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The International Irrigation Phmgment Institute's (ITMI) current 
research on the operation of "kin Systema" is based on the hypothesis that 
control of the  conveyance a d  priaslry distrihtion of water in main a d  branch 
canals could k v e  a p r o f o d  kmpact on efforts to imprave mmg-t at lower 
levels. In fact an inflexible and unreliable primtry water supply regime 
could negate many of the efforts exlerted by irrigation &gemies and farmers' 
organizations to achieve a reliable end @table water'supply below turnoute. 

Analysis of current o p e r a t i d  pradices i n  the large canal networks of 
the rice-based irrigation systems in the h d d  tropics'suggests that there is 
considerable potential for the developnent of effective'and respmive min 
system management. Since operational practices are often mrditioned by the 
particular design features for water level control in the main canal a d  
discharge control at their offtakes, IxMT's research priorities in this area 
include analyzing t h e  impact of design choices on the umnagewent and 
winageability of main canals.  

Such research cannot be easily carried out in the field. Msthmatical 
models that simulate the real system provide 8 convenient alternative ta 
field research in investigating the behavior of irrigation canals d r  8 
variety of design/management scenarios without affecting normal canal 
owrations. such models d d  be used to assess the irPper=t of 
any operational mmwr before actual intervention on the field. 

For example, 

IIMI, in consultation w i t h  the S r i  Lanka Irrigation h-t, 
identified the Kirindi Oya R i g h t  Bank Main Canal (m) as an appropriate 
site for a pilot application of a mathemtical flow simulaticrm model. For 
the impl-taticm of this research project IIMI was able to 8ecure 
financial assistance frwn the Government of France to supplement its own core 
funds, and associated itself w i t h  Cl9l&GFdP (Centre National du hchh ieme ,  
Agricole du W e  Rural des Eaux et des F o d t s ) ,  a public-sector applied 
research center in France wkich is providing additional expertise in 
computational hydraulics and computer technology. 

The purpose of this piper is to document the field measurement c a m p b  
carried out i n  the Kirindi Rl4E  with a view to calilmatirrg the 
ndhmatical. madel. The preliminary analysis leading to estimates of scme of 
the hydraulic parameters needed by the model. is also described. 

The Kirindi Oya Right Bank k i n  Canal (RBm=) is fed by the -ra 
reservoir, located on the Kirirrdi (river) in southern Sri Lernka (Figure 
1) and having an active storage capacity of 198 million m3 + They were both 
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constrwzted as part of the Kirindi Oya Irrigation and Settlemart Project. 
This Project envisages the -tation of irrigation water supplies for tha 
existing irrigation system covering around 4500 hectares (ha), paPviaion of 
irrigation facilities for an acbditional area of appmximrtely 8400 ha 
together w i t h  the settlement of around 8320 families on the newly irrigated 
lami. fie implementELtion’q*of the Project, planned in two -, benefits 
frwr the financial assistsnce of the Asian Developrent Bank (m), 
Kreditanstalt fur Weideraufbau (KfW) ard the International F b d  for 
Agricultural Developnent ( IFAD). 

The’ E83Mc is meant to irrigate appmxhtely 5000 hectares of Larrd. The 
developaent of over half this area w w  campleted in  mid-1986 cnder 
Phase 1 of the project. The Irrigation De-t is in charge of aanagtin8 
the system, as well a~ the development of facilities under Phase 11. 

a little 

The is 32 kilometem (km) long and is &aimed to carry a d i m e  
of 13 mJ/s at its head. The canal is unlihed throughout its length and ma 
designed w i t h  trapezoidal crose sections. The cross sectians have however 
evolved over time in to  more irregular shapes primarily due to emion and 
cattle damage, In addition, siltation has occurred in many placea on the 
canal bed. 

A total of 33 distri€x&wy and field canals take off directly from the 
lzBMc. It is further charrrcterized by the presence of 14 gated cross- 
regulators, of the undershot type, along its length. The coordinated 
operation of these regulators (each regulator having 2-5 manually operated 
sliding gates) is a key element in achieving effective control of mter 
levels in the main canal, and hence of the primary distribution of 
discharges into the secarrdary and tertiary canals that take off from the 
m. Ineffective operation of the control facilities could result in 
unreliable end inequitable water supply. 

