S  I HBASURIWC DBVICK I S K N Y I T I V I T Y  I 1 

1 CORRKCT (YKIRI I CORRKl:T(PEBK FLOY) I C O R R K C T  

I t  t t t t No t t t.t t l t  t t t t t t t t t t t i t  t t t t t t t t t I 
I t  t t t t t 4 t t t t It  t t t t N o  t t t t t It t t t t t t t t t ;  
I t  t t t t ( 1 5 x 1  t t t It  t t t t t t t t t t t : t , t  t t N o  t t t t t i .  
i i \ \ \ \ \ \ \ \ \ \ i \ \ \ \ \ \ \ i \ \ l (  t t t 1 3 0 x 1  t t t t t : t  t t t t t t t t t I 
. . . . . . . . . . . . . . . . . . . . . . . . .  t t t : t  t t t t t t t i t  t t ( 3 5 x 1  t t t t 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  t t t t t t t t t t t l t  t t t t t t t t t : 

I t t  t t t t t t t t ;  

I 30801 N . A  
I 3 0 9 0 1  N.A 
I 30904  N.l 
; 30802 N,A 
I 30803 N.A 
I 30902  N.A 

N.A 
22% 

I 30602 . . . . . . . . . . . . . . . . . . . . . . . .  
~ 3 0 5 n i  . . . . . . . . . . . . . . . . . . . . . . . . .  
I 3 0 5 0 2  . . . . . . . . . . . . . . . . . . . . . . . .  
I 30601 . . . . . . . . . . . . . . . . . . . . . . . . .  Puiistionahle : Questionable I 21% 

I 24% 
40W N . A  

I 30103 I \ \ \ \ \ \ \ \  Yes \ \ \ \ \ \ \ \ \ I  
I 30604 . . . . . . . . . . . . . . . . . . . . . . . .  

11% 
23% 

I 30102 . . . . . . . . . . . . . . . . . . . . . . . . .  
I 30605 ................................................. 
; 30503 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20% 
: 30504 22% 
I 3060 3 N.A 
I 30303 23% 
I 3 O3D5 It% 

' 

I . .  

3% 1: I 

40% 
1 6 %  , I I 30101 I \ \ \ \ \ \ \  i n 5 x i  \ \ \ \ \ \ \ \ I  

I \ \ \ \ \ \ \ \ \ \ \  \ \ \ \ \ \ \ \ \ \ \ I \ \ \ \ \ \ \ ':\ Yes \ \ \ \ \ \ \ \ \ I \ \ \ \  \ \ \ Yes \ \ \ \  \\.\ \ I 

: \.\ \ \ \  \ \ \ \ \ \ \ \  \ \  \ \ \ \ \ \ \ I \ \ \ \  \ \ \ '  \ \  \ \ \  \ \ \  \ \ \ \ \ \ \ I \ \ \ \ \ \ \ \  \ \ \ \ \ \ \ \ \ \ \ \  I 

I \ \ \ \ \ \ \ \ \ \ \ \ \ \  \ \ \ : \ \ \ \ \,\ \ I , \  \ \ \ \ \ \ \ \  \ \ \ \ \ \ I \ \ \ \ \ \ \  \ \ \ \ \ \ \ \  \ \ ; 
I \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \  \ \ \ \ \ \ \ ( 30% I \ \ \  \ \ \ \ \  \ I \ \ \ \  \ 125% I \ \ \ \ \ \ \ \ . I  

t Relative variation of discharle f o r  a variation of 1 c m  
reading of the scale. 

ueir instead of the usual broi,d-crested ueir. 
t t  The  measuring device at this location is a trapezoidal contracted 
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c 

P 
C' 
c 

I ' C  I 

I' 

Tabla  IV. 11 Kirindi 09a R i g h t  Bank l a i n  C a n a l ,  P h y s i c a l  C o n d i t i o n  o f  S t r u c t u r e s  

I OFFTAKE./ I DISTANCR IRBLATIVR DISTANCE.: OFF TARE I PHYSICAL I 
! REGULATOR ! FROM HAIN IFROH D/S RKCULATORI DIMBTKR I c o n o m n s  CORRKCT I 

i FC6 I 9 3 5  I , 1 4 8 0  0 0 . 3 0  Y 
00.60 Y 

{ SLUICK[nl I ( 0 1  lml lURIRl 
I 

-4 , 

H 3 

T I D C 2  I 1 5 9 2  I 8 2 3  
R I DC31 I [ U / S l 2 4 0 8  I 1 00.60 
A I DC3lt I (D/S)24D8 ; 1 00,60 
C I CK2 I 2 4 1 5  I . 0 
T I DC1 I 2911  I 1035 00.15 Y 

I DC5 I 3 9 6 1  1 5  00.60 N 

N 
00.30 n 
00.30 Y 

; FC58 I 6918 I 2 9  00.30 P 

{ CR4 I 1001 I 0 
' D C I  ; 8 5 1 5  I 3 5  00.45 N 

0 0 . 1 5  Y 
I C85 ; 8550 ; 0 

T I DC2 I 1 0 5 1 1  I 21 
R I GR6 1 10532 0 

00.45 H 
0 0 . 3 0  Y 

A ~ D C 3  I 11101 : 328  
c ~ FC34 I 11991. I 3 2  

Y 
T i CR1 I 12029 I 0 

; DC4 I 1 3 1 4 5  I 5 8 1  ; 0 0 . 3 1  
I DC5 I 13115 I 11 ' I 0 0 . 4 5  Y 

T I CRB I 1 3 1 3 2  I 0 
0 0 . 6 0  N 
00.45 Y 

W I DC6 I 1 4 5 9 4  : 5 1 3  
0 I DC1 I 1 4 9 1 1  I 160 

I CR9 I 15131 I 0 
931 00.30 N 

I DC8 I 16142 j 2 4  00.45 N 

n 
1 GRIO { 16166  I 0 
; D C 9  1 11188 324 0 0 . 4 5  

; D C I E  I 1 8 0 1 1  I 9 5  00.30 Y 

00.45 Y 
0 0 . 3 1  7 

I D C I  I 18920 I 9 1 0  
T ! DCIA I 1 9 3 6 5  I 495 
R I B C Z  I 1 9 8 1 2  I 48 ; 1,12(YJ~1,05!HI j Y 

00.30  Y 
A I G R 1 2  I 1 9 8 6 0  I 0 

7 
C ~ PC(8 I 20108 I 2002  

00 .30  
00.45 Y 

T ~ FC49 I 21316 I 194 

00.30 P 
F PC54 I 22094 ! 16 00.30 . I II 
I I C R 1 3  I 22110 I 

6 1 DCII j 2 3 3 1 1  I 28 

1 DC12 I 2 4 2 8 2  I 199 

I C R 1 5  I 24481 I 0 ' 

_ -  

_ _  0 . I  I C R 3  I 4012 I 
0 I FC55 I 5316 I 1 6 9 1  0 0 . 3 0  
N I ~ ~ 5 6  I 5 4 8 2  I 1525 
K I F C 5 1  I 5 9 4 9  I 1058 

____. '__________..I.___________I________----------I-----.---...*---.- ~ _ _ . _ _ * - - _ . - _ - - - - _ - ~  

_ _  
_ _  1 .  

_ _  
.. 

_ _  

_ _  
: FC68 1 5 2 2 9  I 

- _  

_ _ _ _ _ I _ _ _ . _ _ _ _ _ _ _ _ I _ _ _ _ _ _ _ _ _ _ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ / _ _ _ _ _ _ _ _ . - - - * - - - - - ~ - - - - - - - ~ - - - - - - - - - - ~  

- _  0 I G R I I  j I 8 1 1 2  

- _  

I DC9 I 21698  I 4 1 2  
2 5 2  

~ FC54A I 2 1 8 5 8  I 

0 
4 3 6  V ~ FC55 I 22906  I 

0 I CRl4 I 2 3 3 4 2  I 

; DC13 I 2 4 1 5 8  I 2 3  

- _  
Y 00.30 
B 00 .61  

Y 0 0 . 1 5  
0 0 . 6 0  Y 

- _  

- _  
1- 

23 - Y - 
1 DC3 has two o p e n i n g s  

CR : G a t e d  Cross R e g u l a t o r  CRI : is n o t  o p e r a t i o n a l  1 0  - n 
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- 81% 
96'11 
90'1- 
IE" 
1E'E- 
OB'EZ 
EE'11 
lt'l 
91'6 
11'9- 
$1'9- 
It't 
IE'Z- 
10'11 

(1) 

'U!O _. 

81'0 261'1 01E'I 164'1 
11'0 695'0 EEE'O 001'0 
10'0- 618'E O68'E 000'1 
12'0- OEE'E 019'1 E1E'E 
80'0- 111'1 012'1 016'1 
1E'O 906'1 OtF'I 811'1 
11'0 261'1 051'1 F10'1 
91'0 00E'Z Otl'1 8tl'Z 
EE'O 168'E OlE't EEI'1 
11'0- 992'E W'E I1E'E 
11'0- 190-2 oia'z 619'1 
80'0 itw OPE'E tan 
$0'0- 920'2 080'1 098'1 
80'0 991'0 189'0 115'0 

I_. 

086'0 
000'1 
066'0 
096'0 
000'1 
096'0 
000'1 
000'1 
516'0 
006'0 
018'0 
Et8'O 
096'0 
000'1 
- JOlll, 

*anpa; 
I 

_. 
E'1E 
1'8- 
E'EE 
8'21 
2'1E 
E'IE 
2'8- 
I'EC 
6'19 
E'IE 
E'ZF 
E'Z9 
I'6E 
6'9 

P') - 
- 

YW 001 E16'0 
YW 66 OE6'0 
001'0 86 $16'0 
OE1'0 16 096'0 
001'0 96 096'0 
061'0 E6 016'0 
018'0 06 086'0 
ElB'O t6 066'0 



C' 

c 

Table IV.13 
SOA - LATERAL  G 
Conparison o f  d i scharge  e r t i n a t e  by c u r r e n t  mete r ing  (P,,,,,) and f r o n  t h e  NIl's t a b l e  (QHIA) 

Oate l i m e  

16-bug-88 13:503 
18-Aug-88 13:203 
24-Aug-88  13:38' 
3 1 - A u g - 8 8  13:5g3 
2 i - s e p - 8 8  !$:IS 
30-Sep-88 14:iO 

3 
30-Sep-86 1 3 2 0  
30-Sep-18 1!:21 
30-Sep-BE I0:45 
30-Sep-88 09:56 

nebs 
031s) 
__. 
0.219 
0.608 
0.514 
0.151 
0.603 
0 . 2 1 8  
0.491 
0.192 

0.169 
0.9~1 

- 

These p o i n t s  were e l i n i n a t e d  uhen f i t t i n g  t h e  c a l i b r a t i o n  equa t ion  

H, : Head ups t rean  o f  t h r o a t  

Hb : Head dounstrean of t h r o a t  

T-15 

- 
QHIA 

R3ISl - 
0.962 
1.616 
1,331 
0.591 
1.114 
0.626 
0 . 8 9 2  
1.221 
1.125 
0.126 
.__ 

- 
Diff. 

l31S, 

0.68 
I 

1.01 
0.16 
0.45 
0 . 5 1  
0.35 
0.40 
1.01 
0.14 
0 . 2 8  - 

244.19 
165.11 
132.9J 

94.65 
125.21 
81.63 

535.15 
14.80 

152.06 



f 91-L 

'1 
001'612 
t9l'Ltt 
190'181 
1 
I1L'fl 
106'81 
686'tt 
11t'iOI 
999'111 
111'11 

9C9'LCZ 
118'6t2 
888'L 12 
92C'112 
161'812 
019'811 
C21'LZI 
1IO'C1 
tO2'81 
C6C169 
19t181 
888'69 
Cf1'1l I 
612'111 
9L9'ICL 
8iL'LCC 
109'081 
581'112 
101'11 

1ll"Ll 
081'18I 
161'611 
081'161 

611'01 

OOI'691 

111'C6C 
916'091 

11l.'IlC 

88C'SZI 
011'6IC 
611'CLl 
C98'Ltl 
191'Fi 
907'9 
902'9 
180'tl 
90l'lC 
122'11 
580~21 

901'9 
901'9 
015'1 
L9L'CI 
C18'Ell 
1L1llif 
111'681 
8C6'61 
t25'9 
6t1'11 
111'19 
611'111 
116'121 
111'181 
966'11 
911'18 
t66'88 
C80'19l 
106'2Il 
c111L81 
Ot8'901 
ZiC'81 
111'11 
8$1~21 
oic '82 I 
$tt'Otl 
(91'011 
68L')C 

. 909'11 

... .. 
296'21 
909'Ci 
C91'19 
IiS'C$ 
000'19I 
IO9'112 
621'111 
211'892 
181'161 
818'112 
186'11 
5ll"i 
111'611 
816'891 
9S6'111 
C1C'OOI 
C19'LSl 
88l'lCE 
L88'1t1 
i60'2L2 
21t'iIC 

1 
618'11 
LlC'111 
111'51 
961,901 
19I"tl 
218'111 
re 
iiosiL 
110'681 
t11'181 
18t'111 
161'99i 
811'9LC 
119'16 
118'011 
010'105 
90'029 
tLC'161 
9LO'CtC 
8t1'0lI 
C11'8t 
691'11 
Ot8'CCI 
9t1'16 
815'111 
119'WI 
916'L)l 
L69'lSl 
660'01 ... . . 
C09'061 
011'111 
Itl'l21 
$lC'OOt 
160'111 
LLC'tLI 
$12'691 
t61'281 
111'081 
C6t'iPI 
111'911 
tL0'CtI 
662'81 
IOT'EC 
611'11 

2L0'992 
989'182 
L8C'lOl 
910'$1 

51'0 11'0 81'0 

11'0 01'0 6L'O 
62'0 11'0 19'1 
11'0 61'0 01'1 

LI'O 67.0 11.0 

00.0 00'0 10'0 
00'0 00'0 05'0 
18'0 i0'1 92'0 
16'0 LO'1 IC'O 
6L'O 88'0 68'0 
12'0 IC'O IF') 
IL'O 61'0 51'1 
00'0 00'0 12'0 
00'0 00'0 lS.0 
IS'O 21'0 t2'0 
18'0 10'1 11'0 
51'0 98'0 11'0 
01'0 1Z'O 11" 
Ct'O 11'0 61'1 
iL'0 88'0 Lt'O 
OC'O 1t'O 6C'O 
81'0 t1'0 LI'O 
91'0 21'0 11'0 
98'0 00'1 1S'O 
10'0 60'0 10'0 
95'0 19'0 1L'O 
10'0 90'0 10'0 
11'0 91'0 21'0 
11'0 1i'O 11'0 
01.0 12.0 11'0 
IC'O. 11.0 b6.0 
t0'0 10'0 20.0 
01'0 61'0 1E.O 
12'0 2c.o 10'0 
11'0 18'0 OC'O 
(1'0 1C'O 10'0 
11'0 51'0 10'0 
90'0 80'0 10'0 
61'0 11'0 CO'O 
11'0 88'0 11'0 
01.0 91'0 80'0 
12'0 CC'O 60'0 
11'0 11'0 90'0 
60'0 11'0 $0'0 
01'0 21.0 10.0 
10'0 10.0 20'0 
10.0 10.0 10'0 
t0'0 10'0 (0'0 
CO'O t0'0 10'0 
10'0 10'0 10'0 
$1'0 81.0 6C'O 
01'0 21'0 iC.0 
11'0 ZS'O 11'0 
11'0 18'0 01'0 
91'0 11'0 12'0 
61'0 19'0 21'0 
81.0 21'0 91'0 
1C'O 11'0 22'0 
62'0 ("0 $0'0 . . . . . . . . . 
CZ'O 82'0 80'0 
11.0 6I'O 11'0 
8C'O 1t'O 90'0 
01'0 L1'0 i0'0 
81'0 11'0 6t.O 
9L'O 10'1 8C'O 
"'0 01.0 tI'0 
C"0 Zt'O 01.0 
62'0 9C'O 6C'O 
ii.0 6i.o ir.0 
tZ'0 62'0 10'0 
10'0 60'0 81'0 
11'0 $1'0 12'0 
92'0 IC'O 01'0 
19.0 CL'O 91'0 
01.0 8t'O 12'0 
11'0 11'0 Ot'O 
80'0 60'0 10'0 . . . . . . . . . 
OC'P 6S.O $1'0 
60'0 11.0 12'0 

11'0 08'0 16.0 
68'0 80'1 91'0 
16'0 00'1 99.1 
11'0 61'0 00'0 
81'0 15'0 11'0 
00'0 00'0 10'0 
00'0 00.0 92'0 
02.0 91'0 LC'O 
11'0 01'0 15'0 
11.0 11'0 CL'O 
91'0 91'0 00'0 
9t'O 01.0 1t.Q 
00'0 00'0 IC'O 
00'0 00'0 12'0 
80'0 90'0 OC'O 
11'0 11'0 81'0 
01'1 $1'1 90'1 
81'0 10'1 00'0 
66'0 Cl'l 90'1 
92'0 01'0 IO'I 
10'0 10'0 18.0 
ZC'O 11.0 88'0 
11'0 CZ'Q 69'0 
81'1 91'1 tC.2 
LC'O f1'O 29'0 
Cl'l 60'2 81'1 
10'0 10'0 10'0 
Ll'O $2'0 t8'O 
t1'0 91'0 t6'0 
1I'O 91'0 11'0 
68'0 10'1 01'1 
60'0 01'0 10'0 
01'0 1L'O $1'0 
21'0 11'0 10'0 
21'0 11'0 LC'O 
11'0 02'0 90'0 
$C'O 8C'O 90'0 
11'0 11.0 10'0 
82'0 01'0 90'0 
11'0 9".0 It'O 
C2.0 81'0 61'0 
12'0 01'0 11'0 
11'0 01'0 11'0 
61'0 8C'O t2'0 
"'0 c1.0 t2'0 
EO'O 01'0 60'0 
90'0 90'0 90'0 
11'0 Cl'O 11'0 
60'0 11'0 11'0 
01'0 11'0 rr.0 
11'0 19'0 $0'1 
(1'0 CC'O 81'0 
69'0 89'0 01'0 
LC'O 01'0 91'0 
12'0 21'0 11'0 
6C'O 6C'O 60'0 
12'0 CZ'O ic.0 
81'0 12.0 9t'O 
85'0 19'0 91'0 
(9'0 18'0 il.0 
ZI'I IC'I 6C.Q 
Lt'1 16'1 OC'O 
IC'I 19'1 12'0 
80'1 91.1 96'1 
11'0 CS'O 61'0 
11'0 $1'0 Ll'O 
19'0 LL'O 11'0 
19'0 OL'O 19'0 
8C'O 8C.O. 18'0 
C8'0 10" $1'0 
l1.0 11'0 10'1 
9I.O 61'0 11'1 
81'1 09'1 05'0 
P8'I 01'1 18'0 
61'1 11'1 11'0 
11.0 CI'O 9I'O 
11'0 11'0 20'0 
11'0 19'0 L1'0 
91'0 11'0 Ll'O 

