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1. Introduction :

~In. recent years. agrlculture and

related ﬂelds have under: gone:

1arge changes -not ‘only in Japan but
throughout the world Paddy fields
which had been . the main obJect of
irrigation up’ _:to now have been

provided . with farm = irrigation

ditches so as to enable farmers to

control - water freely from the
plot-to-plot irrigation, and upland
‘field has begun to be Irrigated
receot'ly._ Modernization of ‘such

jrrigation -sys":cems' has . brought

increased ‘Water requirement and

greater: fluctuation of it.  In

'addﬂ:ioﬁ. the' demand for elty and’

1ndustr1a1 use water has grown with
the development of industries and
ohanges in life style thus water

resources have come to be crucial.

These situatlons demanded  an un-

steady water supply _ which -could

b‘ala_nce‘- water requirement with the

control of wasteful discharges when
construction or improvement of the
irrigation canal system and water
management. _ '

-Facilities such as check gates,
regnlating reservoirs, ‘small ponds
called farm ponds, manipulating type
offtake regulators, etc.,r have been
adopted as lrrigatioh facilities to
realize these demands.

An };rrigation canal system with
buffer
possible to efficiently

an appropriate
makes it

conduct ‘an unsteady water supply

function.

that balances the fluctuating water
requirement with the -prevention of

surplus - water. However, in an

irrigation canal system with 1little
systematic

buffer function, " the

operation of faci].ities' can be
con51dered _for accomplishing a
certain degree of water management

as mentioned above.
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This report covers a project in
which we constructed an unsteady
flow simulation model! for the main
canal In the Huay Luang Project,
which Is located in the northeastern
region of the Kingdom of Thalland.
This Huay Luahg Project had no
regulating reserveolrs along the main
andA little buffer function. The
operations of check_ gates and
offtake regulatoré are simulated in
order. to study the facllity
Opefation method for complying with
the changes In demand and for

controlling wasteful water.

I. Outline of the Huay Luang Project °

and Outline of the Unsteady Flow

Simulation Model
1. Outline of Huay Luang Project

The Huay Luang Projéct. the
project intended for reseafch, is
located in the  Udon Thani
Prefecture .in northeastern
Thailand, with an irrigation area
that covers about 13,000 ha.  (See
Figure 1.} The main water source is
dependent. on the Huay Luang Dam
built on’the Luang River, a branch’
of the Mekong River. The -crest
height of this dam is 12.5 m, the
crest length is 4.9 km, it has an
effective water storage capacity of

1.13 hundred willion o', and its
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Fig.1 Outline of Huay Luang Project

catchment area is 864km’. Moreover,
this irrigation canal system consists
of the left maln canal (total length
Is 49 km, maximum flow rate 6.3 w'/s)
and right main canal (total length is:
33 knm, maximum flow rate 6.1 n'/s)
which hold the Luang River in-
between, and . secondary canals
branching from- the maln- canal
mentioned above. - In addition to
this, it also.consists of tertiary

canails branching form these main



Phoio-3 Single gétedmfftake regulator

- canals énd secondary canals. Many
“of . the  main canal are
trapezold-shaped, which are made of
a  three-sided concrete lning
section and ‘a two-slded concrete
lining section. The botton gradient
is from 1/4,000 to'1/16,000 for the

right maln canal., = Hand-operated

¢constant head

check gzil;es have been Installed
inte._rmediately in the maln canal and
staffs of the Royail Irrigation
Department (RID) operate these

check pates. (See Photo 1.) In

- addltlon, secondary canals ahd many

tertlary canals diverge from the
malp canal, and the type of offtake
regulators for the. former is a
offtake
regulator, and that of the latter s

orifice

a sIngle gated-offtake regnlatof.

-{See Photos 2 and 3.} 'The maln caﬁal

have concrete linings that have
slipped mldway In several places,
and water plants - have grown
thickly, especlally In “the gentle
gradient sections of the midstream
and downstream parts, It can not be
sald that .‘good maintenance have

been conducted.

2. Qutiine of Unsteady Flow Simula-
tion Model ' '
Since the objectlve is to study an

appropﬂate check gate and offtake

regulators operation, the flow =
conditlon In wmain casal is the
unsteady flow., Therefore, i 1 was

decided that construction of A

numerical simulation model of an

unsteady flow would be the best way
to .evaluate the various operations
quantitatively. The simulation,

model was decided to compare with



on-site wate.r level observation Lo
Judge the appropriateness of our
unsteady flow simulatjon model.

