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IV1ANAGElVIENT OF IRRIGi\TION SYSTEMS 
FOR RICE DOUBLE CROPPING CTJLTURE 

IN THE TROPIC.AL MONSOON ,AREA 

Yoshinobu KITA.'~,JCHA''· 

ABSTRA.CT 
In !"he tropic2J rnunsooi:. ~trc;-t. tLz:~ .:~_xistetk·,::' of a --'f~sen·oir ensuring \\"?tfr for 1:: 

dry se;:;c;;,,n by sLonng e:-.Tcss \\-'(tu~r the \\'(:'1: seasor; 1~-; lndispen;'>aLle for t 1·1e pn.h.:lice of 
nee double "\Vat er nianagerr>L'··nt irngat ion sysh::in \Yitb a reser·d)ir should be 

frorn i:ht::· 1. .. -:atcr source the tt'.rrninal 11rt~~. The irrigation sy-slern ougl-n 
a~ tn distrib1tl::: tin1t:h the n?quired .icrigation ;,,v;:,ter to the flelds. \Vater 

~,aving a1.cernpt. at tlv: terrninal 1c\\::l shn~Jd contribute U1 t.he red:Jcticn of the dt::pendenn-.~ on 

~~;~~~~;; ; ~; ;~~::~,;~-:~:;~~:~t~~p;~r. ( 1,1;~u,''.~:~~;~r1:~".·~;~1:i'.;c~)t ri,\:~~l~r m?l~r~•f :,:a~:r :::~~~r:~1 
~;'. 

lhe sy~;ter1 v.-·hit::h is an irr:portant {act.or detennin~n;._S the ln::;,s of \vater :n the sv?,ten1 
itst:1i cughL t,; be kept in rnittd ::ill th~;' tirne for t-he darn 
\'\·hich oup-hi to be cr)nsidt'n:,d ior irnproving the n1anagen1t:nc of 
resen;n}r are discussed ba~~ed or: the stt1dies \vhlch \•vere c:J_rned 
Schetrie oi Malay,' i;) and l ht:) dry zunc an?a of S . .ri Lank:·L 

Components of water managernent in water ,·onsumption 

In 'erm:!Hl paddy 1ields. wate·· requirt~rnem nrnst make proYis10n for fr,,~ loss due to e1·apo· 
rransp1ratiun (ET), seepage, JNrcolau,m and runoff The,;e losse,: ,·ar !Je divided i11L11 'wo p,ffts, 
i.,i. unav:1:dabk losses ;,nd ,'\'Oidable losse:-s ET percelatior> anci norm,•.l seepitgt:' are 
unaY,;idable lo•,ses. Runoff and seepage d I te to T.'1:r1rrigat1on, 1.mevcn d1sr ribut10n and JXJOr 

farn1 rnanager:nent' can be considered as aYoidabk~ losses and should be rninin1ized by proper 
rnanagernent. In this chapter, only· a•:oidable losse~ are dis'-·ussed. 

1 General trend of field intake 
Generailv, a !armer tends w introd11ce as much\, ,,:er into his field ci,; possit'lic and to drain 

rhe excess water off This lrend becomes :nc:reasingi\' con,-,picuous when the terminal irrigation 
and drainage system 1s impro,:t:·d and water 1.:ac be ea~,ily controlled m each individual field. 

In the tertiary de\·elonment area of the Muda Irngation Scheme, fieid" loca~ed in the upper 
c:,tream of the terminal irrigation canal tend to retain a large quantity of water, Converselv, 
fields located downstream tend to retain ::i small quantity of water, Namely, fields locaied in the 
upper ;;tream can easily take in a large quantity of water due to !he hvdraulic gradient hetween 
the tertiary canal and fields. i\cconiingly, fields located do'snstrearn are compelled to take in a 
small quarnity of water 1KnA:VH't<A et al.. 198➔ L A simil;;r trend was recognized in the dry ,:one 
area of Sri Lanka /KITAllll 'R.\, 1984 ). 