161'0 119'0 6E1'0 
111'0 ZLO'O 991'0 
111.0 110'0 111'0 
012'0 ISI'O 012'1 
261'0 ILI'O 151'1 
011'0 961'0 128'0 
110'1 118'0 000'0 
tr9.0 $01'0 882'0 
LCI'O 210'0 681'1 
iCl.0 210'0 129'0 
LTI'O 180'0 1Cl'I 
012'0 6$1'0 119'1 
111'1 OtC.1 08t'I 
L18'C 890't 100'0 
161'2 961'1 C28'0 
2I"O 112'0 881'1 
111'0 910'0 111'1 
6S9.0 261'0 Oll'F 
916'0 C11'0 911'9 
809'1 915.1 8LC't 
1Ot'I 616') 190'1 
801'1 01C'C t06'2 
111'0 1C1'0 "8's 
181'1 t16'0 I8l'L 
111'1 OCO'I La?'$ 
L90'1 668'1 I16'C 
CCI'I t91.2 t6C'l 
OOi~L 891'Z t91.0 
11t'I LCL'I 618.0 
118'0 $19'0 611'1 
111'0 $02'0 810.1 
s6i.o iovo czi.1 
189'1 981'1 989'1 
618'1 929'1 C11'1 
18V.1 912'1 911'1 
Itt'O IOt'O 619'1 
9$t'O LIC'O 901'1 
161'0 009'0 1t1'2 
991.2 tII'1 LIl'C 
IZC" 881" tC9'1 
18C" 881'1 81L.1 
t18'2 18L'Z OIC.1 
01L'l COL'Z tLl'P 
168'1 116'1 t2t't 
698'1 888.2 OOt't 
ltl'l 2ZL'l OCZ'1 
112'f IiC'C "1'2 
19l'Z LtL'2 9i9.1 
$11'1 901'1 65T'O 
86t'O 191'0 10t'O 
1L9'0 L6t'O 1It'O 
108'0 029'0 C69'0 
806'0 601'0 286'0 
608'0 029'0 CII'L 
020'2 118'1 C66'2 
116'1 816'1 092'1 
189'1 IL9'l 961" 
606'C L91'1 118'1 
8tl'C 611" Bit't 
998'1 $16'1 066'C 
899'0 605'0 1111'1 
218'0 229'0 Ltl'I 
100'2 Ct8'1 1C2'1 
111'1 $16'1 28T'I 
001'1 961'1 81t.1 
181'1 91t.C 61I'i 
111'1 L6O't lCL'1 
LlL'C 118'C 018'1 
111'1 010'1 198'1 

861'00C 
671'601 61L'06 
192'111 19L1211 ... .. 
011'1il 100'iCl 111'Lll 
81C'lIZ SZI'OCZ 122'66 

l8lA 181h . 03UA 181b 1810 01YO I810 3810 03YO 1810 3810 03YLI 

010'1 611'C 080'C 
8LI'C 159.f OCC'C 
892'1 010'1 111'1 
6li.l iOf'l 698'0 
611'1 C9i.l 09C.l 
LtL'L C99'2 811'1 



901'1 
190'61 
191 
111*1$ 
9i0'99 
191'8I 
198'18 
186'9$ 
OlP'11 
189'11 
801'12 
$10'9 
1OI'll 
8111Ot 
Sl9'II 
9rr'le 
8S0'91 
W'$ 
011'11 
119'S6 
111'611 
801'101 
181'11 
016'8 
119'1 
911'1 
116'12 
111'2 
110'1 
601'1 
LOl'll 
991'69 
lIC'61 
110'81 
116'0 
660'9) 
9lt'lS 
CO1'911 
016'Lll 
IN 
951 '61 
111'19 
116'Ct 
606'89 
91P'IZl 
$91*$01 
900'19 
I 
116121 
88C'PP 
OCi'l9 
060'9t 
"9~P1 
Ci9'61 
111'11 
161'1j 
019'S1 
Cjl't 

101'81 
112 
C09 
181 
889 
0 
I81 
W'6 
911 
CL1'61 
191'01 
$60'12 
926'11 
0$9'91 
198'11 
158'1 
16t'8 
161'1 
611'1 
880'11 
189'11 
969'11 
Ii1'6f 
1tE'I 
811'6 
819'0T 
96I'Cl 
198'81 
061'91 
161't 
101 
819 
LOC'6 
re1 
90t 
091 
C90'll 
116'21 
112'8 
$91'1 
1)l" 
911'01 
011'19 
151'99 
119'19 
VH 
868'91 
D91'81 
161'81 
llC'11 
101'01 
161'95 
611'1f 
0 
81$'QI 
101'91 
811'61 
111'tl 
$29'61 
181'91 
t$$'QZ 
118'11 
10&'81 
116'1 

OlI'SCl 
ICL'811 
li2'89 
811'11 
IlI'lI 
988'11 
692'58 
198'11 
116'81 
188'11 
611'61 
$19'11 
110'01 
990'1 
66S'91 
111'11 
If0'69 
088'11 
C16'11 
111'101 
$061C11 
Z11'111 
f1S*111 
OlZ'ICI 
081'01 
Olt'OOl 
186'801 
810'911 
961'011 
1$8'9C 
095'9s 
111~1F 
BPI" 
011'6f 
181'11 
111'1 
tO8't 
09t'S 
892'11 
688'0C 
101'08 
999'111 
111'111 
ObS~lll 
800'86 
YH 
VH 
YW 
VH 
YY 
YY 
SH 
VH 

YW 
YI 
VH 
YW 

YY 
YI 
YH 
IH 
YN 

vn 

vn 

11'0 $1'0 $1'0 
00'0 00'0 90'0 
11'1 81'1 18'0 
tl'0 81'0 tC'O 
16'1 $1'1 11'0 
$0'1 $0.1 09'0 
11'0 fL'0 SC'O 
16'1 91'1 IS'O 
66'0 20'1 00'1 
88'0 16'0 96'0 
1"O 8C'O 8$'0 
12'0 81'0 t8'0 
91'0 61.0 18'0 
11'0 91'0 19'0 
$1'0 IS.0 66'0 
1C'O 11'0, 11'0 
6i.o 89.0 2r.o 
tl'l 11'1 11'1 
19.0 01'0 9C.O .. . 
91'0 Si.0 br.0 
S.0 11'0 61'0 
01'0 11'0 01'0 
PP'O 09'0 90.0 
ii.1 ir.1 61.0 
82.1 19'1 91'0 
12'0 11'0 81'0 
21'0 $1'0 60'0 
61'0 91'0 11'0 
O$'O IT'O 9L'O 
8C'I 99'1 11'1 
$1'0 11'0 11'0 
11'0 11'0 l$'O 
10.1 91'1 91'1 
69'0 15'0 99'0 
$)'O S1'0 96'0 
10'0 60.0 OI'O 
$6'0 80'1 69'0 

IC'I IS'I 15'0 
OI'I 18'1 28'0 
11'1 81'1 11'0 
11'0 OC'O 80'0 
1r.o 09'0 10'0 
01'0 11'0 80'0 
PO'O 90'0 80'0 
vx YH UH 
11'0 11'0 VW 
91'0 01'0 YH 
$0'0 90'0 YH 
05'0 C9'0 VX 
60'Q 21'0 VY 

n'o 6r'o 19.0 

ii.0 CO'O VW 
89'0 01'0 VU 
18'1 18'1 YW 
CI'I 21.1 vx 
11'0 01'0 VW 
11'0 $1'0 VY 
81.0 11'0 VH 
(1.0 91'0 YI 
10.0 10'0 YY 

91'0 91'0 12'0 
00'0 00'0 80'0 
$0'0 10'0 69'0 
10.0 00'0 80'0 .. . .. ~ ~~ 

t0'0 10'0 91'0 
00'0 00'0 11.0 
00'0 00'0 11'0 
91'0 91'0 81'0 
10'0 00'0 )C'O 
lS.0 IC'O 01'0 
81'0 60'0 01'0 
iI.0 60'0 $1'0 
$1'0 60.0 01.0 
$1'0 11'0 10'0 
61'0 11'0 19'0 
80'0 90'0 81'0 
51'0 10'0 91'0 
$1'0 90'0 8f'Q 
60'0 CO'O 01'0 
11'0 60'0 $1'0 
11'0 11.0 $1'0 
61'0 11'0 12'0 
89'0 1L'O 60'0 
10'0 10'0 09'0 
11.0 11'0 tl'O 
01'0 61'0 11.0 
81.0 11'0 11'0 
9C'O 1L'O $2'0 
11.0 Cl'O 09'0 
11.0 90'0 19'0 
10.0 00'0 OC'O 
00'0 00'0 $1'0 

10.0 00'0 t1.0 
10'0 00'0 OC'O 
00'0 00'0 10'0 
11'0 $1'0 C0'0 
01'0 91'0 90'0 
61'0 tI'0 11'0 
IC'O 11'0 62'0 

12.0 z1.a 21.0 

ri.0 90.0 IC'O 
CI'Q 10'0 11'0 
OC'0 61'0 LO'O 
11'0 60.0 11'0 
$0'0 10'0 60'0 
WH YH VH 
11'0 60'0 VW 
11'0 10'0 UH 
10'0 10'0 UH 
61'0 $2'0 VW 
11.0 01'0 VH 
CO'O 10'0 YU 

.-. . . 
zz'o 21.0 vn 
91'0 $1'0 VH 
10'0 90'0 VH 
10'0 PO'O VH 
10'0 00'0 UH 

19t'O 911'0 991'1 
810'0 TQO'O 118'1 
820'0 100'0 061'0 
120'0 VOO'O $91'0 
810'0 900'0 119'0 
000'0 000'0 N1'0 
110.0 2OO'D 186'0 
111'0 111'0 106.0 
600'0 200'0 1C1'0 
$I9'0 811'0 101'0 
CCS'O 9C1'0 lLC'0 
119'0 911'0 181'0 
676'0 $81'0 911'0 
099'0 8OC'O $10'0 
C98'0 811'0 9lt'O 
111'0 160.0 128'0 
851'0 860'0 661'0 
010'0 010'0 fZt'0 ..~~ ~~~ 

191'0 810'0 110'0 
t9t.O 861'0 012'1 
119'0 981'0 818'1 
CS6.0 C89.0 810'2 
088.0 09b.O 8tt.Z 
190'0 810'0 11$'1 
1$1'0 111'0 1I8'D 
101'1 181'0 191'1 
069'1 618'0 191'1 

.... .... .~ 
ICO'O 900'0 IEO'O 
ILC'O OVI'O 970.0 
UF'O 991'0 860'0 
122'0 $60'0 001'0 
601'0 060'0 8EC'O 
101'0 910'0 62b.O 
9Ii'O 111'0 6tI.I 
lt6.0 OBP'Q 915'1 
8PC.I PPl'O lot" 
101'1 911'0 .PCl'l 
VN UH Vil 
09t'O 961'0 VU 
801'0 111'0 UN 
60$'0 811'0 WN 
861'0 161'0 UN 

tll'l 119'0 VW 
901'0 191'0 118 
000'0 COO'O urn 
$91'0 211'0 VH 
C$9'0 101'0 VY 
111.0 OtS'O VN 
811'0 011'0 VH 
9L1.0 121.0 IY 
6$1'0 161'0 VW 

01'0 11'0 YH 



Table IV. 19 
Intensity of operations clt two diversions along Kirindi Oya Right, 
D t l n l c  Main Canal 

Location of the diversions: GR3:Dc5 (head) GR12:BcZ (tail) 

Pwicxl 6 brch 1.0 10 Arril 1988 
Cultivation in tract 1 (DC#5) is in stages 3, 4, and 5 (supply ends on 7 
April) 
Cultivation in tract 5 (Bc#2) is in stages 2 and 3 

Total number of interventions at the,location: 

Number of interventions at the regulator: 

Number of interventions at the of'ftake: 

Daily mean = 1.3 

Daily mean = 0.9 

Daily mean 0.5 

4.4 

5.4 

0.8 

Period 17 April t,o 25 April 1988 
No irrigation in tract 1 ( E # 5  closed) 
Cr.ilt.ivation in tract 5 (Bc#2) resumed on 17 April after closure of main canal 

T o t a l  number of' interventions at the location: 

Number  of interventions at. the regulator: 

Number of interventions at the offtake: 

Daily mean = 1.3 3.4 

Daily mean = 1.3 4.7 

Dai~ly mean = closed 0.3 

Period 26 April to 11 May 1988 
No irrigation in tract 1 ( K t 5  closed) 
Cultivation in tract 5 (Bc#2) is in Stage 3 
System "sealed" (no operations) from 26 April to 2 May for  experimental 
prirposes 

T o t a l  nutnber of interventions at the location: 

N u m b e r  of interventions at the regulator: 

Number of interventions at the offtake: 

Daily meam = 0.0 1.3 

Daily mean = 0.0 1.3 

Daily irieari closed 0.4 

Period from 12 May to 31 May 198t 
Start. of' second culti.vation in tr,act 1 (first issue t,o Dc#5 on 12 MHy) 
(hltivation in tract 5 (l?C#2) is in Stages 3, 4, and 5. 

Tot,al riuniber of interventions at the location: 

Nwritxtr of interventions at the rc'gulator: 

Nimkr of interventions at the of'ftake: 

D a i l y  niem = 1.0 

Daily mean = 2.0 

Daily mean = 0.3 

T-18 

1.9 

1.8 

0.7 1 
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Table V . l  

K a l a n k u t l i r a :  D a i l y  c o e f f i c i e n t s  o f  u r r i a t i o s  o f  b ranch  c a n a l  i a l t r  I w t l  ( a b o v t  p i p e  i n v e r t  o f  10501) a t  O B Y I ,  
,and d r i l y  c o e f f i c i e n t 8  o f  u i r i r t i o n  01  d i 8 c h r r 9 t  i n t o  d i a t r i b u t a i v  c a n a l  lo5pl 

OllR (88 )  
09-112" 
10-1111 
11-1111 
12.1111 
Il.Ml1 
14-1111 
15-1111 
16-1111 
17-1111 
I B - H a Y  
19-May 
10-1111 
11-1111 
22-1117 
21.111" 
14-11a7 
25-317 
26-1141 
27-1117 
28-11z" 
29.1111 
Io-xa" 
11.111" 
01-1"" 
0 2 - l u n  
01-l"" 
04-JYn 
05-1""  
06-Jun 
0 1 - l u n  
08-1"" 
0 9 - l u n  
I0 - l " "  
i i - 1 u n  
12-lun 
I1-l"" 
14-1"" 
15-1"" 
I 6 - J u n  
1 1 - l u n  
18.1"" 
1 9 - l u n  
20-1un 
21-1"" 
22.1"" 
2 1 - l u n  
24-1"" 
15.1"" 
26-1""  
27-1""  
2 8 - i " "  
1 9 - l u n  
10-1"" 
Ol-IYl 
0 2 - l " l  
O I - I U I  
04-1uI 
05-1ul 
0 6 - 1 u l  
01-Jul 
W l U l  
0 9 - I u l  
I O - l u l  
I l - l u l  
1 2 - 1 u l  
I l - l u I  
I4-1uI 
I l - l u l  
1 6 - 1 ~ 1  
1 1 - l u l  

1.082 1.092 1.088 0.002 0 .002 
1 . 0 8 5  1.119 1.098 0.014 0 . 0 l l  
1.104 1.127 1 . 1 1 4  0.007 0.006 
1.104 1.109 1.107 0.002 0 . 0 0 2  
1.101 1.121 1.111 0.005 0.004 
1.114 1.120 1.115 0.00I 0.001 
1.111 1.118 1 . 1 1 4  0.001 0.001 
1.111 1.119 1.126 0 . 0 2 8  0 . 0 2 5  
1.111 1 . 1 1 4  1,111 0.000 0 . 0 0 0  
1.110 1 . 1 1 4  1.114 0.000 0.000 
0.628 1.117 0.969 0 .189  0.195 
0.628 1.108 0 . 8 8 1  0.217 0 . 2 4 5  
1.009 1.010 1.031 0.008 0 . 0 0 8  
0 . 6 8 1  1.014 0.855 0.112 0 . 1 5 5  

1 . 1 2 0  1.126 1 . 1 2 4  0 . 0 0 2  0.002 
1 . 1 2 1  1 . 1 2 8  1 . 1 2 4  0 002 0.002 
0.410 1.121 0.862 0.100 0.148 
0.410 0.583 0.496 0.076 0.152 
0.549 0.825 0.666 0 .084  0.126 
0.612 1.006 0.157 0 .161  0.215 
0 . 8 2 1  I.115 1.069 0.089 0 .081  
0 .701  1.129 0.966 0.162 0.168 
0.901 1.016 0.996 0.049 0.049 
1.031 1.019 1.031 0 .005  0 .005 
1.011 1 . 0 4 2  1.0Jk 0.001 0.001 
1.016 I.011 1.036 0.000 0.000 
1.011 1 .011  1.011 0.001 0.001 
1.016 1.017 1.036 0.000 0.000 
0.994 1.016 1.012 0.009 0.009 
0.788 1.059 0.988 0 . 0 1 5  0.016 
1 .051  1.111 1.092 0.011 0.029 
1.116 1 .126  1 . 1 2 2  0.001 0.002 
1.119 1,126 1 .121  0.002 0.002 