Therefore, The simulation model
was declded to  construct the
‘gimulatlon model up to the 13 km
polnt (2 km downstream from the
check gat.e No. 3) from the Intake
work of this right main canal from
Huay Luang Dam by taking into con-
sideratlon the observation labours,
ete.

The main structures in this area
are the. chute, syphon, drop, check
structures

gates . (3 places),

crossing rlvers (2, rectangular

aqueducts), single 'gated~off.take
r:egulators (213, constant = head
o'rlficé offtake _r_egulatbr {1},
junction work (1) a.nd'irrcgular forin
of .stone masonry  fixed welr
reportedly constructed by farmers.
(Sée Table 1.} .

it was decided. that the analysis
method was to be of the unsteady

flow analysls method ultilizlng the

central differences method
developed by Dr.M.Nakamura = and
Dr.H.Shiraishi®’. The  handling
me.thods - for the.  following

. s_t'ructurés In the unsteady flow
analysls are as foliows.

Fixed Weir : Instead of solving
the equation of motion, The flxed

welr Is positioned at the flow

—— ?6__

" obtalned.

mentloned

veloclty calculation point (1} and

'obtain the mean velocity of flow (Vi)

and passing discharge Q) from
water level Hi-i at the upstream
water depth-'caléiﬂation polnt and
water level H.iu at the downstream
water depth calculation point by
using the rectangular welr formula,
one of Honma's formulas®. The
equation of continulty l‘s. solved by
using the passing dls'ch_a‘;"gé, and the
By and - Hieo after delta t are

Check Gate : The che:(ik gate Is
positioned at the - veloclty
calculation polnt (1) as In the fixed
welr. By Judging from the upstream
and downstream. water level and gate
opening, the mean velocity (vi) and
passing 'dlschargé (Q:) are obtalned
from the water level difference
between the -‘upst're'a_m a'nd.

downstream by the formula ‘of the

_ submerged orifice or incomplete
orifice®. - The

N eqpétion_ of
continuity is ‘solved by using the
passlng  discharge, and the water
depth and -wafer level '?of the
upstream and d_ownstream'aftgr delta
t are obtain_éd.

- Syphon : As with other structures
above, the = syphon was
positioned -at. . the veloélty
calculation point (i), the fol‘léwing

eguation from the rigid water column



Table 1 Structures analysized in Right Main Canal

Name of blstahee Mrom

Stwe of Hafn Canal Remarks

chute works
length 245m

No.3

Structure upstream cid Maln lﬁlmenslons.ohc‘
um |
Brog work 0,355 lepgth @ 35m, fall: 2.1a
Fixed welr 16 Irregular shape made by stones
hetght @ about 0.7m
Syphon : 1.456-1,546 | length : 96m, Dolble, Square
1.2 =% l.2m
Check Gate 5203 widilh 1.2m x 2 lecaves, manual
- No.l
Check Gale 6.035 widlh L.5m % ] leaf, manual
0.2 : .

6.035-6.280 Rectangle, width 1.55w, fakl 7.1a:

funcilon of 6.584 ‘| width {55, helght L.25m

niq cannl Gote type

hquaduct 7.730-1.750 | Rectangular, lcngth 20m, width 3,250
'Aquadt}c t 10.720-10.740 Rcc.tangulnr. length 20m, widtk 3.3m
Chock Gate 11.105 . widlh 1.2m x 2 leaves, ranual

| means bed slope
| s'means stae wall stope
1=i/4.000, s=1:1.5, be2.5m | b means Led wldih

side walls and bed Is lined

1=1/8,000, s+t 1.5, b=2.50 -
slde walls and bed Is lined

12t /16,000, sul:1.5. be5.0n
only slde walls are lined

1=1716,800, 5-1.5, b=0.0m
only side walls are lined

theory based on the water level
difference between the upstream and
downstfeam
' Runge-Kui:ta methed, and the
veloclty

syphon are obtalned

nFlvl)v

.
g dt ' R*=
Here, ? : siphon length,
' g : acceleratlon of gravity..
n: rouﬁhnéss’coefﬂéient of
Manning.
v : velocity in a syphon,
R : the hydraulic Radius

Drop : The drop Is positioned at

— 7 —

Is = solved . by the

and discharge In the

the velocity calculation point (i).
The critical depth hei—i of the (i-1)
peint :is obtalned frqﬁ:]'ﬁhe discharge
of the upstream veloclty calculatibn
poiht (1—2).- and the céﬁal shape of
(i-1), which is the - water = depth
calculation point. ' '

