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Water resources

Offtakes as flow controlOfftakes as flow control

Offtakes
Regulator
As water level control

Offtakes

Regulators
Offtakes

Main objectives of irrigationMain objectives of irrigation
 Quality of services 
 Efficiency Efficiency
 Equity
 Adequacy
 R li bilit Reliability
 Flexibilitye b ty
 Low cost operation
Si li i Simplicity
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Basic water delivery techniquesy q

AT WILL ON DEMANDAT WILL ON DEMAND

TIME ROTATION
SHARING

FLOW  PARTITION
SHARING

Rotational 
arrangementsg
‐flow rate
‐duration
‐frequency

Flow sharing or partitioning
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Basic fundamental for canal control

 Flow control
Water level control

Reasons for flow control

Meeting crop water requirements
Water savingsWater savings
 Safety of operationy p

Offt k fl t lOfftakes as flow control

Reasons for water levelReasons for water level 
control

 Command of service areaCommand of service area
 Canal protection
 Canal safety
 Flow control at offtakes Flow control at offtakes

Regulators as water level controlg
Assoc.Prof.Dr.Varawoot Vudhivanich Department of Irrigation Engineering KU. April 2013



Too low water level.
Farmers have to pump water 

to their farms.

Concrete slab failure 
due to water level drops too fast Facilitate flow control at offtakesFacilitate flow control at offtakes

Controlling water level by simple weirsControlling water level by simple weirs 

Assoc.Prof.Dr.Varawoot Vudhivanich Department of Irrigation Engineering KU. April 2013



Controlling water level by gated cross regulators  Controlling water level by mixed cross regulators 

Overshot type 
cross regulatorscross regulators

Smallerlarger Smaller 
variation

larger 
variation

Undershot type regulators

Assoc.Prof.Dr.Varawoot Vudhivanich Department of Irrigation Engineering KU. April 2013



Basic methods of water level control
Upstream control Downstream control

Constant volume Variant of downstream controlConstant volume Variant of downstream control

Target level Target levelTarget level Target level
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Methods of water level controlMethods of water level control

 Local control
 R t l li d t l Remote localized control
 Remote centralized controlRemote centralized control
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SCADA

Information transferInformation transfer 
in canal operationin canal operation

Upstream control Downstream controlp
 Aggregation of individual 
demand

 Hydraulic transmission
demand

Upstream controlp
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Automatic upstream water levelAutomatic upstream water level 
control gate‐AVIS/AMIL

Only headworks and offtakes
require setting.

DisadvantagesDisadvantages 
of upstream controlof upstream control

 Slow response to change in demand
W t ti l lWater operational losses

Inadequate supply at q pp y
the lowest offtake
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Information transfer 
in canal operation

Upstream control Downstream control
 A i f i di id l  H d li t i i Aggregation of individual 
demand

 Hydraulic transmission

Downstream control

Regulators equip with gates that respond automatically 
to downstream water levelto downstream water level.

Downstream control
Gate is open  
automatically. 

Negative wave moving upstream
Water level 
drops
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Gate openGate open 
automatically

P t d t ti ll i h t lProcess repeated automatically in each upstream pool  Downstream controlDownstream control

AdAdvantages 
 Automatic distributionAutomatic distribution
 No operational losses
 Accurate and immediate response
DisadvantagesDisadvantages
 Require additional canal embankmentq
 If Q at offtakes exceeding Q supply, 
h d h f ill ffheadreach farmers will suffer. 
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Regulating 

Upstream + 
Downstream +

reservoir

Downstream + 
Regulating reservoir
In Doukkala MorroccoIn Doukkala, Morrocco
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Localized vs. Centralized control

Localized control
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Remote 
centralizedcentralized 
control

Or SCADAOr SCADA
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Baffle distributors or module
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Classic tail ender problemsp

Part 2
Experiences on modern canal 

control in Thailand
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lKU‐RID Canal Automation System

SPN CASSPN CAS 
under KU‐RID Project

2005 – 2011 

-real time monitoring

-remote control

-local automatic upstream controllocal automatic upstream control

-low cost + locally available

Robogate+SCADA=Canal AutomationRobogate+SCADA Canal Automation

Micro controllerMicro-controller
Check and Adjust 

@ 6 seconds

Robogate 1‐ 4 in laboratory (2005‐g y (
2006)
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CAS laboratory modelCAS laboratory model

First stage in 
20062006

Install Robogate 5Install Robogate 5 
in 2L and 5L‐2L

SPNSPN CASCASSPNSPN--CASCAS
RobogateRobogate InstallationInstallation

StageStage O&M projectsO&M projects LocationLocation

II SPNSPN Cross regulator 5LCross regulator 5L 2L km 3+6502L km 3+650II SPNSPN Cross regulator 5LCross regulator 5L--2L km 3+6502L km 3+650

SPNSPN Cross regulator 5LCross regulator 5L--2L km 9+8132L km 9+813

ll kkSPNSPN Cross regulator 5LCross regulator 5L--2L km 20+3002L km 20+300

IIII PNTPNT Head regulator 2L km 0+000Head regulator 2L km 0+000

PNTPNT Cross regulator 2L km 10+300Cross regulator 2L km 10+300

BGLBGL Cross regulator 2L km 49+750Cross regulator 2L km 49+750

SPNSPN Cross regulator 5LCross regulator 5L--2L km 14+7502L km 14+750

SPNSPN Cross regulator 5LCross regulator 5L--2L km 26+4012L km 26+401gg
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Floating Type 
Water Level Sensor
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Pressure sensor Gate Positioning Sensorg
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Reliability of measurement by RobogateReliability of measurement by Robogate  (during (during 4 4 Dec.Dec.20062006--29 29 Sep. Sep. 20082008))y y gy y g ( g( g pp ))