In the case of the RBMC, effective main carral operation beoolaes even 
more critical given that crop diversification is envisaged in the dry a-on 
(rice being the traditional wet-season crop), However, serious mter 
shortages have so far prevent& the satisfactory completion of tm m d  
cultivation seasans in a year. need for improVed 
management of the relatively scarce water resome,  especially since the 
existing ocprmand area will be doubled after implementation of phase I1 

This highlights the urgent 

‘ scheduled to cumence in 1389, 

In the context of this relatively water-me enviroMlent and its 
particular design features, it is hoped t h a t  the use of a nrathenmtical flow 
simulation model of the KirM Oya RBm: m l d  contribute ta the 
identification of alternative management practices l d n g  to impmved 
distribution of water. 
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F E A T c E m o F m m w L  

core of the model is basedlrpcrpl well-est8b 
by in the field of open ChenneL 
for design and operation studi 

~IEI originally designed to run on mainfrasre and lpird 
to mi-tem. 

The mdel is designed to run on an IEIM-PC/AT (or 
ca@mter. Xt is mde up of three software units that 

t l y  or sequentially. They are: 

unit enables the user tcr input d y e  
1. Theeoftmwe 

t can be accessed for use by the other two units, 
ture of this unit i9 that it 

~ B S  section (regular or imgdar), i n c Z u d i n g  sing 

it - Tbia uni t  will calculate regulator 
s as well. as watersurfaicepmfilm in the  

t also generates initial hyrhulic aanditiam 
for any steady state scenario of water suppls 

Unsteady Flaw Ifnit 3.  
d f y  the hydraulic pammtem of the 

An optional m 

r openingst h losses, and roughness 008 

w i l l  be able to use this unit to assess the 
rational p-s (e.g., in 
graphs at different points) 
al steady state to a new one. 

of the Kirindi Oya RHC flow simulation 
of user-friedly cmve 
non-specialized staff. 

11 pexmit future modification or subs 
moijules. For btanoe, the incorporation of a 

inclusion of autapatically a u s  
a later stage, 

Since the model is a nrathenmtical representation of the real ay~tma, it 
WOpLLd d y  be & good as the quantity and quality of the inforrPaticm that fa 
fed into it to describe the reality. The model shuuld thua jnoLlrporate, ae . 
acm.mAtely as possible, all important physicIFL and hydraulic featwmb of the 
system* 

_>  
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The present model is limited to the first 25 km of the R%+E presently in 
operation. The input data, both physical andhydraulic, therefare d y  
concern this atretch of main canal. However, the model CIM easily 
momnodste eventual extensions by modification of its topogmphy unit. 

The physical infonaation w a s  gathered in the course of a topographical 
.survey. This included (a) the locations and descriptions of all cross- 
regulators, offtekes and other singularities on the =, (b) langituiirml 
profile of the canal bed, and (c) CMSS sections of the canal at appropriate 
intervals (100 meter i n t e n d s  w e r e  used in the RBMcr), tryM as far aa 
possible to capture all hydraulically significant features. 

The hydraulic information required includes (a) rmghess coefficients 
for the different reaches of the canal, (b) head-discharge relationships and 
discharge coefficients for the offtakes and regulators, and (c) seeme 
losses along the canal. Estimates of of these pmn~ters -re obtained 
in the c o m e  of this measurement campaign, 

The measurement campaign was carried out, o F r  a lO-day period in April- 
May 1988, by a joint IMI4XMAGRW team with the assistance of the Irrimticm 
Department. In carrying out all observations and nreagurements a prinrrJr 
concern w a s  to cause minimmi disruption to normal irrigation activities in 
the RBMC project area. 

Water Surface Elevation d D i s d m r g e  -ta 

Xn this phase of the calibration, which w a s  the most time-consming, an 
of the RBW, system lader given steady conditions of 

The Irrigation Department had 
to alter the l a a h  canal discharge nor tbe gate settings until 

Marks were painted on the gate spindles 
to ascertain at a glance if any of these &fa* 

inventory of 
canal water f l o w  and gate settings was taken. 
dertaken not 
the end of the calibration campaign. 
90 t ha t  
settings had been altered. 

the status 

it waild be possible 

Water surface prafiles in the min d w e r e  cxxrqmted by measuring 
water levels at al l  offtakes, and upstream and downstream of each C M ~ S  
regulator (denoted (XU to Qz15) w i t h  respect to temporary bemh nrarka ("EM) 
of known elevations established at these locations. 