The 'wa.ter.depth Hi-1 obtalned
from the equation of continulty and
the critical depth hci-:  are

compared, ‘and when It reaches hoi

> Himy, Wi I8 regarded ~as the

critical depth, v Is regarded as the
critical fldw velocity, and it iIs
nade nQ: = nQi—=,

Single gated-offtake regulator:
The single gated-offtake regulator

Is positioned at the water Ilevel



calculation polnt, the velocity and
dlscharge thrbugh the pipe of
offtake regulator are obtained by
Manning's fdrﬁlula based on the pipe
length and water level difference
between the water level Hi of the
main canal before delta t and the
water level in tertlary canal (since

there were no data this time, the

water level was ass_umed as belng at -

the center of the offtake pipe), and
the equation of continulty was
golved by uslng this discharge
through offtake regulator as the
lateral outflow discharge.

Constant head orifice offtake
regulator: this offtake regulator is
positioned at the water level
calculatlon point, as was:  the
gated~offtake reglilators, and the
discharge through the offtake
regulator Is calculated fro_m the
water level in maln canal before
delta t, water level of stilling pool
{assumed as 183'.772'._m), coefflicient of
velocity (0.60) and gate opening.
'l‘he_ equation of continuity is
calcﬁlated. by using this discharge
through the offtake regulator as
the lateral outflow dlscharge.

The identification of the
roughness coefficlent, which 1s a
field constant, s an Important
factor for ¢onduct1hg an unsteady

flow simulation con.forming_ to the

. condueted at 18

water level

actual slte.
Water level observations were
places for

identification of - roughness

coefficient and at 16 places for

‘testing the simulation model. The

observatlons ~ were
conducted at 5-minute intervals from
9:00 A.M. to 16:00 P.M. ‘on November 3,
1989 by visual observatlon of staff
gauges fixed to slde_'wails. ete. In
additlon, the discharge gate of the
dam was operated for 2 minutes and
24 seconds ftzom 9:20 A.M. on the same
day and the dlscharge was changed
from 2.2 w'/s to 3.4 w'/s.

Junctlen. work and .all offtake
regulators were closed during the
observétion pertod.

The stmulation  model. was
constructed, malnly dependent on
t;he design books _such as.' the
longltudinal drawlngs of main canal,
structural drawlngs of structures,
ete. (See Fllgure 2.) Moreover, the
discharge-time _r_elati_onshlp was
giveh to the_ upstre.am end  as
boundary éonditlon,‘ and by taking
into consllderlng the ‘simulation of

Chapter 3, ..a' bound_a_ry condition was

_given to the ddwns_tream_ end so that

flow water depth became unlform.
Then, = Manning's _coefficient  of
roughness was estimated ’bésed on
the inltial ~dlscharge, final
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discharge, initlal and final water downstream than the junctlon work

levels at each gauging point. from the old canal.

‘Mannlng's c’oéfﬂcient of roughness
obtained from the two discharge

conditions was within the range of

0.020 - 0.070.
In observing the  assumed
coefﬂcient of  roughness, an

" extremely high value was shown In
the gentie' gradient canal ‘of the

middle reach, which Is locatcd more

Although the declining of water
passing efﬂclehcy due to the slope
collapse and the thick gr;owth of
water planits can be considered the .
causes, the roughness coefficient of
the lower reach Is not so great.
although the .

botton elevation of the design book

Therefore, canal

has been used In this analysls, the



actual cause céu_l be " consldered
primarily that the canal hottom
elevation has become high through
sedlment inflow from the old canal.
However, the canal cross section
was not surveyed because of the
enormous costs and time Ilnvolved.
Therefore, we regarded these values
as the characteristlc values of the
simulation model In this research
and declded to simﬁlate check-gates
and regulators operations, by the
model based on this value. _
The elevation of water level
gauging points were leveled pr'ior to
the water level observation. 1In
addition, {t had

completely “the

although not

reached - steady
condition In the lower reach of the
after the

3.4

main canal changing

.discharge to m /s, it was

regarded as a steady flow and we
estimated of the roughness
Then an u'nsteady flow

the

coefficient.

was simulated under same
discharge condition as the water
level observation. The
shown In Figures 3 and 4, compares
the observations and the unsteady
flow slmulation. As it 1s clear from
these drawlngs, the consi:ruc:ted
simulation model can be considered
sufficlently accurate for - pursulng

the actual hydraulic phenomenon.

