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Abstract

The control system is very important for the precise operation and suitable
management of irrigation system. The Japanese Society of Irrigation, Drainage and
Reclamation Engineering has a committee for investigating irrigation system
control. The committee is trying to set up a manual for the control system. The

concept of the control system in the preparing manual will be discussed in this
report.
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1. Introduction

A number of countries in the world have faced very severe restrictions on water
resources. In addition, the demand of water is increasing year by year due to
human activities, population increases and economic expansion. The demand of
water has already exceeded the supply capacity in various water project areas.
Since the agriculture sector usually consumes the great portion of water resources as
irrigation water, the sector will have to cope with this severe situation (Kuroda
1999).

Effective and reasonable water use in agriculture depends on efficient operation
and adequate management of irrigation water systems. For keeping the efficient
operation and the adequate management, it is very effective to set up the control
system such as the telemeter system (TM) and the tele-control system (TC) in the
irrigation water system. It will ultimately lead to sustainable agriculture.

The Japanese Society of Irrigation, Drainage and Reclamation Engineering has a
committee for investigating irrigation system control. The committee is frying to se
up a manual for the control system (Annual Report of the Committee, 1999). The

concept of the control system in the preparing manual will be discussed in this
report.

2. Purposes of Operation and Management of Irrigation System



[rrigation water system is one of the enormous system composed of various
facilities, and the command area of the system reaches, in usual, from thousands
hectares to tens of thousands hectares. Main facilities composing the irrigation
system are (1) water souzce, reservoir, (2) diversion dam, head works, (3) main
canal, open channel, conduits, pipeline etc., (4) regulating reservoir and farm ponds,
(5) delivery works, (6) lateral canal and tertiary canal, (7) individual farm plots.

The purposes of the operation and management of the irrigation system are
summarized in three items as follows.

(a) Keeping accurate response due to precise operation of each facility in the
irrigation system.

(b) Realizing the integrated control of the irrigation system under linking with
operation of each facility.

(c) Preventing disasters due to accidental hazards.

3. Unreliability and non-linearity of phenomena in irrigation system

(a) Water resources are strongly affected by probability process of rainfall events
and non-linearity of hydrologic process. The supply capacity of water is, in usual,
unrefiable.

(b) Water demand has fluctuations in short term, because it is also affected by
rainfall events. In addition, water demand is changeable due to cropping patterns
and so on,

(c) Water conveyance, for example, long open channel has a large time lag betwee
operation and response. And this is one of the delicate nonlinear phenomena.

The integrated control of irrigation system has, therefore, delicate matters to treat
sufficiently. There are many complicated problems to solve.

4. Systematization of irrigation system control

To realize the efficient operation and the adequate management of irrigation
system, the control system should be built in. Fig.1 shows the essential terms and a
flowchart for building the control system in an irrigation system.

(1) Purpose of irrigation system control
There are many purpose items for controlling irrigation system such as “efficiently
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water use”, “instant response of operation”, “stability of response”, “minimization
of operation loss”, “minimization of energy cost” and so on. The purpose should
be made clear, at first. Some of items above mentioned might be treated as

restricted conditions.

(2) Establishing simulation technique for hydraulic dynamics in irrigation system

The simulation model should be established as a computer-software for analyzing
the complicated non-linear hydraulic phenomena in irrigation system with various
conditions.
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Fig.1 Planning and designing process. (After Shiraishi, 1979)

(3) Decision of performance of water facilities in irrigation system

The performances of water facilities are determined in keeping of stability and
reliability of irrigation system as the results of simulation above mentioned. The
control system for irrigation system should be designed with the same time of
planning of irrigation system. But, in usual, the control system is considered after
completion of irrigation system. In this case, some of compromises are not able to
avoid between irrigation system and control system.

{4) Investigating of required information for control system

Information has to be investigated not only amounts but also qualities. How to
treat the accumulated information is preliminary examined for using as the data
given to control system after completing the system.

(5) Selecting of hydraulic sensors (amounts, arrays and locations)
Hydraulic sensors (amount, arrays and locations) are determined after
investigation of required information mentioned in the item (4).

(6) Selecting of communication system

It is investigated, to where and how to send the information data obtained by
sensors. In this stage, the investigations will be tried, which is suitable, the minor-
loop control or the central control and so on.  Also, communication system (wire
relaying or telemeter) is investigated and finally selected.

(7) Proposal of operating system for water facilities

The operating system of water facilities is inquired, for example, concerning oil
pressure methods or motor-operated methods, etc. The operations for emergency
have to be considered in this stage.



(8) Simulating for entire water system

Computer simulations for the entire water system are carried out to various
conditions on presumed events in the system. Here, the entire water system is
defined as a combination of the irrigation system and the control system. And it
has to be confirmed that the entire system is stable and reliable for various
conditions. If the stability or the reliability is not satisfied, the plan should be
feedback to the item 3.

(9) Establishment of control system for irrigation system

The hardware of the control system is established through the series of process
above mentioned. The layout of the control center, sub-centers and satellite stations
is finally settled.

5. Conclusion

The big problem to be solved is a severe phenomenon occurred at the joint of open
channel and pipeline. Open channel has a large delay between operation and
response, and the order of the delay is hourly. Especially, it takes several hours in
long channel. On the contrary, the response of pipeline is very short. The respons
time is counted with the second unit in pipeline. In case of jointing open channel
and pipeline, it is recommended to construct a regulating reservoir. If there is not
any regulating facility, a big amount of operation loss of water appears at the joint
site.
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