O i r c h i r g e  ( W s ;  
Min.  Max. H e a n  110 c v  
0 .111  0.264 0.165 0.O;l 0.411 
0.076 0.111 0.101 0.014 0.112 
0 . 0 1 6  0.095 0 . 0 0 4  0 .008 0.098 
0 . 0 9 1  0.095 0.095 0.000 0.002 
0 . 0 8 4  0.189 0.096 0 . 0 1 2  0 . 1 2 8  
0.089 0.101 0.096 0 . 0 0 4  0.047 
0.101 0.IOJ 0.101 0.060 0.002 
0 . 0 1 5  0.189 0.114 0.064 0.561 
0.097 0.099 0.097 0 000 b 001 .~... ..... 
0.099 0.099 0.099 0.000 0.000 
0.001 0.099 0.075 0.016 0.411 
0.001 0.001 0 . 0 0 2  0.001 0.486 
0.002 0.002 0 . 0 0 2  0.000 0.000 
0.001 0 . 0 0 1  0.001 0.001 0 . 5 0 8  
0.001 0 . 1 4 8  0.079 0.070 0.893 
0.111 0.219 0 .161  0.051 0.111 
0.121 0.197 0.169 0.011 0 . 1 8 7  
0.002 0.197 0.085 0.096 1.129 
0.000 P.IJ0 0.018 0.010 1.667 

~ ~~~ ~ ~ . .  ..... 
0.000 0.117 0.021 0.019 0.898 
0.000 0.000 0.000 0.000 . 
0.000 0.082 0.011 0 . 0 2 1  1.912 
0.082 0.202 0.IIJ 0.024 0 .181  
0.146 0 . 1 4 8  0 . 1 4 8  0 . 0 0 1  0.001 
0.051 0 . 1 5 0  0 . 1 0 2  0.047 0.462 
0 . 0 1 6  0.055 0.019 0 . 0 1 1  0.410 
0.000 0.019 0.007 0 . 0 0 1  1.226 
0 .000 0.000 0.000 0.001. - 
0.000 0.011 0.011 0 .011  0.968 
0.000 0.078 0 . 0 1 2  0 . 0 2 1  1,190 
0.001 0.177 0.117 0.011 0.115 
0 .111  0 . I30  0.124 0.00; 0.048 
0.011 0.121 0 . 0 1 8  0 . 0 4 ;  0.580 
0.001 0 . 0 0  0.007 0 .001  0.267 
0.006 0.146 0.034 0.OSi  1.614 
0.001 0.146 0.091 0 .061  0 .151  
0.146 0 . 1 5 0  0.117 0 . 0 0 1  0.012 

0.000 0.060 0.016 0 . 0 1 '  0 . 0 8  
0.000 0.157 0.098 0.0618 0.680 
0.121 0.117 0 .111  0.001 O.OI8 
0.112 0.117 0.112 0.00 0.006 
0.000 0.119 0.081 0.06 0.744 

.O.OQO 0.002 0.000 0 .00 : ' 1 . 892  
0.000 0 .141  0.066 0.0611 0.906 
0.001 0.141 0 , 0 8 2  0.0411 0.582 
0.006 0.150 0.101 0.0611 0.670 

0.116 O.lS0 0 150 O . O O h  0.010 
0.000 0 . 1 4 8  0.088 0.0611 0.168 
0.000 0.000 0.000 0.001r '* 

0.000 0 .071  0.011 0.02;! 1.956 
0.000 0.005 0.002 0.00:' 0.975 
0 . 0 0 4  0 .151  0.098 O.OJ:, 0.149 
0.017 0.157 0.116 0.04' 0.151 
0 . 0 0 4  0 .111  0 . 0 4 0  0 . 0 5 :  1.276 
0.003 0 .004 0 . 0 0 4  0.0011 0.019 
0.001 0.001 0.001 0.001~ 0.011 
0.001 0.001 0.001 0.0018 0 .011  
0.001 0 . 0 0 1  0.001 0.001m 0.000 
0.001 0 , 0 0 4  0.001 0.0018 0 .011  
0 . 0 0 4  0.004 0.004 0.001' 0.000 
0 . 0 0 4  0 . 0 0 4  0 . 0 0 4  0 .001~  0.000 
0 . 0 0 4  0.111 0 . 0 8 5  0.07: 0 . 8 5 1  
0.I51 0 .151  0 .151  0 . O O I '  0.000 
0 .151  0.151 0.151 0.00I'  0.000 

#in .  1111. mean ST0 CY 
1.028 1 .124  1.081 0.011 0.014 
1.028 1.018 1.011 0.001 0.001 
1.029 1.018 1.016 0.001 0.001 
1.029 1.016 1.010 0.002 0 . 0 0 1  
0.758 1.016 1 .005  0,065 0.064 
0 .651  0 .751  0.686 0 .021  0.017 
0.684 1 .021  0.895 0.108 0.121 
0.657 1.115 0.979 0.215 0 . 1 1 0  
1.111 1.119 1.115 0.002 0.001 
1.120 1.121 1 . 1 2 2  0.001 0.00I 
1.067 1.120 1.100 0.017 0 . 0 1 5  
1.011 1.088 1.011 0.022 0.010 
0.662 1.010 0.991 0.09i o.oii 

# i n .  1111. Hein S I O  tv 
0.001 0.151 0.083 0 . 0 1 4  0.900 
0.001 0;OOl 0.001 0.000 0.072 
0.001 0 . 0 2 8  0 . 0 0 5  0.007 1.449 
0 .003 0 .028  0 . 0 2 4  0.009 0.182 
0.001 0.115 0.016 0.011 2.105 
0 . 0 1 5  0.011 0.016 0 . 0 1 5  0.411 
0.015 0,146 0.110 0 .029  0 .261  
0.017 0.151 0 . 1 1 4  0.062 0 . 5 4 1  
0.155 0.151 0.155 0 . 0 0 0  o.oni 
0.146 0.157 0..152 0.006 0.018 
0.004 0.146 0.065 0.069 1.056 
0.003 0.004 0.004 0.000 0.011 
0.001 0.022 0.006 0.005  0.943 

0.621 0.865 0.722 0.085 0 .117 
0.612 0.951 0.811 0.120 0.148 0.019 0 .061  0.044 0.019 0.446 
P.626 1.126 0.961 0.220 0.229 0.001 0.146 0 .091  0.060 0 .621  
1.120 1.125 1 . 1 2 4  0.002 0.002 0.146 0 . 1 4 8  0.146 0.000 0.001 
1 . 1 2 0  1.125 1 . 1 2 2  0.001 0.00I 0.118 0.148 0.148 0.000 0.000 
1 . 0 8 1  1 . 1 2 1  1 . 1 0 4  0 . 0 1 4  0.011 0.004 0 . 1 4 8  0.086 0 . 0 5 2  0 .611  
1.019 1.092 1 . 0 6 1  0.029 0 . 0 2 8  0.004 0 .101  0.010 0.014 0 . 4 8 8  
1.014 1 . 0 1 8  1.011 0.001 0 . 0 0 1  0.014 0 .091  0.078 0 . 0 2 4  0 . 1 0 2  

0.015 0.018 0.018 0.000 0.006 1 .021  1.019 1 . 0 2 8  0.001 0.001 
0.795 1.011 0.918 0.086 0.092 
0.195 1.112 1.011 0 .155  0.151 
0.506 1.141 0.986 0.219 0.222 
0.410 1.041 0.122 0.294 0.407 
1.021 I.013 I.010 0.002 0.001 
0.646 1.021 0.821 0.162 0.198 
0.977 1.022 1.016 0.007 0.007 
1.012 1.039 1.027 0.006 0.005 
1.021 1.041 1.015 0.001 0.007 
1.011 1 . 0 4 1  I . 010  0.001 0.001 
0.862 1 . 1 4 2  1.059 0.069 0 . 0 6 5  
1.111 1 . 1 4 2  1.117 0.001 0 .003 
1.117 1.111 1.117 0.005 0 . 0 0 4  
1 .118 1.128 1,122 0.004 0.001 
1.108 1.119 1.114 0 .004  0.004 
1.029 1.108 1.081 0.028 0.016 
0.952 1.014 1.022 0.018 0.018 
0.867 1.020 0.904 0.046 0.050 
1.010 1.016 1.029 0.008 0.001 
1.015 1.041 1.016 0.001 0.001 
1.018 1.044 1.041 0.002 0.002 
1 . 0 4 4  1 .045 1 . 0 4 4  0.000 0.000 
1.044 1.047 1 . 0 4 5  0.001 0.001 
1 . 0 4 4  1.047 1.046 0.001 0.001 
1 . 0 2 6  1.041 1.040 0.007 0.001 
1.040 1.047 1.046 0.002 0 . 0 0 2  

~ ~ ~~~ ~ ~~~ ~ ~~. 
i . 0 io  i.w 1.040 o.ooo 0.000 
1.040 1.041 1.040 0.001 0.001 
1.019 1.041 1.041 0.001 0.001 
1.011 1.057 1.040 0.001 0.003 
1.019 1.041 1 . 0 4 0  0.001 0.001 
1.019 1 . 0 4 4  1.040 0.001 0.001 
1.014 1 . 0 4 4  1 .041  0.001 0.001 
1 . 0 3 4  1.015 1,014 0.000 0.000 
1.015 1.017 1.016 0.001 0.001 
1.011 1.040 1.017 0 . 0 0 2  0 . 0 0 2  
1 . 0 2 1  1.051 1.046 0 . 0 0 8  0 . 0 0 8  
1.049 1.056 I.051 0.001 0.001 
1.049 1.077 1 .061  0.011 0.012 
1.077 1.097 1.087 0.009 0 . 0 0 8  

0.000 0.029 0.016 0 . 0 1 0  0 .65 i  

0.022 0.015 0.012 0.004 0.141 
0 .022  0.162 0.109 0.066 0.602 
0.000 0.160 0.122 0.061 0 .500  
0.000 0.001 0.001 0.001 1.042 
0.004 0.006 0.006 0.000 0.02 i  
0.004 0.111 0 . 0 3 4  0.019 1 . 1 4 5  
0 .111  0.121 0 . 1 2 0  0.002 0.011 
0.057 0.111 0.IOI 0.011 0.299 
0.060 0.061 0.061 0.000 0.002 
0.060 0.060 0.060 0.000 0.000 
0.045 0.095 0.069 0.014 0.208 
0.081 0.101 0.092 0.006 0.070 
0.095 0.095 0.095 0.000 0.000 
0.007 0.095 0.051 0 . 0 4 1  0.818 
0.007 0.212 0.104 0 . 0 7 0  0.669 
0.001 0.208 0.060 0.018 1.292 
0.001 0.189 0.014 0.066 1.929 
0 .055  0 . 1 5 5  0.116 0.027 0.211 
0.002 0.011 0.029 0.051 1.180 
0.001 0 . 0 0 2  0.002 0.000 0.046 
0.001 0.001 0.001 0.000 0.000 
0.001 0.001 0.001 0.000 0.026 
0.000 0.OOI 0.000 0.000 0.210 
0.000 0.001 0.001 0.000 0.290 
0.001 0.001 0.001 0.000 0.000 
0.001 0.052 0 .008  0.011 2.081 
0.001 0.060 0.011 0.027 0.821 
0.055 0.060 0 . 0 5 8  0.001 0.016 
0.001 0.155 0.050 0.011 0.620 
0.101 0.107 0.104 0.001 0.010 
0.050 0.127 0 . 1 0 1  0.026 0.259 
0.080 0 .091  0 . 0 9 0  0 . 0 0 5  0.017 
0.004 0.080 0.011 0.017 1.102 
0.001 0.004 0.004 0.000 0.021 
0.001 0.001 0.001 0.000 0.000 
0.001 0.001 0.003 0.000 0.075 
0.001 0.001 0.001 0.000 0 .071  ..... ..... ..... 
0.001 0.001 0.001 0.000 0.000 
0.001 0.001 0.001 0.000 0 .015  
0.001 0.001 0.003 0.000 0.000 
0.001 0.001 0.001 0.000 0.012 
0.001 0.001 0.001 0.000 0.000 

vperera
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Tab le  V . 2 .  

Kalankuttiya: Oii lr  coefficitnts o f  vrriation o f  branch canal vlltr I t m t l  ( i b o v t  v i p t  invrrt o f  10701) I t  tht tri1 t n d ,  
a n d  d a i l y  coifficients o f  v a r i a t i o n  o f  d i i c h a r g t  into d i s t r i b u t a r y  can11 10701 

10-1"" 
11-lwn 
1 2 - l u n  
l l - l u n  
I4-lvn 
15.1"" 
16-lun 
11-lun 
18-lun 
19-lun 
2 0 - 1 " "  
21-J"n 
22.1"" 
21-1"" 
24-luo 
25-Jun 
26-lun 
21-1un 
28- Jun 

XR YR 811 N R  Y1 
0 . 4 4 2  0 . 5 5 0  0.490 0.026 0 . 0 5 4  
0.462 0.529 0.496 0 . 0 2 4  0 . 0 4 8  
0 .482  0.908 0.601 0.112 0.217 
0.468 0.595 0.516 0.048 0.089 

.. 
11.1111 
1 8 . ~ ~  0.114 0.494 o.tis 0 . 0 4 2  0.091 
19.n~ 0.150 0.516 0.111 0.117 0.151 
2 O - W a y  O.IS0 P.::: ?.TI8 0.119 0.341 
'r-:r1 0 . 1 5 0  0.150 0.150 0 .ooo  0.000 
22-M)" 0 . 1 5 0  0 . 1 5 0  0 . 1 5 0  0.000 0.000 
2 1 - b y  0 . 1 5 0  0.781 0.114 0 , 2 2 4  0.672 
2 4 - l i y  0.118 0.191 0.159 0.016 0.015 
25-11 iy  0.167 0.615 0.464 0.091 0.200 
26-118~ 0.108 1.011 0.708 0.180 0.215 
27-11zy 0.150 0.108 0.157 0.028 0.171 
28.111" 0.150 0 . l 5 0  0.150 0.000 0.000 
2 9 - n r ~  0 . 1 5 0  0.110 0 . 1 5 0  0.000 o.ooo 
1o-nas 0.150 o.m 0 . 1 5 0  o . o o o  o.ooo 

_.  

I I - M a y  0 . 1 5 0  0.608 0.100 0.156 0.121 
0 1 - l u o  0.297 0.474 0.118 0.018 0.101 
0 2 - 1 ~ n  0 . 1 5 0  0.516 0.129 0.1I1 0.429 
01-1"" 0 . 1 5 0  0 . 1 5 0  0.150 0.000 0.000 
04-1"" 0 .150 0 . 1 5 0  0.150 0.000 0.000 
05-l"" 0 . l 5 0  0 . I S O  0.150 0.000 0.000 
06-1~" 0.150 0 . 1 5 0  0 . 1 5 0  0.000 0.000 
01.1"" O.IS0 0 .150  0 . 1 5 0  0.000 0.008 
0 8 - l u n  0.150 0.794 0.259 0 . 1 8 6  0.716 
09-lun 0 . 1 5 0  0 . 1 5 0  0 . 1 5 0  0.000 0.000 

0 . 1 5 0  Q.150 0 . 1 5 0  0.000 0.000 
0 . 1 5 0  0.276 0.159 0.011 0.195 
0 . 1 5 0  0.170 0 . 2 3 5  0 . 0 8 3  0.152 
0 . 1 5 0  0.469 0.266 0 . 1 1 2  0.421 
0.265 0.516 0.395 0.080 0.203 
0.181 0.695 0 .511  0.116 0.227 
0 . 1 5 0  0.705 0.464 0.203 0.418 
0 .150  0 . 1 5 0  0 . 1 5 0  0.000 0.000 
0.150 0 . 1 5 0  0.150 0.000 0.000 
0 . 1 5 0  0 , 1 5 0  0.110 0.000 0.000 
0.I50 0.150 0 . 1 5 0  0.000 0.000 
0,130 0 . 4 6 4  0.270 0.110 0.482 
0.150 0.616 0.141 0 .055  0.124 
0.141 0.491 0 . 4 1 1  0 .051  0 . 1 2 8  
0.150 0.608 0.411 0.142 0.129 
O.lS0 0 . I 5 0  0 . 1 5 0  0.000 0.000 
0 . 1 5 0  0 , 1 5 0  0 . 1 5 0  0.000 0.000 
0 . 1 5 0  0 , 1 5 0  0.lSO 0.000 0.000 
0 . 1 5 0  l .105 0.110 0.202 0.650 

29-lun 0.160 0 . 5 0 1  0.422 0 .051  0.122 
10-lun 0.169 0 . 5 4 1  0.449 0.051 0.115 
01- lu1  0.1JO 0.6D1 0.140 0.166 0.490 
02-1u1 0 .150  0.l50 0 . 1 5 0  0.000 0.000 
01-1ul  0 . 1 5 0  0 . 1 5 0  0 . 1 5 0  0.000 0.000 
04-1ul 0 . 1 5 0  0.150 0.150 0.000 0.000 
05-lul 0 . 1 1 0  0.477 0.175 0 . 1 4 5  0.526 
06-lul 0.110 0.416 0.298 0.141 0.480 
O~.l"l 0.150 0.150 0.150 0.000 0.000 
08. l"l  0 . r s o  0 . l S O  0.150 0.000 0.000 
09-lul 0.150 0 . 1 5 0  0 . 1 5 0  0.000 0.000 
10-1vl 0 . I 5 0  0 , 1 5 0  0 . 1 5 0  0.000 0.000 
11-1u1 0.150 11.150 0.1SO 0.000 0.000 
12-1ul 0.150 0.150 0.150 0.000 0.000 
1 1 - l u l  0 . 1 5 0  0.271 0 .210  0.018 0.277 
1 4 - J v 1  0 . 1 5 0  0.266 0.164 0.015 0.21) 
IS-lul 0.150 0.188 0.109 0 . 1 7 8  0 . 4 1 5  