2 Seepage and :runoff 
According to the water halanc,: stuciy iTablc 1l in the tertiary development area of the 

Muda Irrigation Scheme, the aYerage daily runoff and seepage account.:d for ·L4 mm/day or 
41.5% of the awrage daily water consumption amounting to 10,fj mm/day during the 
supplementary supply period in the oft-season of 1984 \KITA,\H'KA et ai,, 1984). The 
characteris1ics of runoff including ~t:epage in a tertian deYdopment area. of which the canal 
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Table 1 \Vater balance in the ISA A, SCRBD3b during th: \ ~.iF4 o,f,, ,~:1·.;or, d:nii'. 
mm), :\Juda area, Malaysia 

Pn::::::<Hur;n i(_Jn SUJ.Jply (:i9 days'i 
1 ~ 10 :'viarch 10 

11 - 20 :\hin-h 
2 i - ::Sl l\farcb 

l - 8 April 

Sub-wt al , ,,,, 

10 
11 
f. 

Supplr-n1en1ary supply 0~~~ day~) 
9 - :!O Aµri; '.2 

21 ~ 30 April 
l ·· 10 May 

11 - 20 ]\fay 
n - 31 Ma\ 

] - 10 June 
11 ·· 20 June 
'.!l - :JO June 

1 - 10 July 
1 l - 20July 
21 - :n July 

1 - 10 Augu:,l 
11 - 20 August 
21 - ;-n /\ugust 

Sub-total 
('J!,) 

Total 
(li{,) 

l; !R: irrigation supply 
2) RF: rainfali 
:l) ET c,·apotransp1rnt ion 

10 
]() 

11 
10 
l(l 

]U 
hl 
10 
11 
JO 
10 

145 

184 

lOL~ 
92.(1 

Jfi.t t) 

7·0.~ 

19.'i 
0.0 

J 1.t) 
0,0 
0.() 

00 
0.U 

197.8 
1U 

;1(i2.4 
29.'7 

4 J VS: \'ariatlon of total existing \Yater in field 

RF 

z;.o 

29.2 

3L'7 

1S71 
7LO 

17.l 
18A 

1180,/ 
85.7 

lJ:30.8 
70.:l 

S) DR: drainage including seepage and percolation 

102.0 
149.3 
146,r; 
j 111.8 

514.; 
100J) 

137,7 

97.7 
G0,4 
3L9 

l:'JS.l 
,LO 
87.0 
17.1 
HU 

1378.:~ 
100.0 

1Sfi3.2 
100.0 

:p•) :) 

ll.1 

:.➔ 

'N.1 

density is 25 m/ha, during the grm\·ing period of rice plants can be shnwn by trll' nndt1ple 
regression model represented by Eq (] l in Table 2. Fig. l shuws the stati~:tical urnt hvdrograph 
during the growing period of rice plants in the off,season. Ii is ob\·iou'., from the hyc!n>graph 
that the wa1 er supply in rhe previous day ,'xerLs an influence on , he rnnuff of t be ucx ! day, 
although the water supply in a given day does not affect appreciably ,hf nrnoif in the ·mr:t' day. 
The maximum time lag bet\Yeen water supply and runoff is 7 days in this case. Thr ruw)Jf 
characteristics from fields depend on farmers· field management as v, di :.is topogrnpl1 y and 
canal density. For economical water us,\ the time lag between 1 he water supply and its peak 
runoff should he kept as long as possible ,vhen the draina!,'(e problem is nol critical. 

In the dry zone area of Sri Lanka, the a\·erage daily runoff a;rn,rntE'Cl frn 6.2 rnm,da\· r,r 
16.7'\;1 oi the average daily ,rn1er consumption during the growing period nf rice plant in the 
1979 Yala season and Ei.7 mm 'day or :18.7% in the 1979/80 Maha s\,11,on il(JTMvl!'RA arni EZAKI, 
19i{l; KnAv!FRA. 198,1). The high runoff during the Mahn season c;rn be .i:•wribect to the 
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inadequate use of rain water in fields. Namely, farmers frequently continue to introduce water 
into their fields without controlling the inlet regardless of the weather, Thus, in this case. 
valuable rain water is treated as excess water and drained off. 

