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was obtained for every 2,000 feet (about 610m) in the river section between the Pedu 
Dam and Pelubang Headworks. For each cross-section, the flow area A for in­
cremental depth H was computed and the relationship plotted on a 
by a computer program. The curve obtained was approximated two straight lines 
and the corresponding coefficients a1 , /31, a2, /32, · · · · · · were evaluated as described in 
Eq. (VI-7). Fig.Vl-5(b) shows the relationship between the cross-sectional area of 
flow (A) and the water depth (H) at a river section in the middle reaches 

b) Outline of analytical model 
The entire river from the Pedu Dam to the Pelubang Headworks was divided into 

sections every .6.x = 2000feet, which were numbered sequentially (even number) from 
the upstream zone. The cross-sectional data obtained in paragraph are allocated 
to each section. 

Due to the insufficient number of cross-sectional data in the tributaries, only two 
tributaries whose basin is comparatively large, i.e. Sg. Tekai and Upper Sg. 
Padang Terap, were included in the model, as shown in Fig.VI-6. 

Normally. when the reservoir water is released from the Pedu Dam for the 
presaturation supply, little water remains in the tributaries. Water may flow 
backward into or out of the tributaries depending on the rise and fall of the water 
level in the main river. Therefore, in these simulation analyses, the following 
assumptions were adopted:-

It was assumed that there is always a small amount of stationary water in the river 
at a depth of 2-3cm (Hmin), and that the river never becomes completely empty. 
When the water depth (HJ in an adjacent mesh (upstream mesh for increasing 
process, downstream mesh for decreasing process) is deeper than Hmin, Eqs. (VI-5) 
and (VI-6) are analyzed. However, in case Hi is smaller than Hmin, the water depth 
(H 1) and velocity (vJ for the mesh concerned are set to Hmin and O (zero) respectively 
[Iwasaki 1975], and then the analysis is continued. 
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Fig.VI~6 Model structure of Sg. Padang Terap, Muda Scheme, Malaysia. 
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Fig. VI-7 Estimation of coefficient of roughness(n), Sg. Padang Terap, Muda Scheme, 

Malaysia. 
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Fig. VI-8 Fluctuations of the water level at Kepala Batas ; 1986 dry season (Feb. 27, 

1986 to Mar.1, 1986), Muda Scheme, Malaysia. 
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Fig.VI~9 Fluctuations of the water level at Kuala Nerang; 1986 dry season (Feb.27, 

1986 to Mar .1. 1986), Muda Scheme, Malaysia. 

2 .1. 2 Analysis of flow-arrival time 
(1) Estimation of coefficient of roughness 

In order to construct a mathematical model that can reflect the actual flow 
conditions, it is necessary to estimate the coefficient of roughness (n) (or model 
coefficient) as accurately as possible. Based on the discharge data at the Pedu Dam 
and water level data at the Pelubang Headworks, Kuala N erang and Kepala Batas 
stations collected during the early stage (Feb. 27-Mar .1) of the 1986 dry season crop, 
the coefficient of roughness was estimated by the trial and error method as follows:-

Firstly, simulations were carried out by assuming a n value of 0. 020 and 0. 025 
(whole reaches). 0.026 (upper reaches) and 0.028 (lower reaches). The computed 
water levels at the two stations were plotted against n as shown in Fig. VI-7, and the 
value of n that gave the observed water level was read. Therefore, n was estimated 
at 0.026 at Kepala Batas and 0.027 at Kuala Nerang. Figs. VI-8 and VI-9 show the 
water level fluctuations simulated by the model at both stations, of which n is 0. 026 
in the upper reaches (mesh No. 2-76) and 0. 027 in the lower reaches (mesh No. 78-
220) , together with the observed data. It appears that the simulated results with the 
above n values agreed well with the observed data, and could be selected for 
subsequent analyses. 

(2) Flow-arrival time 
a) Method of investigation of the flow-arrival time and simulation cases 
In this paper, the flow-arrival time is defined as the time required at a selected 

section for a canal system under steady flow conditions with a discharge Q to change 
to steady flow conditions with a discharge of Q ± b.Q when the upstream end 
discharge is increased by ± b.Q. Therefore, under the initial conditions of steady 
flow and selected boundary conditions such as discharge at the upstream end and 
water level at the down-stream end, the simulation was continued until the appear-



92 

ance of steady riov·.' conditinni:: In the v,T·J'<:: canal 
67km. 

;:,,·,ering a distaDce of 

During the period ,,-hen water release is requin:d for the _presaturation supply, the 
river flow from the basin is very small and negligible Thus, only the dam release 
discharge \Vas given as the boundary condition at the upstream end. For the bound­
ary condition at the downstream end, the \Ydter level al the Pdubang Head works 
(rlesigned water level EL. 8. 02m' vvas given 

Firstly. the following tvrn case~; \\ hich differ in Lheir initial conditions but show 
the same discharge increments are discussed. 

Case J, ... ., initial steady flow of 5.om:i;s, final steady flovv of 33.:3m3/s (dis­
charge increment of 28. 3m3 / s) 

Case z ...... initial steady flov; of 28.3m3/s. final steady flow of 56.6re'i/s (dis-
charge increment of 28. 3m'! 

The rate of discharge of 28.3m3 ./s is equivalent to] .000cusec (cubic feet per second) 
which is the discharge rate commonly used for water release operations at the Pedu 
Dam by MADA. 

Then, another four cases. of \lvhich the discharge patterns at Pedu Dam are either 
in an increasing or decreasing process, are also discussed. 

