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CALYBRATION OF THE KIRINDI OYA REMC MATHEMATICAL FLOW SIMULATEON MCDEL:
DESCRIPTION OF THE FIRLD MEASUREMENT CAMPAIGN AND PRELIMINARY RESULTS

INTRODUCTION

Tre International Irrigation Menagement Institute™s (IIMI} current
research on the operation of "Main Systems" is based on the hypothesis that
control of the conveyance and primary distribution of water In main and branch
canals could have a profound impact on efforts to improve mansgement at lower
levels. In fact an inflexible and unreliable primary water supply regime
could negate many of the efforts exerted by irrigation sgencies and farmers”
organizations to achieve a reliable and equitable water supply below turnouts.

Analysis of current operational practices in the large canal networks of
the rice-based irrigation systems INn the humid tropics suggests that there is
considerable potential for the development of effective’and responsive main
system management. Since operational practices are often conditioned by the
particular design features for water level control in the main canal and
discharge control at their offtakes, IIMI’'s research priorities in this area
include analyzing the impact of design choices on the management and

manageability of main canals.

Such research cannot be easily carried out in the field. Mathematical
models that simulate the real system provide a convenient alternative to
field research iIn investigating the behavior of irrigation canals under a
variety of design/management scenarios without affecting normal canal
operations. For example, such models could be used to assess the impact of
any operational maneuver before actual intervention on the field.

IIMI, in consultation with the Sri Lanka Irrigation Department,
identified the Kirindi Oya Right Bank Main Canal (RBMC)} as an appropriate
site for a pilot application of a mathematical Tlow simulation model. For
the implementation of this research project IIMI wes able to secure
financial assistance from the Government of France to supplement its own core
funds, and associated itself with CRMAGREF (Centre National du Machinisme,
Agricole du Génie Rural des Baux et des Foréts), a public-sector applied
research center in France which IS providing additional expertise I

computational hydraulics and computer technology.

Tre purpose of this paper is to document the field measurement campeign
carried out in the Kirindi Oya RBMC with a view to calibrating the
mathematical model. The preliminary analysis leading to estimates of some of
the hydraulic parameters needed by the model. is also described.

KTIRINDY OYA RIGHT BANK MATN CANAL (REMC)

The Kirindi Oya Right Bank kin Canal (RBMC) is fed by the Lunugamvehera
reservoir, located on the Kirindi Qya (river) in southern Sri Lanka (Figure
1) and having an active storage capacity of 198 million m3. They were both



Figure 1. Kirindi Oya itrigation and settlement project.
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constructed as part of the Kirindi Oya lIrrigation and Settlement Project.
This Project envisages the augmentation of irrigation water supplies for the
existing irrigation system covering around 4500 hectares (ha), provision of
irrigation facilities for an additional area of approximately 8400 ha
together with the settlement Of around 8320 families on the newly irrigated
land. The implementation *'of the Project, planned in two phases, benefits
from the Ffinancial assistance of the Asian Development Bank (ADB),
Kreditanstalt fur Weideraufbau (KfW) and the International Fund foOr
Agricultural Development (IFAD).

The RBMC IS meant to irrigate approximately 5000 hectares of land. The
development of a little over half this area was completed in mid-1986 under
Phase I of the project. The Irrigation Department is iIn charge Of managing
the system, as well as the development of facilities under Phase II.

The RBMC is 32 kilometers (km) long and is designed to carry a discharge
of 13 m /s at its head. The canal is unlihed throughout its length and was
designed with trapezoidal cross sections. The cross sections have however
evolved over time Int0 more irregular shapes primarily due to erosion and
cattle damage. In addition, siltation has ococurred in many places on the
canal bed.

A total of 33 distributary and field canals take Ooff directly from the
REMC. It is further characterized by the presence of 14 gated cross-
regulators, of the undershot type, along Iits length. The coordinated
operation of these regulators (each regulator having 2-5 manually operated
sliding gates) is a key element 1IN achieving effective control of water
levels In the main canal, and hence of the primary distribution of
discharges into the secondary and tertiary canals that take Off from the
RBMC. Ineffective operation of the control Tfacilities could result in
unreliable and inequitable water supply.