Table 2 Multiple regression models for runoff, variation of TEW'', and water 
requirement in the iertiary development area, Muda Irrigation Scheme, 
Malaysia 

Items 

Runoff 

Variation 
ofTE'W11 

Water 
require· 
ment 

Equations 

Y(t )=0.338+0.012X(t)+0.202X(t-1)+0.ll 7X(t-2) 
+0.091X(t-3)+0.056X(t -4)+0.025X(t -5) 
+0.0:30X(t-6)+0.024X(t-7i ..... (1) 

MCC'' 

0.766 
Y(t): 

X(t;: 

VS(t)=-6.338+ l.029X(ti-0.223X(t-1)-0.157X(6-2l 0.930 VS(r): 
..... (2) 

X(t): 

X(t-i): 

X(t)=6.159+0.2l 7X(t-1)+0. 153X(t-2)+0.972VS(t) 0.930 X(t): 
..... (3) 

X(t-i): 

VS(t): 

Variable; 

estimated runoff includ
ing seepage on date t(mm l 

total water supply on 
date t(mm) 

X(t)::clR(tl+RF{ t) 
fR(t): irrigation supply 

on date t(mml 
l<F(t): rainfall on date 

t(mm) 

variation of TEW'' on date 
t(mmi 
water supply on date i 
(including rainfall) (mm) 
water supply on date t-i 
(including rainfall) (mm) 

water requirement on date 
t (mm) 
water supply on date t-i 
(including rainfall) (mm/ 
variation of stored water 
aimed at on date t (mm) 

-----------------------------------~---~·---·--··-··---
Note: l l TEW: Total existing water = standing water + existing water in the soil. 

2) MCC: Multiple correlation coefficient. 
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Fig. 1 Statistical unit hydrograph for paddy field runoff (including 
seepage) in the tertiary development area of the Muda 
Irrigation Scheme, Malaysia, 

~{ Economical water management and land consolidation 
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As an economical irrigation method, intermittent irrigation is usually adopted during dry 
spells in the dry zone area of Sri Lanka. In the Rajangana Scheme, intermittent irrigation is 
commonly adopted in the Yala season. Based on the water balance study carried out during the 
growing period of rice plants in the 1979 Yala season in the Rajangana Scheme, surface runoff 
of nearly 500 mm was obsen ed. Based on this study, intermittent irrigation did not appear to 
be a suitable measure for saving water. When intermittent irrigation is practiced, each lot 
should substitute its plot-to-plot irrigation method for the ponding irrigation method so as to 
avoid waste of water, However an ordinary lot is irregularly divided into a large number of 
small plots by dykes of poor quality in the dry zone (for example, 52 plots/0.7 ha in Lot No. 219 
of Tract 2 in L.B. of the Rajangana Scheme, 110 plots/2 ha in Lot No. 6 of Tract 2 in the Dewa 
huwa Scheme). It is very difficult to control irrigation water in each plot due to the large 
number of plots. In the case of the lJe\va huwa Scheme, it took more than two hours for two 
persons working actively to interrupt the water movement of llO plots in a 2.0 ha lot. Namely, 
it is physically impossible to interrupt the water mowment and to substitute plot-to-plot 
irrigation for ponding irrigation in each plot even though the intermittent irrigation method is 
adopted. This vvould result in a considerable surface runoff. Under the current conditions of 
terminal fields. intermittent irrigation is not advantageous. In order to promote economical 
water management in a terminal field. land consolidation should be given priority. 

The effectiveness of land consolidation on econominil water management was investigated 
by rnmparing ci consolidated lot 'Nith an adjacent non-consolidated lot in the Dewa huwa 
Scheme. Bast.-d on the investigation, the adYantages of land consolidation for economical water 
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ti°f.:°inagernen1 e~-~~ .. cntial for the ;:-,~t ce:-~sful 
perforn1anr:c 0.f t.he tertiary :;·,Jc<·.em. Land irrprove.ment i_nch.Eiing the constructi.on a terrnlrw-1 
11-rigation and_ drainage ~::yst:;::rn (hard\\:arc·) should bf~ folt:-';_ved by proper fa::·rn ·:anagen]C~t 

5 Tentative p,·o?;I1•:,al for v1 ,.Jt'i- managi:,mr,.11. in the .Vi;:da H hwck 
I3ased un the \-vat er b1lance- study c,::rtied nut 1n the SCRBJ)Sb tvluda II biock (KlTAf\tCR.A,, 