Case 3 . ., ... initial steady flow of 5.0m3/s. final steady flow of 75. 75m3 /s (dis­
charge increment of 14 .15m3 /s (500 cusec) at 3 hourly intervals) 

Case 4 ...... initial steady flow of 75. 75m3/s, final steady flow of 5.0m3 (dis-
charge increment of 14 .15m 3 at 6 hourly intervals) 

Case 5 ...... initial steady flow of 5.0rrt,s, final steady flow of 56.6nh's (2000 
cusec) (discharge increment of 5L6m3/s was increased in 3 stages) 

Case 6· .. · .. initial steady flow of 84. 9m3 ./ s 1.3000 cusec) , final steady flow of 
56. 6m3 /s (2000 cusec) (discharge increment of 28. 3m3 /s (1000 cusec) 
was decreased in 3 stages) 

The last four cases were set up for the investigation on the safety of the river canal 
as well as flow-arrival time under each water release pattern. Cases 5 and 6 are 
commonly encountered in the Muda Irrigation Scheme, and show a more practical 
water release pattern than Cases 3 and 4. 

b) Flow-arrival conditions and non-dimensional expression 
The water release pattern and the simulated discharge variations at Kuala N erang 

(mesh No.ll0) and the Pelubang Headworks (mesh No.220) of Cases 1 and 2 are 
depicted in Fig. VI-10 which shows that when the initial discharge is larger, the 
flow-arrival time becomes shorter. It also shows that it is possible to estimate fairly 
accurately the discharge variations at the Pelubang Headworks by means of the 
simulation model. However, the model is not practical for studies on the flow-arrival 
conditions for every possible flow in a given canal system due to the large amount of 
time, effort and money involved, Therefore, a simplified estimation method of the 
flow-arrival conditions is required for optimising routine operations of the canal 
system. 

The flow-arrival conditions in Cases 1 and 2 can be expressed by a non­
dimensional curve (as proposed by Iwasaki [1981] whose abscissa is t/ (AV/ AQ) 
and ordinate is ( Qt --Qo) / LlQ ( = Q') as shown in Fig. VI-11. The non-dimensional 
curves obtained are compatible with the results reported by Iwasaki and they can be 
adopted for the estimation of the discharge variation and flow-arrival time at the 
Pelubang Headworks. Here, AV is the increment of water storage in the river (Ll V 
= 2. 2 million cubic meter in Case 1, Ll V = 1. 71 million cubic meter in Case 2) , AQ is 
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of TO. which is a non-dimensional value pertaining to Le/ (Vb+ ✓ gh 6 ) 

depending on the velocity of waves corresponds to the time when the flow-arrival 
curve ascends. 

To~ (Le/ (Vb+ vgH-;;)) it~ c~ T h1¾l · ..... (VI-8) 

where Le : canal length, 
Vb : initial average velocity, 
Hb : initial average water depth. 

The values of the initial ascending points calculated by Eq. (VI-8) are (0. 27, 0. 0) 
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Fig. VI--12 Non-dimensional curves for flow-arrival at six points ( Case 2 : Q~28. 3m' / s-

56. 6n1' / s), Muda Scheme, Malaysia. 
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in Case 1 and (0.20,0.0) in Case 2. However, the actual values of the ascending 
points obtained in Fig. VI-11 are (0. 57, 0. 0) and (0. 40, 0. 0) respectively, and do not 
coincide with the calculated values. 
@ Though Iwasaki pointed out that the non-dimensional curve should pass through 
the point (1. 0, 2/3) , the actual ordinate values corresponding to the value 1. 0 of the 
abscissa were slightly less than O. 667 ( = in the non-dimensional curves obtained. 

By observing these deviations more closely, it may be possible to expand the 
generality of the non-dimensional expression of the flow-arrival time. Some pro­
posals are presented as follows for consideration:-

Firstly, comments will be made on the initial ascending point of the non­
dimensional curve. Eq. (VI-8) was proposed by Iwasaki based on the study carried 
out in irrigation canal systems with a length of less than 10km. For canal systems 
longer than 10km, the application of this equation has not been validated. Fig. VI-
12 shows the non-dimensional curves for the flow-arrival at six points (five at every 
5km from the Pedu Dam and one at Kuala N erang which is located 35km downstream 
from the Pedu Dam). Table VI-4 and Fig. VI-13 show the relationship between the 

Table VI-4 Comparison between calculated T0 and initial ascending point of 

non-dimensional curve: Case 1 (Q=5.0m3/S --> 33.3m3/s) (~Q=28.3 

m3 /s) 

Items 

Ll V1 I rv21 Til Ta41 I.A.Pl Ratio of 
Points (1) (2) (3) (4)=(3)/(2) (5) (5) to (4) Remarks 

(6)=(5)/(4) 

m3 h h 
No. 16 
(5 km) 7.104Xl04 0.70 0.41 0.586 0.429 0.73 
No. 32 
(10 km) l.643Xl05 1.61 0.81 0.503 0.621 1.23 
No. 50 
(15 km) 2.843XlD5 2.79 1.24 0.444 0.621 1.40 
No. 66 
(20 km) 3.944Xl05 3.87 1.61 0.416 0.67 1.61 
No. 78 
(23.8 km) 4.785Xl05 4.70 1.87 0.398 0.70 1.76 
No. 80 confluence 
(24.4 km) 8.564Xl05 8.41 1.92 0.228 0.42 1.84 of Sg. 

Tekai 
No. 82 
(25 km) 8.770Xl05 8.61 1.97 0.229 0.46 2.01 
No. 108 
(33 km) l.097Xl06 10.77 2.51 0.233 0.49 2.10 
No. 110 confluence 
(33.5 km) l.567Xl06 15.38 2.55 0.166 0.36 2.17 of Sg. 

Pdg.Terap 
No. 112 
(34 km) l.586Xl06 15.57 2.60 0.167 0.41 2.46 
No. 220 Pelubang 
(67 km) 2.206Xl06 21.65 4.51 0.210 0.59 2.81 Head works 

Notes: 1) t. V=increment of river storage 
2) Tv=t.l t.Q, t,.Q=increment of discharge 
3) Th=Ll(Vb+-./iht,) 
4) T0 =non-dimensional value pertaining to Th (=ThlTv) 
5) I.A.P=the actual abscissa value of the initil ascending point (ti( t. VI t.Q), 0) 
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canal length and the ratio of the values of initial ascending point of the non­
dimensional curve to the calculated value of To. Based on this relation, the value of 
T 0 obtained by Eq. (VI-8) seems to correspond to the values of the ascending point 
of the non-dimensional curve within a 5-lOkm range for the canal length. The ratio 
tended to increase with the canal length. It is considered that the water flowing 
conditions in a canal system whose length exceeds 10km can be classified as 'mono­
clinal rising wave' based on the classification of waves made by Kajisa et al [1986]. 

Therefore, the limit of application of Eq. (VI-8) corresponds to a canal length of 
about 10km. However, further studies should be carried out to develop methods of 
estimation of To with wider application limits. 