In the case of the RBMC, effective main canal operation becomes even
more critical given that crop diversification is envisaged in the dry season
(rice being the traditional wet-season crop), However, serious water
shortages have so far prevented the satisfactory completion of two normal
cultivation seasons in a year. This highlights the urgent need for improved
management OfF the relatively scarce water resource, especially since the
existing command area Will be doubled after implementation of Phase II
scheduled to commence In 1989,

In the context of this relatively water-scarce environment and Its
particular design features, it is hoped that the use of a mathematical flow
simulation model of the Kirindi Oya RBMC would contribute to the
identification of alternative management practices leading 10 improved
distribution of water.



The model is designed 1o run on an IBM-PC/AT (oOr ccn}'nti’bla) ni.oro—_"
computer. It is made up oOf three software units that can be run either_.
méeperﬂently or sequentially. They are: '

Unit 1 ‘Topography Unit - This unit enables the user to input and v’erify" all
' the topographic data pertaining to the canal. The software analyzes

. -feature of this unit is that it can accommodate any type of caml_
 ~cross section (regular Or irregular), including smgle-hank cann.Ls

Unit 2: MFIM Unit - This unit will calculate regulator amiofftalw},f :
~ . gate openings as well as water surface profiles in ‘the different
...canal reaches for any steady state scenario of water supply and

., demand. It also generates initial hydraulic conditions for
- activation of the Unsteady Flow Unit 3. An optional memu enables the
.. user to impose or modify the hydraulic parameters of the cenal {e. z.,‘

' cross-regulator openings, canal losses, and roughnesa ooefficimta) '

Unit 3: Unsteady Flow Unit - This unit similates the unsteady flow conditions
.+, .: that prevail over certain periods of time in response to changes in
" water supply or demand, and modificationa to gate settings. The user
will be able to use this unit to assess the impact of different -
_..operational procedures (e.g., in terms of water losses or shortages,
hydrographs at different points) to effect the transition from an,
“initial steady state to a new one. ,

: "A‘ m,)or component. Of the Kirindi Oya RBMC flow simulation model project
is: the development Of user-friendly conversational procxsdlm g0 that tha
model ocould be used by non-specislized staff. The modular structure of the
model will permit future modification or substitution of any of the hydraulic .
modules. FOr instance, the incorporation of a regulation module “which would .

allow  the inclusion of automatically adjustable.control devices oould be

envmased at a later stage,
In;:ut lhta Requirements

Since the model is a mathematical representation Of the real systea, It
would only be as good as the quantity and quality of the information that is
fed into It to describe the reality. The model should thus incorporate, as
acéurately as possible, all important physicai and hydraulic features Of the
system.

. this data and generates specially coded files of. geometric infomtim' o o
that can be accessed for use by the other two units, ' A notable




The present model is limited to the first 25 km of the RBMC presently in
operation. The input data, both physical and hydraulic, therefore only
concern this stretch of main canal. However, the model can easily
accommodate eventual extensions by modification of its topography unit.

The physical information was gathered in the course of a topographical
‘gurvey. This iIncluded (@) the locations and descriptions of all Cross-
regulators, offtakes and other singularities on the =, (b} longitudinal
profile of the canal bed, and (c) cross sections of the canal at appropriate
intervals (100 meter intervals were used in the RBMC), trying as far as
possible to capture all hydraulically significant features.

The hydraulic information required includes (@) roughness coefficients
for the different reaches of the canal, (b)head-discharge relationships and
discharge coefficients for the offtakes and regulatora, and (c) seepage
losses along the canal. Estimates of some Of these parameters were obtained
in the course of this measurement campaign.

FIELD MEASURRMENTS FOR MODEL CALITBRATION - STEADY FLOW

The measurement. campaign was carried out, over a 10-day period in April-
May 1988, by a joint IIMI-CEMAGREF team With the assistance Of the Irrigation
Department. In carrying out all observations and measurements a primary
concern was to cause minimum disruption to normal irrigation activities In
the RBMC project area.

Water Surface Elevation and Discharge Measurements

In this phase of the calibration, which was the most time-consuming, an
inventory of the status of the RBMC system under given steady conditions of
canal water flow and gate settings was taken. The Irrigation Department had
undertaken not to alter the main canal discharge nor the gate settings until
the end of the calibration campaign. Marks were painted on the gate spindles
so that it would be possible 10 ascertain at a glance 1f any of these gate
settings had been altered.

Water surface profiles In the main canal were computed by measuring
water levels at all offtakes, and upstream and downstream of each cross
regulator (denoted GRZ2 to GR15) with respect to temporary bench marks {TBM)
of known elevations established at these locations.