The discharges at different points in the RBK: as well as at sane 
offtakes were estimated using an MT-C31 currentmeter. Gauging in the main 
canal w a s  perfonaed from 9 different bridges and at the heads of sane canals 
taking off from the main canal. These gauging points are shown errcloeed in 
boxes in Figure 2 and are located at the distances indicated. The measured 
discharges are indicated in upright characters figurea in italics 
refer to the Irrigation Deprtment's p l d  discharges for the period in 
question. 

while the 

5 



m 4 4  

,Qam 

l2OQZ 

GR 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Dc zr 318 

w1: 108 
Fc 34: 21 

17684 

a4530 

w 5: 111 

bc I: ZIP 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GR a 

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

6 



The openings of all regulator and offtake gates were computed via 
observat o m  of their respective spindle heights; the relations between gate 
openings and spindle heights had been established earlier for each gate. 
Figure 3 describes the state of the different offtakes of t h e  IzB51c during the 
calibrat on campaign, The indication (for epsilon) is used Lo denote an 
offtake which was for all intents and purposes closed but tbxough which a 
very mall flaw nevertheless escaped. 

Figure 4 sumuarizes the information contained in Figures 2 and 3,  ar~I 
indicates the discharge values finally chosen for the steady flaw 
calibration of the RBMC &l. 

The discharge values indicated in Figure 4 are also used to complte 
seepage and percolation losses in each gauged reach of the RBM=. It is 
assumed that the losses are uniformly distributed over the entire reach. 
Wherever the offtake has been gauged, the measured discharges are taken ink  
amount in the carputation, Otherwise it is assuned tha t  the targeted 
discharge is being delivered at the offtake. 

Consider a typical reach 1-2 w i t h  n offtakes: 

where Q ,Q = Discharge at upstream and downstream ends of reach 1-2 
XI ,x1 = Relative distances of upstream and dawnstream ends 
ql,. . . = Discharge at offtakes l , . . .  

me losses w e r e  comprted according to the above methad for the different 
canal reaches bounded by the bridges where gauging w a s  performad. The 
results for a l l  peaches, except the last two, are given in Table 1. In 
reach Br 8-Br 9 the s m  of the outflows is greater than the inflow, possibly 
indicating that the target discharge m E l 1  (distributary channel n0.11) 
remains unsatisfied. On the other band, m u s ~ f l y  high losaes seem to occur 
in reach 3r 9-coFDAM which could mean that the actual discharge in E l 2  
exceeds  the target value. 
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Figure 4. Adopted discbarse values. 

Dlsfoncr (m) 

1483 

5044 

~ e o o  

12092 

14785 

17884 

19802 

2 1670 

24220 

24530 

Brldgr: Q (!/a) Offtake: Q(l/s) Regulator 
T c 6  0 

DC 2: 0 
Dc x 0 

Dc4! 0 
O C I :  0 

Br 1: 4607 
1411 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

' 

1012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Br 2: 4526 
Fc 13 c 6 8  0 

[ Br 3: 4301 
Dc *: ,*s.J . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
w a: 
FC 11: 

(NI, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

[ Br  4: 3583 
- 

03 I! 
5c 5: 

Dc I: 
. . . . . . . . . . . . . . . .  15731 

Br 5: 2942 
DC 1: 

1st ,, . . . . . . . . . . . . . . . . . . . . . . . . . . .  

DE I: (ale# . . . .  . :  . . . . . . . . . . . . . . . . . . . . . . . . .  
Dc P! 

FC a@, 

( B r  6: 2529 1 

361 

10s 
I t  

. .  

sm 
151 

2Sl 

1 2 0 '  

21 
57 

1 h4 

12 

. . . . . . . .  
110 . . . . . . . .  

. .  

. . .  

I B r  7: 2156 1 

. . . . .  

. . t . .  

. . . . .  

. . . . . .  

. .  

. . . . . .  

. .  