Secondly, while it has been reported that the non-dimensional curve should pass 
the point (1.0,2/3) [Iwasaki 1981]. in the non-dimensional curve obtained the 
ordinate value corresponding to the value 1. 0 of the abscissa approached Q'~ 0. 582, 
which is the theoretical solution for uniform flow, proposed by Tamai and Iwasaki 

[ 1980] . This tendency was confirmed in Cases 1 and 2. Namely, for a canal system 
longer than 10km with storage functions such as tributaries, the non-dimensional 
curve tends to pass the point (1. 0, 0. 582) which corresponds to the theoretical 
solution of uniform flow. 

Thirdly, the following information was obtained on the storage effect of rivers 
with tributaries. The tributaries with limited flow, but with a large storage capac­
ity, act as regulating reservoirs and delay the flow-arrival time in the main river 
(Fig. VI-14). Based on the non-dimensional curves of the points located upstream 
and downstream of the confluence of the upper and lower tributaries in the main 
river, as shown in Figures VI -15 and Vl-16, it is possible to study the impact of the 
storage effect of the tributaries upon the flow-arrival conditions. There was a 
considerable difference in the increment of the channel storage capacity in the main 
river at the confluence of the upper and lower tributaries. The increment of the 
channel storage capacity at the confluence of the upper tributary was 8. 5 x l05m3 or 
about half of that at the confluence of the lower tributary (16 X l05m3). Namely, the 
ratio of the increment of the channel storage capacity at the confluence of the 
tributaries to that in the main river was greater for the upper tributary than for the 
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lower tributary. Therefore, the difference in the non-dimensional curve between the 
upstream and downstream areas at the confluence of the upper tributary was more 
significant than that of the lower tributary. It is evident that the storage effect of 
tributaries exerts a significant effect on the pattern of the non-dimensional curve. 

c) Flow-arrival conditions and non-dimensional expression for step-by-step 
release pattern 

Other simulations were carried out for the "step-by-step release pattern", of which 
discharges were increased ( or decreased) in several stages such as in Cases 3-6, by 
using the same mathematical model. In order to investigate the storage effect of 
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tributaries. another model including only the main river but excluding its tributaries 
was prepared. 

The patterns of discharge variation at several stations in Case 3 are shown in Fig. 
VI-17. Discharge variations at Kuala Nerang (mesh No. 110) and Pelubang (mesh 
No.220) were calculated by using both models. In this figure, the discharge at mesh 
No. 40 located 12 km downstream from the Pedu Dam varies in stages in accordance 
with the pattern of discharge from the dam, but it changes gradually at mesh Nos. 
110 and 220. Namely, as the discharge increases very rapidly in the upper reaches in 
Case 3, it is desirable for the safety of the local inhabitants to set up a warning 
system along the river for the water release from the dam. From this figure, the 
magnitude of the storage effect of the tributaries is evident when the discharge 
variations at meshes Nos. 110 and 220 calculated by two models are compared. 
Water profiles under steady conditions at 0 hr. and 45 hr. for Case 3 are shown in 
Fig.VI-18. 

The pattern of discharge variation at several points calculated by both the models 
in Case 4 are shown in Fig. VI-19. In case of the calculated results by the model 
excluding the tributaries, the wave profile of the reservoir release is transmitted up 
to meshes Nos. 110 and 220. However, in case of the results calculated by the model 
including the tributaries, the waves almost disappear at the same points because of 
the storage effect of the tributaries. The discharge at mesh No. 40 (12 km downstream 
from the Pedu Dam) varies in stages in accordance with the dam discharge pattern 
and decreases suddenly. Therefore, some proper measures should be taken against 
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Fig. VI-20 Discharge variation at several points (Case 5), Muda 

Scheme, Malaysia. 
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Fig. VI-21 Discharge variation at several points (Case 6), Muda 

Scheme, Malaysia. 
the slope failure of the river levees due to the sudden drop of the water level in the 
upper reaches. 

The patterns of discharge variation at several points in Cases 5 and 6 are shown 
in Figs. VI-20 and VI-21 respectively. The results of Cases 5 and 6 showed similar 
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tendencies to those of Cases 3 and 4 respectively. 
It was demonstrated that T, (= b.V/LiQ) for the "step-by-step release pattern" can 

be expressed as follows (Fig. VI--22) [Yoshino eq al. 1986] : 

L::,. V-
1\= 

Here, b.Q0 = 0, to ,1= 0, n~2 
In case ti,1 = ti,2, T v is expressed as follows:-

Ll V - nil L'i..Qi (ti,l -ti-U) 
1\ = i•l + tn-1.1 

LlQn 

......... (VI-9) 

......... (VI-10) 

Namely, T v is equal to the time when the volume of inflow water becomes equal 
to the increment of storage water ( = AV) in a river. 

In Case 5, the flow-arrival time (T) was calculated by Eq. (VI-10) as follows:­
T = 3, 585, 000 - ( 9 . l X 6. 5 ~ ~~00 + 3 7 . 4 X 6 . 5 X 3600) + l J . O X 3600 

= 95, 190 sec = 26. 4 hours 
In Case 3, T was similarly estimated at 90,002 seconds, namely 25. 0 hours. The 

flow-arrival conditions for Cases 3 and 5 can be expressed by non-dimensional curves 
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as shown in Fig. VI-23. Non-dimensional curves for Cases 3 and 5 are almost the 
same. In comparison with approximate curve based on two non-dimensional curves 
for Cases 1 and 2, in the curves for Cases 3 and 5, the appearance of the initial 
ascending point is comparatively delayed and the point is slightly higher in (Qt-Q0 ) / 

ll.Q when t/T v is 1. 2-1. 8. However, the non-dimensional curves for Cases 3 and 5 
also pass almost the same point (1. 0, 0. 582) , which corresponds to the theoretical 
solution of uniform flow, as the approximate curve. The non-dimensional curves for 
Cases 3 and 5 seem to be more practical for the actual operations than those for Cases 
1 and 2, and can be simplified as shown in Fig. VI-24. 

It is considered that the simplified non-dimensional curve can be used for the 
practical management of the conveyance system in the Muda Irrigation Scheme. 
Moreover, the relationship between the water volume and discharge from Pedu Dam 
to Pelubang Head works can be obtained by Fig. Vl-25 or the following equations. 

