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ABSTRACT 
 

The present study was carried out in Directorate of Water Management, 
University of Agriculture Faisalabad, Pakistan during 2011 to determine the 
optimum length of watercourse improvement. The research was conducted at 
three watercourses i.e. No. 116928-R, 114626-R, and 5486-R located at Shahkot 
distributary in Sheikhupura district. Graphical approach was used to find out 
the optimum length of watercourses by determining the channel using time 
along the entire length of watercourse. The optimum length of lining for 
watercourses depends upon the cost of improvement and net returns, as net 
return for lining exceeds its cost, the length of lining remains economically 
feasible. The average losses per 100 meter length in lined portion of 
watercourse No. 116928-R, 114626-R, and 5486-R were 2.51, 3.08 and 1.91 lps 
respectively. The optimum lining length was found to be 50, 55 and 49 percent 
of the entire length of watercourse 116928-R, 114626-R and 5486-R, 
respectively. It was concluded that lining of watercourses may be extended 
more than 50 percent of the entire length. The study is helpful for additional 
lining of watercourses and choosing of cost effective approach for 
watercourse improvement. 
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INTRODUCTION 
 

Water is one of the most vital factors among all the inputs of agriculture (8). 
The water availability in Pakistan has gone down to 1100 m3 per capita per 
year; below 1000 m

3
, countries being experiencing severe water stress (4, 5). 

Watercourse lining is one of the most effective alternative to save the water. 
There is a demand by the farmers as to what percentage length of 
watercourse should be lined. The water losses during the conveyance 
through watercourses is function of time in use, length, slope of watercourse, 
degree of maintenance, quantum of water, soil type and  wetted  perimeter 
(1, 3, 7). 
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Watercourse lining is somehow provided only to 15-30 percent length of the 
community watercourses inspite of huge pressure from the farming 
community to increase the length of lining (3). This demand of farmers 
cannot be fulfilled as it involves massive investment, which our country 
cannot afford. However, in certain watercourses, request to increase the 
length of lining was accepted and some additional lining was provided without 
considering the relationship between net annual returns and investment. 
Thus at most of the places, lining does not prove to be economically feasible. 
However, there is a definite need to determine the optimum length of lining, 
in other words there is a need to locate a trade of point between the lining 
and earthen improvement where, the investment becomes the cost effective.  
 

MATERIALS AND METHODS 
 

The study was carried out in Directorate of Water Management, University of 
Agriculture, Faisalabad during 2011. The data required for estimating the 
optimum length of lining was collected and analyzed from the selected 
watercourses i.e. No. 116928-R, 114626-R, and 5486-R located at Shahkot 
distributary in Sheikhupura district using statistical package CODE-STAT 8.0. 
Cut-throat flume was used for water loss measurement on the sample 
watercourses using inflow-outflow technique. The volume of water saved was 
determined by multiplying the total average loss rate (lps/100m) with 
fractional decrease to save water by high cost of improvement. Similarly, the 
volume of water saved by earthen renovation was determined by multiplying 
the total average loss rate with the fractional decrease to save by low cost 
improvement as represented below (6). 

 

WS = FH × QL—————— (1) 
WS = FL × QL (2)————— (2) 
 

Where, 
 

WS = Volume of water saved 
FH = Fraction saved by high cost improvement  
FL = Fraction saved by low cost improvement  
QL = Total average loss rate (lps/100m) 

 

The volume of water so determined was equated with annual cost of 
improvement for the watercourse, in order to achieve the optimum usage 
time of channel called as trade of point.  
 
The annual cost of improvement was the sum of annual initial cost and 
annual repair and maintenance cost. The annual initial cost of improvement 



Optimum length of lining for water course improvement 

J. Agric. Res., 2014, 52(4) 

591

was determined by multiplying the initial cost of improvement with the capital 
recovery factor. The maintenance cost was estimated through estimates, 
whereas, annual maintenance cost was determined by multiplying the 
maintenance cost with capital recovery factor. The optimum usage time was 
calculated by the following formula (6).  

 
CH   -  CL 

                   T = ——————————  ——— (3) 
      315 ×V× QL (FH – FL) 

 
Where 
 
T = The optimum usage time 

315 = Volume and time conversion unit i.e. convert from (lps/100m to 

m3/m/year) 

CH = The annualized unit cost of higher cost alternative (Rs./m/year) 

CL = The annualized unit cost of lower cost alternatives (Rs./m/year) 

FH = The fractional water loss saved by higher cost alternative 

QL = Total average loss rate (lps/100m) 

V = Value of water (Rs./m3) 

 
The value of T would allow us to calculate the usage time required to justify 
the lower cost treatment over the higher cost treatment. The value of T 
obtained from this formula would be located on the graph of channel usage 
time in percent of the year for which, the system is in use against the channel 
length from head to tail in meters. By this procedure the optimum length of 
lining for watercourse improvement was determined.  
 