result,
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. Proposal for Mef:hod to Improve
the Gate Operation Technique
1. Tssues of present the Gate Opera
. tion Technique
We have se.en that despite the fact
that operatlons in an Irrigation
canal system generally affect the
entire flow condition as a system,
there are many cases where the gate
Is operated as Independently by
only taking Into consideration the
water level difference befween the
at =&

upstream and @ downstream

certaln time, Tnecessary passing

discharge, etc. In such cases,

‘entire system s often operated

slmultaneously at a specific time,

according to a sixth sense based on

the long ekpetjjence of the
irrigation  engineers . or gate
operators. For example, In the

Project M of country A, gates are
simultaneously operated three times
a day (7:00. AM, 11:00 AM, -3:00 PM)
accordlng to the flow condltion at
that time and discharge lnstructed
by the control center. _

Since. the gate openlngs are
adjusted all at once according to
the flow condltion at that time, it i3
assumed that the. realizatlon of the
' target flow condition will be

‘- imp(;sslble | the  flow
_cOnﬁitlon itself will change over
In addition, although it was

because

time.

the

explained that the gate operator In
the Huay Luang area operated the
there

operation manuals on which to base

check gate at need, are no
water management operations; there
Is nothing which shows clearly the
relations among the water level
difference, gate openlng and passing
discharge; the check water leve] ls
it

appeared that gate operatlon relied

also not clear. Therefore,
on the sixth sense of the gate
operator, and gates were operated
80 that water did not overflow from
the main canal.,

: 'OIIrIglnally.- It seems that the
basis for water management of the
to . supply

the

rhaln -canal was
efflclently

Irrigatlion water conforming to the

“.and steadily

water requirement which changes
spatially and with time. However, it
Is also appears that Ideal water
managemént will be impdssible_ as
long as the gates are operated as

descrlbéd above.

2. Methods of Operating Check Gates
‘and Offtake Regulator Gates
This paragraph will examine a
gate operation method capable of
supplying irrlgation 'water
efficlently and steadily accordlng
to .changeé in water requirement by

using the unsteady flow slmulation



model constructed In Paragraph II.

First of all, the waler
requirement will be estimated as
follows, There are an offtake
regulator to secondary canal in one
place and offtake regulator to
tertiary canal in 21 places In the 11
km sectlon of the upper reaches of
the right maln canal. When all of
these offtake reg"ulatqr gates are
closed and check gate No. 3 s
supplying the water of 2.2 w'/s to
the lower treaches only, while,
simultaneously a designed discharge
becomes necessary in comparatively
large-scaled offfake régulatorsin b
places, a discharge Increase of 0.298
' /s becomes neces‘sary. in the lower
reaches of check gate No. 3, that is,
the total ‘wat_er of 3.4w /s gets
‘necessary. After the_ continuation
of these necessary dis'char.ges {for 24
hours; it is decreased to the tnitial
' necessary dlscharge again. (See
Figure 5._) One typical operation
method to conslder for these gates
is the method of operating the gates
alli at once, and another method is
to 6'per_ate them in order from the
upstream gates by taking Into
consideration the water arrival
: ti_me. |

Various times can be considered

also on the water arrival time In -

Discharge

this case, For example, when water
s discharged in the end of the

upper reaches of the canal and the
dischargé is Increased by delta Q,
flow conditlon change of polnt A at
a fixed distance generally Is. as

shown In Figure 6.
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In  this case, there may be
occaslons when time To, the change
starting time, Is made the water
arrival time. Morcover, there may
aISo be OCcasions when the arrival
time of the lfrléatloxl water of 0.9
delta Q discharge is made the water
arrival time. However, the water
_ arrival time will be made 2/3 delta Q
here.  According .to study by
Dr.K.Iwasak!™, the reason for this is
that the area of abc is egual to the
area of cde and even when operating
a gate for water-intake of necessary
di'scharge by the offtake regulator
proﬂded at polnt A at time T It

can be assumed that effects will not

be exerted more substantially at the
main canal dischérge In the lower
reaches than they are at the offtake
regulator. In additlon, time T lIs
obtainable by delta V/ delta Q.

Here, delta V 1Is the change of

storage volume in the canal.

Preclsély speaking, it Is
considered that the water arrival
time T: up to each chéck gate and
each offtake i-egu_lator should be
obtained, and these facllitles
should be operated according to
these arrival times. However, It
becomes complicated when
considering actual gate operation,
and it Is almost Impossible,
Therefore, the Irrigation water
arrival time up to the check gate
wlll be obtained in the first place,
and the offtake reg‘ilaitor' located in
the upper reac_:hes from this 'will be
operated by this time. The water
arrival tlme up to each check gate

Is shown In Table 2.