The discharges at different points in the RBMC as well as at sane
offtakes were estimated using an OTT-C31 currentmeter. Gauging In the main
canal was performed from 9 different bridges and at the heads of sane canals
taking off from the main canal. These gauging points are shown enclosed in
boxes In Figure 2 and are located at the distances indicated. The measured
discharges are indicated in upright characters while the figures iIn italics
refer to the Irrigation Department’s planned discharges for the period In
question.



Figyre 2. Gauging locations.
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Tre openings of all regulator and offtake gates were computed via
observations 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 the RBMC during the
calibration campaign, The indication eps (for epsilon) is used .o denote an
offtake which was for all intents and purposes closed but through which a
very small flaw nevertheless escaped.

Figure 4 summarizes the Information contained in Figures 2 and 3, and
indicates the discharge values finally chosen for the steady flaw
calibration of the RBMC model.

Canal Losses

The discharge values indicated NN Figure 4 are also used to compute
seepage and percolation losses in each gauged reach of the RBMC. It Is
assumed that the losses are uniformly distributed over the entire reach.
Wherever the offtake has been gauged, the measured discharges are taken intc
account In the computation. Otherwise it 1is assumed that the targeted
discharge is being delivered at the offtake.

Consider a typical reach 1-2 with n offtakes:

= o ———

|
1
1
|
I
!
i
1
]
!
H
1l
1]
"
it
"
n
"
1]
1)
L
I
H
H
"
"
n
11
n
1)
L
H
i
1
1t
5]
1l
"
1
1
A"

LC)BB=_{91-Q1"QZ-..--Q!'Q2)_
X2 — Xi

where @, Discharge at upstream and downstream ends of reach 1-2
X1 X2 Relative distances of upstream and downstream ends
Qs Discharge at offtakes 1,...

[N E T

The losses were computed according to the above method for the different
canal reaches bounded by the bridges where gauging was performed. The
results for all peaches, except the last two, are given In Table 1. In
reach Br 8-Br 9 the sum Of the outflows is greater than the inflow, possibly
indicating that the target discharge in DC11 (distributary channel no.11)
remains unsatisfied. On the other hand, unusually high losses seem to oocur
in reach Br 9-COFDAM which could mean that the actual discharge in DC12
exceeds the target value.



Figume 3. 8tate of the offtakes during the calibration.
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Figure 4. Adopted discharge values.
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Table 1. Computation of Canal Losses
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Mean losses
(1/8/a)
0.036
0.107
0,016

aberrant
DC11 targetted
discharge
might be
unsatisfied.
aberrant
DC11 targetted
discharge
might be
exceeded.
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Relative

2 942
529
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857
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169
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It will be observed that there is a wide range of variation in the
losses obtained for the different reaches. This reflects the variation iIn
construction of the different canal sections, i.e., whether it is built
entirely below the natural terrain ("cut"), entirely above the natural
terrain ("fill""), or partly in “cut” and "fill". The losses would be least
in the first situation while greatest in the second. Figure 5 gives a
description of the nature of the different canal sections of the RBMC.

The weighted mean value for RBMC losses, taking into account the values
obtained between Br 1 to Br 8, is 0.046 1/s/m (Or 2.44 cusecs/mile).

This is equivalent to a loss of 1.13 m®/s (or 40 cusecs) over the 25 km
of canal from the headworks to the cross-regulator GRi5, which corresponds to
the 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? /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 was hardly
any information available previously, The approximate nature of these
results is due to the uncertain offtake discharges; the discharges a1, gz,
.». etc., were not directly measured at all the offtakes. In the computation
of losses it was assumed that the ungauged offtakes were delivering flows
equal to their respective targets. This is perhaps not always true, as -
evidenced by the unusual results obtained in reaches Br 8-Br 9 and Br 9-
COFDAM. 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, It is planned to carry out measurements under the
latter conditions {i.e., flow only in the main canal with all offtakes
closed) sometime towards the end of the present cultivation season.

Estimation of Roughness Coefficient

The roughness coefficient is an indicator of the resistance offered by
the canal to the Tflow 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., weed growth). The roughness
coefficient {in the form of the Strickler coefficient) is an essential model
parameter used in the computation of the friction gradient.

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

Q = K.A.R?/2,i1/2 o ——— (1}

Discharge

Strickler coefficient (= 1/Manning's n value)
Cross section of flow

Hydraulic Radius = A/P, with P o wetted perimeter
Bed slope (=0.0003)

where

- 20 > XO
How oo

11



i i?tgure 5. Kirindi Oya RBMC: Nature of canal seotions.
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This equation is only valid for uniform flow, which does not usually
prevail in irrigation main canals. This 1S due to the backwater effects
caused by downstream regulating structures. In fact, in the Kirindi Oya RBMC
most regulators are located in the beckwater curve of the regulator
immediately downstream.