No. of Data to be No. of Data to be 
RecordedRecorded No of Data RecordedNo of Data Recorded % Reliability of measurement% Reliability of measurementRecordedRecorded No. of Data RecordedNo. of Data Recorded % Reliability of measurement% Reliability of measurement

111744111744 8625186251 7777
RM = Reliability of Measurement (%)RM = Reliability of Measurement (%)RM = Reliability of Measurement (%)RM = Reliability of Measurement (%)
RM= 100*No. of Data Recorded/Total No. of Data to be RecordedRM= 100*No. of Data Recorded/Total No. of Data to be Recorded

Reliability of Water Level Control (%) Reliability of Water Level Control (%) 
(during 4 Dec.2006(during 4 Dec.2006--29 Sep. 2008)29 Sep. 2008)
No.of Water Level No.of Water Level 

MeasurementMeasurement
No. of Time Water Level Drop Below the No. of Time Water Level Drop Below the 

Target Water Level by Target Water Level by 1010%% % RWLC% RWLC

7941379413 2064520645 7474
RWLC = Reliability of Water Level Control (%)RWLC = Reliability of Water Level Control (%)

100100*(*(11 N f Ti W t L l D B l th T t W t L l b thN f Ti W t L l D B l th T t W t L l b th==100100*(*(11--No. of Time Water Level Drop Below the Target Water Level by the No. of Time Water Level Drop Below the Target Water Level by the 
Given Tolerance(Given Tolerance(1010%)/No.of Water Level Measurement)%)/No.of Water Level Measurement)
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Water delivery performance of 5L-2L SPN
SeasonSeason Reach Reach 11 Reach 2Reach 2 Reach 3Reach 3 5L5L--2L canal2L canal

PAPA PEPE PAPA PEPE PAPA PEPE PAPA PEPE PEQPEQ
Dry S. Dry S. 2 2 ((20072007))

6 6 MarMar--18 18 Jun Jun 20072007
ManualManual

0.950.95
GoodGood

0.730.73
FairFair

0.800.80
FairFair

0.670.67
PoorPoor

1.001.00
GoodGood

0.220.22
PoorPoor

0.920.92
GoodGood

0.540.54
PoorPoor

0.030.03
GoodGood

Wet S. (Wet S. (20072007))
3 3 JulJul--29 29 Oct Oct 20072007

ManualManual

1.001.00
GoodGood

0.560.56
PoorPoor

1.001.00
GoodGood

0.440.44
PoorPoor

0.590.59
PoorPoor

1.001.00
GoodGood

0.860.86
FairFair

0.670.67
PoorPoor

0.280.28
PoorPoor

Dry S. Dry S. 1 1 ((0707//0808))
11  Nov Nov 0707-- 27 27 Feb Feb 0808

ManualManual

1.001.00
GoodGood

0.180.18
PoorPoor

1.001.00
GoodGood

0.170.17
PoorPoor

1.001.00
GoodGood

0.430.43
PoorPoor

1.001.00
GoodGood

0.260.26
PoorPoor

0.000.00
GoodGood

ManualManual
Dry S.Dry S.  2 2 ((20082008))

6 6 MarMar--18 18 Jun Jun 20082008
A tomaticA tomatic

1.001.00
GoodGood

0.410.41
PoorPoor

0.960.96
GoodGood

0.680.68
PoorPoor

1.001.00
GoodGood

0.580.58
PoorPoor

0.990.99
GoodGood

0.560.56
PoorPoor

0.020.02
GoodGood

AutomaticAutomatic

Wet S. (Wet S. (20082008))
3 3 JulJul--22 22 Oct Oct 20082008

1.001.00
GoodGood

0.160.16
PoorPoor

1.001.00
GoodGood

0.320.32
PoorPoor

0.420.42
PoorPoor

1.001.00
GoodGood

0.810.81
FairFair

0.490.49
PoorPoor

1.691.69
PoorPoor

ManualManual

Part 3 
Total Channel control (TCC)Total Channel control (TCC)

Top Top 10 10 I&D technologies I&D technologies 
(by Peter Lee, Ex(by Peter Lee, Ex‐‐president, president, 
ICID) ICID) 

1.Farmer controlled water 
supply, or total channel control 
or downstream control of 
canals…………

DethridgeDethridge water meterwater meterDethridgeDethridge water meterwater meter

Assoc.Prof.Dr.Varawoot Vudhivanich Department of Irrigation Engineering KU. April 2013



FlumeGateFlumeGate (Rubicon)(Rubicon)FlumeGateFlumeGate (Rubicon)(Rubicon)

Total Channel Control (TCCTotal Channel Control (TCCTMTM)) Rubicon controlling water delivery to farmsRubicon controlling water delivery to farmsRubicon controlling water delivery to farmsRubicon controlling water delivery to farms
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Th kThank you
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