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Steady State Gate Operation Model for Mun Bon Irrigation System

Varawoot Vudhivanich! and Supachai Roongsri2

ABSTRACT

The steady state gate operation model was formulated in this study to help irrigation engineers
operating the complicated irrigation cana regulators. The computer program called GATEOP was
developed for calculating the water surface profile of the canal reach and the gate opening. The model was
appliedto Mun Bonirrigation project. Six main regulatorswhich arethe entranceto 6 zonesin water master
2 were selected for the model testing. The field data of the regulators and the canal sections such as gate
length, gate sill elevation, canal bed elevation downstream of the regulator, full supply level, maximum
design discharge, cana bed slope, bed width and side slope were investigated. The 6 regulators were
calibrated intensively. Thefield test during June-November 1998 shown that the discharge control of the

6 regulators were less than + 10% error.
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INTRODUCTION

The objective of irrigation water
managementis“todeliver theright amount of water
totheright place at theright time”. To achievethis
objective, one has to understand the importance of
3mainactivitiesrelatedtowater distribution. These
are (1) planning (2) controlling (3) monitoring and
evaluation of water distribution performance.

Oftenly, many researchers have been
emphasized their researches on improvement of
planning, monitoring and evaluation such as the
water all ocation scheduling and monitoring system
or WASAM (llaco/Empire M&T (1986a, 1986b);
Vudhivanich et al.,2000 ; RID, 1996), the
geographicinformation systemfor daily monitoring
(Molle and Pongput, 1997 ; Tienchai, 1997). But
only a few works focus on the control of water
distribution, particularly in Thailand. Most of the
times, the control of water distributionin manually

operated canal networksisentirely left to thefield
staffs. Many canal systemsmay havemorethan 100
water level and dischargeregulators. Operating one
regulator (gate) will effect both upstream and
downstreamregulators, particularly whenthegates
are operated under submerged conditions. One
important problem in the actual operation of canal
system is the determination of the gate opening in
order to control the desired dischargeto thedesired
area.

Proper gate opening depends on the gate
type, desired discharge, water level uptream and
downstream of the gate, etc. Moreover, the water
level at the gate may vary according to the back
water effect from the adjustment of downstream
gate.

Thus, the determination of gate openingisa
complicated work. Any irrigation projects that do
not give enough attention to this issue, may have
problems onwater delivery and distribution. It will
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directly effect the irrigation and water delivery
performance of the project and also the irrigation
efficiency. Theobjectivesof thisresearch are (1) to
develop the steady state gate operation model and
the computer program for determination of gate
opening (2) totest theaccuracy andreliability of the
method. Mun Bonirrigation project isselected asa
case study.

MATERIALSAND METHODS

Theoretical backgrounds of steady state gate
operation model

The calculation of gate opening dependson
the flow conditions in the cana and the type of
regulators. The flow conditions are classified into
free flow and submerged flow.

Freeflow gate operation

AsshowninFigurel, thefreeflow discharge
can be calculated by the following orifice flow
formula:

Q = C4lGo2g9Y

when Q = Gatedischarge, m3/s.
Cyq = Discharge coefficient which is a
function of -
Go
L = Gatelength, m.
Go = Gate opening, m.

 Upstream water level

Go
sill elevation

—Q

Y = Upstream depth, m.

g = 9.81m/sec?

From the principle of upstream control, the
upstream water level is maintained at full supply
level (FSL). The upstream depth can be measured.

If Cyisalinear functionof GL and canbeexpressed
0

as GL =aCytb, the gate opening (Go) for agiven
0
Q can be determined by the following equation.

- |Y__Qa
Go = (b b~LmJ ................. (2

Submer ged flow gate operation

AsshowninFigure 2, thecalculation of Go
under the submerged flow condition is more
complicated than the previous case. The discharge
through the upstream regulator may be influenced
by the back water effect from the operation of the
downstreamregulator asshowninFig. 3. Therefore,
the back water effect has to be examined before
calculating Go.

(1) No back water effect

In case of no back water effect, the water
depth downstream of the regulator (y1 in Figure 3)
is the normal depth when the flow reaches the
steady state. The downstream normal depth can be
calculated by Manning's formula, Eq.3. Since the
normal depth calculation is in implicit form, the

v downstream water level

Figurel A regulator with free flow discharge.
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Newton-Raphson technique is employed to solve
for yq iteratively, as shown in Eg. 4. With the
calculatedy, theGoforthegivenQcanbecal culated
fromthesubmergedflow formulaandtheCgfunction
as shown in Eqg.5 and EQ.6 by assuming that the
upstream depth isat FSL (RID.1997).

1
Q = HAR”S{{2 ................ ©
_Q
Qj
L=yl & 4
TR raay Y
3Rdyl A dyl

when
Y1+1, Y1 = Caculated y; a j+1 and j
iteration
Q =
Q =

Given discharge, m/s.
Qevaluated at y1 = y1

= Upstream water level

Go

sill elevation

1

- 2/3gU/2

= HAjRJ So
2d_R+i% = Geometric function of
3Rdyl A dyl

trapezoidal canal section

A = Crosssectiona areaof flow, m?.