GR 2 

GR 3 

GR 4 
GR 5 

GR 8 

GR 7 

GR 8 

GR 9 

GR 10 

GK 11 

GR 12 

J 
k pl:g 

F C S W  JI 
Fc $4: 10 

Fc 3% I 
DC t l :  281 

=,,a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* u 4 z  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Br 9: 501 
L 1 

DC 12: I? 

p13:j 
Z W ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

(C.dam: 189 1 

GR I3  

GR 14 

GR 15 



Table 1. Computation of Canal Losses 
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It will be observed that there is a wide 
losses obtained for the different reaches. 
construction of the different canal sections, 
entirely below the natural terrain ("cut") 
terrain ("fill"), or partly in "cut" and "fill" 

first situation while greatest in in the  
descript 

The 
obtained 

range of variation i n  the 
'his reflects the variation in 
i,e,, whether it is built 
entirely above the natural 
The losses would be least 

Figure 5 gives a the second. 
qn of the nature of the di f fe ren t  canal sections of the REPE. 

weighted mean value for EZBMC losses, taking into account 
between Br 1 to Br 8, is 0.046 l/s/m (or 2.44 cusecs/mile). 

the values 

This is equivalent to a loss of 1 * 1 3  m 3 / s  (or 40 cusecs) over the 25 lon 
of canal from the headworks to the cross-regulator (3315, which corresponds to 
t h e  length' of canal presently considered in the simulation model. This also 
corresponds to a loss of approximately 25 percent with respect to the 
discharge of 4.607 m 3 / s  measured at the head of the main canal. 

To conclude this section, we would like to emphasize that the loss 
values obtained at this stage are only approximate, But they nevertheless 
give some indication of canal losses in a situation where there w a s  hardly 
any information available previously, The approximate nature of these 
results is due to the uncertain offtake dischaPges; the discharges gi , qa, 
,.. etc., w e r e  not directly measured at & the offtakes. In the computation 
of losses it was assumed that the ungauged offtakes w e r e  delivering flows 
equal to their respective targets. This is perhaps not always true, as 
evidenced by t h e  unusual r e su l t s  obtained in reaches Br 8-Br 9 and Br 9- 
COF'DAM. More reliable estimates of canal losses would have been obtained if 
discharge measurements had been performed at all  the offtakes, or if all the 
offtakes had been closed, d e r  the 
latter conditions (i.e., flow only in the main canal w i t h  a11 offtakes 
closed) sometime towards the end of the  present cultivation season. 

It is planned to carry out measurements 

Estimation of Roughness Coefficient 

The roughness coefficient is an indicator of the resistance offered by 
t h e  canal to the flow of water. It could display both spatial and temporal 
variations since the canal condition itself could vary at different points of 
the  canal and could evolve over time ( e . g . ,  w e e d  growth). The roughness 
coefficient (in the form of the Strickler coefficient) is an essential model 
parameter used in  the  computation of the f r i c t i o n  gradient. 

The standard Manning-Strickler equation for open-channel flow can be 
represented as: 

where Q = Discharge 
K = Strickler coefficient I =  l /Mannhg's n value) 
A = Cross section of flow 
R = 
i = Bed slope (=0.0003) 

Hydraulic Radius = A D ,  with P wetted perimeter 

1 -1 
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This equation is only valid for uniform flow, which does not usual4 
prevail in irrigation main d 8 .  This is due to the hckwater effects 
caused by downstream rcegulating strmturea. In fact, in the Kirirdi Opa Iteplc 
m>st regulators are located in the bEIckrJater curve of the reguLator 
imediately dmnatremu. 

h the field however, for the pmpose of carrying out inmedi.ate urmtedy 
flow simulations, the Manning-Strickler equation w a s  used to obtain fr ic t ia  
coefficient values at the gauged sections. Qlly the results obtained at the 
first f w r  bridges (Br 1 to Br 4 )  w e r e  conserved as the other bridges were 
obviously influenced by downstremm regulators at the time of measurement. 
The results are indicated in Table 2,  

Table 2.  Estimation of roughness coefficients. 

The above values of Roughmas Coefficients were  only preliminary 
to plan the field s l e a s m t s  d e r  unateady f low cunditicms estimates used 

(see belaw). 

The final values to be adopted in the simulation model w e r e  obtained 
upon the conrpletion of the calibration campubtiom. This involved adjusting 
the value of the roughness coefficient for the different  reaches by a manual 
iterative method until there was reasonable agreement between the computed 
and okmed water surface elevations, whilst at the same time ensuring that 
there w a s  comervation of the vallmes of water being conveyed i n  the 
different canal reaches. 