1985). the n~2;r<:·:-:sion equ:i hnn in Tali iv ~!. ,,:hich dtpicr-, t l1e rebt ions hip i,et \\'er1-i tile wat 
supply and ihe variatior nt rntal existin~r, w,,.ter ,TEW) f,Jr the supplemenL1n· ,.i;op!y period. 
wa~. deri',·ed. Based nn equatm1s the rn,.w, meni of watE'r ,;upp!i<.·d in ;iaddy fielrb c;m be 
anal~rzed very pnc iH ;v The fir,:t , or,,,ran! term me , he right hand side: 01 the equation rders to 
the sum of evapo! rrnspiratwn ,ll":, pi::-colation. The s;econd term refers to t•,e direct ir,crement 
of TEW durin)! the day ;n n°\a,ion to tht• watrr supply on :Ile sam: day. Tht~ third and fourth 
terms reft'r w t!;e decrea,e of TEW dunn}, the day by wrface rnnoff and seepage ,Jf the water 
supplied 011 the preYious da:, ,md two da.' ,, before. rt~specti·:dy. Eqi2) can be Lranspos<':'d and 
arranged as I~qCJ"i (Table 2)- rl'his equation can be used for the calculation of the \v·ater 
req1,1n·rrwnt of a gi. en dav. In Eq1 {'. X(t-1 land X(t iJ arc known and \'S(tl is tht· va:·ialiPn of 
stored \vatt:, "imed at m the iield nn a given c:ay. Eq<:r, can be n•adi!y apµlied for the water 
managernrnt during the snnn:ementary ,u1.·,;1!v p<"rifx:I in i he Muda II block. A,; an equation for 
water mar,agemenL Eu(:{J sllu~:ld bt' modtfie,1 in proportion to the improvement of farmers' 
managfrnent. Hc,\rfl•t:r, under the pn:SE'nt form rnanagernent level. Eq(:r, can he applit'd 
tentatively for \ta11:'i- management iu the Mud.:i II hlocks under sil',iLn- (ondition,, tu those 
prl:'vailing in SCRBl l:'ib. 

Components of water managen1ent for ,vater supply 

l Reservoir infhnv 
Rice doubltc croppir,g cultun. m 1he tropi,·,d rnunsoon a,·~:.1 dep,0 rn1,, ~1pon rbe 1.0!1:rne of 



Lrn,: fer th,, :fry 
st-::-,K:on crcp, \vf:ich can.not be planted \V1thout· receiYin.g: an Ddequ;Jte 
dan1 dur to the lo':,,v a.rnount of rainfa11 dur1r1g this seasoL. 

1,1 : ht: l\hda the '9';'8, ,, i se:1:<,:;n crnp hid to Lr ,:ariu:11e, ::':er t 1'c' ?ntir:: :v)uda :irea 
f,;·i rhis ·:-t?·;on. i:incl in 'in~(~ and 11:184 half of the IV1u/!::, area could not obtain h-r·igation \Vat er 
~:or thi:: otf.~et\,·;on ln tfcent years. thr'. shortage uf rcservtJir 1-1:,,·ater \'./hich htis uccurred 

.is ()ne of tht~ tno~-;; seriou·:~ con::.~traints :)n the f::stablishrn::..:nt. of .:-:.table ,~--;;..·e double 
culture the \'lttda ~:i:rea. 1.'t'tf•tefore; 1s very iinpnttc1nt for tbt proper rnanagen1en; 

\)} an ltrigatic;11 systf1n to eYaluate r:h.e pot en t1al of rcser\tnirs tor irritzc:t1on SUJ)p1y in. the [;luda 
area a.nd t0 dctermn1f the differt·nce bet \1.'"een th·e designed annual i;·1f!o'.v and actt1a l annual 
inflc)\Y, qu;.;1ntitati•,.,rely, Ji.xceedance probability actt1aJ annua1 inflG\V \\Ta5 plotted on tb.e basi::: 
,)f fo;,1r1een year d;:n~1 togeLher ,vnh that of the designed annu.:-3J ir-i-invI, as :'.~ho\\"f1 }n Fig '.?., 

C: 

I 
,J_ __,_l._,...,_ __ , _ __, _ _,,_ _ __._....__.__.._,..__.,___ ,. ___ _.___,.....___,'--..___,__..__. _ __, 

0.0! O l 05 i :-i 10 :m 50 70 90 '-lS 98 99 99.R 90.9 99,99 

i'uim1Jative prnhabilitv uf e;;ceedann-: 

Fig. 2 Exceedance probability of reservoir inflow, Muda and Pedu 
Dams, Malaysia. 