11-lul 0.141 0.552 0.411 0.040 0.092 
I6-lul 0.128 0 . 4 5 8  0.181 0.032 0.081 

H A  . not Aviilrble 

Oischaiqt l m I l e 1  
Min. MIX. i t r r  s i o  
0.000 0.189 0 . 1 5 1  0 . 1 4 8  
0.000 0 . 2 0 5  0.016 0.087 

0.090 0.154 0.246 0.090 
0.015 0 . 2 2 4  0.114 0.067 
0.160 0.411 0.261 0.111 
0.154 0 . 4 4 4  0.192 0.029 
0.Jli 0.410 0.401 0.U15 
0.169 0.766 0.517 0.111 
0.151 0.506 0 417 0.062 
0 278 0.160 0.111 0 029 
0.000 0.494 0.218 0 . 1 5 5  
0.000 0 . 4 0 2  0.065 0,128 
0.000 0.000 0.000 0 000 
0.000 0.000 0.000 p 000 
U.000 0.148 0 . I l I  0 119 
0 . 2 0 0  0 . 2 8 1  0.212 0 027 
0,2 5 1  0.421 0.117 0 062 
0.106 0.618 0.411 0 098 
0.000 0.106 0.001 0 015 
0.000 0.000 0.000 0 000 
0.bOO 0.000 0.000 0.000 
0.000 0.000 0.000 0,000 
0.000 0.295 0.106 0.110 
0.108 0.291 0.208 0.061 
0 , 0 0 0  0 . 4 5 1  0.181 O,L57 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.599 0.105 0.190 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0 . 0 8 1  0 .005  0 . 0 1 1  
0.000 0.270 0.079 0.091 
0.000 0 .189  0.116 0.119 
0.016 0.462 0.291 0.IlO 
0.288 0.617 0 .442  0.128 
0.000 0.627 0.161 0.241 
0.000 0.000 0.000 0.000 
0.000 0.000 D.000 0.000 

C V  
1.116 
0.981 
0.165 
0.501 
0.421 
0.011 
6.039 
0.226 
0.142 
0.094 
0.112 
1.954 

1.058 
0.115 
0.184 
0.221 
4 615 

1.040 
0.101 
0 .841  

1.821 

1.619 
1 . 1 5 9  
1.020 
0.444 
0.290 
0.657 

0.000 0.000 0.000 0.000 . 
0.000 0.000 0.000 0.000 - 
0.000 0.101 0.114 0 .121  1.090 
0.181 0.474 0.115 0 .088  0.263 
0.111 0.502 0 .155  0.102 0.288 
0.000 0.574 0.121 C.181 0.570 
0.000 0.000 0.000 t.000 . 
0.000 0.000 0.000 (.PO0 . 
0.000 0.000 0.000 l . 0 0 0  - 
0.000 0.72s i i 7 7  r.iii i .081 
0.266 0.196 0.125 1.018 0.118 
0.280 0.420 0.165 18.028 0.077 
0.000 0.471 0.118 11.151 0.861 
0.000 0.000 0.000 11,000 . 
0.000 0.000 0.000 Il.000 . 
0.000 0.000 0.000 II.000 . 
0.000 0,110 0.121 11.144 1.112 
0.000 0.112 0 . 1 4 5  '1.140 0.967 
0.000 0.000 0.000 '1.000 . 
0.000 0.000 0.000 ').DO0 ~ 

0.000 O.000 0.000 , I .OOO . 
0.000 0.000 0.000 1.000 ~ 

0.000 0.000 0.000 1.000 - 
0.000 0.011 0.001 1.011 2.297 

0.000 0.091 0.025 0.025 0.989 
0.011 0.108 0.141 0.100 6.708 
0.184 0,501 0.262 0.091 0.155 
0 , 2 1 6  0.501 0.161 0.086 0.219 

0.011 0.111 0.064 i.014 0 . w  

T-21 

Ditt ( 8 8 )  
18-Jul  
19-Jul 
20-1ul 
2 l - l u l  
12-Jul 
a i - i u ~  
24-1ul 
25-ful 
16-lul 
2l-lul 
28-lul 
29-lul 
10-Jul 
Il-IuI 
01-1u9 
02-RU9 
ol-Ru9 
0 4 . ~ ~ 9  
oS-Ru9 
06-RU9 
01-lluo 
08.RUg 
09-lug 
10-RU9 
II-kUP 
II-RUS 
l l - l u g  
I 4 d U 9  
IS-Ru9 
16-Rug 
I l - l u g  
18-hu9 
19-Rug 
2o-Ru9 
2 l - R u P  
22-RUg 
2J-RuP 
2 4 - h 9  
25.LU9 
26-lug 
21-1u9 

Win. 
0 . 1 5 0  
0.110 
0.150 
0.150 
0.150 
0.150 
0.150 
0 . 1 5 0  
0.316 
0.108 
0.150 
0.248 
0.150 
0.150 
0.150 
0.150 
0.110 
0.121 
0.150 
0.250 
0.150 
O.IS0 
0.150 
0.150 
O. lJ0 
0.150 
0.150 
0.150 
0.150 
0.150 
0.1so 
0.150 
0.150 
0 . 4 0 2  
0.144 
0.297 
0.411 
0.241 
0.150 
0.110 
0 . 1 5 0  

Y I t C I  I w r i  
NII. #tan 
0.181 0.215 
0.150 0 .150  
0 . 1 5 0  0.150 
0.150 0.150 
0,150 0 . I50  
0.150 0,150 
0 . 1 5 0  0.150 
0.621 0.212 
0.476 0.182 
0.594 0.198 
0.612 0.411 
0.648 0.521 
0 . 2 4 8  O.IS1 
0.150 0 . I 5 0  
0.150 0.150 
0.427 0 . 2 5 5  

0.417 0.167 
0 .540  0.176 
0.745 0.490 
0 .250  0.186 
0.I50 0.150 
0.150 0 . 1 5 0  
0 . 4 5 1  0 . 2 5 0  
0.128 0.148 
0 . 1 5 0  0.150 
0.150 0.I50 
0.150 0.150 
0.150 0.150 
0.150 0.ISO 
0 . 1 5 0  0.150 
0.150 0.150 
1.090 0.116 
1.072 0.659 
0.417 0.188 
0.141 0.441 
0.104 0.566 
0.465 0.162 
0.241 0.159 
0 . 1 5 0  0 . 1 5 0  
0 . I 5 0  0.110 

o . i z i  0.160 

ST0 c v  
0.098 0.155 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.116 0.499 
0.049 0.127 
0.059 0.1'49 
0.101 0 . 2 5 1  
0.108 0.207 
0.016 0.102 
0.000 0.000 
0.000 0.000 
0.119 0.464 
0 . 0 2 4  0.066 
0.011 0.084 
0.101 0.169 
0.146 0.299 
0,048 0.256 
0.000 0.000 
0.000 0.000 
0 . 1 1 4  0 . 4 5 6  
0.141 0.411 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.129 1.042 
0.269 0.407 
0.018 0.00 
0.110 0 . 2 4 8  
0.094 0.166 
0.065 0.119 
0.027 0.170 
0.000 0.000 
0.000 0.000 

Mhn. 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.195 
0.111 
0.000 
0.065 
0.000 
0.000 
0.000 
0.000 
0.178 
0.195 
0.000 
0.068 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.101 
0.184 
0.158 
0.211 
0.052 
0.011 
0.028 
0.000 

MU. itan ' s i o  
0.272 0.141 0 , 1 1 4  
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.457 0.149 0.160 
0.185 0.287 0.060 
0.449 0.101 0 . 0 8 9  
0.491 0.114 0.127 

0.000 0.000 0.000 
0.126 0 . 1 2 8  0.149 
0 686 0 159 0 178 
0.016 0.001 0 007 
0.014 0.000 0.001 
0.000 0.000 0.000 
0.000 0.000 O.OQ0 
0.000 b.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.461 0.070 0.117 
0.681 0 .428  0.104 
0.119 0.215 0.016 
0 .548  0.121 0.111 
0 . 5 4 1  0.455 0.072 
0.281 0.201 0.077 
0.052 0.018 0.007 
0.011 0.011 0.001 
0 . 0 2 8  0 .001  0.009 

tV 
0.791 

.. 

1.074 
0.20'1 
0.296 
0 . 4 0 5  
0.178 
2 . 4 0 2  

1.149 
0 . 1 8 8  
0 . 2 0 5  
0, 696 
0 . 4 5 2  
1.257 
2.658 

1.167 
0.688 
4 . 4 5 8  
11,111 

1.976 
0 . 2 4 4  
0.129 
0 . 4 1 4  
0 .158  
0.181 
0.171 
0.026 
2 . 8 2 8  i a - r i  0 . 1 5 0  o.iso 0 . 1 ~ 0  o.ooo 0.m o . 0 0 0  o.oou o.uoo o.uoo - 

29-Rui 0.150 0.121 0 . 1 9 9  0.069 0.145 0.000 0.164 0 .046  0.066 1.410 
1O-lu9 0.111 0.111 0.118 0.001 0.021 0.161 0.211 0.192 0.019 0.097 
II-Rup 0.289 0.119 0.102 0.010 0.033 0.139 0.111 0.174 0.0?1 0.146 
0 1 - S C V  0.251 0.112 0.282 0.018 0.061 0.101 0.161 0.111 0.020 0.151 
02-flv 0 . 1 5 0  0.257 0 . 2 0 1  0 . 0 5 1  0 . 2 6 1  0.000 0.104 0 . 0 1 l  0 . 0 5 0  0.975 
OI-Srp 0.150 0.275 0.215 0 . 0 5 9  0.216 0.000 0.112 0.065 0.060 0 . 9 2 1  
04-Stv 0 . 1 5 0  0.271 0.241 0.046 0.189 0.000 0.111 0.090 0 . 0 4 1  0.466 
01-5.0 0.150 0 . 1 5 0  0.150 0.000 0.000 0.000 0.000 0.000 0.000 - 
06-5tP 0.150 0.515 0.251 0.159 0.610 0.000 0.114 0.088 0.115 1.538 
O t - S w  0.108 0 . 5 5 5  0.198 0.090 0.225 0.186 0.166 0.248 0.011 0.111 
08-Stv 0 .108  0.766 0.506 0 . 1 8 0  0.356 0.186 0 . 4 2 1  0.298 0.091 0.112 
09-5tv 0.238 1.141 0.657 0.217 0.361 0.059 0.809 0 . 4 1 5  0 . 2 1 2  0.112 
lo-Srv 0 . 1 5 0  0.219 0.11I 0.016 0.106 0.000 0.062 0.021  0.026 1.144 
11-stv 0.150 0 . 1 5 0  0 . 1 5 0  0.000 0.000 0.000 0.000 0.000 0.000 . 
12-Sr) 0.130 0.100 0.221 0.068 0.105 0 . 0 0 0  0.112 0 . 0 8 2  0.075 0.906 
11-5ev 0.269 0.300 0.289 0.009 0.010 0.128  0.184 0.161 0.016 0.099 
I4-5ev 0.269 0 . 2 9 5  0.278 0.009 0.012 0.126 0.118 0.149 0.018 0 .121  

16-$10 0.270 0 . 2 8 2  0,218 0 . 0 0 5  0.011 0.110 0.151 0.146 0 . 0 0 8  0.057 
11-110 0.249 0.210 0.267 0 . O O S  0.011 0.081 0.114 0 . 1 2 5  0.011 0 . 0 8 5  

IS-SCQ 0.212 0.281 0.279 0.004 0,016 0.115 0.158 0 . ! 5 0  0 . 8 0 8  0 . 0 5 2  

i 8 - G  0.iso 0.249 0.156 0.021 o.ti7 o . 0 0 0  o.ot1 o.019 0 .021  1.20s 
19-Stv 0 . 1 5 0  0.150 0. I50  0.000 0.000 0.000 0,000 0.000 0.000 . 
2 0 - S t 0  
21-510 
22-5tP 
ZI-Srp 
24-Stv 

0 . 1 5 0  0.219 0 . l51  0.024 0.151 0.000 0.062 0.007 0.018 2.411 
0.150 0,267 0.197 0.054 0.276 0.000 0.121 0.050 0 .041  0.910 
0.150 0.104 0,219 0 . 0 5 1  0 .220  0.000 0.189 0.091 0.051 0.579 
0.150 0.122 0.161 0 . 0 4 4  0.268 0 .UOO 0.118 0.011 0.052 1.060 
0.110 0.419 0.171 0.071 0.189 0.200 0.195 0.285 0.081 0.284 

I 

I 
_I  



Tab le  V . 3  

Kalsnkuttiya: Comparison of  coeff icients of variat ion of branch canal water level a t  DBWl 
and a t  the t a i l  end during rotational periods of water isew 

Rotation 
LP 
R 1  
R2 
R3 

R 4  

R 5  
R6 

R7 
R 8  

R9 

RlO 
R11 
R1Z 
R13 

Water levai  a t  08Wl (n) 
(above pipe invert  of 30503) 
Min. Max. Moan STD CV 
1.082 1.219 1.110 0.014 0.013 
1.109 1.120 1.115 0.003 0.003 
1.043 1.123 1.092 0.029 0.026 
1.092 1.124 1.111) 0.004 0.003 
1.116 1.127 1.122 0.002 0.002 
1.112 1.128 1.123 0.003 0.002 
1.119 1.135 1.129 0.003 0.002 
1.116 1.126 1.121 0.003 0.003 
1.087 1.135 1.123 0.004 0.004 
1.114 1.126 1.123 0.002 0.002 
1.116 1.141 1.126 0 .005  0.004 
1.117 1.142 1.131 0.008 0.007 

'1.107 1.121 1.114 0.003 0.002 
1.049 1.089 1.061 0.012 0.011 

HA - Not Available 

Water lev01 a t  t a l l  end (n) 
(above pipa invert  o f  30705) Ratio of CVe 

Yln. Max. Mean STD CV (Tail/DBWl) 
NA NA NA HA NA NA 

0.338 1.031 0.513 0.186 0.362 123.4 
0.291 0.608 0.413 0.060 0.145 5.5 
0.265 0.705 0.480 0.126 0.263 82.7 
0.343 0.636 0.442 0.068 0.155 82.0 
0.334 1.105 0.446 0.095 0.214 89.1 
0.367' 0.477 0.442 0.035 0.079 35.4 
0.328 0.588 0.403 0.051 0.126 50.0 
0.150 0.648 0.431 0.095 0.220 60.0 
0.150 0.745 0.403 0.099 0.245 124.1 
0.337 0.728 0.398 0.092 0.231 55.2 
0.297 1.090 0.520 0.198 0.380 53.8 
0.308 1.147 0.534 0.195 0.365 154.0 
O.lS0 0.518 0.291 0.121 0.415 31.4 

I 
1 
3 
1 
.I 



Table V . 4  

Kalankuttiya: Canparison of Cwft lc imtB of v a r i a t i m  of dimharse i n t o  d ist r ibutary  Canal. 
30503 and 30703 during rotat ional  periods of water lssw 

Discharge i n  305 03 ( m 3 / 0 )  Olscharg. in  307 03 (m3/s) Ratio 01 CVs 
Rotation Min. Max. Meen STO CV Win. Max. Mom STO CV (30705/30503) 
LP 0.075 0.389 0.105 0.037 0.355 HA NA NA NA NA NA 
R l  0.109 0,219 0.186 0.039 0.235 0.019 0.193 0.131 0.024 0.179 0.8 
R2 0.053 0.150 0.121 0.042 0.351 0.090 0.173 0.136 0.019 0.142 0.4 
R3 0.073 0.208 0.147 0.000 0.050 0.067 0.184 0.135 0.023 0.111 3.0 
R 4  0.123 0.153 0.135 O.OO! 0.035 0.093 0.179 0.144 0.016 0.114 3.2 
RS 
R6 

Rl 
R8 
R9 
R10 

R 1 1  

R12 

R 1 3  

NA - 

0.146 
0.153 
0.150 
0.146 
0.141 
0.150 
0.082 
0.050 
0.101 

Not Available 

0.153 0.149 
0.157 0.156 
0.153 0.152 

0.157 0.153 
0.148 0.146 
0.162 0.160 
0.101 0.092 
0.227 0.101 

0.113 0.107 

0.001 
0.001 
0.001 
O.OO!i 
0.00:1 
0.00:1 
O.OOl1 
0.01'1 
0.OO.l 

0.009 
0.006 
0.006 
0.031 
0.018 
0.020 
0.060 
0.165 
0.033 

0.000 0.115 
0.125 0.1S3 
0.120 0.183 
0.004 0.193 
0.008 0.202 
0.064 0.238 
0.090 0.235 
0.139 0.268 
0.002 0.101 

0.139 
0.148 
0.150 
0.145 
0.149 
0.113 
0.188 
0.197 
0.076 

0.021 0.152 
0.008 0.039 
0.012 o . o i a  
0.033 0.221 
0.050 0.336 
0.028 0.162 
0.023 0.124 
0.037 0.186 
0.058 0.761 

16.9 
5.0 
13.2 
7.4 
18.9 
8.0 
2.1 
1.1 
23.2 
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o i t e  (881 
06-1111 
01-War 
08-1111 
09 -11 i r  
l O - 1 1 i r  
11-11ar 
1 1 - M a r  
II-lli, 
I 4 - H i r  
15-1181 
16 -11 i r  
I l -Mrr  
1 8 - h l l  
1 9 - l l a r  
Z Q - H a r  
2 1 - H 1 1  
12-11,, 
2 J - M i r  
? ( - m a r  
2 5 - W i r  
2 6 - U a r  
2 1 - H i r  
28-H, ,  
2 9 - f l i r  
1 o - n a r  
Il-M,, 
O l - R p r  
O Z - A P ,  
0 3 - R v r  
O4-Rpr  
0 5 - R p r  
0 6 - R v r  
0 1 - R v r  
0 8 - R v r  
0 9 - R v r  
I P - A P ,  
1 1 - A v r  
1 2 - R v r  
11-Rvr 
I 4 - A p ,  
1 5 - R v r  
1 6 - R v r  
1 7 - R v r  
1 8 - R v r  
19-111 
2 0 - R v r  

