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MANUALS AND REPORTS ON
ENGINEERING PRACTICE

(As developed by the ASCE Technical Procedures Committee, July 1930,
and revised March 1935, February 1962, and April 1982)

A manual or report in this series consists of an orderly presentation of
facts on a particular subject, supplemented by an analysis of limitations
and applications of these facts. It contains information useful to the
average engineer in his or her everyday work, rather than findings that
may be useful only occasionally or rarely. It is not in any sense a “stan-
dard,” however; nor is it so elementary or so conclusive as to provide a
“rule of thumb” for nonengineers.

Furthermore, material in this series, in distinction from a paper (which
expresses only one person’s observations or opinions), is the work of a
committee or group selected to assemble and express information on a
specific topic. As often as practicable the committee is under the direction
of one or more of the Technical Divisions and Councils, and the product
evolved has been subjected to review by the Executive Committee of the
Division or Council. As a step in the process of this review, proposed
manuscripts are often brought before the members of the Technical Divi-
sions and Councils for comment, which may serve as the basis for improve-
ment. When published, each work shows the names of the committees by
which it was compiled and indicates clearly the several processes through
which it has passed in review, so that its merit may be definitely
understood.

In February 1962 (and revised in April 1982), the Board of Direction
voted to establish a series titled “Manuals and Reports on Engineering
Practice,” to include the Manuals published and authorized to date, future
Manuals of Professional Practice, and Reports on Engineering Practice.
All such Manual or Report material of the Society would have been ref-
ereed in a manner approved by the Board Committee on Publications and
would be bound, with applicable discussion, in books similar to past
Manuals. Numbering would be consecutive and would be a continuation
of present Manual numbers. In some cases of joint committee reports,
bypassing of Journal publications may be authorized.

A list of available Manuals of Practice can be found at http://www.asce.
org/bookstore.


http://www.asce.org/bookstore
http://www.asce.org/bookstore

CANAL AUTOMATION FOR IRRIGATION SYSTEMS

Editors

Brian Wahlin, Ph.D., PE., D.WRE, WEST Consultants, Inc. (USA)
Darell Zimbelman, Ph.D., P.E.,, D.WRE, Water Systems Operations and
Management, LLC (USA)

Lead Chapter Authors

Charles Burt, Ph.D., PE., D.WRE, Irrigation Training and Research Center
(USA) - Chapter 1 and Chapter 2

Robert Strand, U.S. Arid-Land Agricultural Research Center (USA) —
Chapter 3

Peter-Jules van Overloop, Ph.D., Delft University of Technology (The
Netherlands) — Chapter 4 and Chapter 6

Bert Clemmens, Ph.D., P.E.,, D.WRE, WEST Consultants, Inc. (USA) -
Chapter 5 and Chapter 7

Sumith Choy, B. Tech, MEngSc., Rubicon Water (Australia) — Chapter 8

Contributing Authors

Gilles Belaud, Montpellier SupAgro (France)

Jean-Luc Deltour, Société du Canal de Provence (France)
Pierre-Olivier Malaterre, Irstea (France)

Tony Oakes, Rubicon Water (Australia)

Bob Gooch, Salt River Project (USA)

Irrigation Training and Research Center Staff (USA)

BLUE RIBBON REVIEW PANEL

Robert Norman, U.S. Bureau of Reclamation (USA)

Gary Merkley, Consultant (USA)

David Rogers, Rogers Engineering Hydraulics, Inc. (USA)
Stuart Styles, Irrigation Training and Research Center (USA)



PREFACE

1. MODERNIZATION PROCESS, CONSTRAINTS, AND

CONTENTS

CONCEPTS

1.1 INtrOdUCHION .ottt ettt ens
1.2 MoOdernization ........coeeveeevieeeeieeeeeeeeeeee et ens
1.3 Potential Benefits of Modernization and Automation..........

1.4

1.5
1.6
1.7
1.8
1.9

2. PHYSICAL INFRASTRUCTURE
Working with an Existing Irrigation System.............
Conveyance System Considerations...........cccoceeeeence.
Gates for Check Structures.........cccocoeevvvvnvnrccncnnes
Instrumentation and Measurement ............ccccoeeeence.
PUMPS oo

2.1
2.2
2.3
24
2.5
2.6

2.7

3. SCADA SYSTEMS
INtroduction ........ccceeeiviiiiii
Basic System Components and Function...................
Control Options in SCADA Systems........ccccoueeence.
SCADA Project Considerations ...........cccoeeeeevererencnnes
SUMMATY ..o

3.1
3.2
3.3
34
3.5

Assessment of an Existing Irrigation System Prior to
Modernization ...
Typical Modernization Steps.........cccccoceeccciiccncnne
Selecting the Appropriate Canal Operation Strategy
When to Say No to a PLC-Based Automation Project
What Is Included in This Publication............ccccc.c......
References. ..o