According t,i F:g. 2, it is expected that Jh,• actual inflov,: from the catchment area of the dams 
will be on]:: nOOxl(FiAc.Ft (740x106rn:; or 640.7 n~m) in contrast to the designed annual inflow of 
7SOx 10 1Ac.Ft (~25x 106m' or 800.9 mm) in a normal year with a probability of exceedance of 50%, 
Undoubtedly. the actual inflow is 20% lower than the originally designed inflow. Namely, a 
stricter cJa111 management 1s required so a::- to compensate for the deficiency of water resources 
as well as the ndoption of w;1ter re,:yding measure,,, effecti,·e use of uncontrolled river flow and 



:-mnialL etc. 
Rurwfr percen1age in ,,:,. ,atchrrnm area the t\Yt,a darns ranges ber\Yeen and 3'/·X,. 

l\ainfan. loss, 1.i::. the difference het-r,,Yeen the arnount of rainfall ;i.~nd run.off ranges frorn 1,300 r.o 
1,900 n1n1/year or fron; .3.f) to 5.:-:. rnrn/day, 'Tl1is an101..:.nt of rainfal 1c,s~:, 1s con5Ltcied in fonn 
of evapotranspiration front t l--1e cat<J: n1ent are·;.J. (Fig. 
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0 -1·---~~-'-·~·~---"----'----'--'---'---''- .~-~-"--..I..-..L..----L-

1 500 2,000 2,i'iOO 3.000 

Annual rainfall Ra (mm) 

Fig. 3 Relationship between annual rainfall and annual runoff in the 
c,atchment area of Muda and Pedu Dams (Muda Irrigation 
Scheme, Malaysia). 

Schedule of watE'r release frorn the reservoir shuuld be set up over a long period of time in 
considering the water demand, rainfall amount in the irrigation area and reserYoir inflow. For 
the setting of the schedule of water release from the reservoir, it is necessary to design a runoff 
forecasting system. From the rainfall-runoff analysis, the multiple regression equations /4)-('l\ 
in Table 3 1,vere derived. These equations can be used for the setting of the schedule of water 
release from the reservoir by forecasting the runoff. 

2 Uncontrolled river flow (side flow) 
The uncontrolled river flow (side flowl should be used for irrigation as effectively as 

possible so as to save reservoir water. As a general rule, the uncontrolled river flow has to be 
introduced into the irrigation area prior to the reservoir water, If the time lag of water flowing 
in the conveyance and distribution system is L hours, the \,·ater from the reservoir should be 
released L hours earlier than the start of demand. As the uncontrolled rivrr flow has to be 
estimated earlier than the reservoir release, the runoff forecasting system plays a very 
important role. In the Muda Irrigation Scheme, a telemetry system has been set up recently for 
the effective use of uncontrolled river flow. However, the runoff forecasting system has not 
been developed yet. Rainfall-runoff analysis was carried out in the adjacent dam basin of ,,vbich 
area is almost the same as the catchment area of the uncontrolled rivt·r flow (K!T!\i'vll1R1\ and 
NAKAYAMA, 1985). The runoff forecasting equations for various periods are sho,sn in Table 3. 
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3 Rainfall i:n the irrigation area 
Rainfall plays an important role in the operation of rice double '.;,•,·a,1,-, 

bnngs wn1er directly lo the paddy field':' ,,·ithmn any time lag. Thu,·,, r;}ir11;111 .,, 1,l:irc i-fic l•·,,, 

than irrigation \\~ater \vhich involYes conveyance 1oss and tjme lag frt}i!1 re•;er,'i;it 10 tne 
paddy fields. Rainfall should be used in the paddy field,, prior to r,0 c1t·! \'Oi•· \';,iter !r1 ,,nJ:t 
determine \\·hen vvater should he released from the resenoir, the avf:ragc· ;:,r;i.,u;-q o{ ;;•lnio0:f 
an irrigation nrea should be calculated as early as possible. However, it ;; \ery diffrn;;1 ,:.: 
determine the average rainfall in a large irrigation area located in the t ropi,':1i rr;onsoon :!rea. 
due to the rainfall characteristics. The rainfall is quite erratic es::;,ci2. !ly :n , he dry S,:?snr. 
Localized rain is one of the characteris,ics of the rainfall pattern in the tropical r~i:m.,.nrn1 aiy;;, 