V =l.1384Q0·4490 (Q~l7.0m3/sec) 
V =2.302Q0 ·2139 (Q<17.0m3/sec) 

........ · (Vl-11) 

By using the non-dimensional curve obtained and the above equations, the dis­
charge variation at the Pelubang Headworks can be estimated. For example, when 
the release discharge from the dam is increased from 45. 914m3/s to 71. 264m3/s in two 
stages as shown in Fig. VI-26, the discharge variation at the Pelubang Headworks 
can be summarized as follows [Yoshino et al. 1986] :-



104 

Q b.V 
T = Ll V - LlQ1 t1 

flQz 0.64T T1= l. 2T T2= 1.9T 
+ t1 (hour) (Q'= 0.0) (Q'= 0 9) (Q'=l.O) 
t1= tz= 4 hours 

45 914 6,346.000 .D.Q1= 14.086 
1,385,000 .D.Q2= 25. 350 10.8 20.3 32.2 

71.264 7,731,000 T= 16. 95 (Q = 68. 729) 

Then, the discharge variations can be estimated as shown in the following figure. 
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works, Muda Scheme, Malaysia. 

2. 2 Conclusions 

I 
I 
I 
I 
I 
I 
I 
f 
I 
I 
I " 

35 

The flow-arrival time was investigated in the conveyance system in the Muda 
Irrigation Scheme based on a mathematical model simulation. The results of a series 
of analyses are summarized as follows:-
CD The applicability of Eq. (VI-8) to the initial ascending point of the non­
dimensional curve is limited. The maximum canal length for the application of this 
equation seems to be approximately 10km. 
@ In the non-dimensional curve the ordinate value corresponding to the value 1. 0 of 
the abscissa tends to approach to Q'= 0. 582 which is the theoretical solution of 
uniform flow obtained by Tamai et al [1980] for the canal length. 
® Tributaries show a storage function comparable to that of a regulating reservoir 
and affect the non-dimensional curve. However, the effect depends on the ratio of 
the increment or decrement of the channel storage capacity of the tributaries to that 
of the main river. 
@ The flow-arrival conditions at the Pelubang Headworks of any water release 
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pattern from the Pedu dam can be estimated the simplified non­
dimensional curves (Figs. VI-23 and VI-24) and the relationship between the water 
storage in the river canal and the released discharge from the dam (Eq. or 
Fig. VI-25) . 
@ In the upper sections of the river canal, a warning system should be equipped for 
the safety of the local inhabitants against a sudden increase of the water level due to 
the onset of water release from the dam, and some proper measures should be taken 
against the slope collapse of the river levees caused by the sudden decrease of the 
water level due to the discontinuation of water release from the dam. 

3. Problems and measures to improve the management of the distribution 
system 

In the dry zone area of Sri Lanka, effective macroscopic water utilization had 
been achieved for a long time by linking a large number of tanks together in a river 
basin. It is, however, difficult to assume that water is effectively utilized in areas 
depending on each individual tank, because water diversion is not uniform and shows 
considerable variations in quantity in the main as well as distributary (secondary) 
canals. 

In the Muda Scheme, all the diversion works (offtakes) are standardized by the 
use of over-shot type gates or CHO ( Constant head orifice; double orifice) type gates. 
which make provision for metering the discharge. However, there are some prob­
lems in the operation and maintenance of the distribution system due to insufficient 
consideration of the flow-arrival time and other hydraulic phenomena in the system. 

In this chapter, actual status of water diversion in the existing systems was 
clarified, and some aspects which should be considered for improving the manage­
ment of the distribution system were discussed based on on-site experiments. 

3 .1 Problems in the dry zone area of Sri Lanka 
In the dry zone area of Sri Lanka, the gate-controlled diversion works are 

commonly adopted in the distribution system. Fig. VI-27 shows a typical structure 
of the gate-controlled diversion works which make no provision for metering dis­
charge. Normally, gates are made of wood resulting in water leaks. Gate-opening 
can be adjusted manually only in limited stages. The screw-spindle type gates, of 
which the opening can be adjusted continuously, are normally used only for the large 
diversion works supplying a wide area. In a large-scale irrigation scheme, the 
diversion works are maintained and operated by the control office under the Irriga­
tion Department, and the gates are locked so that they can not be operated by the 
farmers without permission. Gate-opening of the diversion works is decided daily 
based on the storage capacity of the tank (reservoir) , the stage of plant growth and 
the weather conditions in the command area, and the gates are operated by a 
waterman who receives instructions from the head of the office. 

For example, in case water shortage is anticipated due to the insufficient storage 
capacity of a tank, intermittent irrigation is substituted for continuous irrigation 
which is adopted under ordinary conditions. Then, operation plans for all the 
diversion works are set up based on intermittent irrigation and proper instructions 
are given to the waterman. 

Though the gate operation of the diversion works is carried out fairly well by the 
waterman, comparatively large scattering in the water distribution among the 
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diversion works was observed in the secondary canals as well as the main canals. 
Fig. VI-28 shows the amount of intake water per unit area at the head of the diversion 
works in the High Level Main Channel in the Nachchaduwa Scheme, which was 
observed during the period when the water movement in the area was comparatively 
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steady. In order to clarify the relationship between the amount of intake water per 
unit area and the location of the diversion works, both simple regression and 
multiple regression analyses were performed by using actual data obtained from the 
three irrigation schemes. The results are shown in Tabel VI-5, and the following 
trends were confirmed . 
1) Diversion works located upstream of the main and secondary canals take in a 
large quantity of water per unit area in comparison with those located downstream 
(Fig. VI-28(a)) 
2) Diversion works commanding a small area take in a larger quantity of water per 
unit area than those serving a large area (Fig. Vl-28 (b)) 
3) In the Mahakanadarawa Scheme, the ratio of cultivated area to the total area 
benefiting from irrigation under each diversion work shows a comparatively high 
negative correlation with the quantity of intake water per unit area through the 
diversion works. Namely, the quantity of intake per unit area tends to increase with 
the decrease of the cultivation ratio in the area benefiting from irrigation. 

3. 2 Primary factors causing the above trends in water diversion 
In this paragraph, the primary factors causing the above three trends were 

investigated. 