Regulating (Buffer) Reservoirs with the Irrigation

Vii

xi

W = =

17
21
23
23

25
25
26
31
50
68



viii

OPERATION AND CONTROL CONCEPTS

CONTENTS

4.1 INtrodUCHON ..o
4.2 General Strategies ..........ccooviiiiiiniiniiiii,
4.3 Control Diagrams ........ccccccoeeeeeiniiiieeiniieieeiecceeenee e
4.4 Combination of Control Concepts ..........ccoevvivivivieiiiciccnnnnne.
4.5 Network Control with Control Segments............ccccccvvuncce.
4.6 References........cccoviiviiiiiiiiiiiiccc e
CANAL HYDRAULIC PROPERTIES
51 INtroduction ........ccccceviiiiiiiiiniiiiiiiiiiicccccce e
5.2 Design ISSUES .......cccovviuiiiiiiiiiiiicicccc s
5.3 Canal Structure Hydraulics.........cccccovueviiiiivniiiiiicicne
5.4 Canal Pool Hydraulics.........ccceceeuiiririniiiiiiiiiiiiicicccccee
5.5 Resonance Waves.........ccccooeiviviniiiiniiiiiincccccene
5.6 Identification.........cccceeuiiiiiiiiiiiiiiiiiicccc
5.7 References.......cccccccuiiiiviiiiiiiiiiiciiiicccceee s
CONTROL METHODS
6.1 INtroduction ........ccccceueiiiiiiiiiniiiiiiic s
6.2 Implementation OPtions........c.coevveueieiiiiceiiiiiiceece
6.3 Decoupling Pools and Structures...........cccocooveerniiviiineninnnes
6.4 Routing Demand Changes through a Canal..........................
6.5 Feedback Control..........cccccoeviiiiiiiiiiininiiiiicciceececce
6.6 Combining Feedback and Feedforward Control...................
6.7 References........ccccoceiiviiiiiiiiiniiiiicccccc s
VERIFICATION OF CONTROLLER PERFORMANCE ............
7.1 INtroduction .....cccceviiviviiiiiiiiiiciccncecce s
7.2 Performance Testing ISSUES ........ccccouvuvvvviiiiriviiiiiiiccicee
7.3 Performance Testing with Unsteady-Flow Simulation
MOAELS ...
74 Performance MEasures...........ccccovvruvviniiirireniieiieieseeeeieeeenes
7.5 ASCE Task Committee Test Cases .........cccccovvevirrervirierirennes
7.6 Test Case EXamples ......cccccoovvviiiinininiiiiiiiiiiicecccees
7.7 Additional Considerations............ccocecevvvrnniiinnncinnnne
7.8 References.......ccocoovvvviiiiiiiiiiiiiiicece s
IMPLEMENTATION OF CONTROL SYSTEMS..........cccceuvureneee
8.1 INtroduction ........cccccueuviiiiiiiiiiiiiiiiiciccc s
8.2 Project Initiation ........cccoeveveieeiiiee
8.3 Configuration and Customization of Software......................
8.4 Verification of Infrastructure Installation at Field Sites
and Central Control Room..........cccccceiiiiiiiiiiiiiiicccnes
8.5  CommIiSSIONING......cccvevimiiiiiiiiiiiiiii
8.6 Control Rollout and Tuning..........ccceceeuvuervviciievniiicenes
8.7 Performance Assessment and Acceptance...........ccccceueuvunnee.



CONTENTS ix

8.8 Post-Acceptance Operation and Maintenance (O&M)......... 228
8.9 TraiNiNg.....ccceceveveiiieieieieieieieeie 233
8.10 Manuals .....c.ccoeueieieiiiiriiceeece s 234
8.11 RefEreNCES. ....cvviiiieiiieicicieieee e 237

APPENDIX A: GLOSSARY OF CANAL AUTOMATION
TERMINOLOGY ...cuiitiriiiiiiiininininsississessessissessessissesssssssssssssssssssessees 239

INDEX .ucutiiiiiiiiniiinininsinsinsissessississississississessisssssssssssssssssssssssessssssssssssees 263




PREFACE

Canal automation always has had the potential to save water and
improve efficiency of irrigation water supply projects or of irrigation
district operations. Recently, there have been a number of technological
and engineering advances in the field of canal automation. The Task Com-
mittee on Recent Advances in Canal Automation was formed under the
Irrigation Delivery and Drainage Systems Committee under the Environ-
mental and Water Resources Institute of the American Society of Civil
Engineers to document the new technological progress in canal automa-
tion. Members of the task committee gathered information on canal auto-
mation research that is taking place around the world. The task committee
was truly an international effort with researchers and engineers in several
countries (USA, The Netherlands, Australia, France, Spain, Portugal,
China, and Mexico) all participating in the development of this Manual
of Practice. This publication is designed to provide guidance on how and
when to implement canal automation within the context of canal modern-
ization but not covering the full range of canal modernization issues. The
manual also provides practical guidance on some of the more routine
aspects of canal automation.

DEVELOPMENT OF THE MANUSCRIPT

The task committee kicked off the project with a series of three short
video conferences October 13-15, 2009. The video conference was hosted
at three sites across the world (USA, Australia, and France). This video
conference was unique in that it allowed a large group of canal automa-
tion experts to come together to discuss the manual of practice without
undue travel. During the video conference, participants discussed the
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