2 2 - R v r  
I J - R v r  
I l - A v r  
I 5 - R v r  
1 6 - 1 1 0 1  
1 1 - 4 v r  
2 8 - R v r  
2 9 - R v r  
S O - A p r  
01-111y 
02-1111 
0 1 - H a y  
0 4 . M I Y  
01-1111 
O6-May 
O l - U a Y  
00 .11 lY  
09-1111 
I o - l l r l  
I l - M a y  
1 2 - 1 1 i v  
1 1 - i i i y  
1 4 - 1 1 1 y  
15-111r 
1 6 - M a r  
11-11av 
1 8 - H r r  
19-1111 
I P - M r y  
21-11ry 
2 2 - i I a y  
2 1 - R i 1  
2 4 - M a v  
25-111, 
2 6 - 1 1 a y  
1 1 - H I Y  
28-1111 
2 9 - H a y  
10-111y 
Il-11lY 
O I - I U n  
O f - l u n  
0 1 - l u n  
0 4 - 1 u n  
0 5 - l u n  
0 6 - l u n  
0 1 - l u n  
0 8 - I u n  
0 9 - l u n  
1 0 - l u n  
1 1 - l u n  
1 2 - l u n  
1 1 - 1 u n  
I 4 - 1 u n  

Z l - R F r  

8 R  . llot R V I  

I p a i r  
:10n8 
6R12 

W R  
Wh 
811 
WR 

111 
111 
W R  
X R  
n a  
W L  
811 

4 
i 
6 
6 
5 
5 
5 
1 
1 
5 

1 0  
4 
1 
6 
1 
5 
6 
1 
3 
5 
D 
0 
J 
0 
0 
0 
0 
0 
1 
J 
0 
9 
1 
7 
2 

n R  

m n  
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Table  V . 8  
RaJangana: D a l l y  co.fficients of v w l a t l o n  of water 1.v.l (above a i l 1  of b a l f l e  d i s t r i b u t o r )  
and discharge i n  the p i l o t  d i e t r i b u t a r y  Canal 

Water levwl  U/S of  baTP1. < I i s t r l b u t m  (n) Oischarg. (m3/s) 
o a t e  (88)  

06-Jul 
07- Jul  
08- Jul 
09- Jul 
10-Jul 
11-Jul 
12-Jul 
13-Ju1 
14-Ju1 
15-Jul 
16-Jul 
17-Jul 
18-Jul 
19-Jul 
20-Jul 
21-Jul 
22-Ju1 
23-Ju1 
24-Jul 
25-Jul 
26-Jul 
27-Jul 
28-Jul 
29-Jul 
30-Jul 
31-Jul 
01-Aug 
02-Aug 
03-AUg 
04-AUg 
05-Aug 
06-Aug 
07-Aug 
08-Aug 
09-Aug 
10-Rug 
11 -Aug 
12-Aug 
13-Aug 
14-Aug 
15-Aug 
16-Rug 
17-Aug 

19-Rug 
20-Aug 
21-Rug 
22-Rug 
23-Aug 

i8-aug 

Min. Max. Ween STO cv 
0.308 0.313 0.309 C.002 0.007 
0.306 0.312 0.311 C.002 0.005 
0.311 0.313 0.313 C.001 0.002 
0.306 0.311 0.308 0.002 0.008 
0.305 0.307 0.305 0.001 0.002 

0.305 0 .306  0.305 C.000 0.000 
0.304 0.306 0.306 0.000 0.001 

NA NA NA NA NA 
'NA NA NA NA NA 

0.282 0.284 0.282 0.000 0,001 
0.283 0.204 0.284 0.000 0.000 
0.283 0.288 0.284 0.002 0.005 
0.272 0.207 0.284 0.006 0.020 
0.272 0.289 0.281 0.006 0.023 
0.284 0.289 0.287 0.002 0.009 
0.283 0.288 0.287 0 .002  0.000 
0.287 0.325 0.311 0.017 0.053 
0.257 0.324 0.313 0.021 0.068 
0.271 0.320 0.303 0.021 0.069 
0.315 0.320 0.318 0.002 0.008 
0.314 0.320 0.318 0.003 0.008 
0.316 0.322 0.317 0.002 0.007 
0.319 0.321 0 .320  0.001 0.003 
0.315 0.321 0 .320  0.003 0.008 
0.275 0.315 0.305 0.015 0.050 
0.257 0.322 0.302 0.017 0 .058  
0.276 0.317 0.308 0.014 0.045 
0.279 0.319 0 .303  0.014 0.047 
0.212 0.387 0.312 0 .030  0.096 
0.312 0.321 0.319 0.003 0.009 
0.276 0.315 0.306 0.016 0.051 
0.279 0.325 0.308 0.012 0.030 
0 .277  0.331 0.305 0 .014  0.047 
0.279 0.318 0.304 0.017 0.055 
0 .312  0.318 0.318 0 . 0 0 2  0.007 
0.306 0.321 0.316 0.003 0.009 
0.268 0.306 0.296 0 . 0 1 3  0.045 
0.263 0.313 0.280 0 .020  0.070 
0.313 0.310 0.315 0 , 0 0 2  0.008 
0.315 0.317 0.318 0.000 0.001 
0.314 0.319 0.317 0 . 0 0 2  0.007 
0.318 0.327 0,324 0,004 0.013 
0.326 0.334 0 .329  0 . 0 0 2  0.007 
0.333 0.343 0.330 0.003 0.008 
0.333 0.339 0.336 0 , 0 0 2  0.007 
0.329 0.339 0.336 0.003 0.009 
0.338 0,373 0.341 0.000 0.024 
0.323 0.376 0.349 0.015 0.044 

0.302 0.507 0.305 a.002 0.000 

NA - Not Availablm 

T-26 

Uin.  M a x .  
0 .260  0.269 
0.269 0.274 
0.274 0.303 
0.260 0.288 
0.204 0.274 
0.264 0.204 
0.230 0.264 
0.233 0.288 

NA NA 
NA NA 

0.251 0.283 
0.264 0.288 
0.270 0.278 
0.251 0 .278  
0.251 0.270 
0.274 0.278 
0.264 0.274 
0.202 0.274 
0.1S8 0 .200  
0.210 0.274 
0.221 0.246 
0.238 0.246 
0.217 0.230 
0.213 0.221 
0 .213  0.233 
0.225 0 .280  
0.229 0.288 
0 .210  0.269 
*0.141 0.269 
0.093 0.283 
0.190 0.217 
0.1B0 0.264 
0.210 0.255 
0.213 0.269 
0.217 0.269 
0 .210  0.238 
0.206 0.229 
0.191 0.229 
0.191 0.229 
0.206 0.217 
0.206 0 .206  
0.206 0.293 
0.206 0.225 
0 .210  0.217 
0.217 0.230 
0.233 0.260 
0.225 0.246 
0.213 0.258 
0.191 0.233 

Mean STO cv 
0 .260  0.001 0.003 
0 .269  0.000 0 .001  
0.285 0.014 0.048 
0.203 0.011 0.039 
0.273 0.001 0 .003  
0.264 0.000 0.000 
0.263 0.005 0.018 
0.262 0.011 0.040 

HA NA HA 
NA NA NA 

0.257 0 .010  0.039 
0.269 0 .009  0.035 
0.278 0.000 0.000 
0.269 0.009 0.034 
0.268 0 .012  0.045 
0.278 0.000 0.001 
0.273 0.001 0.003 
0.234 0 .022  0.092 
0.228 0.030 0.134 
0.237 0.024 0.103 
0.228 0.011 0.049 
0.246 0.001 0.003 
0.231 0.009 0.041 
0 ,221  0.001 0.00s 
0.221 0 .010  0.044 
0.238 0.025 0.106 
0.240 0.027 0.109 
0 .228  0.020 0.008 
0.228 0.025 0.112 
0 .208  0.041 0.198 
0.204 0.009 0 .042  
0.226 0.021 0 .092  
0.216 0.015 0 .072  
0.225 0 .022  0.099 
0.233 0.024 0.102 
0.217 0.003 0.015 
0.226 0.006 0.026 
0 .207  0 .010  0.048 
0.202 0.016 0.081 
0 .217  0.001 0.004 
0.206 0.000 0.wo 
0.223 0.015 0.068 
0.224 0.004 0.019 
0.210 0.001 0.005 
0.221 0.000 0.037 
0.241 0.011 0.046 
0.242 0.009 0.036 
0.237 0.005 0.019 
0.213 0.005 0.022 
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Table  V.9 
Rajangans: D a i l y  C M f f i c i a n t S  0 T  V a P i a t i o n  oT main canal Water l e v e l  a t  th. control d i S t r + b u t a r y  
cana l ,  and d a i l y  c o e f f i c i e n t s  o f  v a r i a t i o n  of dsacharge i n t o  the control d i s t r i b u t a r y  canal 

Date (88)  
06- Jul 
07- Jul 
08- Jul 
09-Jul 
10-Jul 
11-Jul 
12-Jul 
13-Jul 
14-Jul 
15-Ju1 
16-Jul 
17-Ju1 
18-Jul 
19-Jul 
20-Jul 
21-Ju1 
22-Jul 
23-Jul 
24-Ju1 
25-JU1 
26-Jul 
27-Ju1 
28-Jul 
29-Jul 
30-Jul 
31-Jul 
01-Aug 
02-Aug 
03-Aug 
04-Aug 
05-Aug 
06-Aug 
07-Aug 
08-Aug 
09-Aug 
10-Aug 
11 -Aug 
12-Aug 

14-Aug 
1 5-Aug 
16-Aug 

18-aug 
19-Aug 
20-Aug 
21-Aug 
22-Aug 

IJ-PIU~ 

17-Aug 

14:". 
1.147 
1.147 
1.159 
1.110 
1.111 
1.103 
1.126 
1.131 
1.110 
1 ,085  

1.080 
1.OSl 
1.134 
1.127 
1.119 
1.119 
1.115 
1.123 
1.106 
1,101 
1.093 
1.097 
1.120 
1.120 
1.092 
1.076 
1.071 
1.075 
1.091 
1.081 
1 .082  
1.079 
1.081 
1.079 
1 ,078 
1.054 

NA 
NA 

1.056 
1.049 
1.060 
1.077 
1.070 
1.043 
1.025 
1.028 
1.048 

NA 

1.068 

23-Aug 
NA - Not A v a i l a b l e  

Water l w s l  (I) 
Max. Mean STD cv 

1.244 1.166 0.025 0.021 
1.165 1.158 0.005 0.004 
1.191 1.167 0.007 0.006 
1.159 1.136 0.019 0.017 
1.261 1.139 0.059 0.052 
1.171 1.114 0.010 0.009 
1.131 1.127 0.002 0.002 
1.167 1.140 0.013 0 .012  
1.165 1.134 0.020 0.018 
1.125 1.104 0.016 0.015 
1.106 1.093 0.012 0.011 
1.106 1.097 0.010 0.009 
1.155 1.113 0.017 0.016 
1.156 1.148 0.007 0.006 
1.161 1.144 0.012 0 .010  
1.154 1.139 0.012 0 .010  
1.147 1.136 0.010 0.009 
1.141 1.129 0 .010  0.009 
1.150 1.135 0.010 0.009 
1.139 1.122 0.012 0.011 
1.132 1.119 0.011 0 .010  
1.138 1.115 0.015 0.013 
1.126 1.116 0.008 0.008 
1.125 1.120 0.001 0.001 
1.138 1.127 0.007 0.006 
1.134 1.112 0.Q16 0.016 
1.114 1.097 0.014 0.013 
1.112 1.094 0.015 0.014 
1.140 1.102 0.017 0.016 
1.150 1.124 0.022 0.020 
1.120 1.098 0.010 0.009 
1.112 1.098 0.008 0.007 
1 .122  1.102 0.016 0.014 
1.109 1.097 0 .010  0.009 
1.110 1.098 0 .010  0.009 
1.107 1.099 0.009 0.008 
1.116 1.098 0.014 0.013 

NA NPI NA NA 
NA NA NA NA 

1.072 1.067 0.003 0.003 
1.087 1.058 0.004 0 .004  
1.083 1.068 0.008 0.008 
1.098 1.085 0.004 0.004 
1.10: 1.091 0 .010  0.010 
1.090 1.075 0,015 0.014 
1.064 1.046 0.015 0.014 
1.058 1.043 0.012 0.012 
1.098 1.060 0.014 0.013 

NA NA NA NA 

0iu;harge (us, 
Hin.  Max. Mean 

0.373 0 .463  0.395 
0.356 0.381 0 .370  
0.360 0.485 0.405 
0.409 0.450 0.440 
0.408 0 .550  0.434 
0.340 0.470 0.387 
0.302 0.340 0.324 
0.265 0.304 0.283 
0.225 0.453 0.383 
0 .390  0.437 0 .412  
0.394 0.416 0.404 
0.396 0.412 0.406 
0.412 0.451 0 .420  
0.437 0.407 0 .450  
0.432 0.456 0.439 
0.423 0.449 0 .440  
0.409 0.439 0.427 
0.398 0.423 0 ,414  
0.394 0.425 0.411 
0.409 0.437 0.418 
0.432 0.495 0.447 
0 .432  0.495 0.468 
0.423 0.463 0.442 
0.421 0.460 0 .432  
0.416 0.439 0.427 
0.379 0.423 0.402 
0.371 0.412 0.391 
0.334 0.385 0.365 
0.340 0.416 0.364 
0.352 0,428 0 .390  
0.166 0.513 0.363 
0.326 0.475 0.373 
0.323 0.362 0.337 
0.302 0.352 0.334 
0.326 0.381 0.355 
0.382 0.497 0.403 
0,350 0.392 0.368 
0.154 0.350 0.288 
0.143 0.332 0.190 
0.323 0.336 0.332 

0.308 0.338 0.325 
0.306 0.425 0 .342  
0.300 0.338 0.318 
0.302 0.396 0,330 
0.356 0 .409  0.385 
0.344 0.380 0.372 
0.373 0.444 0.398 
0.242 0.453 0.378 

0.313 0.330 0.331 

'.I 
STO cv 

0 .020  0.052 
0.004 0.010 
0.048 0.119 
0,016 0 .037  
0.046 0.107 
0.025 0.064 
0.012 0.038 
0.016 0.056 
0.075 0.195 
0.011 0.027 
0 .010  0 . 0 2 5  
0.005 0 .012  
0.012 0.029 
0.011 0.025 
0.006 0.014 
0.009 0.020 
0.013 0 .030  
0.009 0.021 
0.008 0 .020  
0.009 0.022 
0.018 0.041 
0.024 0.051 
0.010 0.022 
0 ,011  0.025 
0.004 0 .009  
0 .016  0.040 
0.015 0.039 
0 . O l Y  0 .045 
0.020 0.056 
0.024 0 .062  
0.071 0.196 
0.037 0 .100  
0 .010  0 .029  
0.014 0.041 
0.011 0.030 
0.056 0.138 
0.012 0.033 
0.068 0.239 
0.065 0.342 
0.004 0.011 
0.005 0.015 
0.009 0.028 
0.036 0.106 
0.010 0.033 
0.037 0.112 
0.017 0.045 
0.015 0 .042  
0.018 0.045 
0.077 0.203 

c 
c; 
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T a b l e  V.10 

SDA: Daily eoe7Ticlmta 0I Variation 01' rain CM.1 watmr lmvml (abov. bmd 
of Parshall flume) and discharge at thii headgate 

Date ( 8 8 )  

1 1 -sep 

12-seo 
13-Sep 
14-Sep 
15-Sep 
16-300 
17-Sep 
1e-seLl 
19-300 

21-sep 

23-sep 

20-Sep 

22-SeD 

24-300 

25-Sep 
26-Seo 
27-SeQ 
28-SeO 
29-Sep 
30-Sep 
01-0ct 
02-Oct 
03-Oct 
04-Oct 
05-0ct 
06-0ct 
07-0ct 

Water level (n) 

1.512 1.594 1.533 0.0:!6 
1.571 1.734 1.623 0 . O W  
1.486 1.737 1.635 0.0115 
1.322 1.912 1.532 ' 0.1110 
1.136 1.893 1.392 0.2!:3 
0.933 1.308 1.112 0.111 
0.884 1.248 1.017 0.13 
1.017 1.585 1.241 0.1ll8 
1.068 1.538 1.291 O.li'.6 
1.068 1.681 1.387 0.1113 
0.923 1.408 1.157 O.li(4 

0,,707 0.898 0.767 0.0!:4 

0.707 0.880 0.801 0.0:;8 

0.899, 1.321 1.180 0.1(H 
0.686 1.207 0.898 0.1!14 
0.719 0.752 0.732 0.010 
0.129 0 . 7 8 6  0.749 O.Oi!l 
.0.783 1.200 0.951 O.l;!O 
0.738 0.893 0.768 .O.Oi !E 
0.738 1.136 0.968 0.1119 
1.112 1.146 1.134 0.010 
0.752 1.112 0.852 O.l!i2 
0.811 1.112 0.941 O.l(U 
1.067 1.923 1.305 0.2!11 
1.450 1.941 1.690 0.1111 
1.053 1.450 1.241 0.1:lS 

Min. Max. Mean STI! 