Table 2 Arrival Time between each section

Hesh | Distance | Inttisl tnitiel |Final

Yolvae

Finst 4Q | av | avs4a| T
Discharge Storage § Glachage

Storsga | {(Qe— Q) [ (Ve—V1) (1) (ET)| Renarks
Yoluse

Mo (km) | Qu{r’/a) V(o) | Qaletfs) | Velard ¥ (r'/s) (=) (3ec) {sec)
Updtrean | 2 0
2.2 30,632 3.4 395,518 1.2 4,836 4,030 .
{1.12) { ) acans
CH 51 5.158 . hour unit
- 2.2 8,318 3.3 6,437 1.3 118 Aoa ] 4,138 - :
{0.83) {1.1%)
cHZ Tt 6.040
2.2 71,593 3.18 75,870 0.98 4,277 4,364 #.502
(1.21) (2.128)
cta3 123 11.100




By taking Into coﬁsideration the
water management which we have
observed up to now, the followlng 7
cases of concrete operation methods
which aimed at ‘reallzing a more
sultable operation method were
assumed based on the: method of:
operétiug gates ‘all  at - once
regularly; operating them several
times all at once regularly and
dally; - and

considering the water arrival time.

operating them by

O Case 1 Simultaneously with
changing the 'discharge from the
dam, the opening of the =check gates
and gates of offtake reguiators are
adjusted =ea.ccording: to the upstréam
and downstream water levels “and
necessary discharges of facilitles at
that time, :

@ Case 2 : T: hours after changing
the dlscharge from the dam, the gate
openings aré adjusted based On.the
w_éter’ level at that (moment).

® Case 3 : 2-T: hours after
changlng: the dlscharge from the
dam, the gate openings are adjusted
based on the water level at that
.(moment).

@ Case 4 Simultaneously with
changing the dlscharge from the
dam, thec check gate openings are

adjusted - according to the check

water level f{or the upsiream water

B4~

(3.0 5 Tq).

level and acco.rding to water level
at that time for the downstreanm
water level. Moreover, the cpenings
for the gates of offtake regulators
will be set so that  the 'neceésal‘y
offtake discharge can be diverted
according to the main canal level at
that time. In additlon, readjustment
of gates shall be conducted three |
hours later- under a simllar ldea.
Since the check water level was not
expressed clearly In this project,
the water = level at deslgned
discharge was made the check water
level. '
& Case 5 :

dlscharge from the dam, the gates

After changing the

are operated In the same way as case
4 after the lapse of time T: and time
® Case 6 : Obtain in advance the
water level of the flow dlrectly
under each check gate after
discharge Increase by the
non-uniform flow calculation, and
obtaln the necessary opening of the
gates after dlscharge increase from
this level énd the check water
level. Simultaneéusly with ’fche dam
discharge change, the opening of

gates will be changed to this

-opening. The opening of the gate of

offtake regulator 1L-R will be
calculated according to the check

water level of check gaté No. 3, and



other offtake regulators wiil have

their' gate opening ad justed
according to the main canal level at
that time.
@ Case 7
necessary opening of check gates
are calculated In advance. Adjust
check- gates and offtake regulators
gates openings, after the lapse of
time T from the dlscharge from the
dam change under the same reasoning

as in case 6.

-3. Unsteady flow simulation results
‘and thelr discussion
Table 3 shows the 24-hour water
volume difference through the check
offtaice
obtained from  the

unsteady flow simulation and the

gates and regulators

respective
originally necessary dlscharge.
Moreover, the dlscharge change of
major polnts among the simulation
results are shown in Flgures 7 to 10,
The discharge from the dam was
increased to 3.4 w'/s In 20 hours and

the dperation ~of discharge

reduction was conducted In 44 hours.

The effect of gate operation
which conslders the water arrival
tlme becomes clear 'whe_n comparing
‘case 1 wlth case 7. In operatlons of
case 1, case 4 and case 6, In which
the water 'érrlval time Is - not

considered, {ogether with the

As- in case 6, the

necessary diséhﬂrge nét - belng
secured in each cheék gate and
offtake regulators located in the
downstream section of the maln canal
In case of discharge Increase, the

flow condﬁion also

becomes
unstable for a long perlod.
ffurthermore, more than the

necessary discharge become diverted
on the offtake regulators located

upstreamn. (See Flgure 7 to 10 and

- Table 3.)