R = Hydraulic radius, m.

Sy = Bedslope

Q = CSLhS\@ ................ (5)

Go = h—i ................ 6)
aCs

(2) Back water effect

In case of back water effect from the
downstream regulator (regulator 2) as shown in
Figure 3, the water surface profile between the
downstream regulator and the operating regulator
(regulator 1) has to be calculated in order to

4+ downstream water level

—Q

hs

Figure2 A regulator with submerged flow discharge.
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Figure3 The back water effect from regulator 2 on the discharge through regulator 1.
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determine the downstream depth of regulator 1
(y1). Itisassumed that the water level upstream of
regulator 2ismaintained at FSL 2. The step method
called “Depth Calculated from Distance’ is
employedinthewater surfaceprofilecalculationas
shown in Figure 4.

From the energy balance equation,
E1 + So.AX = E» + S AX

1 1
El—ESfl'AX = Ez—Esz - AX +

(Sr2-So)AX )
V2
when E = Specific Energy = y+2— m.
St = Friction slope which can be

2
calculated from Manning's formula = (%)
AR

Ax = Cana reach distance, m.

By Newton-Raphson technique, y; can be
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when U; = (Ez—%sfz ~ij+(sz—So)Ax
1
Ulj = El—ESfl'AX
[de -, Q(b1+221y1j)+ AX(Qn)?
v | T 3
dy; ), AL 2(A1R§’3).

[L&+iﬁ) |
3Ry dy;  Aq dyy )

If thedownstream structureisadrop structure
or inclined drop, that structure will act as a flow
control. The flow at the control isthe critical flow
condition. The critical depth (y¢) for trapezoidal
canal section can be calculated by Eq.9. Also the
Newton-Raphson technique can be used to solve
for ye. Once the depth at the downstream control
structureiscalculated, y1 can be determined by the
step method. Thus, Go is calculated as previous
described.

2
calculated iteratively by Eq.8. If the reach between Q B3 =1 (9)
regulator 1 and regulator 2 haslateralsor farmturn g-A
out (FTO), this will reduce the discharge. The  when B = Top width, m
calculation of back water effect will have to take A = Cross sectiond area, m2.
thiseffectinto considerations. Oncey iscalcul ated, B f(yo)
the Go can be determined similar to the case of no Ye = Yo~ f/(yo) """"""" (10)
back water effect.
2
b+2
Uy Uy when fyg) = Q(—Zy0)3 _
R e — ©) o{(b+2yo)yo]
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@ @
: Fsleg |~
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Figure4 Step method - depth calculated from distance .
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, 2 3B
f'yo) = Q_L_é__4]

glA A

The computer program called“ GATEOP”
was developed to assist the irrigation project
engineer inanalyzingthesteady stategateoperation
problem.

Model calibration and verification

Six main regulators which are the entrance
to six zones of water master 2, Mun Bon irrigation
project, are selected for the steady state gate
operation modeling. Those regulators are (see
Figure5.):

- lrrigation Outlet

- Head Regulator of Right Main Canal
(RMC (HR))

- Head Regulator of 9R-LMC (9R-LMC
(HR))

- Check Regulator at Km. 21.000of LMC
(LMC (CH-21))

- HeadRegulator of 38R-LMC(38R-LMC
(HR))

- and Check Regulator at Km. 3.000 of
38R-LMC (38R-LMC (CH-3)).

Thedischargesandthewater level upstream
and downstream of each regulator were measured
on daily basis. Thefield data of the regulators and
thecanal sectionsincluding gatelength (L), gatesill
elevation(ELEV S), canal bed el evationdownstream
of theregulator (ELEVB), full supply level (FSL),
maximum designdischarge(Qmax), canal bed slope
(), bedwidth (b) and sided ope(z) wereinvestigated.
The discharge coefficients of each regulator were
obtained from field calibration (RID, 1997 ;
Roongsri, 1999). The design manning’ sroughness
coefficients (n) of the canal were initially used in
the model, but the values were adjusted in order to
obtain the satisfactorily water level calculation.
The calculated gate opening (Go) and other
parameters such as y and hg were statistically
comparedwiththeactual valuesusingt-test. Finally,
the accuracy to control the discharge of the 6 main

regulators was determined.

RESULTSAND DISCUSSION

Field calibration

The discharge through the irrigation outlet
was measured at different openings for 130 times
during July 1996- February 1998. The average
discharge coefficient (Cgy) of thelrrigation outlet is
0.4863. Similarly the other 5 main regulators were
calibrated under field conditions. The parameters
of the calibration curve of the 5 regulators are
showninTable 1. It can be seen that the submerged
flow discharge coefficient (Cg) is highly related to
g and the free flow discharge coefficient (Cy) is
also highly related to .