Table VI~ 5 Correlation between amount of diversion-water and some factors of 
diversion works 

Scheme name Cultivation x22) X33; X55; Multiple regression 
formula y•; season 

Mahakanadarawa R. B '74 Maha :J;\0.191; ®10 133; @(-0.492) @(-0 0671 (j)r-0.879) Ye 5217-30 35X5-0.0630X3-0 435X2 

'76/77 Maha @(-0.218) (3)!-0.106: ,'.I)(-0 323) @(-0.2301 '.1):-0.16U Ye 2919-0.11970X3--0.546Xl 

LB '74 Maha (j)(-0 .i.JO; @1-0 533! @(-0 430) ®Hl.401) @(-0 281) Ye 21.78-0.789Xl-O 0439X3 

Nachchaduwa H.L '76,177 Maha @. -0.620) (j)(-0 648) Ye 26.87-0 389X3 

Rajangana 

·79130 Maha(2! 
(9-1 1980) 

'79/80 Maha(3\ 
(10-1-1980) 

R.B '79/80 Maha(!) (j)(-0.594 1 

/13-12-1979 i 

'79/80 Mahai2) (j)(-0.724) 
:J8-H980) 

L. B '79/80 Maahil) (j)(-0.327) 
(14-12-1979) 

'79/80 Mahai21 @(0.220! 
(29-11-1979) 

(j)(-0.6501 

(j)(-0 822) <%) 1, -0 564) Y0 82.81-9.46X2 

(1)(-0.648) @:-0 J3U Ye 96.99-13.03X2 

(j)(-0.727) @i -0.-171) ye 48.63-4.90X2 

i])(-0.297) Y- 30.38-0.921Xl-0.0085X3 

@(-0 204) Ye 31.64-110Xl-0.0080X3 

@(-0 257) Y = 36. 54-0. 486Xl -0. 0078X3 

(1)1-0 463) Y· 45.85-0.0333X3 

@r -0 3171 Y• 36.61-0.657Xl-0.0040X3 

Notes : 1) Xl : mileage of diversion works reckoned from head gate of reservoir (km) 
2) X2 : turn of diversion works reckoned from head gate of reservoir 
3) X3 : cultivated area under diversion works (ha) 
4) X4 : entire benefited area under diversion works (ha) 
5) X5 : X3/X4 
6) Y : amount of diversion-water (mm/d) 
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1) The first trend is due to the considerable difference between the actual coefficient 
of roughness of the canal and the designed one. As the value of the actual coefficient 
of roughness is larger than the designed one. the actual surface slope of a canal is 
steeper than the designed one. Namely. diversion works located upstream can easily 
take in a larger quantity of water due to the hydraulic gradient between the canal and 
its branch canal. Accordingly, diversion works located downstream receive a 
smaller quantity of water. 

The actual coefficients of roughness observed in the main canals of the Rajangana 
Scheme were as follows:-

CD LB. Main channel (earth canal) ........................ 0.052 
@ R. B. Main channel Br. 2 (earth canal) · ·· · .. · .. · · · · · ·O. 038 
® R.B. Main channel Br. 3 (earth canal) ............... 0.037 
Meanwhile, the designed coefficients of roughness adopted by the Irrigation 

Department are as follows:-
(a) Concrete lining canal .. ··· .. · .. ·· .. ·· ...... · .. · ·O. 015 
(b) Concrete block lining canal .. ·· ........ · ..... 0. 018 
( c) Earth canal · · .. · .. · .. · .... · .. · .. · · ...... · .. · · · · · .. 0. 025 
(d) Natural river .................................... 0.035 
While the designed coefficient of roughness was O. 025, the actual coefficients of 

roughness for the existing canals in the Rajangana Scheme were far larger and even 
larger than the designed value for a natural river. The increment of the roughness of 
the canals is due to the overgrowth of aquatic plants and weeds as well as the 
stagnation of driftwood and rubbish. To secure an even distribution of water, the 
coefficient of roughness should be maintained at the designed level by appropriate 
management. Such a trend in unevenness in water distribution associated with the 
differences in elevation head among diversion works in the same canal system can be 
compensated by appropriate gate operations in each diversion work. However, in 
almost all the diversion works there are water leaks associated with the presence of 
wooden and old gates and gate-opening can be adjusted only in limited stages. 
Accordingly, the quantity of water distributed through each diversion work depends 
very much on the elevation head (command) at each point. 
2) The second trend is due to the relationship between the gate structure of the 
diversion works and the command area. Generally, when the command area is 
large, the diversion works are designed using either screw-spindle type gates which 
can be adjusted continuously or other types of gates which can be adjusted in various 
stages. However, in a small command area, almost all the diversion works can be 
adjusted only in 3-4 stages. 

Fig. VI-29 shows an example of the relationship between gate-opening and water 
discharge in a diversion work controlled by a small gate with a command area of 
72. 9ha in the R. B. Main Channel of Rajangana Scheme. This diversion work can be 
adjusted only in 4 gate-opening stages. In such a case, it is necessary to set the gate 
at two-thirds (2/3) of its full opening for a water diversion amounting to 0.15m3/sec. 
However, in this case O. 2lm3 / sec is diverted to the command area instead of 
0.15m3 /sec. 

To secure an even distribution of water, all the diversion works should be im­
proved in order that the gate-opening is adjusted continuously. 
3) The third trend is due to the lack of flexibility of the distribution canal in 
supplying a small discharge below designed discharge. The diversion works and 
distribution canals are originally designed so as to cover a whole command area. 
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Therefore, when the cultivated area is temporarily decreased due to drought, it is 
very difficult to distribute and supply the proper discharge which corresponds to the 
cultivated area. 

The difficulty in the even distribution of water for an area with a low cultivation 
rate is due more to the structure of the distribution canal than to the diversion works 
in which the adjustment of gate-opening may be difficult. Even if the proper amount 
of discharge corresponding to the cultivated area is distributed through the diversion 
works, there are frequent instances when the distribution canal does not function 
well in supplying water to the paddy fields. Namely, the decreased water level due 
to decreased discharge makes the water supply to paddy fields difficult. According­
ly, in order to supply the water to the terminal paddy fields, it is necessary to take 
in excess water ( referred to as maintenance water requirement) , through the diver­
sion works to maintain the hydraulic gradient between the distribution canal and 
fields. The ratio of water requirement for maintenance to the total amount of water 
distributed to the canal increases with the reduction of the cultivation rate in the 
command area. This situation aggravates the irrigation disputes among the diver­
sion works. As a result the diversion works upstream of the canals take in a large 
quantity of water in comparison with those located downstream. 