RESULTS AND DISCUSSION 
 
Channel usage time 
 
It was the time during which a given section of a watercourse remained under 
water.  The allocated time of first Nakka, was subtracted from the total time 
of the rotation period in order to calculate the usage time of second Nakka, 
whereas the usage time of first Nakka was equal to the total time of rotation 
period. The channel usage time per rotation period was calculated, which 
was converted into percent per year for which the system was in use, as 
shown in Table 1. The total length of watercourse No. 116928-R, 114626-R 
and 5486-R was 2442, 2343 and 1287m, respectively. 
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Table 1. Channel usage time of watercourse. 
 

No. of 
main 

Nakka 

Distance 
from Nakka 
to Nakka (m) 

Accumul-
ative 

distance (m) 

Usage 
time 

(hours) 

Percent 
rotation 

Percent year 
(300) W.K 

days* 

Percent 
year (335) 

Watercourse No. 116928-R 
M1 66 66 168.00 100 82 91 
M2 396 462 120.33 71.7 58.7 65.2 
M3 330 792 62.8 36.9 30.2 33.5 
M4 330 1122 47.23 28.20 23.1 25.6 
M5 330 1452 37.18 22.2 18.2 20.2 
M6 330 1782 27.19 16.2 13.2 14.7 
M7 330 2112 17.15 10.2 8.3 9.2 
M8 330 2442 6.59 4.15 3.4 3.7 

Watercourse No. 114626-R 
M1 66 66 168.00 100 82 91 
M2 330 396 152.55 91.01 74.6 82.8 
M3 165 561 117.3 69.6 57.07 63.3 
M4 330 891 102.36 61.07 50.07 55.5 
M5 330 1221 62.31 37.2 30.5 33.8 
M6 66 1287 32.27 19.3 15.8 17.5 
M7 264 1551 19.52 11.8 9.6 10.7 
M8 330 1881 16.6 9.58 7.8 8.7 
M9 462 2343 4.24 2.61 2.14 2.3 

Watercourse No. 5486-R 
M1 66 66 168.00 100 82 91 
M2 231 297 150.4 89.3 73.2 81.2 
M3 330 627 47.58 28.5 23.3 25.9 
M4 330 957 31.53 18.9 15.4 17.1 
M5 330 1287 7.37 4.5 3.6 4.00 

* W.K= Working days with one and two month closure.   
 

Optimum usage time 
 

The distance from Nakka to Nakka was calculated and graphs were plotted 
verses times in use against the channel length from head to tail of 
watercourse. The annualized cost of improvement for higher cost alternative 
was found to be Rs. 40.6 per meter per year. The value of canal water was 
taken for the value of tubewell water as tubewell of one cusec running for one 
hour delivers one acre-inch of water normally. The prevailing cost of 
operation of tubewell water is Rs. 40 per hour so one acre-foot has the value 
of water as 40x12 = Rs. 480/hr. The total average loss rate per 100 m in 
watercourse of outlet No. 116928-R, 112646-R, and 5486-R was 2.51, 3.08 
and 1.91 lps. The optimum usage time was determined for watercourse No. 
116928-R as follow: 
 

(For lining and earthen improvement together) 
 

                                  40.6 Rs./year - 12.1 Rs./m/year 
T = ——————————————————————— = 0.23 

                      315× (0.388 Rs./m
3
) (2.51 lps/100m) (0.9 - 0.5) 
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(For earthen and cleaning improvement together) 
 

12.1 Rs./year-6.06 Rs./m/year 
T = ————————————————————— = 0.09 

                      315× (0.388 Rs./m3) (2.51 lps/100m) (0.5- 0.3) 
 

(For cleaning) 
 

6.06 Rs./year 
T = —————————————————————  = 0.06 

                         315× (0.388 Rs./m
3
) (2.51 lps/100m) (0.3) 

 
So the optimum usage times (trade off points) were 23, 9 & 6 and these 
points are located on the graph as shown in Fig. 1. Similarly, optimum usage 
times for watercourse No. 114626-R were 19, & 5 percent and for 
watercourse No. 5486-R were 27, 11 and 7 percent, (Fig. 2 and Fig.3), 
respectively. The optimum length of lining for 116928-R, 112646-R and 5486-
R was found to be 1122, 1287 and 627m, optimum  length of earthen 
improvement was 1782, 1881 and 627m whereas, for cleaning it was found 
to be 330, 442 and 330 m, respectively. Small change in length in figures 
was due to graphical presentation without software. The optimum length of 
lining was found to be 50, 55 and 49 percent of the entire length of 
watercourse for 116928-R, 112646-R and 5486-R, respectively.  
    

 
 

Fig. 1.   Channel usage time vs channel length for watercourse No.116928-R 
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Figure 2.  Channel usage time vs channel length for watercourse No.112646-R 
 
 

 
Figure 3.  Channel usage time vs channel length for watercourse No.5486-R 

 
CONCLUSION 

 
It is concluded that the cost of improvement depends upon the cross section 
of the water course, i.e. Rs 235/m for 6.20m

2 
because cross section area 

depend on wetted perimeter, hydraulic radius, and bottom width (9). Higher 
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the seepage loss rate, higher would be the water saving through the 
provision of lining, and thus higher would be the net returns. Presently, 
OFWM provides 30 lining and 100 percent earthen improvement for all areas 
irrespective of saline or sweat water zone throughout Punjab. Therefore, 
watercourses could be lined upto entire length where the net returns of cost 
of improvement are positive.   
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