Thus. it is necessary to analyse factors including location dependent e. locmional Yarn,t im;Q,, 
and lo,.:ationa1 correlation of rainfall quantitatively. In the '.Vlud,, ·in-,:. thE· rhanrc,; in thP 
correlation coefficient \Yit h the dist anl~e of rainfall bet \\'een t v,.10 a n'lnr~g nir~c rc1i nfaH ~.,t;:'. 1 ·inn::.; 
were analyzed, as shmvn in Fig. 4. (K rTA:VWRA et al., l 9K4). Based un the r,n,;d decn-a;:,: u; ilk 
currelation codficiem with the distance• shov;n in Fig. !1. it is po,,sil,:,, :,, deren1:ine thr· rni ,ra:i 

LO 

0.8 

OA 

5.0 !O() 1:i (i 

Distancr D :km) 

Fig. 4 Changes of correlation coefficient with distance in daily rainfall 
(Tunjang Drain Basin, Muda Irrigation Area, Malaysia). 

characteristics in the Muda area where localized rain prevails, It is remarl«:ible that the extent 
of the significance of linear correlation changes depends on the locational relation (direction) as 
well as the distance. In particular, in the case of the locational rel,ition of the East and West 
directions, the linear correlation is becoming more highly posiiive. On the other hand. the linear 
correlation is becoming more n~ative for the locational relation of the Nor1 h and South 
directions. It seems that this trend is closely related to the travelling direction ;md expanse of 
clouds which send rain. Such rainfall characteristics should be clarified ,md oughi tn he 
reflected for proper v.:ater management. 



Management 01 convc;-·ancf: and distribution system 

Con\·eyance and distribution kssets 
L) :Yatuud losses 

lt is \Tery in1port.;-n1t tu C'/~-:tludt-e the natural losses c.:uch as seepage., percol0tinn and 
cv-aporati(;n lo~\Sf:'S in the con-,,·r-yancc and distribution systern for the prctctica'I operation of 
exi:,ting irrigation :_:~yste1r; \~1 e.H as for ihe planning tind desli;n uf a Df:'\V irrigation projt:~cc 
r,peciailv in tlw rropir:1; mon'•l••)n at,:'.i, as Elll.,t of frw canal,, an' ma~e of earth. Ac,·nrding L

rht c;runy ,:m th,· n;itural losses in earth ca1:<1ls carnt:d ou1 in the: drv ,:cme area of Sri Lanka, 
some :rend;; ;:,re "-il'Dmariztd as fo::ows (F;g. 5), KIL'1Nr1-:.\ 1984; KrrAMt'l·L'>. and EL\KI, Elf\4). 

20 -

\'rrl. LE:: 

'-'t, 

;41,,\ 

I I 
I/ 

' ! ! I 
I i 
; f 

1' /R--LB :~lain (2; 
I i :~, 

Rli:! 1Tr2, 1.b) 

Discharge· im'/s,x) 

• Bank\ng 

• L.-ulting 

R - kajangana ~cheme 
H -- Ridiht·ndi Ela anicut 
fl l)e\,·:t hu\~'a shen1e 

Fig. 5 Relationship between discharge and conveyance loss in 
irri~ation channel in the dry zone, Sri Lanka. 

J) The natural losses in cut canals with a designed discharge of more than 1.0 rfr1/sec which 
\vere constructed on reddish brmnt earths ranged from 0.5 to 4.7%/km with an arerage of 
2.95%/krn. Since a series of im·estigations on natural losses were carried out dnring a dry 
spell, the figures listed aixwe are on the safe side for irrigation planning. If the canal runs 
on lowland as is the case for the Link Channel to Nikaweratiya, the lossE's decn'case aad 
average l .O'!f,/km. 

(21 In the case of banked canals, l he los;; rate is higher than in cut canals fort he following tv. (J 

reasons: 
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<:.: 1 Th,: hydraulic gradient of seepage flov,, i.e. the difference between the water ii':\ el of 
the canal and that of r.he grmindv, ater table, in a banked canal is usually larger than 
that of cut canals. 

(iJ) Compaction is not cffecfr,c enough to control seepage and percolation in many banked 
canals. Therefore, it i:, very important for the cons I ruction and maintenance of banked 
canals to control compaction. 