0.742 1.114 0.946 o.l(i6 

CV 
0.017 
0.038 
0.052 
0.123 
0.182 
0.099 
0.124 
0.151 
0.136 
0.132 
0.107 
0.112 
0.071 
0.048 
0.088 
0.216 
0.014 
0.028 
0.178 
0.034 
0.174 
0.008 
0.159 
0.111 
0.223 
0.107 
0.109 

Distharge (mJ/s) 
Min. Max. Mean STD 
8.449 9.392 8.766 0.314 
8.854 10.621 9.545 0.497 
8.544 10.395 9.697 0.57s 
6.70s 12.126 8.798 1 . a ~ ~  
5.444 11.796 7.534 1.93s 
3.414 7.334 5.213 1.152 
2.763 5.083 3.759 0.617 
2.985 8.353 5.057 1.709 
4.728 7.865 6.117 1.081 
4.728 9.752 7.227 1.439 
3.323 7.542 5.371 1.044 
1.830 5.209 3.572 0.953 
1.S7.3 3.099 2.030 0.430 
1.420 2.602 1.779 0.269 
2.750 6.243 5.120 0.986 

NA NA HA NA 
1.663 1.904 1.760 0.073 
1.735 2.164 1.88s 0.160 
2.140 5.443 3.428 1.329 
1.800 2.657 2.000 0.145 

HA NA NA NA 
NA NA HA NA 
HA NA HA NA 

2.055 4.591 3.111 0.855 
4.473 12.791 6.811 2.968 
9.092 12.851 10.792 1.216 
4.S75 9.092 6.670 1.547 

N A  - Not Availabls 

T-28 

cv 
0.036 
0.052 
0.059 
0.186 
0.257 
0.221 
0.164 
0.338 
0.177 
0.139 
0.194 
0.267 
0.212 
0.151 
0.193 

NA 
0.041 
0.085 

0.388 
0.072 

NA 
HA 
NA 

0.275 
0.436 
0.113 
0.232 



T a b l e  V.11 

near La te ra l  
SDA: Dai.lY CC R f f i c i a n t s  of v a r i a t i o n  c f  main canal  U 

0 ,  and daily coefficisntll of Vwia t ion  

Date (66)  
21-Jul 
22-Jul 
23-JUl 
24-JUl 
25-Jul 
28-Jul 
27-JUl 
28-Ju1 
29-JU1 
30-JUl 
31-Ju1 
01-Aug 
02-Aug 
03-AUS 
04-AUg 
05-Rug 
06-AUg 
07-AU9 

09-AW 
10-AU9 
11-Au9 
12-Aug 
13-Rug 
14-AUg 
15-Aug 
16-Aug 
17-AUg 
16-AU9 
19-AUg 
20-Rug 
21-plug 
22-AUg 
23-4ug 
24-Aug 
25-AUg 
26-AU9 
27-AUg 
28-Aug 
29-AUg 
30-Aug 
31-Aug 
01-Sep 
oz-sep 
03-sep 
04-sep 
05-sap 
06-SOP 
Ol-SeP 
08-SeP 
09-sep 
10-SOP 
11-Sep 
i 2-Sep 
13-sep 
14-SOP 
15-SeP 
i6-SeD 

oa-aug 

11-sep 
1 6-Sep 
19-sep 
za-sep 
2 1 -3ep 
22-3.P 
23-sep 
24-sep 
25-Sop 
26-SOP 
27-Seo 
26-Sap 
29-sep 
30-sep 
01 -0c t  
02-0ct 
03-CCt 
04-0ct 
05-0Ct 
00-0ct 
07-wt 

NA - Not 

T-29 

:.r l ava1 (abov. i nve r t  of Offtaka) 
r d i s t u r g .  into Lateral  B 



Table .V. 1 2  
SOA: D a i l y  co-af f ic isnte of v a r i a t i o n  o f  (lain canal uatw 1.v.1 (abov. i n v e r t  of offtake) 
near L a t e r a l  0 ,  and d a i l y  Co.PFicients 0 '  v a r i a t i o n  of discchars8 i n t o  Latmral 0 

Date (88) 
21-Jul 
22-Jul 
23-Jul 
24-Ju1 
25-Jul 
26-Ju1 
27-Ju1 
20-Jul 
29-Jul 
30-Jul 
31-Ju1 
01-Aug 
02-Aug 
03-Aug 
04-Aug 
05-Aug 
06-Aug 
07-Aug 
06-Aug 
09-Aug 
1 0-Aug 
11 -Aug 
12-Aug 
13-Aug 
14-Aug 
15-Aug 
16-Rug 
17-Aug 
16-Aug 
19-Rug 
20-Aug 
21-Aug 
22-Aug 
23-Aug 
24-Aug 
25-Rug 
26-Aug 
27-Aug 
28-Aug 
29-Aug 
30-Rug 
31-Aug 
01-Sep 
02-Sep 
03-Sep 
04-Sep 
05-sep 
06-Sep 
07-Sep 
06-Sep 
09-sep 
1o-sap 
1 1 -sep 
12-Sep 
13-8ep 
14-Sep 
15-Sep 
16-Sep 
17-5.p 
10-Sep 
19-Sep 
20-Sep 
21 -see 
22-sep 
23-S.p 
24-sep 
25-sap 
26-Sep 
27-Sep 
28-Sep 
29-Sep 
30-Sap 
01-0ct 
02-0ct  
03-0ct 
04-0ct 
05-0ct 
06-OCt 
07-0ct 

NA - Not Av 

M i n .  
0.364 
0.307 
0.077 
0.098 
0.794 
0.764 
0.693 
0.499 

NA 
HA 
NA 
MA 
NA 
NA 

0.064 
0.084 
0.562 
0 .729  
0.781 
0.861 
0.737 
0.456 
0.539 
0 . 5 2 1  
0.236 
0.143 
0.086 
0.939 
0.983 
1.072 
1.060 
0 .670  
0.723 

NA 
0.935 
0 .030  
0 .923  
0.541 
0.073 
0.076 
0 .506  
0.673 
0.729 
0.916 
0.082 
0.201 
0.616 
1.058 
0.068 
0.194 
0.872 
1.087 
0.989 
0 . 4 0 6  
0 .337  
0 .509  
1.130 
0.795 
0.604 
0 .440  
0.212 

NA 
0.276 
0.355 
0.395 
0.476 
0.699 
0.908 
0.305 
0.058 
0.058 
0.404 
0,069 
0.069 
0.090 
0.263 
0.184 
0.795 
0 .606  

a i l a b l e  

Water 
Max. 

1.381 
0.406 
1.162 
1.081 
1.081 
1.508 
1.393 
0.853 

NA 
NA 
NA 
NA 
NA 
NA 

1.430 
0.660 
1.205 
0.816 
1.104 
0.914 
0 .609  
0.741 
1.346 
1.375 
1.133 
0.230 
1.127 
0.987 
1.243 
1.205 
1.131 
1,507 
1.336 

NA 
1.105 
1.100 
1.110 
0.970 
0.541 
1.257 
1.217 
1.142 
1.089 
1.083 
1.102 
1.120 
1.240 
1.240 
1.148 
1.345 
1.452 
1.350 
1.323 
1.043 
0.979 
1.390 
1.444 
1.239 
1,369 
1.193 
0.403 

NA 
0 .639 
0.580 
1.160 
1.070 
1.301 
1.298 
1.298 
1.120 
0.443 
1.284 
0 ,821  
0.265 
1.270 
1.164 
1.372 
0,869 
0,922 

level ( P  
Mean 

0 . 5 6 0  
0.400 
0.308 
0.455 
0.962 
1.061 
0,910 
0.745 

NA 
NA 
NA 
NA 
NA 
NA 

0.784 
0.205 
0.672 
0.174 
0.905 
0.898 
0.650 
0.621 
0.900 
0 .940  
0.533 
0.214 
0.165 
0.985 
1.130 
1.199 
1.084 
0.830 
1.101 

NA 
1.019 
0.999 
0.991 
0.818 
0.443 
0.847 
1.000 
0.989 
0.957 
1.003 
0.871 
0.715 
0.043 
1.103 
0.003 
0.828 
1.206 
1.181 
1.111 
0.695 
0.538 
0.867 
1.298 
0.953 
0.048 
0.677 
0.376 

NA 
0.474 
0 .465  
0.921 
0.775 
1.079 
1.140 
0.945 
0.683 
0.242 
0.637 
0.497 
0.177 
0.453 
0.066 
0.749 
0.851 
0.740 

n ,  ST0 
0.18'f  
0.05:! 
0.31! i  
0.34:! 
0 .10"  
0.2411 
0.200 
0.05')' 

Nli 
Nli 
NIL 
NIi 
Nll 
NIt 

0.39' 
0.151, 
0.1711 
0.024 
0. l o t ,  
0.006, 

0.296, 
0.291 
0.376 
0.02: 
0.39f 
0 .01 t  
0 . l O i  
0.06! 
0.014 
0.106 
0 . 2 l i  

0.019 
0.05C 
0.169 
0.131 
0.476 
0.241 
0.131 
0.128 
0.061 
0.351 
0.318 
0.198 
0.038 
0..371 
0.440 
0.070 
0.090 
0.115 

0 . 1 4 5  
0.279 
0.016 
0.162 
0.233 
0.19'2 
0.091 

NP 
0.124 
0.063 
0. 27,'l 
0.193 
0.13C 
0.131 
0.307 
0.375 
0.,118 
0.261 
0.135 
0.064 
0.268 
0.350 
0.391 
0.0 8 

0.0 O.OJ?' i 

0.0;; 

0.160 

0.oL 

cv 
0.334 

0.811 
0.752 
0,109 
0.234 
0.224 
0.076 

HA 
NA 
NA 
NA 
NA 
NA 

0.499 
0 .760  
0.282 
0.031 
0.110 
0.009 
0.055 
0.117 
0.328 
0 .309  
0.709 
0.138 
0.520 
0.016 
0.091 
0.054 
0.013 
0.224 
0.247 

NP, 
0 .035 
0.079 
0.051 
0.207 
0.295 
0.562 
0.247 
0.138 
0.134 
0.061 
0.403 
0.412 
0.236 
0.034 
0.462 
0.531 
0.063 
0.016 
0.104 
0.178 
0 .270  
0.322 
0.059 
0.110 
0.276 
0.203 
0.257 

NA 
0.261 
0.135 
0.294 
0.249 
0.120 
0 .120  
0.325 
0.549 
0.487 
0.410 
0.279 
0.301 
0.588 
0.403 
0.523 
0.033 
0.132 

0.128 

T-30 

Min. 
0 .001 
0.001 
0.000 
0.000 
0.002 
0.002 
0.002 
0.002 

NA 
NA 
MA 
NA 
NA 
NA 

0.000 
0.000 
0.150 
0.245 
0.192 
0.186 
0 .100  
0.094 
0.130 
0.125 
0.000 
0.000 
0.000 
0.626 
0.659 
0.216 
0.206 
0.25b 
0.078 

NA 
0.821 
0.550 
0.296 
0.114 
0.000 
0.000 
0.005 
0.006 
0.007 
0.006 
0.000 
0.000 
0.005 
0.000 
0.000 
0.000 
0.021 
0.123 
0.113 
0.123 
0.005 
0.003 
0.016 
0.301 
0.008 
0.073 
0.000 
0.000 
0.004 
0.029 
0.051 
0.103 
0.235 
0.217 
0.009 
0.000 
0.000 
0.002 
0.000 
0.000 
0.000 
0.003 
0.000 
0.003 
0.003 

Oischai 
Max. 

0.155 
0.015 
0.002 
0.031 
0.000 
0.495 
0.177 
0.432 

NA 
NA 
NA 
HA 
NA 
NA 

0.004 
0.224 
0.535 
0.297 
0.270 
0.193 
0.272 
0.269 
0.560 
0.443 
0.392 
0.000 
0.720 
0.663 
0.922 
0.799 
0.250 
0.666 
0,342 

NA 
0.184 
0.019 
0.742 
0.296 
0.114 
0.035 
0.519 
0.531 
0.415 
0.001 
0.000 
0.009 
0.204 
0.007 
0.005 
0.452 
1.004 
1.008 
1.076 
0.759 
0 .586  
0.131 
0.300 
0.774 
0.499 
0.41 1 
0.006 
0.192 
0.167 
0.156 
0 .042  
0.525 
0.630 
0.501 
0 .468  
0.725 
0.004 
1.002 
0 .002  
0.000 
0 .090  
0.005 
0.125 
0.003 
0.483 

'9. (131 
Man 

0.004 
0.004 
0.001 
0.008 
0.030 
0.065 
0.006 
0.114 

NA 
NA 
NA 
NA 
NA 
NA 

0 .263 
0.023 
0.219 
0.264 
0.230 
0.191 
0.221 
0.170 
0 .340  
0.303 
0.122 
0.000 
0.381 
0.657 
0.616 
0.397 
0.218 
0.331 
0.196 

NA 
0.714 
0.744 
0.400 
0.233 
0.036 
0.090 
0.095 
0.268 
0.140 
0.006 
0.005 
0.005 
0.108 
0.005 
0.004 
0.037 
0.421 
0 .681  
0.049 
0.507 
0.113 
0.016 
0.460 
0.403 
0.208 
0,198 
0.040 
0.028 
0.090 
0.091 
0 .430  
0.300 
0.485 
0.314 
0.236 
0.330 
0.002 
0.111 
0 .002  
0.000 
0.006 
0.004 
0.007 
0.003 
0.216 

'='STo cv 
0.016 3.903 
0.005 1.143 
0.001 1.033 
0.012 1,435 
0.025 0.049 
0.146 2.244 
0.018 3.136 
0 .179  1.564 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA N A  

0 .258  0 .903  
0.062 2.734 
0.100 0.458 
0.013 0.040 
0.029 0.121 
0.003 0.017 
0.038 0 .160  
0 . 0 3 1  0.210 
0.152 0.447 
0.121 0.398 
0.173 1.420 
0.000 1.871 
0.253 0 .700  
0 .019  0.030 
0.096 0.110 
0 .250  0.630 
0.014 0.003 
0.066 0.201 
0.091 0.467 

U A  M A  
0.032 0.oc 
0.091 0 .122  
0.193 0.401 
0 .070  0.300 
0.041 1.284 
0.168 1.875 
0.144 1.508 
0.158 0.593 
0.151 1.081 
0.001 0.008 
0.002 0.453 
0 .003  0.535 
0.125 1.150 
0.001 0.129 
0 ,002  0.472 
0.061 1.660 
0.233 0.554 
0.249 0.385 
0.126 0.149 
0.190 0.325 
0 .166  1.469 
0.028 1.569 
0.275 0.597 
0 .118  0.245 
0.117 0.400 
0 .088  0.446 
0.034 0.704 
0.060 2.173 
0.067 0.604 
0.038 0.415 
0.231 0.527 
0.140 0.455 
0.094 0.194 
0.086 0.275 
0.009 0.376 
0.309 0.913 
0.002 1.024 
0.238 2.155 
0.000 0.233 
0.000 3.047 
0.016 2,749 
0.001 0.270 
0.010 2.580 
0.000 0.004 
0.162 0.751 

i ~ I 

I 

' 1  ~ 

. J 



LP IS  08-nay 22-nay 41 268 309 21 i a  41 180 221 I5 12 20 253 215 18 17 
90 I 1  11 Rl S 23-lar 30-War 0 1c9 109 14 14 0 a i  ai 11 I1 0 

R Z  8 31-lay 01-JUn 3 13 76 10 3 3 71 I S  s Y c i  $3 0 2 -  I I  

R3 11 W J u a  20-Jun 14 148 161 12 11 14 153 I66 13 12 11 112 123 9 9 
R4 1 21-Jun 27-Jun 1 104 105 15 15 1 94 95 14 13 I 89 90 13 13 
R5 I 2B-Jun W J U l  0 104 104 15 IS 0 ao 60 11 11 2 82 84 12 11 
R6 10 Oj-Jul 14-Jul 51 60 117 I2 6 51 44 101 10 4 I4 28 102 10 3 
R l  10 15-JUl 24-JUl  I 116 123 12 12 I 106 113 11 11 1 11’ 14 7 1 
RB a ZS-JUI oi-lug 0 121 121 15 15 0 89 89 11 11 6 116 122 15 14 

RIO 3 IO-Aug Ia-AUg 123 63 186 21 1 123 3s 221 25 11 I4 31 104 12 1 
Rl1 18 ig-i.ug oi-sep 23 la6 21111 12 10 23 120 I43 a 1 10 203 232 13 11 
R12 15 06-Sep 20-sCp 110 122 292 19 a 110 65 235 16 4 $6 1S1 236 16 10 
R13 5 21-Sep E S e p  30 56 66 11 11 30 54 84 17 11 9 35 43 9 1 

~, I. 

90 _. 

-3 
I 

W 
r 

R9 8 32-AUg 09-Aug 0 116 116 15 1s 0 111 I 1 1  14 I 4  0 I l l  I l l  14 14 

__________________________l______l______------------------------------------------------------------.---------------------------------------~--------------------- 
Total f a r  C1 :o R12: 461 1641 2114 467 1354 1821 359 1411 1712 



T a b l e  V . 1 4  

R o t a t i o n a l  values o f  c u m u l a t i v e  d e l i r e r y  h e i g h t  ( v o l u n e / a r e a )  of K a l a n k u t t i y a  Branch Canal ,  y a l a  1988 

________________________________________--------._________________-_----------------------------------------------- 
P e r i o d  No.  days Date H S I ,  Near oaw i ,  Tai I -end, 

Area 800.94 h a  30503: Area 54.23 h a  30703,  Area 109.67 ha _ _ _ _ _ _ _ _  _______________._ -________-----.__-_-_____ .......................... ........................... . .  