To alleviate this shortcoming, regulators such as stop-logs should be set at proper 
points in the distribution canal in order to keep the water level high enough to supply 
the water to the paddy fields and to take in a proper quantity of water from the 
diversion works. However, as even in the parent canal the water level decreases 
during the drought, water diversion becomes difficult due to the insufficient elev a-
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tion head. It is desirable to set in the parent canal, too. In such a case the 
operation and maintenance should well defined, otherwise the diversion 
works located upstream of the canals will take in a large quantity of water. 

3.3 Some aspects in the distribution system in the Muda Scheme 
In the Muda area, usually one operator is in charge of operating a major structure 

such as regulator and diversion work. The gate operation of each structure is 
performed every four hours in the daytime, i.e. 7. 00 a.m., 11. 00 a.m., and 3. 00 p. 
m. [MADA 1977]. It seems that there are two problems in this operation rule. One 
is the coincidence of the operation time in the entire M uda area, the other is the short 
interval, i.e. only four hours between the operation time. If all the irrigation 
structures are simultaneously operated in the entire Muda area, the flow of all the 
canal system changes to an unsteady condition instantaneously. In this case, even 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 
important to manage irrigation structures in due consideration of the locational 
relations of all the structures and flow-arrival time in a series of conveyance and 
distribution system. It frequently takes more than four hours for 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 flow passes over the gate under the condition of perfect overflow, 
the water level and the discharge become steady in a comparatively short time 
( within three hours) . However, when the flow at the gate is under a submerged 
condition, it takes five or six hours for it to become steady. Accordingly in such a 
case, the next gate operation will be performed under unsteady flow conditions. The 
interval between the gate operations should be determined after due consideration 
based on a large number of simulation analyses. In each structure, the flow condition 
should be considered as well as the flow-arrival time for determining the time and 
interval of operations. 

3.4 Conclusions 
The results of a series of investigations on the distribution system based on on-site 

experiments are summarized as follows:-
CD Diversion works located in upstream of a canal tend to take in a large quantity of 
water per unit area. This is due to the actual coefficient of roughness for the existing 
canals which is far larger than the designed value and even larger than the designed 
value for a natural river. To secure an even distribution of water, the coefficient of 
roughness should be maintained at the designed level by appropriate management. 
@ Diversion works commanding a smaller area take in a larger quantity of water per 
unit area than those supplying a larger area in the dry zone of Sri Lanka. This trend 
is due to the structure of the small diversion works of which the gate-opening can be 
adjusted only in limited stages. For impartial water distribution, all the diversion 
works should be improved in order that the gate-opening is adjusted continuously. 
® The quantity of intake water per unit area through the diversion works tends to 
increase with the decrease of the cultivation ratio in the area benefiting from irriga­
tion. This is due to the lack of flexibility of the distribution canal in supplying a 
small discharge below designed discharge. To alleviate this shortcoming, regulators 
such as stop-logs should be set at proper points in the distribution canal in order to 
keep the elevation head high enough to supply the water to the paddy fields. 
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® In a large scheme such as the Muda Scheme, it is very important to 
manage the irrigation structures in due consideration of the locational relations of all 
the structures and flow-arrival time in a series of distribution systems as well as 
conveyance systems, otherwise hydraulic unsteady conditions occur instantaneously 
in the entire canal system and the distribution loss also increases. Moreover, each 
operation of the distribution system should be carried out carefully not to delay but 
to shorten the resulting unsteady flow conditions. 
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Vil. Concluding remarks 

In this paper, the management of irrigation systems for rice double cropping 
culture in the tropical monsoon area ,vas discussed based on the case studies carried 
out in the Muda Irrigation Scheme of Malaysia and the dry zone area of Sri Lanka. 

In Chapter I , the background as well as the purpose of this investigation was 
described. 

In Chapter H , the studies on the management of irrigation systems in Malaysia 
and Sri Lanka were reviewed based on political. socio-economic and historical 
aspects as well as on technical aspects. 

In Chapter III. the natural environment, the current conditions of rice double 
cropping and management of irrigation systems in the case study areas were dis­
cussed. Here, a short-coming of the government-initiated largescale irrigation 
schemes consisting of the lack of farmers' voluntary activities for the management of 
lerminal facilities was pointed out. 

In Chapter IV, a series of analyses on component factors of water management in 
the irrigation area was carried out and is summarized as follows:-
(1) The mechanism of 'Nater consumption and water requirement in terminal paddy 
fields was analyzed. The outline was described in paragraphs '~. 6 and 3. 7. The main 
aspects were as follows:-
CD Coefficients of effectiveness for irrigation (Efi) and rainfall (Efr) , which reflect 
the efficiencies of usage, were defined by Eq. (IV-6) . A simple method to obtain the 
value of Efi and Efr was developed. By this method, the physical effect of the 
tertiary canal system could be evaluated quantitatively. 
@ The movement of water in paddy fields was simulated by a model based on the 
multiple regression equation (IV-3). By this model, the deep percolation (P) could 
be estimated. 
® The characteristics of runoff in a paddy field area could be expressed by the 
multiple regression models {Eqs. (IV 15), (IV-16) ). 
CD The amount of percolation and seepage losses was so far underestimated in the 
majority of the irrigation projects. Especially, seepage loss was almost overlooked, 
(2) Rainfall characteristics in the tropical monsoon area were analyzed based on the 
data obtained in the Muda area. 
(3l The following subjects related to ,vater management in terminal paddy fields 
were discussed. 
CD General trends of field water management [Appendix I ] . 
@ Percolation and seepage control methods [Appendix III]. 
® Advantages of land consolidation for economical water management [Appendix 
IV]. 
® Setting of suitable cropping and irrigation schedules [Appendix II]. 