(3) ln small canals when: the design discharge is less !ban 1.0 m:11sec, the loss rate tends to be 
high owing to the lack of adequate operation and maintenance. 

(4) The natural losses are in inverse proportion to the discharge in the same canal. 
2) Operational loss 

In addition to the natural losses. operational loss should be taken into account, especially in 
an irrigat10n area with a long conveyance and distribution system such as the Chao Phraya
Meklong Project in Thailand and the Muda Irrigation Project. The time lag of water flowing in 
the system is an important factor which determines the loss of irrigation 1, ater in r he system 
itself. The flowing time oi water from the reservoir to the irrigation area is about 3 days in the 
Chao Phraya-Meklong Project (Royal Irrigation Department. 1982) and 27 hours in the Muda 
Project (KITAMCRA et al., 1984). Operational loss increases with the repeated release and 
interruption of release of vmter from the reservoir. Operational loss for release can be calculated 
by the following equation (refer to Fig. 6): 

<Irrig;iliun 
area) 

Release 
:·,tart 

Reiease 
stop 

Irrigation 
start 

I 

Flowing 
time (Tl) 

I 
! 
I 

Water intake 
time (Ti) 

Irrigation 
stop 

(hea\·y rain) 

Operational loss for release = 
storage rnlume in convevance 
and distribution system ·crt.Q1 

--- (Irrigati@ are;i) 

Fiowing 
time (Tl) 

Fig. 6 Operational loss for release (under constant discharge). 

O.L(%) = TLQ X - Tl 
(Ti + Tl).Q lOO - Ti + Tl x 100 (8) 

where O.L operational loss for release (%) 



,. 
1 1 

-,lt·ase discharg,. 
hours for releas,: .. _o rr1eet t1-te 

the irrigation area 

L?'? 

Ti 
I. l rne of ,vater l n .,:nveyance di:=-:tri !·:iut ion 

syste1n 

For e.xarnpl;·_ ,-. ter release fro1n rc~·:.i> ,_·._:.1 ;s interrupt~?d after three days oi 
:·-cn11inuous rele2·:::e ra:~n 1n the irrigation are,:~ c;f 1.he i\,luda Scherne, the operational lot.:-~:i 
:'nr this release ,, hi .. ;, , :,n be calculated b, amoc;nts 1,; '2 i'.Jti,. The most effe,:tin· 
r1easure lo reduce d1" :i:)er;;ninnal loss in the rnw·e1:,rn,:e and disr.ribntwn system is to build a 
proper· 1 egni;; ting reservoir in ar: area of th,: s,·,,tern. In the Aichi Trrigation 
Projec1 of the operat.ional .loss in. the n1ain canal, \\'hose total length is 112 krn, \vas 
n·dt:cen :,-.,:r, jSc\;. to S% by tht• c,lL,,ruction of a regulating reservoir 1Yl'l,,A\\A. 1972). 
Iln\ve\·c·, it ;"' ·.·ery difficult to a :suitable area ensuring the necessary sloragc c::ipacity 
in Ii,,~ monsoon zone. E1e:1 ;1; the 1Juda Scheme, a suit3.ble area for tit(' con,-;truction 
,,f a regulatmg t,:,,e, ,,·,i; ,·:•i: nm i:w easriy foun,l. Tl1r:tefore, tht~ stc•ra.1:;e functwn ot all thf: 
canals, drains and fields sho1..1ld be used effectiYe1y in future so as to store the ,vate1 
released from tlw re~;en·nir l hat is usually drained to the sea, which n~quires the farmer;./ 
understanding :.rnd in the whole irrigat1or; area. 

2 Existing problem~ and measures to nnpron, the management of 
,:onveyance and distribution :-,ystems 

B,:,,,,cJ on the imesti£:a1H,P ,,11 'rnpartiality of water distribution among di,:ersion 
\\·orks in the secondary- cana-1~~ as \YeH as the rr1ain canais in the dry zone area of Sri 
Lrnka. the following trend:' w,2re ,:ur,finned (K lTA'.vll'RA. 198.1.: K!TA:\1L'RA and EZAKI. l 984 ). 
Di·,er~.i,,n v,orks locared ir, tht' HiJJX'' st ream of main and secondary canab take ma large 
quantil;, of water in rnn,1x1ns,m v, ith tho~e located dcnrnstream (Fig. 7a). 