From To R a i n  Deliviry Rain Delivery Rain D e l i v e r y  
, - Rai.! 4 Ra in  - Rain 4 Rain,  - Rain  t R a i n  ___-_-______________~----------.----------------.-------------------------.---------------------------------------- 

LP 15  o8-Hay 22-May 4 1  268 309 41 180 221 20 253 215 
R 1  8 23-Hay 30-Hay 4 1  171 418 41 267 308 20 343 365 
R 2  8 31-Hay 0 7 - J u n  44 151 4 9 5  44 339 383 66 383 4 5 1  
R3 13 08-Jun 20-Jufl 5 1  599 656 57 492 5 4 9  1 7  4 9 5  574 
R 4  T 21-Jun 27-Jun 58 103 161 58 587 6 4 5  18 5s4 664 
R 5  1 28-Jun 0 4 - J ~ l  58 308 8 6 6  58  666  725 19 6 6 6  141 
A 6  10 05-JUl  1 4 - J U 1  1 1 5  367 983 115  711 826 153 694 849 
A 7  10 , 15-JUl 24-JUI  1 2 2  183 1105 122 817 939 1 5 6  166 924 
A8 8 2 5 - J U l  OI-AUg 122 1104 1226 122 ,906 . 1028 162 8 8 2  I046 
R 9  8 02-AUg OY-Aup 122 1120 1342 122 1016 1138 1 6 2  992 1 1 5 6  
R10 9 10-AUg 18-AUg 215 lZ84 1528 ' 245 1 1 1 5  1359 235 1023 1260 
R I I  18 19-Aug 05-Sep 267 1169 1736 267 1235 1502 2 6 5  1226 1493 
R 1 2  15 06-Sep ~ e p  431. lw 2028 431 1300 1 7 3 1  350 1316 1129 
R13 5 21-Sep 25- Sep 4 6 7  I S 4 7  2114 481 1354 1821 359 1411 1712 

1 
.J 

1 

T-32 



__....____.___.__.__-.-- 
Period RI (2j - 26 nay1 

23-nay 4122 6826 5643 4118 5150 8158 6349 4996 2131 2116 3583 6335 9852 6449 6155 2921 5162 11318 101181 151825 
24-Way 10105 14083 10032 6816 10031 I3503 11500 8564 5244 3866 1165 10566 20122 13658 13130 6386 1180 20045 192401 219609 

H ?$-lay lOfO5 14602 I0032 6116 10031 13503 It500 8564 5211 4003 1165 I0081 16311 13458 10295 6386 1585 29111 195408 235514 
26-May 4684 1364 1285 2840 8364 5626 9586 5109 4310 8688 1461 9815 13836 1 1 2 1 5  8021 8545 12686 38215 . 111358 182102 

Sub to ta l  30911 12851 29992 Z0590 34181 40189 38934 21833 17589 I8610 25380 36800 60121 44519 31601 20245 33212 98155 662955 195650 

I 
W 
W ____________________--------.-~--------------~--------~----..----------------------~~~~-~~~-~~---~------~~----------~----~--------~----~~-.-.- 

Period R 4  I21 - 21 June) 

16.7 

21-Jun 1186 3110 6419 3025 5221 9015 5810 1341 3118 3280 4030 6981 9662 6245 6314 3415 5216 9850 106085 169856 
22-Jun 10950 8461 10032 4686 10560 8391 11500 9188 6865 5626 1165 12920 20122 12234 14115 1091 9336 28944 I98804 233313 
23-Jun I0950 11491 6851 6684 10560 8391 11500 9188 6865 3293 1165 14030 20154 12234 631 6 2 1 6  1 2 4 8 2  30612 181962 231232 
24-Jun 1220 11405 2112 1854 3160 3411 1901 2855 3146 996 3135 8053 8889 2441 6341 1352 8511 21134 111113 133101 

____________________-------.~~--~----...-.-------------------------------------~--~---------------------------~--~-~~~--~--~.----~-~---~---.-- 
Sub total 33306 34114 26015 I4246 30088 29221 36111 29111 20591 13196 21495 11984 58821 33161 21461 21138 35551 91200 604565 161162 , 21.2 

Total 64122 11328 56067 34836 64215 70010 15111 51604 38183 31866 66815 18184 118948 71140 65068 41382 68163 195355 1261519 1563212 18.9 

t The periods $ere retected i n  such a uay to avoid interuption by ra in  f a l l  and ex:enrtons i n  uater issues. 



Table V.16 Water d e l i v e r i e s  d o n g  the Kalankuttiya Branch Canal for 
t w o  s e l ec ted  water i s sue  periods R 1  & K 4  *, Yala 1988 

j S t r u c t u r e  ;head r l u i c e / O / S  08 w e i r /  l o u r a t i o n  
I !I) I ( m )  1 (ha1 1 Iday )  

1Heae r l l i i c e  1 
:Cross r e g u l a t o r  1 
:US1 
1305 0 2  
1305 03 
1308 0 2  
I 0 8  t e i r  - 1 
1305 04 
1306 01 
1308 0 3  
108 w e i r  ;2 
1306 02  
108 u e i r  - 3 
1309  E l  
108 u e i r  - 4 
1306 03 
1309  02 
108 u e i r  . 5 1 
!Drop s t r u c t u r e - 1 1  
l306 0 4  
1 3 0 9  0 3  
I D 8  w e i r  - 6 1 
!Drop s t r u c t u r e - ? ;  
: 3 0 6  05 
108 u e i r  . 1 1 
1309  04 
108 weir - 6 ~ 

1309  05 
I 0 8  u e i r  - 9 ~ 

j 3 0 1  0 1  
i301  D ?  
i301 03 

0 1  
I 3 8  
I18 I 

2 0 5 6  1 
3 1 1 9  1 
3 2 3 9  1 
3 2 5 0  ; 
3 6 3 5  ~ 

1 1 9 3  1 
4331 1 
4 3 5 8  j 
4585  1 
4 5 9 2  j 
5 3 4 1  1 
5 5 0 9  1 
6 0 8 5  I 
6150 1 
6 1 1 1  1 
6 1 1 4  I 
b500 j 
6500 I 

a340 I 
a 3 1 2  : 

9 8 6 0  I 

1 0 9 2 0  I 

6 5 0 1  1 
i l l 6  1 

8 1 3 4  1 
8131 I 

9 8 6 3  ' 
1 0 5 6 3  I 

1 0 9 2 0  

1 2 5 0  I 

1194  j 
11 1 
II 1 

1 2 3  1 
165  j 
21 1 

1 :  

1 6 8  

89  ~ 

2 4  I 

1 1  
l !  

2 :  

3 1  

3 1  

, 

8 1 1 1  3 .58  
40 1 2.99 
!4  1 2 .99  
14 1 - 

3 5  1 3.02 
4 3  1 3.11 
5 6  1 - 

h u e  
i n 3 1  
._____ 

195650 
30811 
4 2 8 5 4  

2 0 5 9 0  
3 4 1 8 1  

41 

3 1  

2 1  ; 3.35 I 1 1 5 8 9  

3.33 
3 . 3 4  

3 . 3 2  

43 j - 
42  1 3.30 

31 I 3 . 3 5  
3 8  1 3.40 

1 1 3 ;  3 . 1 0  

2 5 3 8 0  
36800 

60121 

3 1 6 0 1  

2 4 2 4 5  
3 3 2 1 2  
9 8 7 5 1  

103 
9 4  

68 

90 

82 

9 0  
a1 

2 8  
26 
26 

19 
2 3  

2 2  

3 1  
28 

2 1  

2 1  

2 4  
2 6  
2 1  

3 . 1 0  
3.08 
3.04 

3 . 0 4  
2 . 8 8  

3.00 

3.00 
3 . 2 1  

3.00 

3 . 0 2  

3 . 2 0  
3.22 
3 . 3 0  

1 6 1 5 6 2  
33306 
3 4 1 1 4  

14246 
30088 

2 0 5 9 4  

21495 
1 9 8 4 . 1  

5 8 8 2 1  

2 1 1 6 1  

2 1 1 3 8  
3 5 5 5 1  
9 1 2 0 0  

J 

1 

.J 

. J  

1 

.J 

t Yater  issue p e r i o d  R I :  23May - 26May; Yate r  issue p e r i o d  Rd: 21 June - 24 June 
- Colnputations were n o t  performed i n  respec t  o f  cana ls  where assesment o f  f l o u  was considered inadequate 

-1  

Arsuno t ion r  mace b y  t h e  agency: 

F i e l d  u a t e r  r e q u i r e n e n t  
O i s t r i b u t a r y  canal requ i renen t  ( a s r u a i n g  1 0  1. losses i n  O C  8 F c s l  
l e a d  s l u i c e  requ i renen t  (assuming 1 5  X 8C l o s s )  
I r r i g a t i o n  i n t e r v a l  : 1 days 
Dura t ion  o f  w r t e r  issue : 3 dsys 
There fo re ,  d i s t r i b u t a r y  cana l  requ i renen t lday  : 23 nm 

_____..._...._______---.--~--~ 
: 

: 

: 

6 4  mm p e r  week ( i . e  2.5 inches p e r  veek o r  wa te r  I 
1 0  m@ per week ( p e r  water  i s s u e )  
80 mm per week ( p e r  water i s s u e )  

head s l u i c e  reau i rement iday  : 2 1  na 

.J 
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Table V.17 Kalankuttiya: Est:.mation of water lost due to leak through the 
head sluice gate during non water issue periods as measured at 
staff gauge MS1 (Area - 801 ha) 

Note: 

I .  Ihe c a p a c i t y  of the Kalankutt lya t a n k  is 1.86 x l0,"6 e 3 .  

_ _ _ _ _  
I h e r e f o r e ,  the  t o t a l  amount l o s t  due t o  l e a h  through the damaged 
head s l u i c e  q a t e  (1.14 x IO'~6 a3] .  is approxlna te ly  91 % o f  the 
t o t a l  tank c a p a c i t y .  

2 .  Ine leak  accounts f o r  13 % o f  tho t o t a l  water delivered 
over the season and iti;;sufflc:.ent t o  give a t  least one a d d l t l o n a l  
r o t a t i o n a l  water i s s u e  t o  Kalankirttiya b lock .  

Ic 
' c  T-35 



Table  V . l 8  
O a i i y  average water  d e l i v e r y  per  u n i t  c u l t i v a t e d  a rea  d u r i n g  esch p e r i o d  o f  i n f l o w  6lOng. SOA Wain Canal ,  
2 1  J u l y  t o  07  October  1988.  

P e r i o d  No. u /s  D / S  u/s D /S  
of of S t a r t  End Head L a t e i d 1  8 l i t e r a l  B l a t e r a l  8 L a t e r a l  G L a t e r a l  G l a t e r a l  G 

i n f l o u  days da te  da te  8055 1031 2852 4118 1866 722 1144 ha. 
Imm/day) I m n i d i y I  ( f ln /day)  I m d d a y )  I m / d a y I  I m / d s y l  I n d d s y l  

P I  4 Z I - J U l  2 4 - J ~ l  N A  3.4 5.0 2.4 NA NA N A  
P2 6 2 5 - J u l  30-JUl NA 10.3 11.2 9.7 NA NA NA 
P3 5 31 -JU l  04-Aug NA 3.4 3.8 3. I NA NA NA 
P4 7 05-Aug I l - A U g  NA 1.1 8.1 1.4 NA 2.3 NA 
PS 5 12-Aug 16-Aug NA 1.6 2.1 1.3 NA 2.1 IIA 
P6 11 17-Aug 21-AUg NA 8 . 0  8.2 1.6 NA 5.2 NA 
P l  I I  . 28-Aug 01-Sep NA 3.2 3 . 4  3.0 2.0 0.a 2.8 
P8 4 08-Sep II-Sep NA 8.3 3.4 11.1 1.7 6.0 8.a 
P9 3 12-Sep 14-Sep 10.0 1 .4  9.9 5.8 6.5 2.9 8.8 
P I 0  5 IS-Sep 19-Sep 5.9 5.1 2.3 1.0 8.6 3.5 11.9 
P I 1  2 20- Sep 21-Sep 6.8 4.2 8.2 1.5 2.9 0.8 4 .2  
P I 2  4 22- Sep 25-Sep 3.4 1.6  0.3 2.4  3.2 4.0 2.6 
P I 3  3 26- Sep  28- Sep 2.4 1 . 2  1.8 0.8 2,2 3.5 1.3 
P I 4  4 29-Sep 02-0c t  1.5 1 . 5  0.5 2.1 2.5 0.3 3 .9  
PI5 5 03 -0c t  0 7 - 0 c t  5.9 5.0 5 . 8  4 .1  4.1 0.6 1.3 

( b e f o r e  12 September) 
T o t a l  volume (n3) 
No. of days NA 53 53 53 15  38 15  
D a i l y  mean NA 5.9 5.9 5.8 3.5 3.1 4.4 --------------------------------------------------------------------------------------------------------.------------ 

[ f r o m  12 September t o  01 October )  
i o t a 1  volume (m3) 10,401,586 6,171,108 2,701,346 4,018,361 2,265,614 421,509 1,844,165 
No. of  days 
D a i l y  mean 

26 26 26 28 26 26 26 
5.0 3.1 3 . 6  3 . 8  4.1 2.2 6.. 2 
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Table V.19 Kirindi Oya Right Eank Main Canal: Comaprison of actual water delivery 
with theoretical targets during some crop growth stages I 

DlStr lbutOrv Canal :  DC5 (Command a r e a  : 181.2 ha1 I 

B r a n c h  c a n a l :  8C2 (Command area  : 528 h a )  

S t a r t i n g  End Number Crop i a r g e t  n c t u a l  1 Difference 
~ (Ac tua l- Targe t )  s tage _---._-___.----____-_______ -_------_____----_.________ 

lm3) W d )  I a W  (a31 (m3/d) Iam/d) as % of t a r g e t  
Date Date Days 

2U-Mar 20-Nar I S tage  2 a t,0,248 8 0 , 2 4 8  15.2 56066 56066 1 0 . 6  I - 3 0  a 
21-Mar 15-May 56 Stage 3 5,617,382 100,310 1 9 . 0  4226445 15472 1 4 . 5  1 -25 

23-nay 14-3Un 2 3  Stage  5 b 4 1 ~ 1 , 4 2 8  2 0 , 0 6 2  3.8 768496 33413 6.3 I 6 1  

Whole ObSerVdtlOn 

16-Nay 22-May 7 Stage  4 4cr1,521 7 0 , 2 1 1  1 3 . 3  593201 8474J 16.0 21 

p e r i o d :  87 6,6110,580 16,443 1 4 . 5  5,644,209 64 ,876 12.3 I -15 

a 
b 

S t a g e  I d a t a  y a s  not  a ~ d i l a b l e .  Honl to r .ng  p e r i o d  covered only I day I n  S tage  2 
Durat ion of stage 5 was extended beyond t h e  i n i t i a l l y  planned 1 days 

' [  i 
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A ROTATION DURING THE WEEK BEGINNING 12 SEFTlWZR 1988 

By mid-September, because of t h e  f a i l u r e  of  the r a i n s  i n  A u r m s t  (93 nxn 
aga ins t  400 nxn expected accord ing  t o  past records), the Pantabanaan 
Reservoir e l eva t ion  was a t  the  lowest s ince  1983. As a r e s u l t ,  i n  the  Santo 
Domineo Area (SDA), the  Zone Engineer and the  Water Management Technicians 
(Wh) worked out  a new i r r i g a t i o n  de l ive ry  plan for t h e  area, , w i t h  effect 
from Monday, 12 September 1988. I t  la.?. based on a weekly r o t a t i o n  among 
Laterals along t h e  SDA Main Canal. During the  previous week (be fore  10 
September), t h e  Water Central  Coordinating' Center,  Cabanatuan (WCCC) had 
allocated about 15 m 3 / s e c  t o  District I. A t  t he  beginning of t h e  cur ren t  
week, t h e  t a r g e t  flow h a d  been redmed t o  10 m3/sec, following information 
communicated t o  the  WCCC by t h e  Hydrologist of District I ,  t h a t  t h e  area had 
received some r a i n .  Of t h e  10 n3/sec, 4 m3/sec  was supposed t o  be d ive r ted  
a t  the  SDA Supply Headgate t o  complement t h e  local flow estimated a t  around 2 
m 3 / s e c .  Thus, the  intended inflow i n t o  SDA Main C a n a l  a t  5-Bay in take  was 
about ' 6 .  m3/sec  s ince  Monday 12 September f o r  the  9.568 hec ta res  ( h a )  
irriflated from t h a t  source. The Zone lh?ineer considered t h i s  supply s h o r t  
compared t o  supply i n  normal s i t u a t i o n s  averaging 9 m 3 / s e c .  

As the  new r o t a t i o n  plan -me i n t o  e f f e c t ,  La te ra l  B received t h e  t o t a l  
amowit of  the  ava i l ab le  water a t  its Checkgate, from 0800 h on Monday up t o  
0800 h on Wednesday, IIMI's record a t  t h a t  l e v e l  indica ted  that t h i s  
operat ion was e f f e c t i v e l y  achieved on t i m e  by c los ing  f u l l y  the  s o l e  g a t e  of 
the  Main Checkgate t h a t  can b2 operated, despite extensive damage t o  t h i s  
s t r u c t u r e .  Fkcept f o r  about 4 hours at  t h e  beginning of the  r o t a t i o n  f o r  
which La te ra l  B was given aboA 3.5 m3/sec, it had been flowing a t  nea r ly  
m a x i m u m  capacity f o r  t h e  d u r a t i m  of t h e  ro ta t ion .  By 8.00 h on Wednesday, 
the  same checkgate was l i f t e d  by t h e  gatekeeper, allowing t h e  water 'surface 
i n  the  upstream reach of the  main canal t o  drop b e l o w  t h e  o f f t ake  l e v e l  of 
La te ra l  B c u t t i n g  s h o r t  the  di.gersion, so t h a t  the SDA Main Canal downstream 
and Lateral E and E-X could tak- over on their t u r n  i n  t h e  r o t a t i o n  schedule. 

Dur im t h e  first day, thm? Water Management Technicians allocated water 
t o  the upper port ion of La te ra l  B while t h e  lower por t ion was given water t h e  
second day. However, t h e  Technician i n  charge of the  lower por t ion  of 
Lateral B said t h a t  21  hours was too s h o r t  for him t o  complete i r r i g a t i o n  of  
h i s  section and t h a t  he would , l e d  an add i t iona l  8 hours or so, f o r  which he 
wanted t o  request  permission f r m  h i s  Zone Fhgineer. 