In the field however, for the purpose of carrying out immediate unsteady
flow simulations, the Manning-Strickler equation was used to obtain friction
coefficient values at the gauged sections. Only the resulta obtained at the
first faur bridges (Br 1 to Br 4) were conserved as the other bridges were
obviously influenced by downstream regulators at the time Of measurement.

Tre results are indicated in Table 2.

Table 2. Estimation of roughness coefficients.

Location | @ (1/s) ! A (w) ! R/* ! Strickler K | Manning n '
::"13:1 4607 E--;2.75 0.968 : 22 ' 0.045
Br 2 4526 11.28 0.913 25.4 : 0.039
Br 3 4301 11.50 ' 0.945 ' 22.9 ' 0.044
Br4 | 3583 | 10.91 | 0.913 | 20.8 | 0.048 :

The above values of Roughneas Coefficients were only preliminary
estimates used to plan the field measurements under unsteady flow conditions
(seebelow).

The final values to be adopted in the simulation model were obtained
upon the completion of the calibration computations. 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 observed water surface elevations, whilst at the same time ensuring that
there was conservation of the volumes ofF water being conveyed in the
different canal reaches.

Tre final Strickler roughness coefficients obtained are between 25 and
35. These are less than the value Of 40 assumed at the design stage. This
implies that the canal roughness is higher than what was originally assumed,
leading to a proportional reduction In canal carrying capacity.

Calibration of Cross Regulator
The calibration was carried out at cross regulator GR3, where IIMI had
installed automatic data-logging equipment tO continuously wmonitor water

levels IN the RBMC and IN the nearby DC5 distributary canal. The object of
the calibration was to determine an appropriate coefficient of discharge for

13



tor gates. The value obtained will be miﬂuﬁ to_ bu
ntative fur all the regulators. - L it

GR3 IS a 6-bay regulator (Figure6). For a given ocmbimti.m of aa

settings, measurements of water levels upstream and downstreem of the W :

reitulat.or were made with respect to the top of the #ide check walls .

to the Full Suppl -~ FSD). Tre apindle heights were =
'ahd noted, from which the i,evant gate _ ovould ‘be derived.
ants to gate settings were made such that, as Par as possible,:

t.a' mk’ -adjustments to one Of the gates Which remained blodted ‘ i
Smoe all offtakes upstream Of this regulator were closed duri.ll tht'

was maintained at each Of them. It was, however, __mt pou:lbl"‘ s

meagurement campeign, the main canal discharge was not affected by changes to
gate settings. It was only possible to conduct this experiment for one valus.

of steady discharge during this present field measurement campaign. However,

meagurements corresponding to Tive different gate settings were Hh for this . -
_partimﬂ.a.r discharge. It is hoped to repeat this operation for at - 1qct tauo' L

ﬁher sit.eady state discharge conditions.

’I‘h’is particular experiment was performed on 26 April 1988 when the -dn-:‘ |
canal discharge was 4.475 m*/s. The different gate opemnings effwtad thtt
daw,msedmtexmofmofopenmg, are ghown in Figure 7. :

_Mdasurements were undertaken only after allowing time for the upstresl ) f-:"

water level to regain stability following a gate adjustment. Although over

tyo -hours had elapsed between successive sets of ate adJmmts.-"
expmination of the water levels recorded by the data logger upstream and

downstream of the regulator GR3 that day (Figure 8) indicates that ocomplete

gtability had in fact not been attained at the end of ‘each set of'_-,;..
sdjustsents. This clearly demonstrates the wealth of useful infmtion ﬂu.t-«

oan ba obta.tned from the continuous data logger records.

ea%. sted by subtracting the flow over the side check walls und ‘over any of
10§, :': The classic equation for free flow oOver a weir had uud th a
dm coefficient of 0.36 to compute these overflows: L

Qv = 0.36L (2g)i/2 W/t - —(2)

where - Quw = Diascharge over the weir (side check-walls or gates themselves

in this case) : N SR
P Length of weir

Head over weir

Acceleration due to gravity

=
imnna

14

Theflw actually passing through the regulator gate - i va.
‘gates themselves (wherever applicable) from this valve - (Figures § and




Figure 6. Schematic diagram of a 5-bay cross-regulator,
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Figure 8. GR3 ~ levels upstream axi downstream.
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) mee 9. GR3 - heads: total and over sidewalls.