(2) Diversion ,,·c,rks su1·,pJv;ng a small area t;,he m a larger quantity of water than those 
supplying :; large area (Fig. 7bL 
The first trtnd i:o due In the considervhlt ditfe1·er1<:e between 1.he actual coefficient of 

roughness of the canal and tile designed coefficient of roughness. Namely. while ihe designed 
1 oefficient of roughnes'.; _.,a,, G 025. the actual coefficient of roughness w:i,; ().()38 in the Branch 
Channd 1:. and 0.037 in the Branch Charrnd 3 respectively, in the Rajangana Scheme. These 
actual 'ialw·., ,A coefficient of rnughne:0 s ,\ere even larger than rhe designed value for natural 
riYer. To k.:eep the impartialitv in \Yater distribution, the coefficient of roughness should be 
maimained a\ the designed level by apprnpnate management. The second trend is due to the 
structure of ,;mall diversion \\orb of \vhich gate·opening can be adjusted only in limited 
stages. For impartial water distribut10n. all diversion works should be imprnYed in order that 
their gate-opening can be adjusted continuously. 

In the Muda area. usuaily one operator is in charge c,f a major ~,1 ructure such as regulator 
and diversion works in order to operate the structure at specific intervals. Actually, the gate 
operation of each structure is performed every four hours if necessary in the daytime, i.e. 7.00 
am, l] .00 am, and :UJO pm (Muda Agricultural Development Authority, 1977). It seems that 
there are two problems in this operation ruie. One is the uniformization of the operation time 
in the entire Muda area, the olher is the short interval, i.e. only four hours, between the 
operation time in the daytime. lf all the irrigation structures are simultaneousiy operated in 
the entire Muda area. the flmv of all the canal system changes to an unsteady condition 
instantaneously. In this case, evrn if the gates are adjusted for the required discharge at each 
structure, the discharge changes immediately far from the originally adjusted discharge. 
Therefore, it is impor1ant to manage irrigation structures in due consideration of the 
locational relations of all the structures and waler flowing time in a si:ries of conveyance and 
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Amount of intake water at the head of each distributary 
channel, Jan. 10-11, 1980 (Maha). 
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Relationship between amount of intake ·water and cultivated 
area, Jan. 10-11, 1H80 (Maha). 
(High Level Main Channel, Nachchaduwa, Sri Lanka). 

distribution systems. H frequently takes more than four hours fvr the flow to become steady 
after the gate adjustment. Based on simulations of the gate operation of the regulators in the 
northern Canal, when the flO\v passes over the gate under the condition of perfect overflow. 
the water level and the discharge become steady in a comparatin,Iy short time (within three 
hours). However, when the flow at the gate is under a submerged condition. it tahes five or 
six hours for it w become steady (YOSHINO and T1\NJl, 1986). Accordingly in such a case. the 
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r,•-.;t gat.: cperat!,rn wW be perL,rmed ,:nder 1-:r;sreai:J: flow :u1c:1tions ·_; he i:1ktval oe: ween 
:he gare op:?rations should bt' detern1i.ned after due· consideration b<:1:sed on large nun1her of 
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Discussion 

Perez, A.T. (ADBJ: 1 Following your detailed study of the amount of ,vater available in the 
Muda scheme rescrrnii s, is there enongh irrigation water to achieve the full potential 
for 200'!1, cropping intensity' 2. Could the improvement of the irrigation efficiency in 
the primary and secondary canal:-. increase the supply of irngation water to achieve the 
full potential of target ted cropping intensity? For example, could the lining uf the main 
and ,wcondary canals help reduce the ccm\·eyance loss, 

Answer: l. It seems that there is not enough irrigation water to achie\'e the full potential for 
200171, cropping inten".'ity under the present conditions of water resources. Two 
alternatiYes could be proposed, namely to de,:elop new water resources, which is costly 
or to promote water recycling in the irrigation area. 2. I believe that it will be very 
difficult to achie\'e the full potential of targetted inlensity by only increasing the 
irrigation efficiency in rlw primary and :,ernndary canals. Other measures such as the 
n'cycling ot water. effecti\ e use of side flow should b<· adopted concurrently, Also more 
research in this field is essential. 