Go

Model test

Thestatistic analysis (t-test) was performed
to compare the mean values of the GATEOP
cal culated gate operation parameters(y, hsand Go)
withtheactual values. Itisfound that the cal cul ated
valuesarenot significantly differentfromtheactual
values at 0.01 significant level.

Finally, the GATEOP was actudly tested
for thegate operation of Mun Bonirrigation system
during June-November 1998. The operation test
covered the normal operating range of most
regulators as shown in Table 2. The result shown
that the GATEORP calculated discharge of the 6
main regulators has the error of £ 10%, which is
acceptable for field operation.

Although the program GATEOP was
specifically developed for Mun Bon irrigation
system, it can be applied to any free flow and
submerged flow gateoperationswhichhavesimilar
configurations. Somemodificationinthecomputer
codeisneededif thegateconfigurationsaredifferent.
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Figure5 Location of the 6 main regulators and other regulatorsin gate operation of Mun Bon irrigation
system.
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Table1l The calibration curve parameters of the 5 regulators.
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Regulator a b R2
hs _
(1) Submerged Flow [G— =aCd]
0

LMC (CH-21) 0.6685 -0.8193 0.9915

38R-LMC (HR) 0.5347 -0.8901 0.9514

38R-LMC (CH-3) 0.8512 -0.6858 0.9852

RMC (HR) 0.6910 -0.8233 0.9719

(2) Free Flow [GL = aCq+b]

0

9R-LMC (HR) -17.0910 15.0830 0.9907
Table2 The percentage error in discharge control at the 6 main regulators.

Regulator Range of Range of target Actua % Error of Observation

gate opening discharge discharge discharge period
(m.) (m3/s) (m3/s.) control
Irrigation Outlet 0.27-0.88 2.77-9.04 2.96-9.04 -7.46-6.33  Jun.25,98 - Nov. 8, 98
LMC (CH-21) 0.42-0.89 220-371 2.28-3.88 0.94-6.76 Sep.4, 98 - Nov. 9, 98
9R-LMC (HR) 0.20-0.50 0.65-2.32 0.66-226 -14.75-390 Aug.4, 98- Nov. 6, 98
38R-LMC (HR) 0.20-1.00 0.59-2.82 0.57-2.89 -3.38-4.76 Sep.5, 98 - Nov. 10, 98
38R-LMC (CH-3) 0.30- 1.00 0.49-141 050-151  -454-818  Sep.5,98- Nov. 10,98
RMC (HR) 0.18-0.47 0.40- 0.86 0.40-0.90 -599-481  Aug4, 98- Nov.11, 98
CONCLUSION LITERATURE CITED

The steady state gate operation model and
the program GATEOP were developed under the
assumption that the gate was operated under the
steady state conditions. The check regulator hasto
control the water level upstream at the full supply
level. The field calibration must be done
comprehensively in order to get the accurate and
reliable flow parameters. The gate operation test
shownthat theerror in controlling thedischarges of
the 6 main regulators of Mun Bon project during
June-November 1998 is |ess than £ 10%.

Ilaco/Empire M&T. 1986(a). Water management
and O&M report no.5 : water allocation
scheduling and monitoring at project level,
supporting document 5.5-general program
description (revised). Mae Klong Irrigation
Project, Roya Irrigation Department, Bangkok.

60 p.

Ilaco/Empire M&T. 1986(b). Water management
and O&M report no.5 : water allocation
scheduling and monitoring at project level,
supporting document 5.6-computer operator’s
manual (revised). MaeKlonglrrigation Project,
Royal Irrigation Department, Bangkok. 109 p.



92 Kasetsart J. (Nat. Sci.) 35 (1)

Molle, F.and K. Pongput. 1997. NAGA version 1.0
: Documentation. DORAS Project, Kasetsart
University, Bangkok. 40 p.

Roongsri, S. 1999. Development of GATEOP
program for operation control structure of
Mun Bon Dam, M.Eng. Thesis. Kasetsart
University, (In Thai).

Royal Irrigation Department. 1996. Water
Allocation Scheduling and Monitoring
Program : WASAM for Windows, Version
2.1. Ministry of Agriculture and Agricultural
Cooperatives, Bangkok. 88 p.

Royal Irrigation Department. 1997. Technical
Report No.13 : Operation and maintenance,
Mun Bon Rehabilitation Project. Faculty of
Engineering, Kasetsart University, Bangkok.

323 p.

Tienchal, S. 1997. Monitoring and evaluation of
water allocation in the upper greater Chao
Pharya lrrigation Project by using geographic
information system. M.Eng. Thesis. Kasetsart
University, Bangkok. (in Thai).

Vudhivanich, V., J. Kaewkulaya, P. Sopaphun, W.
Suidee, and P. Sopsathien. 2000. Devel opment
of water allocation strategy to increase water
useefficiency of irrigation project. Kasetsart J.
(Nat. Sci.) 34 : 145-158.

1/03/01
30/03/01

Received date
Accepted date