On the  following afternoon,  t h e r e  w a s  heavy r a i n f a l l  i n  t h e  c m d  
area, l a s t i n g  for  more than tgo hours. The Water Management T e c h n i c i a n s ,  
w h i l e  pleased with t h i s  r a i n ,  were wondering how the  "management" would 
r e s p n d .  Would SDA receive  mme water o r  would WCCC c u t  of f  the  supply i n  
response t o  the  ra in?  They h o p d  t h a t  t h e r e  would be no f u r t h e r  reduction of 
the supply.  

W e  l e a r n t  the  following d a y  t h a t  information regarding t h e  r a i n  had been 
t o  e s t a b l i s h  

The hydrol3gist  of D i s t r i c t  1 no t  only informed the  WCCC 
mJ/sec a t  RG#3 

communicated without delay to t h e  WCCC, which took quick a c t i o n  
a new flow t a r g e t .  
of t h e  r a i n f a l l  by r,adio, bu t  placed a standing request  f o r  5 
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so t h a t  DC1 would keep a min.imun flow t o  prevent  emptying it, which would 
otherwise r e q u i r e  1 or 2 days t o  ref i l l .  

On Thursday mornim, we l e a r n t  w h i l e  interviewing the  Operation Engineel. 
f o r  t h e  District, t h a t  t h e  Head of t h e  W C C C  a c t u a l l y  dropped i n  a t  t h e  
District Of f i ce  t h e  previous af ternoon and informed t h e  Operation Engineer of 
t h e  new supply t a r g e t  of 5 mJ(sec. Thus t h e  hydrologis t  who was with us 
during t h i s  in terv iew,  received t h e  information a t  t h e  same t i m e  as we did. 
H e  f u r t h e r  s a i d  t h a t  t h i s  disch:xge w a s  supposed t o  be shared equa l ly  between 
zone 2 and zone 3 on the  assumption t h a t  t h e  local flow available a t  5-Bay 
would be l a r g e r .  Based o n  his experience,  he assumed t h a t  f o r  such a r a i n  
in tens it.^, 3 . 5  m 3 / s e c  of runoff would be a v a i l a b l e  t o  complement 2 . 5  m 3 / s e c  
t o  l x  d i v e r t e d  a t  t h e  Supply He.&ate. 

Thus, t he  intended inflow i n t o  SDA Main at  5 - b y  in’take w a s  supposed t o  
be about 6 m 3 / s e c  on Thursday, 15 September after t h e  r a i n ,  i .e . ,  a c t u a l l y  no 
reduction i n  t h e  supply t a r g e t  f o r  t h e  SDA, compared t o  t h e  supply t a r g e t  
before  t h e  r a i n .  On Thursday af te rnoon,  w e  visited El. A t  t h e  SDA Supply 
Headsate, t h e  water l e v e l  i n  DC1 was high b u t  t h e  flow d i v e r t e d  was 
surpris ingl3;  less than expected. Flashboards placed a c r o s s  a lateral escape 
al lorwd t h e  l e x r e l  i n  t h e  p a r e n t  canal  t o  rise by about 30 cent imeters  ( c m )  
above F u l l  Supply Depth. I n  the  d ive r t ing  creek ,  a s t a f f  gauge indicated 
”17” which corresponds t o  a discharge  of 1 . 7 4  m 3 / s e c  only i n s t e a d  of 2 . 5  
m 3 / s e c  as planned. t h e  c a l i b r a t i o n  table 
maintained by t h e  hydrologis t  which he keeps i n  h i s  personal  notebook! The 
hydrologis t  e q l a i n e d  t o  u s  t h a t  it is poss ib ly  t h e  r e s u l t  o f  an in te rven t ion  
by farmers of Zone 2 ,  who may have c losed  t h a t  g a t e  temporarily t o  d r a w  more 
i n t o  t h e i r  turnout .  This  indeed was p l a u s i b l e  because t h e  Headgate is 
n e i t h e r  locked nor watched as t h e  gatekeeper i n  charge resides some d i s t a n c e  
away from t h e  ga te .  W e  w e r e  a l s o  t o l d  t h a t  previous attempts t o  lock t h a t  
g a t e  with a padlock or  o t h e r  means were no t  successfu l  as farmers tampered 
with it. even weld t h e  
ga te ,  as w e l l  as o t h e r  l a r g e r  s t r u c t u r e s  a c r o s s  El t o  prevent  farmers 
changing t h e  gate settings. Presen t ly ,  t h e r e  is only one gate ou t  of t w o  
working a t  t h e  SDA Supply Headgate, t h e  second one having been broken d u r i m  
maintenance work done by N I A  along t h e  canal. Moving along El, we found 
Radia l  Gate #3 open up t o  graduation “100”. Only one gate of t h e  t h r e e  
radial g a t e s  was functioning.  The two o t h e r  gates were o u t  of order and kept  
i n  a c losed  pos i t ion .  This  c rea ted  a d d i t i o n a l  d i f f i c u l t i e s  when high flows 
had t o  be conveyed through El. t h e  upstream reach 
(about  1 meter below FSD) e .g . ,  a head o f  1.85 meters over a g a t e  opening of 
0.85 meters, we could es t imate  the flow passing through RG#3 using t h e  
UrmIIS/NIA Water Measurement ‘bible - J u l y  1977. This document was estab- 
l i s h e d  s p e c i f i c a l l y  f o r  t h e  s y s t e m  structures a t  the t i m e  of c o m i s s i o n i n g  
t h e  system. The hydrologis t  had a copy of t h i s  booklet  at  hand. Thus t h e  
estimated flow was 7 m 3 / s e c ,  i .e. ,  more than  t h e  5 m3/sec as planned by WCCC. 

On Friday morning, -16 Sept.ember, w e  t h e  hydrologis t  our 
observat ions  made on t h e  field, t h e  day before. H e  a c t u a l l y  had planned t o  
inspec t  Dc1 a t  t h i s  t i m e ,  t h e  first t i m e  s i n c e  Wednesday’s r a i n ,  and w e  
decided t o  accompany him. W:en w e  a r r i v e d  a t  SDA Supply H e d a t e  w e  found 
t h a t  it was opened wider than  be fo re ,  although t h e  level i n  DC1 had dropped 

The es t imate  was made according t o  

During times of s e r i o u s  water crisis t h e  NIA’s staff 

Given t h e  water depth i n  

d iscussed  with 
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ANNEX V.1 

II 
Kalankuttiya: Sensitivity of discharge 

in distributary canal 307D3 
to water level variations in branch canal 
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A"EX 1'. 1 Iialankuttiya: Sensi tAvity of discharge i n  3 0 7 D 3 - ~ t O ~ ~ a . t . ~ ~ . ~ . ~ ~ e ~  
v a r i a t i o n  i n  branch cwn. 

The t a i l- end  d i s t r i b u t a r y  307D3 has two openings which are GO c m  i n  
diameter.  
length of 3 . 3  meters and a crest e leva t ion  of  90.062 meters above mean sea 
l e v e l  ( P E L ) .  The d i s t r i b u t a r y  canal (Dc) funct ions  as t h e  drainage f o r  t h e  
Kalanltuttiya subsystem as w e l l ,  
manipulated throughout the season. There was no check s t r u c t u r e  located i n  
t h e  Dc immediately downstream of t h e  o f f t a k e  g a t e  t o  generate backwater 
e f f e c t  t h a t  might have influenced t h e  flow through t h e  o f f t ake .  Therefore, 
t h e  hydraul ic  head t h a t  contro:.s discharge i n t o  t h e  d i s t r i b u t a r y  cana l  w i l l  
only depend on t h e  water l e v e l  i n  t h e  branch canal .  

The measuring device: c o n s i s t s  of a broad crested w e i r  having a 

Thus, its ga tes  were f u l l y  opened and never 

The discharge i n  t h e  d i s t r i b u t a r y  canal was estimated by making use of 
t h e  water l e v e l  record from t h c  e l e c t r o n i c  datalogger i n s t a l l e d  downstream 
of the broad-crested w e i r  and ';he previously es t ab l i shed  c a l i b r a t i o n  
equation between t h e  water l e v d  i n  t h e  Dc a t  t h i s  point and measured 
discharge rates. 

Since t h e  ta i l- end reach of the  branch canal (BC) is poorly r egu la ted ,  

Therefore, a few days of water i s sue  periods yield a data set 
t h e  water l e v e l  i n  t h e  BC is h.ighly unstable even wi th in  a single day of 
water i s s u e .  
t h a t  d i sp lays  a wide range of , l a r i a t i o n  i n  branch canal  water l e v e l  and i n  
corresponding d i s t r i b u t a r y  cmil discharge rate which could be used t o  d e r i v e  
a r e l a t i o n s h i p  between these  two va r i ab les .  

For t h i s  p u r p s e ,  t h e  w a t , ? r  l e v e l  i n  t h e  branch canal and t h e  
corresponding discharge rate i:i t h e  d i s t r i b u t a r y  canal r e c o d e d  a t  10 minute 
i n t e r v a l s  bet,ween 1.2/05/1988 aid 25/05/1988 by t h e  datalogger were used. 
&ta po in t s  were extracted froin approximately 1,500 data p o i n t s  by excluding 
d a t a  ou t s ide  periods of w a t e r  i ssue  (approximately 3 days of flow ou t s ide  
water i s s u e  periods were prese:?t between these  two dates). The d i s t r i b u t a r y  
canal  flow rates corresponding t o  a p a r t i c u l a r  value of branch canal water 
l e v e l  were averaged (weighted for t h e  number of occurrences) and a data set 
of 27 pairs of water l e v e l  and discharge w a s  f i n a l l y  obtained.  

953 

A l i n e a r  regress ion  a n a l y s i s  was performed between the square r o o t  of 
t h e  branch canal water l e v e l  above t h e  i n v e r t  of t h e  o f f t a k e  (89.852 meters 
above PEL) and t h e  d ischarge  r a t e  i n  t h e  d i s t r i b u t a r y  canal. The following 
r e s u l t s  were obtained: 

Regression Output: 
Constant -737.458 
Standard Error of Ti E s t  11.737 
R Squared 0.992 

Degrees of Freedom 25 

S Coef f i c i en t  162.744 
Standard Error  of Coeff ic ient  2.975 

N u m b e r  of Observations 27 
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The r e l a t i o n s h i p  between h-anch canal water l e v e l  above t h e  i n v e r t  of 
the o f f t a k e  and t h e  discharge i n  307D3 can thus  be expressed as: 

Q = - ' i 3 i . m  t 162.74.: w . 5  

where, 

Q = Dis t r ibu ta ry  canal discharge ( l i ters /sec) ,  and 
H = Branch canal  w a t e r  l e v e l  akove pipe i n v e r t  l e v e l  (cm). 

A value of -737.458 w a s  ot . tained f o r  t h e  i n t e r c e p t  as t h e  w e i r  crest of 
t h e  d i s t r i b u t a r y  canal  was 21 cm above t h e  pipe i n v e r t  l e v e l  (89.853 and 
90.062 meters, r e s p e c t i v e l y ) .  
l i n e  of best f i t .  Figure 2 is another  i n t e r p r e t a t i o n  of t h e  above 
c a l i b r a t i o n  curve which shows t h e  s e n s i t i v i t y  of d ischarge  i n  t h e  
d i s t r i b u t a r y  canal (e.rpressed i n  terms of t h e  percentage change i n  d ischarge)  
t o  a change i n  t h e  branch canal rater l e v e l  ( i .e. ,  t h e  opera t ing  head).  The 
incremental change i n  branch canal  l e v e l  up to  10 cm has  been considered,  i n  
2 c m  s t e p s .  
canal discharge  t o  a given change i n  branch canal water l e v e l  decreqses with 
the  increase  i n  operat ing head. 

Figure 1 shows t h e  observed values and t h e  

From f i g u r e  2 it is seen t h a t  t h e  s e n s i t i v i t y  of d i s t r i b u t a r y  

Table 1 sumnwrizes t h e  e n t i r e  computations and r e s u l t s .  

The average water l e v e l  i r  the  branch canal over t h e  season has been 4 4  
c m  above t h e  i n v e r t  of t h e  o f f t a k e  while t h e  d a i l y  standard dev ia t ion  of 
water l e v e l s  i n  t h e  branch -.l v a r i e s  between 4 cm and 10 c m  (25th and 
75th p e r c e n t i l e s ,  r e s p e c t i v e l y ) ,  with a mean of 7 c m .  This  suggests t h a t  t h e  
water level i n  t h e  branch canal could f l u c t u a t e  between 37 and 51 c m  wi th in  
a day of water i s s u e .  

From f i g u r e  1, t h e  mean branch canal water l e v e l  of 4 4  c m  above the 
i n v e r t  l e v e l  of t h e  o f f t a k e  of d i s t r i b u t a r y  canal 307D3 (which determines t h e  
hyd.raulic head a t  t h e  o f f t a k e )  corresponds t o  a discharge  of 342 liters/sec 
i n  307D3. 

Figure 2 ind ica tes  t h a t  t b e  discharge could vary by approximately t 2 4  
percent  or  -26 percent  of t h e  above discharge (342 liters/sec) i f  t h e  branch 
canal  l e v e l  dev ia tes  by t7 c m  clr -7 cm about t h e  mean value of 4 4  c m .  

The p r c e n t a g e  v a r i a t i o n  c,f discharge corresponding t o  a given 
dev ia t ion  of branch canal water l e v e l  from any o the r  value of hydraul ic  head 
a t  t h e  307D3 of f t ake  can be s i m i l a r l y  determined from Figure 2 .  
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Table 1.  Computational Table relaced t o  t h e  S e n s i t i v i t y  of discharge i n  
30iD3 to water l e v e l  v a r i a t i o n  i n  branch canal. 

34 

35  
36  

3 1  

38 

39  
4 1  

42 

4 4  

4 5  

46 

4 1  

48 

49 

5 0  

51 

52 

53 

54 

56  

5 1  

50 

5 9  
60 

63 
68 

71 

1 4  

207 5 . 8  

217 5 . 9  

239 6 . 0  

257 6 . 1  

278 6 . 2  

289 6 . 2  

325 6 . 4  

305 6 . 5  
. 6 . 6  

314 6 . 7  

354 6 . 8  
379 6 . 9  

398 6 . 9  

397 , 7 . 0  

414 7 . 1  

406 7 . 1  

417 7 . 2  

420 7 .3  

448 7 . 3  

401 7 . 5  

495 7 . 5  

501 7 . 6  

504 7 . 1  

534 1.1 

571 7 . 9  

612 8 . 2  

644 0 . 4 .  

656 8 . 6  

211 

225 

239 

252 

286 

279 

305 

317 

342 

354 

366 
378 

390 

402 
413 

425 

436  

4 4 1  

4 5 8  

480 

491 

502 

513 

523 

554 

605 
634 

663 

13 12 

11 

10  10 

9 

8 

8 

7 
1 

6 

6 

6 

6 

6 

5 

5 

5 
5 

4 

4 
4 

4 
4 

4 

3 

3 
3 

26 

24 

22  

21 

1.9 
18 

16 

15 

1 4  

13 

13 

12 

12 

11 

11 

11 

10 

10  

9 

9 

3 

8 
8 
8 

7 
6 
6 
6 

38 
3 5  

33 
31 

29 

27 

24 

23 

21 

20  

19 

18 

18 

17 

16 

16 

15 

15 

14 

13 

13 
12 

12 

12  

11 

10 

9 

8 

50 

46 

43 
4 0  
38 

36 
3 2  

30 

27 

26 

25 

24 

23 

22 

21 

21 

20 

19 

19 

18 

17 

16 

16 
10 
14 

13 

12 
11 

62 

57 

53 
5 0  

47 

4 4  

3 9  

37 
34 
33 

31 

30 
29  

28 

27 

26 

25 

24 

23 
22  

21 
20  

20  

19 

18 
16 

15 

14 

-13 

- 12 

- 12 
- 11 

- 10 - 9 

-8 
- 8  
- 7  

-7 
- 7 

-6 
-6 
-6 

-6 

- 5  
- 5  

- 5  
- 5  

-5 

- 4 
- 4  

- 4  

-4 

- 4 

-3 
-3 
-3 

- 27 

- 25 

- 23 

- 22 
- 20 

-19 

-+7  

- 16 

- 15 

-14 

- 13 

- 13 

- 12  

-12 

- 11 

- 1 - 11 1 

- 10 

- 10  

- 9  

- 9  
- 9 

-0 
-8 

-8 
- 7 
- 6  
-6 

- 42 - 56 

-38  - 52 
-36 -48 

-33 - 45 

- 31 - 4 2  
- 29  - 4 0  

-26 -35 

- 25 - 33 

- 22  - 30 
- 21 - 29  

- 20 -27 

-19 - 26 

- 19 - 25 

- 18 -24 

- 1 1  -25 

-17 - 22  

-16 - 22  

- 15 - 21 

-15' - 20 

- 1 4  -19 

- 14 - 18  

-13  - 18 

- 13 -17 

- 12 - 17 

- 11 - 15 

- 10  -13 
- 9  -13 
- 9  - 12  

- 72 
- 86 

- 61 

-57 

- 53 

-50  

- 4 5  
- 42 

- 38 

-36 

- 35 

-33 

-32 

- 31 

- 29 
-20 

- 27 

- 26 

- 25 

- 24 

- 23 

-22 

-22 
- 21 

- 19 

-17 

- 16 
- 15 

t measured above the p i D B  i n v e r t  l e v e l  Of 307 D3 
.. not a v a i l a b l e  

- 1  

J 

! 
1 

1 
1 
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ANNEX V.2 
Frequency distributions of 

coefficient of variation of discharge 
in the distributary / main canals studied 
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Kalan&.uttiya: Distribution of 

coefficient of variation of discharge 
in 305 D 3  

Frequency (%) 
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Frequency (%) 

Kalankuttiya: Distribution of 
coefficient of variation of discharge 

in 307 D 3  
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Kirindi Oya: Distribution of coefficient 
of variation of discharge in BC2 
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SDA: Distribution of coefficient of 
variation of discharge in Lateral R 
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Rajangana: Distribution of coefficient 
of variation of discharge in pilot. 

distributary canal 
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Rajangana: Distribution of coefficient 
of variation of discharge in control 

distributary canal 
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