For example, In case 1, the 24
hours mean surplus volume of the
offtake regulator 8L Is 15 percent.
The offtake dlscharge had actually
reduced with the dropping of the

‘water level at the bég_lnnlhg, and

the surplus offtake discharge of

about 20 percent was generated just

_before the lapse of 44 hours. On

the other hand, a  large water
shortage was generated for-a long
period In the offtake regulator 1L-R
jocated downsircam as a result of
this I_Iifluence. and it was clear that
{t became e¢equal to of upstream
priority.

In contrast to this, the
irrigation water which' has become
unnecesséry flows dowh to the lower
reaches of tl_ie check gate In the
case of dlscharge decrement, and as
long as there are no storage

facilities _such_ as ~ regulating
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reservolr, ete,, it will finally be
discharged wastefully from the
Irrigation can.al system. For
example, In check gate No. 3 of case
1, it rises to about 5 percent more
than the necessary d}sc.harge at 24
hours average.l reachihg 10,000 .
However, In case 2 and case 3 the
water arrilval time Is taken 11_1to
- conslderatlon an& '
operated according to the water
level at that time. Although the
surplus and shortage volume are
reduced In comparison with case 1, 1t
appears that there is not so much
difference In comparison with case 6,
which does not include the water
arrival time and. operates gates by
estim.atlng the futyre water level.
However, when observing the volume
change of offtake regulator IL-R
over time, the offtake discharge ls
comparatively stable In cases 2 and
3, In contrast to . the offtake
discharge shqrtage. that continues
for a long period In case 6 and case
1. Although the flow condition Is
slightly improved in case 3 when
offtake

discharge drops remarkably Just

compared with case 2,

before the closing of offtake
regulator gate. (See Figures 9 and
10). |

Among - the seven water

management methods, case 7 can be

 gates are

‘estimating

conslidered as the best method, and
case 5 ranks next. Especially In
case :'?. a necessary and stable flow
condition Is.  reallzable over the
entire area almost simultancously

with gate operations., In addltion,

_unnécessary Irrigation water does

not flow down lower than the check
gate No. 3 lh the case of d_lécharge
decrement, and storage within the
system Is possible,

The gate operation methed of
case 7 Includes ‘the work of

the - check gate
downstream water level In advance
and becomes  slightly  more
complicated  than chér ‘methods.
However, estimation Is possiblg' by
calculating the various non-uniform
floﬁ, and gate _operétio‘n by this
method Is. ce_rtalhly possible. In
additlon, although the operatlon
frequéncy of each gate will increase
by one tline in case 5, It wlli not be
Imposslble as  a genéral gate
qpef&ti’on system. - In any event, it
has become clear from these
simulations that waste_fui discharge
can be prevented at discharge
decrement while stabilizing the flow
condition of the entire system and
makmg stable offtdke discharge

possible by operating  gates

according to the water arrlval time.



V. .Conclusion _

 Taking the upstream sectlon of
the right bank maln canal of the
lluay Luang Project In the Kingdom
of Thalland as the example objective
'project. ‘The Improvement of the
‘gate operation method wére studied
by - using the - unsteady flow
simulation.

By gﬁte :ope'ra_tion which has
added . the water arrival time Into
éonsidera,tlor_l following these
vaxjiaus:_ researches, it appears that
‘many  lirrigation en.glneers . had
expected nore stable water
'managemen't would becomé possible.
However, the effect has not been
proved with concrete numerical
values, but we belleve that this
analysis has clarified the natter.
An Indlvidual unsteady flow for each
system must be simulated on the
water arrival time or the tlme
obtained empirically must be ‘used,
since the water arrival time differs
according to each irrigation canal
system. However, It can be assumed
that the water management of the
main canal can be greatly improved
by gate operation which includes the
water arrival tlme. )

The principal emphasis of water
management in this study has been
strictly placed on stabllizing the

flow condition, with the premise

— 89—

management the

that water reaq ui'rement for

Irrigation could be suspended
durlng the water arrival time or
that estimated operation was
possible. In other words, it made
the supply orlented  type water

premise.

* Enhancement of the buffer functlon

must be promoted In an irrigation
canal system which aims at a demand
orlented type water management with
frrigation water supply conforming
to water requirement™. -In addition,
for managlng efficlently the water,
the -éxact grasping ‘of water
requirement in each fleld and the
prep&ration of offtake 'regulator or
check gate capable of realizing a
acéurate dlscharge reallzing and
water measurement facilitles are
necessary.’
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