In Chapter V , the components of reservoir management were analyzed and 
outlined as follows:-
(1) The characteristics of rainfall-runoff in the reservoir basin covered by tropical 
forests were analyzed. 
CD Runoff percentage varies from 20 to 37 with an average of 28. Rainfall loss ranges 
from 3.6 to 5.2mm/d. 
@ In a normal year, the actual annual runoff is only 640. 7mm in depth, as against 
the designed value of 800mm in depth, or about 20% lower. This is one of the main 
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reasons imbalance in water between supply and demand occurs in the Muda 
area. 

From the time series analysis of the rainfall-runoff relationship carried out on a 
monthly, 10-day, 5-day and daily basis, the multiple regression equations ( V 
(V , (V-9) and (V-10) were derived. 

The seasonal rainfall-runoff characteristics were analyzed and seasonal runoff 
estimation models were developed on a daily basis. 
(2) The actual management of reservoir was investigated based on the case study in 
the M uda Scheme. The actual operational losses of the water released from the 
reservoir were estimated at about 19% for a normal year. Based on a series of 
analyses, a 'basic storage curve' was proposed (Fig. V-14). 

In Chapter VI, the management of the conveyance and distribution system is 
discussed. 
(1) Conveyance and distribution losses which consist of natural losses and opera­
tional losses were investigated based on on-site experiments and some trials. The 
results were summarized in paragraph l. 3. 

Based on on-site and numerical experiments, flow-arrival time was investigated 
in the long conveyance system. Although the results were summarized in paragraph 
2. 2, the concept of non-dimensional curve should be outlined as follows:-
CD The applicability of equation (Vl-8) to the initial ascending point of the non­
dimensional curve is limited up to approximately 10km. 
@ For a canal system longer than 10km, the non-dimensional curve tends to pass the 
point (1. 0, 0. 582) which corresponds to the theoretical solution of uniform flow. 
CID Estimation system of the flow-arrival conditions was proposed based on the 
non-dimensional curves obtained and the relationship between the water storage in 
the river canal and the released discharge from the reservoir. 

The problems and measures required to improve the management of the distribu­
tion system were studied and the main points were outlined in paragraph 3. 4. 

Since it can be anticipated that the competition in the usage of limited water 
resources with other industries will intensify in the future, studies on the manage­
ment of irrigation systems will become increasingly important. Especially, the 
recycling of water will be the most effective measure to cope with water shortage. 
In case of the Muda Irrigation Scheme, it was concluded, based on a series of 
simulation analyses, that about 25% of drained water should be recycled so as to 
meet the deficit between supply and demand [Kitamura 1987]. 

However, it can be anticipated that some serious problems will arise in the 
practical recycling of water, namely water pollution and increase of percolation and 
seepage due to the lowering of the water level in the drainage zone, etc. Therefore, 
more research in this field is essential. 

The author would be pleased if this paper could help the people engaged in 
irrigation planning and water management for rice double cropping in the tropical 
monsoon area. 
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[APPENDIX I ] 
General trends of field water management 

Based on the on-site study carried out in the case study areas, the following trends 
of field water management were recognized [Kitamura 1987] :-

( i ) A farmer tends to take as much water into his field as possible and to drain 
the excess water off. This trend becomes increasingly conspicuous when the terminal 
irrigation and drainage system is improved and water can be easily controlled in each 
individual field. 

(ii) In relation to ( i ) , fields located in the upper stream of the terminal irriga­
tion canal tend to retain a larger quantity of water due to the high hydraulic gradient 
between the canal and fields. Accordingly, fields located downstream are compelled 
to take in a smaller quantity of water. 

(iii) Every farmer tends to delay purposely his field activities, such as transplant­
ing and direct sowing, because he is afraid of rat damage that may occur during the 
ripening stage of the rice plant due to the absence of maturing crop in adjacent fields. 
This upsets the proposed cropping schedule in an irrigation scheme and results in the 
increase of water consumption. 

(iv) In the government-initiated large-scale irrigation schemes, there are practi­
cally no farmers' voluntary activities for the management of terminal facilities. By 
organizing a functional water user association by the farmers themselves, this 
problems could be considerably alleviated. 



[APPENDIX II] 
Cropping schedule and irrigation schedule 

l. Necessity and effects of the implementation of a complete fallow period and 
non-irrigation period on paddy cultivation 
Cropping schedule and irrigation schedule are very important factors for the 

stabilization of rice double cropping in the tropical monsoon area and should be 
determined based on the climatic conditions. Especially, the implementation of a 
complete fallow period and non-irrigation period is indispensable. 

In the Muda area, the decrease in rice yields in recent years is due to the extensive 
damage caused by rice tungro disease which is vectored mainly by the green leafhop­
per (GLH). M. Nozaki is advocating the necessity of introducing a one-month 
complete fallow period simultaneously practiced over the whole area as the most 
effective method of control [ N ozaki et al. 1984] . As a result, rice and other host 
plants of GLH could be eradicated over the whole area and the life cycle of GLH and 
other insect pests interrupted. 

The non-irrigation period should be implemented concurrently with the complete 
fallow period. In this paper, the terms 'complete fallow period' and 'non-irrigation 
period' are defined as follows:-

( i ) Complete fallow period is defined as the period from the completion of the 
wet (main) season harvest to the seeding time of the next dry ( off) season crop. 

(ii) Non-irrigation period is defined as the period from the discontinuation of the 
water supply for the wet season crop to the beginning of the presaturation period for 
the dry season crop. 

When the ripening stage is over, water supply is not necessary for the rice plant 
and should be discontinued. The interval between the end of the ripening stage and 
harvesting time is about 15 days. The interval from the beginning of the presatura­
tion to the seeding time for the dry season crop also lasts about 15 days. Therefore, 
the non-irrigation period precedes the complete fallow period by 15 days. 

By implementing a complete fallow period and non-irrigation period, the following 
effects, in addition to the control of GLH and other insect pests, can be expected:­

( i ) Effect on water saving. 
(ii) Increase in soil bearing capacity [Anyoji 1978]. 
(iii) Increase in yield by soil-drying effect [ Miyake 1980, N ozaki 1983] . 
(iv) Facilitation of repair and restoration of irrigation facilities. 

2. Suitable cropping schedule and irrigation schedule in the Muda area 
The non-irrigation period should be inserted during the driest period so as to 

maximize the effects described previously. In order to select the driest period in the 
Muda area, fourteen (14) years of rainfall data which have been collected since 1971 
at 56 rainfall observation stations were used. 