- 1 (aSd—18) MOPRAQ e

 000Z 00791 OOTL OO0 00O 0000 00NZ 0091 COTL

2 + oz

010~

T g53 = STTEM 2PIS Jo doi

STTEM @PTS 1240 MOT4 —> //\\

000

(W) preH

18



Figure 10. GR3 - flows.
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flaw through the cross-regulator [Nites, dﬂnﬁtﬁdt#iim o

follomnz equation was used for diacharge. b ;
r gates: _

Q = Ca.A.[28(S-81)]1/2 e (4)

= Discharge through the regulator gates
- Ca = Coefficient of diascharge '
- A = Total area of flow through gates
.81 =-VWater level upstream of regulator
- 8 = Water level downstream of regulator
g = Aoceleration due to gravity

1 qmntities in eqtmtmn (4) are known (or mm)

'rest 1, Ce=0.659; Teat 2, C4=0.695; Test 3,._c.=0.64$';_
‘l‘ut 4, Ce=0.620; Test 5, Ca=0.657. :

m "of the simulation model (both steady and mmtaady’:- stat
AT mioro-computer of the Kirindi Oya Irrigation s
+ A Strickler coefficient value of 25 was assumed

f the RBMC. The initial conditions for the unsteady flow i.lﬂlati
C to the state of the system (water surface elevatim ﬂi' cha
Pbtained during a steady flow auulatmn. Ve

: _choice of the magnitude and duratmn of the additi.onal mlm. to.
inlidé:‘-&t ‘the headworks was a compromise between (a)} mideratm of

20



Figure 11. Computation Of discharge coefficient.
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afber 1t was relessed at the headmrks),‘
t abwt 09 40.

"tion.' 'l‘he sa.uxing results were as follows:

Initial Value 4607 (Steady Plow value

0723 5831

0745 5765

D e T T T N I

0815 6159 (New steady flow

of approxmtely T km. Weeds and other debris__. 4
‘ﬂ_‘_ti_s grill. .ovemz.ght, causing an aocmmlatim ij'_wf:




304 fromthe dam)

Figure 12, \Waer levels at GR3 and GR12 on 2 May 1988.
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reaches upstream of this location. Their removal (which took place between
07:30 and 08:30) provoked a sudden release Of this stored water resulting in
the propagation of another positive wave downstream Of the siphon {and
possibly a negative wave upstream of it).

Tre estimated times of arrival of the wave and ite peak are given in
Figure 13. The average velocity of wave propegation was around 3 km/h (1.9
mile/h), whereas the peak of the wave was propagated at a velocity of 1.8
km/h (1.1 mile/h). such values are useful for design purposes and for
estimation OfF response times.

CONCLIZSIONS AND FUTURE DEVELOPMENTS

The field measurement campaign was an essential step In the development
and exploitation of the Kirindi Oya RBMC mathematical flow simulation model.
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 contribute to matching the model behavior to actually
observed situations. The staff of the irrigation agency would then be able
to recognize the model as truly representing “their™ canal.

Tre cooperation and active participation of the Irrigation Department
project staff in different phases of the Tfield measurements largely
contributed to the success of this campaign. They were particularly
interested in using the model to estimate maximm conveyance capacities and
identify potential bottlenecks to the smooth operation of the RBMC (e.g., the
siphon grill and points of insufficient freeboard). Though not yet fully
calibrated, the model did yield some indicative results in this direction.

once fully calibrated IIMI intends using the model as a research tool to
further its objectives in the field of design and management interactions.
The Kirindi Oya RBMC model will be used as a test case to demonstrate the
potential of the mathematical simulation model in investigating innovative
main canal design and management practices. Different canal regulation
technologies and design concepts can be evaluated without having to incur
expenditure on actual field installationor testing. It is hoped that the
dissemination of the results of this case study will generate sufficient
interest amongst other agencies to employ similar methodologies in their own
work.

The model also offers a training tool €or system managers to familiarize
themselves with the behavior of the main canal in response to a variety of
design and management scenarioe. This is especially useful if the canal has
been recently commissioned, or in the event of a change in system operators.

ImMI, in collaboration with the lrrigation Department, can use the model
to identify and test practical procedures for improved manual operation of

the main canal. The development of user-friendly input and output
interfaces, now underway, will facilitate model use and interpretation Of
results. This collaborative relationship could be extended to the

implementation and monitoring of such operaticnal procedures.
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