The final Strickler ramess coefficients obtained are between 25 and 
35. These are less than the value of 40 aasuued at the design atage, This 
implies that the canal roughness is higher than what w a s  originally assueed, 
leading to a proprtional redmtim in canal carrying capacity. 

Calibration of Cross Regulator 

The calibration was carried out at cross regulator GR3, where IlMI hed 
installed autmmtic data-logging equiApnent to continwusly d t o r  water 
levels in the EQ3m: and in the nearby DC5 distributary canal. The object of 
the calibration was to detennine m appropriate coefficient of d i m e  for 



gates. The value obtained will be cxm#%cWd to 
fur a l l  the regulators. 

is a &bay regulator (Figure 6 ) .  For a 
I mmsummma of mter levels upstream 
rwere laade w i t h  mpect to the top o 

to the F'ull Supply Depth -- FSD). The 
I from which the relevant gate 

at 8ach of thm, It w36* 
of the gates which r e m a w  

11 o f m e s  upstream of this regula 
campaign, the main canal discharge vans 
8 .  ft was only possible to ctxdwt this 

th is  present field ma.8-t 
to five differeht gate settinss. 
s hoped to repeat this operation 

state dischame conditions. 

actually passing t+hrawh th 
subtracting the flow over the 

1- (wherever applicable) 
hmic ecflwrtion for free f'lm over a wir 
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Figure 6 .  Schematic diagram of a 5 - b ~  cross-regulator, 
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Figure 10. GR3 - flows. 
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F i g u r e  11. Comprtation of discharge coefficient. 
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F i m  12, Water levels at (3R3 and a12 on 2 May 1988. 
(Water released at 06:3oH froatbe dam) 
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reaches upetream of this location. Their removal (which took p k  between 
07:30 and 0&:30) provdted a swkien release of this stored water resulting %h 
the propgation of another posj,tive wave dumstream of the siphon (and 
possibly a negative wve upgtreara of it). 

The estimated times of arrival of the wave and its p d c  are given in 
Figure 13. The average velocity of wave propgation was arorad 3 k w h  (1.9 
mile/h), whereas the peak of the wave was propgated at a velocity of 1.8 
km/h (1.1 mile&). such values are useful for design ~ r r p o s e ~  and for 
estimation of response times. 

The field masumrent Caarpaign was an essential step in the developnent 
and exploitation of the K i r M i  Oya REPE mathersatical flow simulation Wdel. 
In order that it yield reliable and useful results the model should 
accurately reflect the physical and hydraulic features of the canal, The 
field measurements contrihte to twtching the model. behavior to actmdly 
observed situations. The staff of the irrigation agency would then be able 
to recognize the model as t r u l y  representing "their" canal. 

The cooperation and active participation of the Irrigatinn Department 
project staff in different phases of the field measurements largely 
contributed to the success of this campaign. They were particularly 
interested in using the model to estimate m a x h  conveyance capacities d 
identify potential bottlenecks to the smooth operation of the RBm= ( e . g . ,  the 
siphon grill and points of insufficient freeboard). Though not yet fully 
calibrated, the model did yield some illdioative results in this direction. 

Once fully calibrated IIMI intenis using the model as a research tool. ta 
further its objectives in the field of design and mmagement i n t e r n t i a m .  
The Kirindi Oya RBMC model w i l l  be used as a test case to demonstrate the 
potential of the mathematical simulation model in investigating imovmtive 
main canal design and management practi-. Different canal regulaticm 
technolazies and design concepts can be evaluated without having to irrarr 
expenditure on actual field installation or testing. It is hoped that tbe 
dissemination of the results of this case study will generate sufficient 
interest amongst other agencies to employ similar methodologies in their a ~ n  
work. 

The wdel also offers a trainiRg tool €or system managers to familiarize 
th-lves w i t h  the behavior of the =in canal in response to EL variety of 
design and management the & h a  
&en recently commissioned, or in the event of a change i n  system operators. 

This is especially useful if 

IIMI, in collaboration w i t h  the Irrigation Department, can use the arodel 
to identify arrd test practical procedures f o r  improved manual operation of 
the m i n  canal. The development of user-friendly inpt and wtph 
interfaces, now mdemay, w i l l  facilitate model use and interpretation of 
results * This collaborative relatidip could be extended to the 
implementation and mitoring of such opemtional .procedul.es. 
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