In case of one-month complete fallow, the one-month non-irrigation period is to be 
set half a month prior to the one-month fallow. Based on the analysis, the period 
from January 12th to February 10th is considered to include the driest continuous 30 
days which should correspond to the non-irrigation period in the Muda area. 
Therefore. the one-month fallow period simultaneously practiced over the whole 
Muda area should be inserted between January 27th and February 25th. 

For the setting of cropping systems, it is necessary to prevent the heading and 



flowering stages of rice plant from coinciding with the period between the middle of 
January and the beginning of May during which high temperatures above which 
are responsible for spikelet sterility are frequently observed [ N ozaki 1984] It is 
also important to prevent the harvesting stage from coinciding with the 
season starting from the beginning of September. 

Therefore, the most suitable cropping schedule is summarized as shown in 
A II -1. In addition, it is desirable to use varieties and adopt methods of crop 
establishment which enable to harvest the crop within 127 days for the dry season and 
133 days for the wet season, respectively. [ Kitamura 1985, 1986] 

100 

50 

0 

133 days 

Staggering 
( 2 month a) 

Fallow 
(one month} 

N. L p 
(one month} 127 daya 

0 

3/7 

P : Presaturation period N. I, P . Non-irrigation period 

0 · Dry ( Off) season crop R : Ripening Period 

M Wet (Main) season crop H : Harvesting period 

Fig. A II~ 1 Suitable cropping system with one month of fallow 

and two months for crop staggering, Muda Scheme, 

Malaysia. 
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[APPENDIX III] 
Percolation and seepage control methods 

The amount of percolation and seepage is comparatively large in terminal paddy 
lots in the dry zone area of Sri Lanka as indicated in paragraph 1. 2. 3 in Chapter IV. 
However, there are many instances where the percolation and seepage losses are 
estimated at only 2~4mm/d in the dry zone area. Therefore, from the standpoint of 
effective water use, it is necessary to promote studies related to methods for control­
ling percolation and seepage in the tropical monsoon area. 

In this study, the following methods were evaluated with respect to their effective­
ness on a small scale in the detailed study lot in the Rajangana Scheme [Kitamura 
1984]. 

a Subsoil compaction method 
b. Subsoil puddling method 
c Crushing and compaction method 
d. Bentonite dressing method (stratifying type) 
e Bentonite dressing method (mixing type) 
It was observed that the application of subsoil compaction, crushing and compac­

tion, and bentonite dressing (both stratifying and mixing) methods reduced percola­
tion and seepage to below lOmm/ d (Table A III-1) . 

Table AIII--1 Effect of methods for the control of percolation and seepage, Rajan-

gana Scheme, Sri Lanka. 

1978/79 Maha 1979 Yala 
Method Percolationll Pen::olation1> Percolation2> 

(mm/day) (mm/day) (mm/day) 

Test plot 4.5 4.7 2.4 
Subsoil compaction 

Control 23.5 45.6 15.3 

Test plot 22.8 12.3 14.0 
Subsoil puddling 

Control 25.9 28.9 14.5 

Test plot 7.6 7.7 12.0 
Crushing & compaction 

Control 26.2 31.5 25.5 

Bentonite dressing Test plot 8.6 3.5 
(mixing) Control 27.9 13.7 

Bentonite dressing Test plot 12.1 6.2 
(stratifying) Control 29.3 18.5 

Notes: 1) ···--·Percolation was measured by using 'Quick percolation measuring apparatus'. 
2) ·····-Percolation was measured by using 'N-type water requirement measuring 

apparatus'. 
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[APPENDIX IV] 
Advantages of land consolidation for economical water management 

Here, the dry zone area of Sri Lanka was selected as the study area 
1984]. 

A 'lot' is the most terminal irrigation unit as well as the unit of paddy land tenure 
where plot-to-plot irrigation method is adopted. An ordinary lot is irregularly 
divided into a large number of small plots by dykes of poor quality in the dry zone. 
This condition makes proper water control difficult in each plot and increases 
surface runoff through the outlet of the lot. In the case of the Dewa huwa Scheme, 
it took more than two hours for two persons working actively to interrupt the water 
movement of 110 plots in a 2. Oha lot. Namely, it is physically impossible to interrupt 
the water movement and to substitute plot-to-plot irrigation for ponding irrigation. 
Even though the intermittent irrigation method is adopted under the present condi­
tions of the lot, it is hardly effective. In order to promote economical water 
management in a terminal lot, land consolidation should be given a high priority. 

In this study, the effectiveness of land consolidation for economical water manage­
ment was investigated by comparing a consolidated lot with an adjacent non­
consolidated lot in the Dewa huwa Scheme. According to the investigation, the 

advantages of land consolidation for economical water management were as 
follows:-

( i ) Land consolidation enables to achieve proper water management by rear­
ranging and converting 'a large number of small and irregularly distributed plots' 
into 'a small number of large and regularly arranged plots' in a lot. Accordingly, 
consolidation work in paddy fields further increases the benefit of the application of 
the intermittent irrigation method (Table A IV-1) . 

(ii) In the process of implementation of land consolidation, paddy soil is 
compacted and puddled by heavy machinery resulting in the reduction of percolation 
(including seepage) and dyke-leakage. The observed percolation was only 2mm/d in 
the consolidated lot in contrast with 9mm/ d in the adjacent non-consolidated lot 
(Fig. A IV~I). 

In addition to the above advantages for economical water management, land 
consolidation leads to the improvement of land and labour productivity as well as 
land conservation, etc. Therefore, land consolidation is very important if the dry 
zone area of Sri Lanka is to become a major food production center. 

Table AIV-1 Difference between two experimental lots in the Dewa huwa Scheme, 

Sri Lanka. 

Items Consolidated lot (2--5) 

1. Number of plots small number (21 plots) 

2. Average area per plot large (9.5 ares) 

3. Shape and distribution of plots well distributed 

4. Structure of dyke strong 

Non-consolidated lot (2-6) 

large number (110 plots) 

small (1.8 ares) 

irregularly distributed 

weak 
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. AIV--1 Comparison of water storage between consolidated 

lot and non-consolidated lot two 

after water intake. Dewa huwa Scheme, Sri Lanka 


